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Dedicated to all my students: past, present and future who 
are the inspiring force behind this work.

I reproduce below the invocation from our great ancient 
scripture—the Kathopanishad which shows the relationship 

between the teacher and the taught.

“O God, the almighty, bless us both (the teacher and the 
student) together, develop us both together, give us strength 

together. Let the knowledge acquired by us be bright and 
illuminant, and second to none. Let both of us live 

together with love, affection and harmony. O God, let 
there be physical, mental and spiritual peace.”
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(17 September 1917 to 5 September 2013)

Obeisance to My Mentor, Friend and Guide

A household name in Mumbai, Dr LH Hiranandani contributed a great deal to the speciality of ENT and annexed Head & 
Neck Surgery to it. He was truly known as Father of Otolaryngology in India. He was awarded Padma Bhushan in 1972, Millennium 
Award in 2001, and SAARC, ENT Award in 2001 in recognition of his academic and research contributions and social causes. 
He was a great surgeon and teacher par excellence. To his credit, amongst other innovative surgical techniques, is the “Tongue 
Flap Operation” for closure of pharynx. His book on Histopathological Study of Middle Ear Cleft and Its Clinical Applications has 
received wide acclaim.
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Preface

With this sixth edition, the book completes 22 years of ser-
vice to its readers. The speciality of ENT, often called oto-
laryngology or otorhinolaryngology has diversified into 
several subspecialities of otology, otoneurology, rhinology, 
laryngology, bronchoesophagology, paediatric otolaryngol-
ogy, skull base surgery, and now emerging subspeciality of 
neuro-rhinology where the brain tumours related to skull 
base are being treated by endoscopic nasal approaches. The 
growth in several branches owe their emergence to rapid 
strides being made in technology such as imaging tech-
niques from simple X-ray to CT, MRI, MR angiography, 
PET-CT and simultaneous PET-MRI. The development of 
endoscopes from 4 mm to nearly 1 mm with various view-
ing angles, lasers, computers and miniature cameras which 
can be fixed on the tip of the flexible endoscopes have fur-
ther revolutionized surgery. This further has given birth to 
minimally invasive surgery, navigation surgery and robotic 
surgery. With the growth of the speciality both in breadth 
and depth, it throws several challenges to authors on how 
much to introduce the subject yet to be concise but compre-
hensive, and not to lose sight of the basic fundamentals and 
clinical applications to students entering medical profession 
in a readable form.

In the present edition, all the chapters have been revised, 
updated and augmented. Some have been completely 
rewritten and expanded. New chapters have been added 

on thyroid disorders, thyroid surgery and proptosis. Several 
new diagrams, algorithms, tables, flowcharts and clinical 
photographs have been added to make the subject eas-
ily understandable. The chapter on “Nuggets for Rapid 
Review” provides useful tips which help solve several MCQs 
often set in the university or board examinations.

Mnemonics set here and there are useful as aide memoire 
to recall and reproduce the subject for exam going students. 
The book is clinically oriented with practical approach to the 
patient as before and provides broad insight into the subject 
for undergraduates. It is hoped that this edition of the book 
will also prove useful to students of DLO, MS/MD and DNB 
(Diplomate National Board) as a foundation course before 
they take recourse to comprehensive volumes of the subject. 
It will also be useful to general practitioners, students of 
nursing, audiology and speech therapy, and to those study-
ing alternative systems of medicine such as Ayurveda, Sidha, 
Unani and Tibbia, Homeopathy and Physiotherapy. The 
authors will feel gratified if the above objectives are fulfilled.

There is always scope for improvement in any work and the 
authors will welcome any suggestions and comments from 
learned teachers and students at pldhingra@gmail.com or 
indiacontact@elsevier.com.

PL Dhingra
Shruti Dhingra

http://pldhingra@gmail.com/
http://infoindia@elsevier.com/
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Anatomy of Ear

The ear is divided into:

 1.  External ear
 2.  Middle ear
 3.  Internal ear or the labyrinth

THE EXTERNAL EAR

The external ear consists of the (i) auricle or pinna, (ii) exter-
nal acoustic canal and (iii) tympanic membrane (Figure 1.1A).

A. AURICLE OR PINNA

The entire pinna except its lobule and the outer part of 
external acoustic canal are made up of a framework of a 
single piece of yellow elastic cartilage covered with skin. The 
latter is closely adherent to the perichondrium on its lat-
eral surface while it is slightly loose on the medial cranial 
surface. The various elevations and depressions seen on the 
lateral surface of pinna are shown in Figure 1.1B.

There is no cartilage between the tragus and crus of the 
helix, and this area is called incisura terminalis (Figure 1.1C). 
An incision made in this area will not cut through the car-
tilage and is used for endaural approach in surgery of the 
external auditory canal or the mastoid. Pinna is also the 
source of several graft materials for the surgeon. Cartilage 
from the tragus, perichondrium from the tragus or concha 
and fat from the lobule are frequently used for reconstruc-
tive surgery of the middle ear. The conchal cartilage has also 
been used to correct the depressed nasal bridge while the 
composite grafts of the skin and cartilage from the pinna are 
sometimes used for repair of defects of nasal ala.

B. EXTERNAL ACOUSTIC (AUDITORY) CANAL

It extends from the bottom of the concha to the tympanic 
membrane and measures about 24 mm along its poste-
rior wall. It is not a straight tube; its outer part is directed 
upwards, backwards and medially while its inner part is 
directed downwards, forwards and medially. Therefore, to 
see the tympanic membrane, the pinna has to be pulled 
upwards, backwards and laterally so as to bring the two parts 
in alignment.

The canal is divided into two parts: (i) cartilaginous and 
(ii) bony.

1. CARTILAGINOUS PART
It forms outer one-third (8 mm) of the canal. Cartilage is 
a continuation of the cartilage which forms the framework 

of the pinna. It has two deficiencies—the “fissures of 
 Santorini” in this part of the cartilage and through them 
the parotid or superficial mastoid infections can appear 
in the canal or vice versa. The skin covering the cartilagi-
nous canal is thick and contains ceruminous and piloseba-
ceous glands which secrete wax. Hair is only confined to 
the outer canal and therefore furuncles (staphylococcal 
infection of hair follicles) are seen only in the outer one-
third of the canal.

2. BONY PART
It forms inner two-thirds (16 mm). Skin lining the bony 
canal is thin and continuous over the tympanic membrane. 
It is devoid of hair and ceruminous glands. About 6 mm 
lateral to tympanic membrane, the bony meatus presents 
a narrowing called isthmus. Foreign bodies, lodged medial 
to the isthmus, get impacted, and are difficult to remove. 
Anteroinferior part of the deep meatus, beyond the isth-
mus, presents a recess called anterior recess, which acts as a 
cesspool for discharge and debris in cases of external and 
middle ear infections (Figure 1.2). Anteroinferior part of 
the bony canal may present a deficiency (foramen of Huschke) 
in children up to the age of four or sometimes in adults, 
permitting infections to and from the parotid.

C. TYMPANIC MEMBRANE OR THE DRUMHEAD

It forms the partition between the external acoustic canal 
and the middle ear. It is obliquely set and as a result, its pos-
terosuperior part is more lateral than its anteroinferior part. 
It is 9–10 mm tall, 8–9 mm wide and 0.1 mm thick. Tym-
panic membrane can be divided into two parts:

1. PARS TENSA
It forms most of tympanic membrane. Its periphery is thick-
ened to form a fibrocartilaginous ring called annulus tym-
panicus, which fits in the tympanic sulcus. The central part 
of pars tensa is tented inwards at the level of the tip of mal-
leus and is called umbo. A bright cone of light can be seen 
radiating from the tip of malleus to the periphery in the 
anteroinferior quadrant (Figures 1.3 and 1.4).

2. PARS FLACCIDA (SHRAPNELL’S MEMBRANE)
This is situated above the lateral process of malleus between 
the notch of Rivinus and the anterior and posterior mal-
leal folds (earlier called malleolar folds). It is not so taut 
and may appear slightly pinkish. Various landmarks seen 
on the lateral surface of tympanic membrane are shown 
in Figure 1.4.

1



3 CHAPTER 1 — ANATOMY OF EAR

LAYERS OF TYMPANIC MEMBRANE
Tympanic membrane consists of three layers:

	•	 	Outer	epithelial	 layer,	which	is	continuous	with	the	skin	
lining the meatus.

	•	 	Inner	mucosal	layer,	which	is	continuous	with	the	mucosa	
of the middle ear.

	•	 	Middle	 fibrous	 layer,	 which	 encloses	 the	 handle	 of	 mal-
leus and has three types of fibres—the radial, circular and 
parabolic (Figure 1.5).

Fibrous layer in the pars flaccida is thin and not organized 
into various fibres as in pars tensa.

RELATIONS OF EXTERNAL ACOUSTIC MEATUS

	•	 	Superiorly:	Middle	cranial	fossa
	•	 	Posteriorly:	Mastoid	air	cells	and	the	facial	nerve
	•	 	Inferiorly:	Parotid	gland
	•	 	Anteriorly:	Temporomandibular	joint

Posterosuperior part of deeper canal near the tympanic 
membrane is related to the mastoid antrum. “Sagging” of 
this area may be noticed in acute mastoiditis.

Anterior recess 

External 
ear canal

Figure 1.2 Anterior recess of the meatus. It is important to clean 
discharge and debris from this area.

Scutum

Pars
flaccida

Annulus

Tympanic
membrane

External
ear canal

Pars tensa

Figure 1.3 Coronal section through tympanic membrane and exter-
nal ear canal showing structures of pars tensa and pars flaccida of 
tympanic membrane. Scutum forms a part of lateral attic wall.
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ear

Auricle

External acoustic
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ear
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tube

Pharynx
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Tail of helix
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B

Helix

Cymba conchae

Antihelix

Concha
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Figure 1.1 (A) The ear and its divisions. (B) The elevations and depressions on the lateral surface of pinna. (C) The auricular cartilage.
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NERVE SUPPLY OF THE EXTERNAL EAR

PINNA
 1.  Greater auricular nerve (C2,3) supplies most of the 

medial surface of pinna and only posterior part of the 
lateral surface (Figure 1.6).

 2.  Lesser occipital (C2) supplies upper part of medial surface.

 3.  Auriculotemporal (V3) supplies tragus, crus of helix and 
the	adjacent	part	of	the	helix.

 4.  Auricular branch of vagus (CN X), also called Arnold’s 
nerve, supplies the concha and corresponding eminence 
on the medial surface.

 5.  Facial nerve, which is distributed with fibres of auricular 
branch of vagus, supplies the concha and retroauricular 
groove.

EXTERNAL AUDITORY CANAL
 1.  Anterior wall and roof: auriculotemporal (V3).
 2.  Posterior wall and floor: auricular branch of vagus (CN X).
 3.  Posterior wall of the auditory canal also receives sen-

sory fibres of CN VII through auricular branch of vagus  
(see Hitzelberger’s sign on p. 112).

In herpes zoster oticus, lesions are seen in the distribution 
of facial nerve, i.e. concha, posterior part of tympanic mem-
brane and postauricular region.

TYMPANIC MEMBRANE
 1.  Anterior half of lateral surface: auriculotemporal (V3).
 2.  Posterior half of lateral surface: auricular branch of vagus 

(CN X).
 3.  Medial surface: tympanic branch of CN IX (Jacobson’s 

nerve).

THE MIDDLE EAR

The middle ear together with the eustachian tube, aditus, 
antrum and mastoid air cells is called middle ear cleft (Figure 
1.7). It is lined by mucous membrane and filled with air.

The middle ear extends much beyond the limits of tym-
panic membrane which forms its lateral boundary and is 
sometimes divided into: (i) mesotympanum (lying opposite 
the pars tensa), (ii) epitympanum or the attic (lying above 
the pars tensa but medial to Shrapnell’s membrane and the 
bony lateral attic wall) and (iii) hypotympanum (lying below 
the level of pars tensa) (Figure 1.8). The portion of middle 
ear around the tympanic orifice of the eustachian tube is 
sometimes called protympanum.

Middle ear can be likened to a six-sided box with a 
roof, a floor, medial, lateral, anterior and posterior walls  
(Figure 1.9).

Lateral process
of malleus

Shrapnell’s
membrane

Posterior
malleal fold

Shadow of
incudostapedial

joint

Shadow of
round window

Anterior
malleal fold

Pars tensa

Annulus
tympanicus

Cone of light

Figure 1.4 Landmarks of a normal tympanic membrane of right side.

Annulus
tympanicus

Pars flaccida

Pars tensa

Figure 1.5 Radial, circular and parabolic fibres of pars tensa of tym-
panic membrane.
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Lesser occipital nerve
(C2)

Auriculotemporal nerve (V3)

Great auricular
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Figure 1.6 Nerve supply of pinna. (A) Lateral surface of pinna. (B) Medial or cranial surface of pinna.
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The roof is formed by a thin plate of bone called tegmen 
tympani. It also extends posteriorly to form the roof of the 
aditus and antrum. It separates tympanic cavity from the 
middle cranial fossa.

The floor is also a thin plate of bone, which separates tym-
panic	 cavity	 from	 the	 jugular	 bulb.	 Sometimes,	 it	 is	 con-
genitally	 deficient	 and	 the	 jugular	 bulb	 may	 then	 project	
into the middle ear; separated from the cavity only by the 
mucosa.

The anterior wall has a thin plate of bone, which separates 
the cavity from internal carotid artery. It also has two open-
ings; the lower one for the eustachian tube and the upper 
one for the canal of tensor tympani muscle.

The posterior wall lies close to the mastoid air cells. It pres-
ents	a	bony	projection	called	pyramid through the summit 
of which appears the tendon of the stapedius muscle to get 
attachment to the neck of stapes. Aditus, an opening through 
which attic communicates with the antrum, lies above the 
pyramid.	Facial	nerve	runs	in	the	posterior	wall	just	behind	
the pyramid. Facial recess or the posterior sinus is a depression 
in the posterior wall lateral to the pyramid. It is bounded 
medially by the vertical part of VIIth nerve, laterally by the 

chorda tympani and above, by the fossa incudis (Figure 
1.10). Surgically, facial recess is important, as direct access 
can be made through this into the middle ear without dis-
turbing posterior canal wall (intact canal wall technique, see 
p. 73).

The medial wall (Figure 1.11)is formed by the labyrinth. It 
presents a bulge called promontory which is due to the basal 
coil of cochlea; oval window into which is fixed the footplate 
of stapes; round window or the fenestra cochleae which is cov-
ered by the secondary tympanic membrane. Above the oval 
window is the canal for facial nerve. Its bony covering may 
sometimes be congenitally dehiscent and the nerve may lie 
exposed	making	it	very	vulnerable	to	injuries	or	infection.	
Above the canal for facial nerve is the prominence of lat-
eral semicircular canal. Just anterior to the oval window, the 
medial	wall	presents	a	hook-like	projection	called	processus 
cochleariformis. The tendon of tensor tympani takes a turn 
here to get attachment to the neck of malleus. The cochle-
ariform process also marks the level of the genu of the facial 
nerve which is an important landmark for surgery of the 
facial nerve. Medial to the pyramid is a deep recess called 
sinus tympani, which is bounded by the subiculum below and 
the ponticulus above (Figure 1.10).

The lateral wall is formed largely by the tympanic membrane 
and to a lesser extent by the bony outer attic wall called scu-
tum. The tympanic membrane is semitransparent and forms 
a “window” into the middle ear. It is possible to see some 
structures of the middle ear through the normal tympanic 
membrane, e.g. the long process of incus, incudostapedial 
joint	and	the	round	window.

MASTOID ANTRUM

It is a large, air-containing space in the upper part of mas-
toid and communicates with the attic through the aditus. 
Its roof is formed by tegmen antri, which is a continuation of 
the tegmen tympani and separates it from the middle cra-
nial fossa. The lateral wall of antrum is formed by a plate of 
bone which is on an average 1.5 cm thick in the adult. It is 
marked externally on the surface of mastoid by suprameatal 
(MacEwen’s) triangle (Figure 1.12).

Antrum Aditus
Attic

Eustachian tube

Middle ear

Mastoid air cells

Figure 1.7 Middle ear cleft.

Lateral attic wall

Epitympanum

Mesotympanum

Pars flaccida

Hypotympanum

Pars tensa

Figure 1.8 Divisions of middle ear into epi-, meso- and hypo -
tympanum.
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Figure 1.9 Walls of middle ear and the structures related to them.
 1.  Canal for tensor tympani
 2.  Opening of eustachian tube
 3.  Oval window
 4.  Round window
 5.  Processus cochleariformis
 6.  Horizontal canal

 7.  Facial nerve
 8.  Pyramid
 9.  Aditus
 10.  Chorda tympani
 11.  Carotid artery
 12.  Jugular bulb
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ADITUS AD ANTRUM

Aditus is an opening through which the attic communicates 
with the antrum. The bony prominence of the horizontal 
canal lies on its medial side while the fossa incudis, to which 
is attached the short process of incus, lies laterally. Facial 
nerve	courses	just	below	the	aditus.

THE MASTOID AND ITS AIR CELL SYSTEM  
(FIGURE 1.13)

The mastoid consists of bone cortex with a “honeycomb” of 
air cells underneath. Depending on development of air cell, 
three types of mastoid have been described.

 1.  Well-pneumatized or cellular. Mastoid cells are well-
developed and intervening septa are thin.

 2.  Diploetic. Mastoid consists of marrow spaces and a few 
air cells.

 3.  Sclerotic or acellular. There are no cells or marrow 
spaces.

With any type of mastoid pneumatization, antrum is always 
present. In sclerotic mastoids, antrum is usually small and 
the sigmoid sinus is anteposed.

Depending on the location, mastoid air cells are divided 
into:

 1.  Zygomatic cells (in the root of zygoma).
 2.  Tegmen cells (extending into the tegmen tympani).
 3.  Perisinus cells (overlying the sinus plate).
 4.  Retrofacial cells (round the facial nerve).
 5.  Perilabyrinthine cells (located above, below and behind 

the labyrinth, some of them pass through the arch of 
superior semicircular canal. These cells may communi-
cate with the petrous apex).

 6.  Peritubal (around the eustachian tube. Along with hypotym-
panic cells they also communicate with the petrous apex).

 7.  Tip cells (which are quite large and lie medial and lateral 
to the digastric ridge in the tip of mastoid).

 8.  Marginal cells (lying behind the sinus plate and may 
extend into the occipital bone).

 9.  Squamosal cells (lying in the squamous part of temporal 
bones).

A

Chorda tympani Facial recess

VII Nerve

Pyramid

Sinus tympani

B

Incus
Posterior

tympanotomy

Horizontal SCC

Chorda
tympani

Round
window

VII Nerve

Figure 1.10 (A) Facial recess lies lateral and sinus tympani medial to the pyramidal eminence and vertical part of the facial nerve. (B) Exposure 
of facial recess through posterior tympanotomy as seen at mastoid surgery. SCC, semicircular canal.

MacEwen’s triangle

Spine of Henle

a

b

c

Figure 1.12 MacEwen’s (suprameatal) triangle. It is bounded by tem-
poral line (a), posterosuperior segment of bony external auditory canal 
(b) and the line drawn as a tangent to the external canal (c). It is an 
important landmark to locate the mastoid antrum in mastoid surgery.
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Figure 1.11 Medial wall of middle ear.
 1.  Promontory
 2.  Processus cochleariformis
 3.  CN VII
 4.  Oval window
 5.  Horizontal canal
 6.  Pyramid

 7.  Ponticulus
 8.  Sinus tympani
 9.  Subiculum
 10.  Round window
 11.  Tympanic plexus
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Abscesses may form in relation to these air cells and may 
sometimes be located far from the mastoid region.

DEVELOPMENT OF MASTOID
Mastoid develops from the squamous and petrous bones. 
The petrosquamosal suture may persist as a bony plate—the 
Korner’s septum, separating superficial squamosal cells from 
the deep petrosal cells. Korner’s septum is surgically impor-
tant as it may cause difficulty in locating the antrum and the 
deeper cells; and thus may lead to incomplete removal of dis-
ease at mastoidectomy (Figure 1.14). Mastoid antrum cannot 
be reached unless the Korner’s septum has been removed.

OSSICLES OF THE MIDDLE EAR (FIGURE 1.15)

There are three ossicles in the middle ear—the malleus, 
incus and stapes.

The malleus has head, neck, handle (manubrium), a lateral 
and an anterior process. Head and neck of malleus lie in the 
attic. Manubrium is embedded in the fibrous layer of the 

tympanic membrane. The lateral process forms a knob-like 
projection	on	the	outer	surface	of	the	tympanic	membrane	
and gives attachment to the anterior and posterior malleal 
(malleolar) folds.

The incus has a body and a short process, both of which lie 
in the attic, and a long process which hangs vertically and 
attaches to the head of stapes.

The stapes has a head, neck, anterior and posterior crura, 
and a footplate. The footplate is held in the oval window by 
annular ligament.

The ossicles conduct sound energy from the tympanic 
membrane to the oval window and then to the inner ear 
fluid.

INTRATYMPANIC MUSCLES

There are two muscles—tensor tympani and the stapedius; 
the former attaches to the neck of malleus and tenses the 
tympanic membrane while the latter attaches to the neck of 

Squamosal

Mastoid antrum

Zygomatic

Petrous
apex cells

Peritubal

Tip cells

Retrofacial

Perisinus

Periantral

Sinodural angle

Figure 1.13 Air cells in the temporal bone.

Korner’s
Septum

Squamosal cells

Petrosal cells

Antrum

A B
Figure 1.14 Korner’s septum (A) as seen on mastoid exploration, (B) in coronal section of mastoid; in its presence there is difficulty in locating 
the antrum which lies deep to it.
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stapes and helps to dampen very loud sounds thus prevent-
ing noise trauma to the inner ear. Stapedius is a second arch 
muscle and is supplied by a branch of CN VII while tensor 
tympani develops from the first arch and is supplied by a 
branch of mandibular nerve (V3).

TYMPANIC PLEXUS

It lies on the promontory and is formed by (i) tympanic 
branch of glossopharyngeal and (ii) sympathetic fibres 
from the plexus round the internal carotid artery. Tympanic 
plexus supplies innervation to the medial surface of the tym-
panic membrane, tympanic cavity, mastoid air cells and the 
bony eustachian tube. It also carries secretomotor fibres for 
the parotid gland. Section of tympanic branch of glossopha-
ryngeal nerve can be carried out in the middle ear in cases 
of Frey’s syndrome.

Course of secretomotor fibres to the parotid:
Inferior salivary nucleus → CN IX → Tympanic branch  

→ Tympanic plexus → Lesser petrosal nerve →	 Otic	 
ganglion → Auriculotemporal nerve → Parotid gland.

CHORDA TYMPANI NERVE

It is a branch of the facial nerve which enters the middle 
ear through posterior canaliculus, and runs on the medial 
surface of the tympanic membrane between the handle of 
malleus and long process of incus, above the attachment 
of tendon of tensor tympani. It carries taste from anterior 
two-thirds of tongue and supplies secretomotor fibres to the 
submaxillary and sublingual salivary glands.

LINING OF THE MIDDLE EAR CLEFT

Mucous membrane of the nasopharynx is continuous with 
that of the middle ear, aditus, antrum and the mastoid air 
cells. It wraps the middle ear structures—the ossicles, mus-
cles, ligaments and nerves—like peritoneum wraps various 
viscera in the abdomen—raising several folds and dividing 

the middle ear into various compartments. Middle ear con-
tains nothing but the air; all the structures lie outside the 
mucous membrane.

Histologically, the eustachian tube is lined by ciliated epi-
thelium, which is pseudostratified columnar in the cartilagi-
nous part, columnar in the bony part with several mucous 
glands in the submucosa. Tympanic cavity is lined by cili-
ated columnar epithelium in its anterior and inferior part 
which changes to cuboidal type in the posterior part. Epi-
tympanum and mastoid air cells are lined by flat, noncili-
ated epithelium.

BLOOD SUPPLY OF MIDDLE EAR

Middle ear is supplied by six arteries, out of which two are 
the main, i.e.

 1.  Anterior tympanic branch of maxillary artery which sup-
plies tympanic membrane.

 2.  Stylomastoid branch of posterior auricular artery which 
supplies middle ear and mastoid air cells.

Four minor vessels are:

 1.  Petrosal branch of middle meningeal artery (runs along 
greater petrosal nerve).

 2.  Superior tympanic branch of middle meningeal artery 
traversing along the canal for tensor tympani muscle.

 3.  Branch of artery of pterygoid canal (runs along eusta-
chian tube).

 4.  Tympanic branch of internal carotid.

Veins drain into pterygoid venous plexus and superior 
petrosal sinus.

LYMPHATIC DRAINAGE OF EAR

Lymphatics from the middle ear drain into retropharyngeal 
and parotid nodes while those of the eustachian tube drain 
into retropharyngeal group (see Table 1.1).

Head

Head

Neck

Anterior process

Anterior crus Posterior crus

Short process

Long process

Lenticular process

Body

Footplate

Stapes

IncusMalleus

Lateral process

Handle

Figure 1.15 Ear ossicles and their parts.
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THE INTERNAL EAR

The internal ear or the labyrinth is an important organ of 
hearing and balance. It consists of a bony and a membra-
nous labyrinth. The membranous labyrinth is filled with a 
clear fluid called endolymph while the space between mem-
branous and bony labyrinths is filled with perilymph.

BONY LABYRINTH (FIGURE 1.16A)

It consists of three parts: the vestibule, the semicircular 
canals and the cochlea.

1. Vestibule. It is the central chamber of the labyrinth. In its 
lateral wall lies the oval window. The inside of its medial wall 
presents two recesses, a spherical recess, which lodges the sac-
cule, and an elliptical recess, which lodges the utricle. Below 
the elliptical recess is the opening of aqueduct of vestibule 

through which passes the endolymphatic duct. In the pos-
terosuperior part of vestibule are the five openings of semi-
circular canals (Figure 1.16C).

2. Semicircular canals. They are three in number, the lateral, 
posterior and superior, and lie in planes at right angles to 
one another. Each canal has an ampullated end which opens 
independently into the vestibule and a nonampullated end. 
The nonampullated ends of posterior and superior canals 
unite to form a common channel called crus  commune. Thus, 
the three canals open into the vestibule by five openings.

3. Cochlea. The bony cochlea is a coiled tube making 2.5 
to 2.75 turns round a central pyramid of bone called modio-
lus. The base of modiolus is directed towards internal acous-
tic meatus and transmits vessels and nerves to the cochlea. 
Around the modiolus and winding spirally like the thread of 
a screw, is a thin plate of bone called osseous spiral lamina. It 
divides the bony cochlea incompletely and gives attachment 
to the basilar membrane. The bony bulge in the medial wall 
of middle ear, the promontory, is due to the basal coil of the 
cochlea. The bony cochlea contains three compartments:

 (a)  Scala vestibuli,
 (b)  Scala tympani,
 (c)  Scala media or the membranous cochlea (Figure 1.17).

The scala vestibuli and scala tympani are filled with peri-
lymph and communicate with each other at the apex of 
cochlea through an opening called helicotrema. Scala ves-
tibuli is closed by the footplate of stapes which separates it 
from the air-filled middle ear. The scala tympani is closed 
by secondary tympanic membrane; it is also connected 
with the subarachnoid space through the aqueduct of cochlea 
(Figure 1.18).

Superior SCC

Post SCC

Lateral SCC

Round window

Oval window

Cochlea

Crus commune

A

Cochlear duct

Utricle

Crus commune

Endolymphatic sacEndolymphatic duct

Ductus reuniens

Saccule

B

C

Elliptical recess
(for utricle)

Opening for
endolymphatic ductOpening of

cochlear aqueduct

Scala tympani

Osseous spiral
lamina

Scala vestibuli

Spherical recess
(for saccule)

Figure1.16 (A) Left bony labyrinth. (B) Left membranous labyrinth. (C) Cut section of bony labyrinth.

Table 1.1  Lymphatic drainage of ear

Area Nodes

Concha, tragus, fossa  
triangularis and external 
cartilaginous canal

Preauricular and parotid 
nodes

Lobule and antitragus Infra-auricular nodes
Helix and antihelix Postauricular nodes, deep 

jugular and spinal accessory 
nodes

Middle ear and eustachian 
tube

Retropharyngeal nodes → 
upper jugular chain

Inner ear No lymphatics
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MEMBRANOUS LABYRINTH (FIGURE 1.16B)

It consists of the cochlear duct, the utricle and saccule, the 
three semicircular ducts, and the endolymphatic duct and 
sac.

1. Cochlear duct (Figure 1.17). Also called membranous 
cochlea or the scala media. It is a blind coiled tube. It 
appears triangular on cross-section and its three walls are 
formed by:

 (a)  the basilar membrane, which supports the organ of Corti;
 (b)  the Reissner’s membrane, which separates it from the 

scala vestibule; and
 (c)  the stria vascularis, which contains vascular epithelium 

and is concerned with secretion of endolymph.

Cochlear duct is connected to the saccule by ductus reuni-
ens (Figure 1.16B). The length of basilar membrane 
increases as we proceed from the basal coil to the apical 
coil. It is for this reason that higher frequencies of sound 
are heard at the basal coil while lower ones are heard at 
the apical coil.

2. Utricle and saccule. The utricle lies in the posterior part 
of bony vestibule. It receives the five openings of the three 
semicircular ducts. It is also connected to the saccule through 
utriculosaccular duct. The sensory epithelium of the utricle 
is called macula and is concerned with linear acceleration 

and deceleration. The saccule also lies in the bony vestibule, 
anterior to the utricle and opposite the stapes footplate. Its 
sensory epithelium is also called macula. Its exact function 
is not known. It probably also responds to linear accelera-
tion and deceleration. In Ménière’s disease, the distended 
saccule lies against the stapes footplate and can be surgically 
decompressed by perforating the footplate.

3. Semicircular ducts. They are three in number and cor-
respond exactly to the three bony canals. They open in the 
utricle. The ampullated end of each duct contains a thick-
ened ridge of neuroepithelium called crista ampullaris.

4. Endolymphatic duct and sac. Endolymphatic duct is 
formed by the union of two ducts, one each from the saccule 
and the utricle. It passes through the vestibular aqueduct. Its 
terminal part is dilated to form endolymphatic sac, which 
lies between the two layers of dura on the posterior surface 
of the petrous bone.

Endolymphatic sac is surgically important. It is exposed 
for drainage or shunt operation in Ménière’s disease.

INNER EAR FLUIDS AND THEIR CIRCULATION

There are two main fluids in the inner ear: perilymph and 
endolymph.

1. Perilymph resembles extracellular fluid and is rich in  
Na ions. It fills the space between the bony and the mem-
branous labyrinth. It communicates with CSF through the 
aqueduct of cochlea which opens into the scala tympani 
near the round window. In fact this duct is not a direct 
communication but contains connective tissue resembling 
arachnoid through which perilymph percolates. There are 
two views regarding the formation of perilymph: (i) It is a 
filtrate of blood serum and is formed by capillaries of the 
spiral ligament and (ii) it is a direct continuation of CSF and 
reaches the labyrinth via aqueduct of cochlea.

2. Endolymph fills the entire membranous labyrinth and 
resembles intracellular fluid, being rich in K ions. It is 
secreted by the secretory cells of the stria vascularis of the 
cochlea and by the dark cells (present in the utricle and also 
near the ampullated ends of semicircular ducts). There are 
two views regarding its flow: (i) longitudinal, i.e. endolymph 
from the cochlea reaches saccule, utricle and endolymphatic 
duct and gets absorbed through endolymphatic sac, which 
lies in the subdural space and (ii) radial, i.e. endolymph is 
secreted by stria vascularis and also gets absorbed by the 
stria vascularis. This view presumes that endolymphatic sac 
is a vestigial structure in man and plays no part in endo-
lymph absorption. Composition of endolymph, perilymph 
and CSF is given in Table 1.2.

BLOOD SUPPLY OF LABYRINTH

The entire labyrinth receives its arterial supply through labyrin-
thine artery, which is a branch of anterior-inferior cerebellar 
artery but sometimes from the basilar. In the internal auditory 
canal it divides in the manner shown in Figures 1.19 and 1.20.

Venous drainage is through three veins, namely internal 
auditory vein, vein of cochlear aqueduct and vein of vestibu-
lar aqueduct, which ultimately drain into inferior petrosal 
sinus and lateral venous sinus.

Reissner’s
membrane

Scala vestibuli

Cochlear duct
(scala media)

Stria
vascularis

Basilar
membrane

Scala tympani

Osseous
spiral lamina

Figure 1.17 Section through cochlea to show scala media (cochlear 
duct), scala vestibuli and scala tympani.
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Stapes Helicotrema
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Aqueduct
of cochlea
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Figure 1.18 Diagrammatic representation of perilymphatic system. 
CSF passes into scala tympani through aqueduct of cochlea.
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It is to be noted that:

 1.  Blood supply to the inner ear is independent of blood 
supply to middle ear and bony otic capsule, and there is 
no cross circulation between the two.

 2.  Blood supply to cochlea and vestibular labyrinth is seg-
mental, therefore, independent ischaemic damage can 
occur to these organs causing either cochlear or vestibu-
lar symptoms.

DEVELOPMENT OF EAR

Auricle. First branchial cleft is the precursor of external 
auditory canal. Around the 6th week of embryonic life, 
a series of six tubercles appear around the first branchial 
cleft. They progressively coalesce to form the auricle (Figure 
1.21). Tragus develops from the tubercle of the first arch 
while the rest of the pinna develops from the remaining five 
tubercles of the second arch. Faulty fusion between the first 
and the second arch tubercles causes preauricular sinus or 
cyst, which is commonly seen between the tragus and crus of 
helix. By the 20th week, pinna achieves adult shape. Initially, 
the pinna is located low on the side of the neck and then 
moves on to a more lateral and cranial position.

External auditory meatus. It develops from the first bran-
chial cleft. By about the 16th embryonic week, cells prolifer-
ate from the bottom of ectodermal cleft and form a meatal 
plug. Recanalization of this plug forms the epithelial lining 
of the bony meatus. Recanalization begins from the deeper 
part near the tympanic membrane and progresses outwards, 
and that explains why deeper meatus is sometimes developed 

Labyrinthine artery

Common cochlear artery

Main cochlear artery
(80% supply to cochlea)

Vestibulocochlear artery

Anterior inferior
cerebellar artery

Cochlear branch
(20% supply to cochlea)

Anterior vestibular artery
(utricle, sup. and lateral canals)

Posterior vestibular artery
(posterior canal, saccule)

Figure 1.20 Blood supply of labyrinth.

Labyrinthine artery
(from anterior-inferior

cerebellar artery)

Anterior vestibular artery
(to utricle and lateral and

superior canals)

Main cochlear artery
(to cochlea, 80%)

Common cochlear

Vestibulocochlear
artery

Cochlear branch
(to cochlea, 20%)

Posterior vestibular artery
(to saccule and posterior canal)

Figure 1.19 Divisions of the labyrinthine artery to supply various 
parts of labyrinth.

Table 1.2  Composition of inner ear fluids

Endolymph Perilymph CSF

Na+ (mEq/L) 5 140 152
K+ (mEq/L) 144 10 4
Protein (mg/dL) 126 200–400 20–50
Glucose (mg/dL) 10–40 85 70

Values are average and may differ slightly according to the site of 
collection of endolymph (cochlea, utricle, sac) and perilymph 
(scala tympani or scala vestibuli).
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while there is atresia of canal in the outer part. External ear 
canal is fully formed by the 28th week of gestation.

Tympanic membrane. It develops from all the three ger-
minal	 layers.	 Outer	 epithelial	 layer	 is	 formed	 by	 the	 ecto-
derm, inner mucosal layer by the endoderm and the middle 
fibrous layer by the mesoderm.

Middle ear cleft. The eustachian tube, tympanic cavity, attic, 
antrum and mastoid air cells develop from the endoderm of 
tubotympanic recess which arises from the first and partly 
from the second pharyngeal pouches (Figure 1.22).

Malleus and incus are derived from mesoderm of the first 
arch while the stapes develop from the second arch except 
its footplate and annular ligament which are derived from 
the otic capsule.

Membranous inner ear. Development of the inner ear starts 
in the 3rd week of fetal life and is complete by the 16th 
week. Ectoderm in the region of hindbrain thickens to form 
an auditory placode, which is invaginated to form auditory 
vesicle or the otocyst. The latter then differentiates into the 
endolymphatic duct and sac; the utricle, the semicircular 
ducts; and saccule and the cochlea. Development of phylo-
genetically older part of labyrinth—pars superior (semicircu-
lar canals and utricle) takes place earlier than pars  inferior 
(saccule and cochlea).

The embryologic source and the time of development 
of external and middle ears are quite independent of the 
development of the inner ear. It is therefore not unusual to 
see malformed and nonfunctional inner ear in the presence 
of normal external and middle ears, and vice versa.

The cochlea is developed sufficiently by 20 weeks of ges-
tation (Table 1.3) and the fetus can hear in the womb of 
the mother. This probably explains how Abhimanyu, while 
still unborn, could have heard the conversation between his 
mother	and	father	(Arjuna)	in	the	legend	given	in	the	Great	
Indian epic of Mahabharata written thousands of years ago.

4

3

22

3

4

5

61
1

5

6

Figure 1.21 Development of pinna. Six hillocks of His around first 
branchial cleft and the corresponding parts of pinna which develop 
from them.
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Figure 1.22 Development of external auditory canal and middle ear.

Table 1.3  Timing of development of the ear in the week of gestationa

Development Pinna Meatus Middle ear Vestibular labyrinth Cochlea

Begins 6th 8th 3rd 3rd 3rd
Completes 20th 28th 30th 20th 20th

aSource: Gulya AJ. Developmental Anatomy of the Ear. In: Glasscock and Shambaugh, editors. Surgery of the Ear. Philadelphia: W.B. Saunders 
Company, 1990.
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AUDITORY SYSTEM

ORGAN OF CORTI (FIGURE 2.1)

Organ of Corti is the sense organ of hearing and is situated 
on the basilar membrane. Important components of the 
organ of Corti are:

1. Tunnel of Corti, which is formed by the inner and outer 
rods. It contains a fluid called cortilymph. The exact function 
of the rods and cortilymph is not known.

2. Hair cells. They are important receptor cells of hear-
ing and transduce sound energy into electrical energy. 
Inner hair cells form a single row while outer hair cells are 
arranged in three or four rows. Inner hair cells are richly 
supplied by afferent cochlear fibres and are probably more 
important in the transmission of auditory impulses. Outer 
hair cells mainly receive efferent innervation from the oli-
vary complex and are concerned with modulating the func-
tion of inner hair cells. Differences between inner and outer 
hair cells are given in Table 2.1.

3. Supporting cell. Deiters’ cells are situated between the 
outer hair cells and provide support to the latter. Cells of 
Hensen lie outside the Deiters’ cells.

4. Tectorial membrane. It consists of gelatinous matrix with 
delicate fibres. It overlies the organ of Corti. The shearing 
force between the hair cells and tectorial membrane pro-
duces the stimulus to hair cells.

NERVE SUPPLY OF HAIR CELLS

Ninety-five per cent of afferent fibres of spiral ganglion sup-
ply the inner hair cells while only five per cent supply the 
outer hair cells. Efferent fibres to the hair cells come from 
the olivocochlear bundle. Their cell bodies are situated in 
superior olivary complex. Each cochlea sends innervation 
to both sides of the brain.

AUDITORY NEURAL PATHWAYS AND THEIR 
NUCLEI (FIGURE 2.2)

Hair cells are innervated by dendrites of bipolar cells of 
spiral ganglion which is situated in Rosenthal’s canal 
(canal running along the osseous spiral lamina). Axons of 
these bipolar cells form the cochlear division of CN VIII 
and end in the cochlear nuclei, the dorsal and ventral, on 
each side of the medulla. Further course of auditory path-
ways is complex. From cochlear nuclei, the main nuclei in 

the ascending auditory pathways, sequentially, from below 
upwards are:

 1.  Superior olivary complex
 2.  Nucleus of lateral lemniscus
 3.  Inferior colliculus
 4.  Medial geniculate body
 5.  Auditory cortex

The auditory fibres travel via the ipsilateral and contra-
lateral routes and have multiple decussation points. Thus 
each ear is represented in both cerebral hemispheres. The 
area of cortex, concerned with hearing is situated in the 
superior temporal gyrus (Brodmann’s area 41). For audi-
tory pathways, remember the mnemonic E.COLI-MA: 
Eighth nerve, Cochlear nuclei, Olivary complex, Lateral 
lemniscus, Inferior colliculus, Medial geniculate body and 
Auditory cortex.

PHYSIOLOGY OF HEARING

Any vibrating object causes waves of compression and rar-
efaction and is capable of producing sound. In the air, at 
20°C and at sea level, sound travels at a speed of 344 m 
(1120 ft) per second. It travels faster in liquids and solids 
than in the air. Also, when sound energy has to pass from 
air to liquid medium, most of it is reflected because of the 
impedance offered by the liquid.

MECHANISM OF HEARING

A sound signal in the environment is collected by the 
pinna, passes through external auditory canal and strikes 
the tympanic membrane. Vibrations of the tympanic mem-
brane are transmitted to stapes footplate through a chain 
of ossicles coupled to the tympanic membrane. Movements 
of stapes footplate cause pressure changes in the labyrin-
thine fluids, which move the basilar membrane. This stim-
ulates the hair cells of the organ of Corti. It is these hair 
cells which act as transducers and convert the mechani-
cal energy into electrical impulses, which travel along the 
auditory nerve. Thus, the mechanism of hearing can be 
broadly divided into:

 1.  Mechanical conduction of sound (conductive appa-
ratus).

 2.  Transduction of mechanical energy to electrical impulses 
(sensory system of cochlea).

 3.  Conduction of electrical impulses to the brain (neural 
pathways).

2Peripheral Receptors and 
Physiology of Auditory and 

Vestibular Systems
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1. CONDUCTION OF SOUND
A person under water cannot hear any sound made in the 
air because 99.9% of the sound energy is reflected away 
from the surface of water because of the impedance offered 
by it. A similar situation exists in the ear when air-conducted 
sound has to travel to cochlear fluids. Nature has compen-
sated for this loss of sound energy by interposing the middle 
ear which converts sound of greater amplitude but lesser 
force, to that of lesser amplitude but greater force. This 
function of the middle ear is called impedance matching mech-
anism or the transformer action.

It is accomplished by:

 (a)  Lever action of the ossicles. Handle of malleus is 1.3 times 
longer than long process of the incus, providing a 
mechanical advantage of 1.3.

 (b)  Hydraulic action of tympanic membrane. The area of tym-
panic membrane is much larger than the area of stapes 

footplate, the average ratio between the two being 21:1. 
As the effective vibratory area of tympanic membrane 
is only two-thirds, the effective areal ratio is reduced to 
14:1, and this is the mechanical advantage provided by 
the tympanic membrane (Figure 2.3).

The product of areal ratio and lever action of ossicles is 18:1.
According to some workers (Wever and Lawrence) out of 

a total of 90 mm2 area of human tympanic membrane, only 
55 mm2 is functional and given the area of stapes footplate 
(3.2 mm2), the areal ratio is 17:1 and total transformer ratio 
(17× 1.3) is 22.1.

Auditory
radiations

Auditory
cortex
(Area 41)

Nucleus of
lateral lemniscus

Lateral lemniscus

Superior olivary
complex

Trapezoid body

Cochlea

VIII Nerve

Ventral and dorsal
cochlear nuclei

Medial
geniculate
body

Inferior
colliculus

Figure 2.2 Auditory pathways from the right cochlea. Note bilateral 
route through brainstem and bilateral cortical representation.

Reiss
ner’s

 m
embra

ne

Stria vascularis 

Cells of Claudius

Spiral ligament

Scarpa’s ganglion

Tectorial membrane

Boettcher’s cells

Deiters' cells

Nerve fibres (unmyelinated)
Tunnel of Corti

Cochlear nerve fibres (myelinated)

Cells of Hensen

Outer hair cells
Inner hair cells

Basilar membrane

Figure 2.1 Structure of organ of Corti.

Table 2.1  Differences between inner and outer  
hair cells

Inner hair cells Outer hair cells

Total no. 3500 12,000
Rows One row Three or four rows
Shape Flask shaped Cylindrical
Nerve supply Primarily afferent 

fibres and very 
few efferent

Mainly efferent fibres 
and very few 
afferent

Development Develop earlier Develop late
Function Transmit auditory 

stimuli
Modulate function of 

inner hair cells
Vulnerability More resistant Easily damaged by 

ototoxic drugs and 
high intensity noise
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 (c)  Curved membrane effect. Movements of tympanic mem-
brane are more at the periphery than at the centre 
where malleus handle is attached. This too provides 
some leverage.

Phase differential between oval and round windows. Sound 
waves striking the tympanic membrane do not reach the 
oval and round windows simultaneously. There is a prefer-
ential pathway to the oval window because of the ossicular 
chain. Thus, when oval window is receiving wave of compres-
sion, the round window is at the phase of rarefaction. If the 
sound waves were to strike both the windows simultaneously, 
they would cancel each other’s effect with no movement of 
the perilymph and no hearing. This acoustic separation 
of windows is achieved by the presence of intact tympanic 
membrane and a cushion of air in the middle ear around 
the round window. Phase differential between the windows 
contributes 4 dB when tympanic membrane is intact.

Natural resonance of external and middle ear. Inherent ana-
tomic and physiologic properties of the external and middle 
ear allow certain frequencies of sound to pass more easily 
to the inner ear due to their natural resonances. Natural 
resonance of external ear canal is 3000 Hz and that of mid-
dle ear 800 Hz. Frequencies most efficiently transmitted by 
ossicular chain are between 500 and 2000 Hz while that by 
tympanic membrane is 800–1600 Hz. Thus greatest sensitiv-
ity of the sound transmission is between 500 and 3000 Hz 
and these are the frequencies most important to man in day-
to-day conversation (Table 2.2).

2. TRANSDUCTION OF MECHANICAL ENERGY TO 
ELECTRICAL IMPULSES
Movements of the stapes footplate, transmitted to the 
cochlear fluids, move the basilar membrane and set up 

shearing force between the tectorial membrane and the hair 
cells. The distortion of hair cells gives rise to cochlear micro-
phonics, which trigger the nerve impulse.

A sound wave, depending on its frequency, reaches maxi-
mum amplitude on a particular place on the basilar mem-
brane and stimulates that segment (travelling wave theory of 
von Bekesy). Higher frequencies are represented in the basal 
turn of the cochlea and the progressively lower ones towards 
the apex (Figure 2.4).

3. NEURAL PATHWAYS
Hair cells get innervation from the bipolar cells of spiral 
ganglion. Central axons of these cells collect to form the 
cochlear nerve which goes to the ventral and dorsal cochlear 
nuclei. From there, both crossed and uncrossed fibres travel 
to the superior olivary nucleus, lateral lemniscus, inferior 
colliculus, medial geniculate body and finally reach the 
auditory cortex of the temporal lobe.

ELECTRICAL POTENTIALS OF COCHLEA AND CN VIII

Four types of potentials have been recorded; three from the 
cochlea and one from CN VIII fibres. They are:

 1.  Endocochlear potential
 2.  Cochlear microphonic
 3.  Summating potential

from cochlea

 4.  Compound action potential from nerve fibres

1. Endocochlear potential. It is a direct current (DC) poten-
tial recorded from scala media. It is +80 mV and is gener-
ated from the stria vascularis by Na+/K+-ATPase pump and 
provides source of energy for cochlear transduction (Figure 
2.5). It is present at rest and does not require sound stimu-
lus. This potential provides a sort of “battery” to drive the 
current through hair cells when they move in response to a 
sound stimulus.

2. Cochlear microphonic (CM). When basilar membrane 
moves in response to sound stimulus, electrical resis-
tance at the tips of hair cells changes allowing flow of 
K+ through hair cells and produces voltage fluctuations 
called cochlear microphonic. It is an alternating current 
(AC) potential.

3. Summating potential (SP). It is a DC potential and follows 
“envelope” of stimulating sound. It is produced by hair cells. 

Table 2.2  Natural resonance and efficiency of 
auditory apparatus

External auditory canal 3000 Hz
Tympanic membrane 800–1600 Hz
Middle ear 800 Hz
Ossicular chain 500–2000 Hz

Tympanic
membrane

Axis of ossicular
movement

Stapes

Effective vibratory area of TM : 45 mm2

Footplate area    : 3.2 mm2

Areal ratio    : 14:1
Lever ratio (ossicles)    : 1.3:1
Total transformer ratio 14 � 1.3 � 18.2:1
Say 18:1

Figure 2.3 Transformer action of the middle ear. Hydraulic effect of 
tympanic membrane and lever action of ossicles combine to compen-
sate the sound energy lost during its transmission from air to liquid 
medium.
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Figure 2.4 Frequency localization in the cochlea. Higher frequen-
cies are localized in the basal turn and then progressively decrease 
towards the apex.
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It may be negative or positive. SP has been used in diagno-
sis of Ménière’s disease. It is superimposed on VIII nerve 
action potential.

Both CM and SP are receptor potentials as seen in other 
sensory end-organs. They differ from action potentials in 
that: (i) they are graded rather than all or none phenom-
enon, (ii) have no latency, (iii) are not propagated and (iv) 
have no postresponse refractory period.

4. Compound action potential. It is an all or none response 
of auditory nerve fibres.

VESTIBULAR SYSTEM

PERIPHERAL RECEPTORS

They are of two types:

1. CRISTAE
They are located in the ampullated ends of the three 
semicircular ducts. These receptors respond to angular 
acceleration.

2. MACULAE
They are located in otolith organs (i.e. utricle and saccule). 
Macula of the utricle lies in its floor in a horizontal plane. 
Macula of the saccule lies in its medial wall in a vertical 
plane. They sense position of head in response to gravity 
and linear acceleration.

(a) Structure of a crista (Figure 2.6). It is a crest-like mound 
of connective tissues on which lie the sensory epithelial cells. 
The cilia of the sensory hair cells project into the cupula, 
which is a gelatinous mass extending from the surface of 
crista to the ceiling of the ampulla and forms a water tight 
partition, only to be displaced to one or the other side like 
a swing door, with movements of endolymph. The gelati-
nous mass of cupula consists of polysaccharide and contains 
canals into which project the cilia of sensory cells.

Hair cells are of two types (Figure 2.7). Type I cells are flask-
shaped with a single large cup-like nerve terminal surround-
ing the base. Type II cells are cylindrical with multiple nerve 

terminals at the base. From the upper surface of each cell, 
project a single hair, the kinocilium and a number of other 
cilia, the stereocilia. The kinocilium is thicker and is located 
on the edge of the cell. Sensory cells are surrounded by sup-
porting cells which show microvilli on their upper ends.

(b) Structure of a macula. A macula consists mainly of two 
parts: (i) a sensory neuroepithelium, made up of type I 
and type II cells, similar to those in the crista; (ii) an oto-
lithic membrane, which is made up of a gelatinous mass 
and on the top, the crystals of calcium carbonate called 
otoliths or otoconia (Figure 2.8). The cilia of hair cells proj-
ect into the gelatinous layer. The linear, gravitational and 
head tilt movements cause displacement of otolithic mem-
brane and thus stimulate the hair cells which lie in differ-
ent planes.

VESTIBULAR NERVE

Vestibular or Scarpa’s ganglion is situated in the lateral part 
of the internal acoustic meatus. It contains bipolar cells. 
The distal processes of bipolar cells innervate the sensory 

� 80 mV

� 40 mV

Figure 2.5 Davis’ battery model of cochlear transduction. Scala 
media has a DC potential of 180 mV. Stimulation of hair cells pro-
duces intracellular potential of 240 mV. This provides flow of current of  
120 mV through the top of hair cells.

Ampulla of
semicircular duct

Cupula

Kinocilium

Hair cells

Crista ampullaris

Figure 2.6 Structure of ampullary end of semicircular duct. Over the 
crista lie sensory hair cells interspersed with supporting cells. Hair 
from sensory cells project into the gelatinous substance of cupula.

Stereocilia

Microvilli

Kinocilium

Supporting cell

Nerve chalice

Figure 2.7 Sensory hair cells of the vestibular organs. Type I (left) 
and Type II (right).
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epithelium of the labyrinth while its central processes aggre-
gate to form the vestibular nerve.

CENTRAL VESTIBULAR CONNECTIONS

The fibres of vestibular nerve end in vestibular nuclei and 
some go to the cerebellum directly.

Vestibular nuclei are four in number, the superior, medial, 
lateral and descending. Afferents to these nuclei come from:

 1.  Peripheral vestibular receptors (semicircular canals, utri-
cle and saccule)

 2.  Cerebellum
 3.  Reticular formation
 4.  Spinal cord
 5.  Contralateral vestibular nuclei

Thus, information received from the labyrinthine receptors 
is integrated with information from other somatosensory 
systems.

Efferents from vestibular nuclei go to:

 1.  Nuclei of CN III, IV, VI via medial longitudinal bundle. 
It is the pathway for vestibulo-ocular reflexes and this 
explains the genesis of nystagmus.

 2.  Motor part of spinal cord (vestibulospinal fibres). This 
coordinates the movements of head, neck and body in 
the maintenance of balance.

 3.  Cerebellum (vestibulocerebellar fibres). It helps to coor-
dinate input information to maintain the body balance.

 4.  Autonomic nervous system. This explains nausea, vom-
iting, palpitation, sweating and pallor seen in vestibular 
disorders (e.g. Ménière’s disease).

 5.  Vestibular nuclei of the opposite side.
 6.  Cerebral cortex (temporal lobe). This is responsible for 

subjective awareness of motion.

PHYSIOLOGY OF VESTIBULAR SYSTEM

Vestibular system is conveniently divided into:

 1.  Peripheral, which is made up of membranous labyrinth 
(semicircular ducts, utricle and saccule) and vestibular 
nerve.

 2.  Central, which is made up of nuclei and fibre tracts in the 
central nervous system to integrate vestibular impulses 
with other systems to maintain body balance.

SEMICIRCULAR CANALS

They respond to angular acceleration and deceleration. The 
three canals lie at right angles to each other but the one which 
lies at right angles to the axis of rotation is stimulated the 
most. Thus horizontal canal will respond maximum to rota-
tion on the vertical axis and so on. Due to this arrangement 
of the three canals in three different planes, any change in 
position of head can be detected. Stimulation of semicircular 
canals produces nystagmus and the direction of nystagmus is 
determined by the plane of the canal being stimulated. Thus, 
nystagmus is horizontal from horizontal canal, rotatory from 
the superior canal and vertical from the posterior canal.

The stimulus to semicircular canal is flow of endolymph 
which displaces the cupula. The flow may be towards the 
cupula (ampullopetal) or away from it (ampullofugal), bet-
ter called utriculopetal and utriculofugal. Ampullopetal flow 
is more effective than ampullofugal for the horizontal canal. 
The quick component of nystagmus is always opposite to the 
direction of flow of endolymph. Thus, if a person is rotated 
to the right for sometime and then abruptly stopped, the 
endolymph continues to move to the right due to inertia 
(i.e. ampullopetal for left canal), the nystagmus will be hori-
zontal and directed to the left (Figure 2.9). Remember nys-
tagmus is in the direction opposite to the direction of flow 
of endolymph.
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Figure 2.8 Structure of macula, the sensory end organ of the utricle and the saccule.

Right SCC Left SCC

Figure 2.9 Rotation test. At the end of rotation to the right, semi-
circular canals stop but endolymph continues to move to the right,  
i.e. towards the left ampulla but away from the right, causing nystag-
mus to the left.
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UTRICLE AND SACCULE

Utricle is stimulated by linear acceleration and deceleration 
or gravitational pull during the head tilts. The sensory hair 
cells of the macula lie in different planes and are stimulated 
by displacement of otolithic membrane during the head tilts.

The function of saccule is similar to that of utricle as 
the structure of maculae in the two organs is similar but 
experimentally, the saccule is also seen to respond to sound 
vibrations.

The vestibular system thus registers changes in the head 
position, linear or angular acceleration and deceleration, 
and gravitational effects. This information is sent to the cen-
tral nervous system where information from other systems—
visual, auditory, somatosensory (muscles, joints, tendons, 
skin)—is also received. All this information is integrated 
and used in the regulation of equilibrium and body posture.

Cerebellum, which is also connected to vestibular end 
organs, further coordinates muscle movements in their 
rate, range, force and duration and thus helps in the main-
tenance of balance.

MAINTENANCE OF BODY EQUILIBRIUM

A useful clinical approach to understand the physiology of 
equilibrium is to imagine that the balance system (vestibu-
lar, visual and somatosensory) is a two-sided push and pull 
system. In static neutral position, each side contributes equal 
sensory information, i.e. push and pull system of one side is 
equal to that of the other side. If one side pulls more than 
the other, balance of the body is disturbed. During move-
ment, i.e. turning or tilt, there is a temporary change in 
the push and pull system, which is corrected by appropriate 

reflexes and motor outputs to the eyes (vestibulo-ocular 
reflex), neck (vestibulocervical reflex), and trunk and limbs 
(vestibulospinal reflex) to maintain new position of head 
and body, but if any component of push and pull system of 
one side is disturbed for a longer time due to disease, ver-
tigo and ataxia will develop.

VERTIGO AND DIZZINESS

Disorientation in space causes vertigo or dizziness and can 
arise from disorders of any of the three systems: vestibular, 
visual or somatosensory. Normally, the impulses reaching 
the brain from the three systems are equal and opposite. 
If any component on one side is inhibited or stimulated, 
the information reaching the cortex is mismatched, result-
ing in disorientation and vertigo. The vestibular inhibition 
on one side (e.g. acute vestibular failure, labyrinthectomy, 
Ménière’s disease, VIIIth nerve section) causes vertigo. 
Similarly, stimulation of labyrinth by thermal or rotational 
stimulus causes vertigo. Dizziness can similarly result from 
the ocular causes, e.g. high errors of refraction or acute 
extraocular muscle paralysis with diplopia.

Vertigo and its causes are discussed in detail in Chapter 7.

MOTION SICKNESS

It is characterized by nausea, vomiting, pallor and sweating 
during sea, air, bus or car travel in certain susceptible indi-
viduals. It can be induced by both real and apparent motion 
and is thought to arise from the mismatch of information 
reaching the vestibular nuclei and cerebellum from the 
visual, labyrinthine and somatosensory systems. It can be 
controlled by the usual labyrinthine sedatives.
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This section aims to introduce certain terms which are fre-
quently used in audiology and acoustics.

Sound. It is a form of energy produced by a vibrating object. 
A sound wave consists of compression and rarefaction of 
molecules of the medium (air, liquid or solid) in which it 
travels. Velocity of sound is different in different media. In 
the air, at 20°C, at sea level, sound travels 344 m (1120 ft) 
per second, and is faster in liquid and still faster in a solid 
medium.

Frequency. It is the number of cycles per second. The unit 
of frequency is Hertz (Hz) named after the German sci-
entist Heinrich Rudolf Hertz. A sound of 1000 Hz means 
1000 cycles per second.

Pure tone. A single frequency sound is called a pure tone, 
e.g. a sound of 250, 500 or 1000 Hz. In pure tone audiom-
etry, we measure the threshold of hearing in decibels for 
various pure tones from 125 to 8000 Hz.

Complex sound. Sound with more than one frequency is 
called a complex sound. Human voice is a complex sound.

Pitch. It is a subjective sensation produced by frequency of 
sound. Higher the frequency, greater is the pitch.

Overtones. A complex sound has a fundamental frequency, 
i.e. the lowest frequency at which a source vibrates. All fre-
quencies above that tone are called the overtones. The latter 
determine the quality or the timbre of sound.

Intensity. It is the strength of sound which determines its 
loudness. It is usually measured in decibels. At a distance of 
1 m, intensity of

Whisper = 30 dB
Normal conversation = 60 dB
Shout = 90 dB
Discomfort of the ear = 120 dB
Pain in the ear = 130 dB

Loudness. It is the subjective sensation produced by inten-
sity. More the intensity of sound, greater the loudness.

Decibel (dB). It is 1/10th of a bel and is named after 
Alexander Graham Bell, the inventor of telephone. It is 
not an absolute figure but represents a logarithmic ratio 
between two sounds, namely the sound being described 
and the reference sound. Sound can be measured as 
power, i.e. watts/cm2 or as pressure, i.e. dynes/cm2. In 
audiology, sound is measured as sound pressure level 
(SPL). It is compared with the reference sound which has 
an SPL of 0.0002 dynes/cm2 or 20 μPa (micropascals), 

which roughly corresponds to the threshold of hear-
ing in normal subjects at 1000 Hz. Decibel notation 
was introduced in audiology to avoid dealing with large 
figures of sound pressure level (0.0002 dynes/cm2 at 
normal threshold of hearing to 200 dynes/cm2 which 
causes pain in the ear. The latter is 1,000,000 times  
the former).

Formula for decibel is

Power of S1

Power of S0

Sound in dB � 10 log

S1= sound being described
S0= reference sound

or 10 log
(SPL of S1)2

(SPL of S0)2

(because power of sound is proportional to square of SPL)

SPL of S1

SPL of S0

or 20 log

If a sound has an SPL of 1000, i.e. (103) times the reference 
sound, it is expressed as 20 × 3 = 60 dB. Similarly, a sound 
of 1,000,000, i.e. (106) times the reference sound SPL is 
expressed simply as 120 dB and so on.

Noise. It is defined as an aperiodic complex sound. There 
are three types of noise:

 (a)  White noise. It contains all frequencies in audible spec-
trum and is comparable to the white light which con-
tains all the colours of the visible spectrum. It is a 
broad-band noise and is used for masking.

 (b)  Narrow band noise. It is white noise with certain frequen-
cies, above and below the given noise, filtered out. 
Thus, it has a frequency range smaller than the broad-
band white noise. It is used to mask the test frequency 
in pure tone audiometry.

 (c)  Speech noise. It is a noise having frequencies in the 
speech range (300–3000 Hz). All other frequencies are 
filtered out.

Masking. It is a phenomenon to produce inaudibility of one 
sound by the presentation of another. In clinical audiometry, 
one ear is kept busy by a sound while the other is being tested. 
Masking of nontest ear is essential in all bone conduction 
tests, but for air conduction tests, it is required only when 
difference of hearing between two ears exceeds 40 dB.

3Audiology and Acoustics
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Sound pressure level. The SPL of a sound in decibels is 
20 times the logarithm to the base 10, of the pressure of a 
sound to the reference pressure. The reference pressure is 
taken as 0.0002 dynes/cm2 or 20 μPa (micropascals) for a 
frequency of 1000 Hz and represents the threshold of hear-
ing in normally hearing young adults.

Frequency range in normal hearing. A normal person can 
hear frequencies of 20–20,000 Hz but in routine audiomet-
ric testing only 125–8000 Hz are evaluated.

Speech frequencies. Frequencies of 500, 1000 and 2000 Hz 
are called speech frequencies as most of human voice falls 
within this range. PTA (pure tone average) is the average 
threshold of hearing in these three speech frequencies. It 
roughly corresponds to the speech reception threshold.

Audiometric zero. Threshold of hearing, i.e. the faintest 
intensity which a normal healthy person can hear will vary 
from person to person. The International Standards Orga-
nization (ISO) adopted a standard for this, which is repre-
sented as the zero level on the audiometer. According to ISO, 
audiometric zero is the mean value of minimal audible intensity in 
a group of normally hearing healthy young adults.

Hearing level (HL). It is the sound pressure level produced 
by an audiometer at a specific frequency. It is measured in 
decibels with reference to audiometric zero. If an audiom-
eter delivers a sound at 70 dB, it is represented as 70 dB HL.

Sensation level (SL). It refers to the level of sound above the 
threshold of hearing for an individual. If someone is tested 
at 40dB SL, it means he was tested at 40 dB above his thresh-
old. For a normal person, this would be a sound of 0 + 40, 

i.e. 40 dB HL, but for one with a hearing loss of say 30 dB, 
it would be 30 + 40, i.e. 70 dB HL. In other words, sensation 
level refers to the sound which will produce the same sensation, as 
in normally hearing person. In speech audiometry, discrimina-
tion scores are tested at 30–40 dB SL. Stapedial reflex is elic-
ited with a sound of 70–100 dB SL.

Most comfortable level (MCL). It is the intensity level of 
sound that is most comfortable for the person.

Loudness discomfort level. It is the level of sound which 
produces discomfort in the ear. Usually, it is 90–105 dB SL. 
It is important to find the loudness discomfort level of a per-
son when prescribing a hearing aid.

Dynamic range. It is the difference between the most 
comfortable level and the loudness discomfort level. The 
dynamic range is reduced in patients with positive recruit-
ment phenomenon, as is the case in cochlear type of hear-
ing loss.

Sound level meter. It is an instrument to measure level of 
noise and other sounds. Sound level meters have different 
weighting networks (e.g. A, B or C) for different sensitivi-
ties at different frequencies. When describing a sound mea-
sured by a sound level meter, the weighting network must 
be indicated.

Noise levels are often expressed as dB(A) which refers 
to sound pressure level measured with ‘A’ network where 
the low and extremely high frequencies are given much less 
weightage compared to those in the middle range which are 
more important and are responsible for noise-induced hear-
ing loss.
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Hearing loss can be of three types:

1. Conductive hearing loss. It is caused by any disease pro-
cess interfering with the conduction of sound from the 
external ear to the stapediovestibular joint. Thus the cause 
may lie in the external ear (obstructions), tympanic mem-
brane (perforation), middle ear (fluid), ossicles (fixation or 
disruption) or the eustachian tube (obstruction).

2. Sensorineural (SN) hearing loss. It results from lesions 
of the cochlea (sensory type) or VIIIth nerve and its cen-
tral connections (neural type). The term retrocochlear is used 
when hearing loss is due to lesions of VIIIth nerve, and 
central deafness, when it is due to lesions of central auditory 
connections.

3. Mixed hearing loss. In this type, elements of both conduc-
tive and sensorineural deafness are present in the same ear. 
There is air-bone gap indicating conductive element, and 
impairment of bone conduction indicating sensorineural 
loss. Mixed hearing loss is seen in some cases of otosclerosis 
and chronic suppurative otitis media.

While assessing the auditory function it is important to 
find out:

 (a)  Type of hearing loss (conductive, sensorineural or 
mixed).

 (b)  Degree of hearing loss (mild, moderate, moderately severe, 
severe, profound or total).

 (c)  Site of lesion. If conductive, the lesion may be at exter-
nal ear, tympanic membrane, middle ear, ossicles or 
eustachian tube. Clinical examination and tympanom-
etry can be helpful to find the site of such lesions. If 
sensorineural, find out whether the lesion is cochlear, 
retrocochlear or central. Special tests of hearing will be 
required to differentiate these types.

 (d)  Cause of hearing loss. The cause may be congenital, trau-
matic, infective, neoplastic, degenerative, metabolic, 
ototoxic, vascular or autoimmune process. Detailed 
history and laboratory investigations are required.

ASSESSMENT OF HEARING

Hearing of an individual can be tested by clinical and audio-
metric tests.

A. CLINICAL TESTS OF HEARING

 1.  Finger friction test
 2.  Watch test

 3.  Speech tests
 4.  Tuning fork tests

1. FINGER FRICTION TEST
It is a rough but quick method of screening and consists 
of rubbing or snapping the thumb and a finger close to 
patient’s ear.

2. WATCH TEST
A clicking watch is brought close to the ear and the distance 
at which it is heard is measured. It had been popular as a 
screening test before the audiometric era but is practically 
obsolete now. Clicking watches are also obsolete.

3. SPEECH (VOICE) TESTS
Normally, a person hears conversational voice at 12 m (40 ft)  
and whisper (with residual air after normal expiration) at 
6 m (20 ft) but for purposes of test, 6 m is taken as normal 
for both conversation and whisper.

The test is conducted in reasonably quiet surroundings. 
The patient stands with his test ear towards the examiner at a 
distance of 6 m. His eyes are shielded to prevent lip reading 
and the nontest ear is blocked by intermittent pressure on 
the tragus by an assistant. The examiner uses spondee words 
(e.g. black-night, football, daydream) or numbers with letters 
(X3B, 2AZ, M6D) and gradually walks towards the patient.

The distance at which conversational voice and the whis-
pered voice are heard is measured. The disadvantage of 
speech tests is lack of standardization in intensity and pitch 
of voice used for testing and the ambient noise of the test-
ing place.

4. TUNING FORK TESTS
These tests are performed with tuning forks of different fre-
quencies such as 128, 256, 512, 1024, 2048 and 4096 Hz, but 
for routine clinical practice, tuning fork of 512 Hz is ideal. 
Forks of lower frequencies produce sense of bone vibration 
while those of higher frequencies have a shorter decay time 
and are thus not routinely preferred.

A tuning fork is activated by striking it gently against the 
examiner’s elbow, heel of hand or the rubber heel of the 
shoe.

To test air conduction (AC) (Figure 4.1), a vibrating fork is 
placed vertically in line with the meatus, about 2 cm away 
from the opening of external auditory canal. The sound 
waves are transmitted through the tympanic membrane, 
middle ear and ossicles to the inner ear. Thus, by the air 
conduction test, the function of both the conducting mecha-
nism and the cochlea are tested. Normally, hearing through 

4Assessment of Hearing
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air conduction is louder and heard twice as long as through 
the bone conduction route.

To test bone conduction (BC), the footplate of vibrating tun-
ing fork is placed firmly on the mastoid bone. Cochlea is 
stimulated directly by vibrations conducted through the skull 
bones. Thus, BC is a measure of the cochlear function only.

The clinically useful tuning fork tests include:

(a) Rinne test. In this test air conduction of the ear is com-
pared with its bone conduction. A vibrating tuning fork is 
placed on the patient’s mastoid and when he stops hearing, 
it is brought beside the meatus. If he still hears, AC is more 
than BC. Alternatively, the patient is asked to compare the 
loudness of sound heard through air and bone conduction. 
Rinne test is called positive when AC is longer or louder 
than BC. It is seen in normal persons or those having sen-
sorineural deafness. A negative Rinne (BC > AC) is seen in 
conductive deafness. A negative Rinne indicates a minimum 
air-bone gap of 15–20 dB.

A prediction of air-bone gap can be made if tuning forks 
of 256, 512 and 1024 Hz are used.

	•	 	A	Rinne	test	equal	or	negative	for	256	Hz	but	positive	for	
512 Hz indicates air-bone gap of 20–30 dB.

	•	 	A	Rinne	test	negative	for	256	and	512	Hz	but	positive	for	
1024 Hz indicates air-bone gap of 30–45 dB.

	•	 	A	Rinne	negative	for	all	the	three	tuning	forks	of	256,	512	
and 1024 Hz indicates air-bone gap of 45–60 dB.

Remember that a negative Rinne for 256, 512 and 1024 Hz 
indicates a minimum AB gap of 15, 30, 45 dB, respectively.

False negative Rinne. It is seen in severe unilateral sensori-
neural hearing loss. Patient does not perceive any sound of 
tuning fork by air conduction but responds to bone conduc-
tion testing. This response to bone conduction is, in reality, 
from the opposite ear because of transcranial transmission 
of sound. In such cases, correct diagnosis can be made by 
masking the nontest ear with Barany’s noise box while test-
ing for bone conduction. Weber test will further help as it 
gets lateralized to the better ear.

(b) Weber test. In this test, a vibrating tuning fork is placed 
in the middle of the forehead or the vertex and the patient is 
asked in which ear the sound is heard. Normally, it is heard 
equally in both ears. It is lateralized to the worse ear in con-
ductive deafness and to the better ear in sensorineural deaf-
ness. In weber test, sound travels directly to the cochlea via 
bone. Lateralization of sound in weber test with a tuning 
fork of 512 Hz implies a conductive loss of 15–25 dB in ipsi-
lateral ear or a sensorineural loss in the contralateral ear.

(c) Absolute bone conduction (ABC) test. Bone conduction 
is a measure of cochlear function. In ABC test, patient’s bone 
conduction is compared with that of the examiner (presum-
ing that the examiner has normal hearing). External audi-
tory meatus of both the patient and examiner should be 
occluded (by pressing the tragus inwards)to prevent ambient 
noise entering through AC route. In conductive deafness, 
the patient and the examiner hear the fork for the same 
duration of time. In sensorineural deafness, the patient 
hears the fork for a shorter duration.

(d) Schwabach’s test. Here again BC of patient is compared 
with that of the normal hearing person (examiner) but 
meatus is not occluded. It has the same significance as abso-
lute bone conduction test. Schwabach is reduced in senso-
rineural deafness and lengthened in conductive deafness.

Table 4.1 summarizes the interpretation of tuning fork 
tests.

(e) Bing test. It is a test of bone conduction and examines 
the effect of occlusion of ear canal on the hearing. A vibrat-
ing tuning fork is placed on the mastoid while the examiner 
alternately closes and opens the ear canal by pressing on the 
tragus inwards. A normal person or one with sensorineural 
hearing loss hears louder when ear canal is occluded and 
softer when the canal is open (Bing positive). A patient with 
conductive hearing loss will appreciate no change (Bing 
negative).

(f) Gelle’s test. It is also a test of bone conduction and 
examines the effect of increased air pressure in ear canal on 
the hearing. Normally, when air pressure is increased in 
the ear canal by Siegel’s speculum, it pushes the tympanic 
membrane and ossicles inwards, raises the intralabyrinthine 

A B

C
Figure 4.1 Tuning fork tests. (A) Testing for air conduction. (B) Testing 
for bone conduction. (C) Weber test.

Table 4.1 Tuning fork tests and their interpretation

Test Normal Conductive deafness SN deafness

Rinne AC > BC (Rinne positive) BC > AC (Rinne negative) AC > BC
Weber Not lateralized Lateralized to poorer ear Lateralized to better ear
ABC Same as examiner’s Same as examiner’s Reduced
Schwabach Equal Lengthened Shortened
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pressure and causes immobility of basilar membrane and 
decreased hearing, but no change in hearing is observed 
when ossicular chain is fixed or disconnected. Gelle’s test 
is performed by placing a vibrating fork on the mastoid 
while changes in air pressure in the ear canal are brought 
about by Siegel’s speculum. Gelle’s test is positive in nor-
mal persons and in those with sensorineural hearing loss. It 
is negative when ossicular chain is fixed or disconnected. It 
was a popular test to find out stapes fixation in otosclerosis 
but has now been superceded by tympanometry.

B. AUDIOMETRIC TESTS

1. PURE TONE AUDIOMETRY
An audiometer is an electronic device which produces pure 
tones, the intensity of which can be increased or decreased 
in 5 dB steps (Figure 4.2). Usually air conduction thresholds 
are measured for tones of 125, 250, 500, 1000, 2000, 4000 
and 8000 Hz and bone conduction thresholds for 250, 500, 
1000, 2000 and 4000 Hz. The amount of intensity that has to 
be raised above the normal level is a measure of the degree 
of hearing impairment at that frequency. It is charted in the 
form of a graph called audiogram. The threshold of bone con-
duction is a measure of cochlear function. The difference in 
the thresholds of air and bone conduction (A–B gap) is a mea-
sure of the degree of conductive deafness. It may be noted 
that audiometer is so calibrated that the hearing of a normal 
person, both for air and bone conduction, is at 0 dB and there 
is no A–B gap, while tuning fork tests normally show AC > BC.

When difference between the two ears is 40 dB or above in 
air conduction thresholds, the better ear is masked to avoid 
getting a shadow curve from the nontest better ear. Similarly, 
masking is essential in all bone conduction studies. Masking 
is done by employing narrow-band noise to the nontest ear.

Uses of Pure Tone Audiogram

 (a)  It is a measure of threshold of hearing by air and bone 
conduction and thus the degree and type of hearing loss.

 (b)  A record can be kept for future reference.
 (c)  Audiogram is essential for prescription of hearing aid.
 (d)  Helps to find degree of handicap for medicolegal 

purposes.
 (e)  Helps to predict speech reception threshold.

2. SPEECH AUDIOMETRY
In this test, the patient’s ability to hear and understand 
speech is measured. Two parameters are studied: (i) speech 
reception threshold and (ii) discrimination score.

(a) Speech reception threshold (SRT). It is the minimum 
intensity at which 50% of the words are repeated correctly 
by the patient. A set of spondee words (two syllable words 
with equal stress on each syllable, e.g. baseball, sunlight, 
daydream, etc.) is delivered to each ear through the head-
phone of an audiometer. The word lists are delivered in 
the form of recorded tapes or monitored voice and their 
intensity varied in 5 dB steps till half of them are cor-
rectly heard. Normally, SRT is within 10 dB of the aver-
age of pure tone threshold of three speech frequencies 
(500, 1000 and 2000 Hz). An SRT better than pure tone 
average by more than 10 dB suggests a functional hearing  
loss.

(b) Speech discrimination score. Also called speech recognition 
or word recognition score. It is a measure of patient’s ability to 
understand speech. Here, a list of phonetically balanced (PB)  
words (single syllable words, e.g. pin, sin, day, bus, etc.) is 
delivered to the patient’s each ear separately at 30–40 dB 
above his SRT and the percentage of words correctly heard by  
the patient is recorded. In normal persons and those with 
conductive hearing loss a high score of 90–100% can be 
obtained (Figure 4.3A, B and Table 4.2).

Figure 4.2 Two-room audiometry setup. Audiometrician watches 
responses of the patient sitting across a glass partition.
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Figure 4.3 Speech audiogram.
A—PB score in a normal person 100% at 30 dB.
B—PB score in conductive hearing loss 100% at 70 dB. This curve 
runs parallel to that of a normal person.
C—Cochlear SNHL. PB max is at 70 dB and then attains a plateau.
D—Roll over curve: PB max at 80 dB. PB scores decline as intensity 
increases further.
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Performance Intensity Function for PB Words

PB max. Instead of using a single suprathreshold intensity of 
30–40 dB above SRT as described above, it is better to chart 
PB scores against several levels of speech intensity and find the 
maximum score (PB max) a person can attain. Also note the 
intensity of sound at which PB max is attained. It is a useful test 
clinically to set the volume of hearing aid (Figure 4.3C). Maxi-
mum volume of hearing aid should not be set above PB max.

Roll over phenomenon. It is seen in retrocochlear hearing 
loss. With increase in speech intensity above a particular level, 
the PB word score falls rather than maintain a plateau as in 
cochlear type of sensorineural hearing loss (Figure 4.3D).

Thus speech audiometry is useful in several ways:

 (i)  To find speech reception threshold which correlates 
well with average of three speech frequencies of pure 
tone audiogram.

 (ii)  To differentiate organic from nonorganic (functional) 
hearing loss.

 (iii)  To find the intensity at which discrimination score is 
best. This is helpful for fitting a hearing aid and setting 
its volume for maximum discrimination.

 (iv)  To differentiate a cochlear from a retrocochlear senso-
rineural hearing loss.

3. BEKESY AUDIOMETRY
It is a self-recording audiometry where various pure tone 
frequencies automatically move from low to high while the 
patient controls the intensity through a button. Two tracings, 
one with continuous and the other with pulsed tone, are 
obtained. The tracings help to differentiate a cochlear from a 
retrocochlear and an organic from a functional hearing loss.

Various types of tracings obtained are:

Type I Continuous and pulsed tracings overlap. Seen 
in normal hearing or conductive hearing loss.

Type II Continuous and pulsed tracings overlap up to 
1000 Hz and then continuous tracing falls. Seen 
in cochlear loss.

Type III Continuous tracing falls below pulsed tracing 
at 100–500 Hz even up to 40–50 dB. Seen in 
retrocochlear/neural lesion.

Type IV Continuous tracing falls below pulsed lesion at 
frequencies up to 1000 Hz by more than 25 dB. 
Seen in retrocochlear/neural lesion.

Type V Continuous tracing is above pulsed one. Seen 
in nonorganic hearing loss.

Bekesy audiometry is seldom performed these days.

4. IMPEDANCE AUDIOMETRY (FIGURE 4.4)
It is an objective test, widely used in clinical practice and is 
particularly useful in children. It consists of:

 (a)  Tympanometry
 (b)  Acoustic reflex measurements

(a) Tympanometry. It is based on a simple principle, i.e. 
when a sound strikes tympanic membrane, some of the 
sound energy is absorbed while the rest is reflected. A stiffer 
tympanic membrane would reflect more of sound energy 
than a compliant one. By changing the pressures in a sealed 
external auditory canal and then measuring the reflected 
sound energy, it is possible to find the compliance or stiff-
ness of the tympano-ossicular system and thus find the 
healthy or diseased status of the middle ear.

Essentially, the equipment consists of a probe which snugly 
fits into the external auditory canal and has three channels: 
(i) to deliver a tone of 220 Hz, (ii) to pick up the reflected 
sound through a microphone and (iii) to bring about changes 
in air pressure in the ear canal from positive to normal and 
then negative (Figure 4.5). By charting the compliance of 
tympano-ossicular system against various pressure changes, 
different types of graphs called tympanograms are obtained 
which are diagnostic of certain middle ear pathologies.

Types of tympanograms (Figure 4.6)

Type A Normal tympanogram.
Type As Compliance is lower at or near ambient air 

pressure. Seen in fixation of ossicles, e.g. oto-
sclerosis or malleus fixation.

Type Ad High compliance at or near ambient pressure. 
Seen in ossicular discontinuity or thin and lax 
tympanic membrane.

Type B A flat or dome-shaped graph. No change in 
compliance with pressure changes. Seen in 
middle ear fluid or thick tympanic membrane.

Type C Maximum compliance occurs with negative 
pressure in excess of 100 mm H2O. Seen in 
retracted tympanic membrane and may show 
some fluid in middle ear.

Testing function of eustachian tube. Tympanometry has also been 
used to find function of eustachian tube in cases of intact or 
perforated tympanic membrane. A negative or a positive pres-
sure (−200 or +200 mm H2O) is created in the middle ear and 
the person is asked to swallow five times in 20 s. The ability to 
equilibrate the pressure indicates normal tubal function. The 
test can also be used to find the patency of the grommet placed 
in the tympanic membrane in cases of serous otitis media.

(b) Acoustic reflex. It is based on the fact that a loud sound, 
70–100 dB above the threshold of hearing of a particular 
ear, causes bilateral contraction of the stapedial muscles 
which can be detected by tympanometry. Tone can be deliv-
ered to one ear and the reflex picked from the same or the 
contralateral ear. The reflex arc involved is:

Ipsilateral: CN VIII → ventral cochlear nucleus → CN VII 
nucleus ipsilateral stapedius muscle.

Contralateral: CN VIII → ventral cochlear nucleus → 
contralateral medial superior olivary nucleus → contra-
lateral CN VII nucleus → contralateral stapedius muscle 
(Figure 4.7).

Table 4.2  Ability to understand speech and its relation 
to speech discrimination (SD) score

A list of 50 PB words is presented and the number correctly 
heard is multiplied by 2.

SD score Ability to understand speech

90–100% Normal
76–88% Slight difficulty
60–74% Moderate difficulty
40–58% Poor
<40% Very poor
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This test is useful in several ways:

 (i)  To test the hearing in infants and young children. It is an 
objective method.

 (ii)  To find malingerers. A person who feigns total deafness 
and does not give any response on pure tone audiome-
try but shows a positive stapedial reflex is a malingerer.

 (iii)  To detect cochlear pathology. Presence of stapedial reflex at 
lower intensities, e.g. 40–60 dB than the usual 70 dB indi-
cates recruitment and thus a cochlear type of hearing loss.

 (iv)  To detect VIIIth nerve lesion. If a sustained tone of 500 or 
1000 Hz, delivered 10 dB above acoustic reflex thresh-
old, for a period of 10 s, brings the reflex amplitude to 
50%, it shows abnormal adaptation and is indicative of 
VIIIth nerve lesion (stapedial reflex decay).

 (v)  Lesions of facial nerve. Absence of stapedial reflex when 
hearing is normal indicates lesion of the facial nerve, 
proximal to the nerve to stapedius. The reflex can 
also be used to find prognosis of facial paralysis as 
the appearance of reflex, after it was absent, indicates 
return of function and a favourable prognosis.

 (vi)  Lesion of brainstem. If ipsilateral reflex is present but the 
contralateral reflex is absent, lesion is in the area of 
crossed pathways in the brainstem.

BA

Figure 4.4 (A) Impedance audiometry in progress. (B) Impedance audiometer.
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Figure 4.5 Principle of impedance audiometry. (A) Oscillator to pro-
duce a tone of 220 Hz. (B) Air pump to increase or decrease air pres-
sure in the air canal. (C) Microphone to pick up and measure sound 
pressure level reflected from the tympanic membrane.
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Figure 4.6 Types of tympanograms.
A—Normal.
As—Reduced compliance at ambient pressure (otosclerosis). ‘s’ 
stands for shallow tympanogram but remember for stiffness.
Ad—Increased compliance at ambient pressure (ossicular discon-
tinuity). ‘d’ stands for deep tympanogram. Remember disruption of 
ossicular chain.
B—Flat or dome-shaped (fluid in middle ear).
C—Maximum compliance at pressures more than −200 mm H2O 
(negative pressure in middle ear), e.g. eustachian tube obstruction or 
early stage of otitis media with effusion.
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Figure 4.7 Acoustic reflex.
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Physical volume of ear canal. Acoustic immittance can also 
measure the physical volume of air between the probe tip 
and tympanic membrane. Normally it is up to 1.0 mL in chil-
dren and 2 mL in adults. Any increase in volume, >2 mL in 
children and >2.5 mL in adults, indicates perforation of the 
tympanic membrane (because middle ear volume is added 
up to the volume of external ear canal). This has also been 
used to find patency of the ventilation tube.

C. SPECIAL TESTS OF HEARING

1. RECRUITMENT
It is a phenomenon of abnormal growth of loudness. The 
ear which does not hear low intensity sound begins to hear 
greater intensity sounds as loud or even louder than nor-
mal hearing ear. Thus, a loud sound which is tolerable 
in normal ear may grow to abnormal levels of loudness 
in the recruiting ear and thus becomes intolerable. The 
patients with recruitment are poor candidates for hearing 
aids. Recruitment is typically seen in lesions of the cochlea 
(e.g. Ménière’s disease and presbycusis) and thus helps to 
differentiate a cochlear from a retrocochlear sensorineu-
ral hearing loss.

Alternate binaural loudness balance test is used to detect 
recruitment in unilateral cases. A tone, say of 1000 Hz, is 
played alternately to the normal and the affected ear and 
the intensity in the affected ear is adjusted to match the 
loudness in normal ear. The test is started at 20 dB above 
the threshold of deaf ear and then repeated at every 20 dB 
rise until the loudness is matched or the limits of audiom-
eter reached. In conductive and neural deafness, the ini-
tial difference is maintained throughout while in cochlear 
lesions, partial, complete or over-recruitment may be seen 
(Figure 4.8).

2. SHORT INCREMENT SENSITIVITY INDEX (SISI TEST)
Patients with cochlear lesions distinguish smaller changes 
in intensity of pure tone better than normal persons and 
those with conductive or retrocochlear pathology. SISI test 
is thus used to differentiate a cochlear from a retrocochlear 
lesion.

In this test, a continuous tone is presented 20 dB above the 
threshold and sustained for about 2 min. Every 5 s, the tone 
is increased by 1 dB and 20 such blips are presented. Patient 
indicates the blips heard. In conductive deafness, SISI score 
is seldom more than 15%; it is 70–100% in cochlear deaf-
ness and 0–20% in nerve deafness.

3. THRESHOLD TONE DECAY TEST
It is a measure of nerve fatigue and is used to detect retroco-
chlear lesions. Normally, a person can hear a tone continu-
ously for 60 s. In nerve fatigue, he stops hearing earlier. The 
threshold tone decay test is simple and is performed in the 
following manner:

A tone of 4000 Hz is presented at 5 dB above the patient’s 
threshold of hearing, continuously for a period of 60 s. 
If patient stops hearing earlier, intensity is increased by 
another 5 dB. The procedure is continued till patient can 
hear the tone continuously for 60 s, or no level exists above 
the threshold where tone is audible for full 60 s. The result 
is expressed as number of dB of decay. A decay more than 25 
dB is diagnostic of a retrocochlear lesion.

4. EVOKED RESPONSE AUDIOMETRY
It is an objective test which measures electrical activity in 
the auditory pathways in response to auditory stimuli. It 
requires special equipment with an averaging computer. 
There are several components of evoked electric response 
but only two have gained clinical acceptance. They are:
(a)   Electrocochleography (EcoG). It measures electrical 

potentials arising in the cochlea and CN VIII in response 
to auditory stimuli within first 5 ms. The response is in 
the form of three phenomena: cochlear microphon-
ics, summating potentials and the action potential of 
VIIIth nerve. The recording electrode is usually a thin 
needle passed through the tympanic membrane onto 
the promontory. In adults, it can be done under local 
anaesthesia but in children or anxious persons seda-
tion or general anaesthesia is required. Sedation does 
not interfere in these responses. EcoG is useful (i) to 
find threshold of hearing in young infants and chil-
dren within 5–10 dB and (ii) to differentiate lesions of 
cochlea from those of the VIIIth nerve.

Normally the ratio between the amplitude of sum-
mating potential to the action potential is less than 
30%. An increase in this ratio is indicative of Ménière’s 
disease (Figure 4.9).

(b)   Auditory brainstem response (ABR). Also called BAER 
or BAEP (brainstem auditory evoked response or poten-
tial) or BERA (brainstem evoked response audiometry) 
is to elicit brainstem responses to auditory stimulation 
by clicks or tone bursts. It is a noninvasive technique to 
find the integrity of central auditory pathways through 
the VIIIth nerve, pons and midbrain. In this method, 
electrical potentials are generated in response to sev-
eral click stimuli or tone bursts and picked up from the 
vertex by surface electrodes. It measures hearing sen-
sitivity in the range of 1000–4000 Hz. In a normal per-
son, seven waves are produced in the first 10 ms. The 
first, third and fifth waves are most stable and are used 
in measurements. The waves are studied for absolute 
latency, interwave latency (usually between wave I and V) 
and the amplitude (Figure 4.10).
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Figure 4.8 Alternate binaural loudness balance test.
(A) Nonrecruiting ear. The initial difference of 20 dB between the right 
and left ear is maintained at all intensity levels.
(B) Recruiting ear right side. At 80 dB loudness perceived by right 
ear is as good as left ear though there was difference of 30 dB 
initially.
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The exact anatomic site of neural generators for various 
waves is disputed but the latest studies indicate the following 
sites:

Wave I Distal part of CN VIII
Wave II Proximal part of CN VIII near the 

brainstem
Wave III Cochlear nucleus
Wave IV Superior olivary complex
Wave V Lateral lemniscus
Waves VI and VII Inferior colliculus

As an aide memorie remember the mnemonic EE COLI 
(eight, eight, cochlear nucleus, olivary complex, lateral lem-
niscus, inferior colliculus) compare E COLI-MA in pathways 
of hearing.

ABR is used:

 (i)  As a screening procedure for infants.
 (ii)  To determine the threshold of hearing in infants; also 

in children and adults who do not cooperate and in 
malingerers.

 (iii)  To diagnose retrocochlear pathology particularly 
acoustic neuroma.

 (iv)  To diagnose brainstem pathology, e.g. multiple sclero-
sis or pontine tumours.

 (vi)  To monitor CN VIII intraoperatively in surgery of 
acoustic neuromas to preserve the function of cochlear 
nerve.

5. AUDITORY STEADY STATE RESPONSE (ASSR)
Though ABR, conducted with tone bursts of various frequen-
cies, can produce frequency-specific thresholds of hearing 
in infants to fit hearing aid at a young age, it has limitations. 
It cannot test hearing losses above 80 dB. It cannot detect 

hearing sensitivity in severe to profoundly deaf infants. ASSR 
is useful in such situations. It is, like ABR, an electrophysi-
ological test which uses steady state pure tone signals instead 
of transient signals of tone bursts or clicks used in ABR. The 
steady state signals are also modulated rapidly in amplitude 
and frequency and thus gives a frequency-specific audio-
gram. Hearing losses exceeding 80 dB can be detected. It 
can help in selection of children for cochlear implantation 
at an early age.

6. OTOACOUSTIC EMISSIONS (OAEs)
They are low-intensity sounds produced by outer hair cells 
of a normal cochlea and can be elicited by a very sensitive 
microphone placed in the external ear canal and analyzed 
by a computer. Sound produced by outer hair cells trav-
els in a reverse direction: outer hair cells → basilar mem-
brane → perilymph → oval window → ossicles → tympanic 
membrane → ear canal. OAEs are present when outer hair 
cells are healthy and are absent when they are damaged 
and thus help to test the function of cochlea. They do not 
disappear in VIIIth nerve pathology as cochlear hair cells 
are normal.

Types of OAEs. Broadly OAEs are of two types: spontane-
ous and evoked. The latter are elicited by a sound stimulus.

 (a)  Spontaneous OAEs. They are present in healthy nor-
mal hearing persons where hearing loss does not 
exceed 30 dB. They may be absent in 50% of normal 
persons.

 (b)  Evoked OAEs. They are further divided into two types 
depending on the sound stimulus used to elicit them.

 (i)  Transient evoked OAEs (TEOAEs). Evoked by clicks. 
A series of click stimuli are presented at 80–85 dB 
SPL (sound pressure level) and response recorded.

 (ii)  Distortion product OAEs (DPOAEs). Two tones 
are simultaneously presented to the cochlea to pro-
duce distortion products. They have been used to 
test hearing in the range of 1000–8000 Hz.
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Figure 4.9 Electrocochleography. (A) Normal ear. (B) Ear with 
Ménière’s disease. Voltage of summating potential (SP) is compared 
with that of action potential (AP). Normally SP is 30% of AP. This ratio 
is enhanced in Ménière’s disease.
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Figure 4.10 Brainstem auditory evoked potentials.
(a) Amplitude of a wave is measured in microvolts (mV) from peak of a 
wave to the peak of next trough.
(b) Absolute peak latency is the duration in milliseconds (ms) from the 
start of click to appearance of a wave.
(c) Interpeak latency or interval is the duration in milliseconds between 
peaks of two waves, e.g. waves I–III or I–V or III and V, and it is com-
pared with normative data (I–III, 2.0 ms; III–V, 2.0 ms; I–V, 4.0 ms).
(d) Interaural peak latency is the difference in milliseconds of a par-
ticular wave between two ears. This is useful in unilateral ear disease, 
e.g. acoustic neuroma (interaural wave V latencies).



28 SECTION I — DISEASES OF EAR

Uses

 (a)  OAEs are used as a screening test of hearing in neo-
nates and to test hearing in uncooperative or mentally 
challenged individuals after sedation. Sedation does 
not interfere with OAEs.

 (b)  They help to distinguish cochlear from retrocochlear 
hearing loss. OAEs are absent in cochlear lesions,  
e.g. ototoxic sensorineural hearing loss. They detect 
ototoxic effects earlier than pure tone audiometry.

 (c)  OAEs are also useful to diagnose retrocochlear pathology, 
especially auditory neuropathy. Auditory neuropathy is a 
neurologic disorder of CN VIII. Audiometric tests, e.g. 
SNHL for pure tones, impaired speech discrimination 
score, absent or abnormal auditory brainstem response, 
show a retrocochlear type of lesion but OAEs are normal.

OAEs are absent in 50% of normal individuals, lesions of 
cochlea, middle ear disorders (as sound travelling in reverse 
direction cannot be picked up) and when hearing loss 
exceeds 30 dB.

7. CENTRAL AUDITORY TESTS
Patients with central auditory disorders have difficulty 
in hearing in noisy surroundings or when the speech is 

distorted and not clearly spoken. Three different types of 
speech discrimination tests are used.

 (a)  Monotic test. It is presented with speech message which 
is distorted. Patients with lesions of brain and cortex 
have difficulty to understand the message.

 (b)  Dichotic test. Two different speech messages are pre-
sented simultaneously, one to each ear and patient is 
asked to identify both. Staggered spondaic word test 
is the one more often used. Pairs of spondaic words 
along with digits or nonsense words are simultane-
ously presented to the ears. Patients with temporal 
lobe lesions will have difficulty identifying these words 
when presented to the ear opposite to that of the side 
of lesion.

 (c)  Binaural tests. They are used to identify integration of 
information from both ears. Such tests are normal in 
cortical lesions but affected in lesions of brainstem and 
thus help to localize the site of lesion. Most common test 
used is binaural masking level difference test.

Central auditory tests are not used routinely.

8. HEARING ASSESSMENT IN INFANTS AND CHILDREN 
(SEE P. 118)
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CLASSIFICATION

Hearing Loss

Organic Nonorganic

Conductive Sensorineural

Sensory
(cochlear)

Neural

Peripheral
(VIIIth nerve)

Central
(Central auditory

pathways)

CONDUCTIVE HEARING LOSS AND ITS 
MANAGEMENT

Any disease process which interferes with the conduction of 
sound to reach cochlea causes conductive hearing loss. The 
lesion may lie in the external ear and tympanic membrane, 
middle ear or ossicles up to stapediovestibular joint.

The characteristics of conductive hearing loss are:

 1.  Negative Rinne test, i.e. BC > AC.
 2.  Weber lateralized to poorer ear.
 3.  Normal absolute bone conduction.
 4.  Low frequencies affected more.
 5.  Audiometry shows bone conduction better than air con-

duction with air-bone gap. Greater the air-bone gap, 
more is the conductive loss (Figure 5.1).

 6.  Loss is not more than 60 dB.
 7.  Speech discrimination is good.

AETIOLOGY

The cause may be congenital (Table 5.1) or acquired  
(Table 5.2).

AVERAGE HEARING LOSS SEEN IN DIFFERENT 
LESIONS OF CONDUCTIVE APPARATUS

1. Complete obstruction of ear canal: 30 dB
2.  Perforation of tympanic membrane (It 

varies and is directly proportional to the 
size of perforation): 10–40 dB

3. Ossicular interruption with intact drum: 54 dB

4. Ossicular interruption with perforation: 38 dB
5. Malleus fixation: 10–25 dB
6. Closure of oval window: 60 dB

Note here that ossicular interruption with intact drum 
causes more loss than ossicular interruption with perforated 
drum.

MANAGEMENT

Most cases of conductive hearing loss can be managed by 
medical or surgical means. Treatment of these conditions is 
discussed in respective sections. Briefly, it consists of:

 1.  Removal of canal obstructions, e.g. impacted wax, for-
eign body, osteoma or exostosis, keratotic mass, benign 
or malignant tumours, or meatal atresia.

 2.  Removal of fluid. Myringotomy with or without grommet 
insertion.

 3.  Removal of mass from middle ear. Tympanotomy and 
removal of small middle ear tumours or cholesteatoma 
behind intact tympanic membrane.

 4.  Stapedectomy, as in otosclerotic fixation of stapes 
footplate.

 5.  Tympanoplasty. Repair of perforation, ossicular chain or 
both.

 6.  Hearing aid. In cases, where surgery is not possible, 
refused or has failed.

TYMPANOPLASTY
It is an operation to (i) eradicate disease in the middle 
ear and (ii) to reconstruct hearing mechanism. It may 
be combined with mastoidectomy if disease process so 
demands. Type of middle ear reconstruction depends on 
the damage present in the ear. The procedure may be lim-
ited only to repair of tympanic membrane (myringoplasty), 
or to reconstruction of ossicular chain (ossiculoplasty), or 
both (tympanoplasty). Reconstructive surgery of the ear 
has been greatly facilitated by development of operating 
microscope, microsurgical instruments and biocompatible 
implant materials.

From the physiology of hearing mechanism, the following 
principles can be deduced to restore hearing surgically:

 (a)  An intact tympanic membrane, to provide large hydrau-
lic ratio between the tympanic membrane and stapes 
footplate.

 (b)  Ossicular chain, to conduct sound from tympanic mem-
brane to the oval window.

 (c)  Two functioning windows, one on the scala vestibuli (to 
receive sound vibrations) and the other on the scala 

5Hearing Loss
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tympani (to act as a relief window). If it is only one win-
dow, as in stapes fixation or closure of round window, 
there will be no movement of cochlear fluids resulting 
in conductive hearing loss.

 (d)  Acoustic separation of two windows, so that sound does 
not reach both the windows simultaneously. It can be 
achieved by providing an intact tympanic membrane, 
preferential pathway to one window (usually the oval) 

by providing ossicular chain and by the presence of air 
in the middle ear.

 (e)  Functioning eustachian tube, to provide aeration to the 
middle ear.

 (f)  A functioning sensorineural apparatus, i.e. the cochlea 
and VIIIth nerve.

Types of Tympanoplasty

Wullstein classified tympanoplasty into five types (Figure 5.2).

Type I Defect is perforation of tympanic membrane 
which is repaired with a graft. It is also called 
myringoplasty.

Type II Defect is perforation of tympanic membrane with 
erosion of malleus. Graft is placed on the incus or 
remnant of malleus.

Type III Malleus and incus are absent. Graft is placed 
directly on the stapes head. It is also called myrin-
gostapediopexy or columella tympanoplasty.

Type IV Only the footplate of stapes is present. It is 
exposed to the external ear, and graft is placed 
between the oval and round windows. A narrow 
middle ear (cavum minor) is thus created to 
have an air pocket around the round window.  
A mucosa-lined space extends from the eustachian 
tube to the round window. Sound waves in this 
case act directly on the footplate while the round 
window has been shielded.

Type V Stapes footplate is fixed but round window is 
functioning. In such cases, another window is 
created on horizontal semicircular canal and  
covered with a graft. Also called fenestration 
operation.

Several modifications have appeared in the above classi-
fication and they mainly pertain to the types of ossicular 
reconstruction.

Myringoplasty

It is repair of tympanic membrane. Graft materials of choice 
are temporalis fascia or the perichondrium taken from the 
patient. Sometimes, homografts such as dura, vein, fascia or 
cadaver tympanic membrane are also used. Repair can be 
done by two techniques—the underlay or the overlay. In the 
underlay technique, margins of perforation are freshened and 
the graft placed medial to perforation or tympanic annu-
lus, if large, and is supported by gelfoam in the middle ear 
(Figure 5.3A). In the overlay technique, the graft is placed lat-
eral to fibrous layer of the tympanic membrane after care-
fully removing all squamous epithelium from the lateral 
surface of tympanic membrane remnant (Figure 5.3B and  
Chapter 82).

Ossicular Reconstruction

Ossicles are essential for transmission of sound from tym-
panic membrane to labyrinth. Several types of prosthesis 
are available to replace ossicles depending on the ossicular 
defects (Table 5.3). Autograft ossicles can be sculptured 
to bridge the gap. Homograft preserved ossicles with or 
without tympanic membrane have been used but are diffi-
cult to procure and have danger of transmission of disease 
(Figure 5.4).
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Figure 5.1 (A) Audiogram of right ear showing conductive hearing 
loss with A–B gap. (B) Symbols used in audiogram charting.

Table 5.1  Congenital causes of conductive hearing 
loss

	•	 	Meatal atresia
	•	 	Fixation of stapes footplate
	•	 	Fixation of malleus head
	•	 	Ossicular discontinuity
	•	 	Congenital cholesteatoma

Table 5.2  Acquired causes of conductive hearing 
loss

External 
ear

Any obstruction in the ear canal, e.g. wax, foreign 
body, furuncle, acute inflammatory swelling, 
benign or malignant tumour or atresia of canal.

Middle 
ear

(a)  Perforation of tympanic membrane, traumatic 
or infective

(b)  Fluid in the middle ear, e.g. acute otitis media, 
serous otitis media or haemotympanum

(c)  Mass in middle ear, e.g. benign or malignant 
tumour

(d)  Disruption of ossicles, e.g. trauma to ossicu-
lar chain, chronic suppurative otitis media, 
cholesteatoma

(e)  Fixation of ossicles, e.g. otosclerosis, tympa-
nosclerosis, adhesive otitis media

(f)  Eustachian tube blockage, e.g. retracted tym-
panic membrane, serous otitis media
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At the time of ossicular reconstruction in chronic otitis 
media, one should ensure:

	•	 	Middle	 ear	 is	 healthy	 and	 free	 of	 mucosal	 disease	 and	
cholesteatoma.

	•	 	Eustachian	tube	function	is	good.	Atelectatic	middle	ear	
shows poor eustachian tube function.

In cases of canal wall-up mastoidectomy done for cholestea-
toma or active mucosal disease, the procedure is delayed for 
about 6 months to ensure ear is free of disease.

Primary ossicular reconstruction can be performed in:

	•	 	Traumatic	ossicular	disruption
	•	 	Fixation	of	ossicles
	•	 	Canal	wall	down	procedures	when	there	is	no	mucosal	dis-

ease or cholesteatoma

Figure 5.2 Types of tympa-
noplasty. The graft is progres-
sively in contact with malleus 
(type I), incus (type II), stapes 
(type III), stapes footplate (type 
IV), or fenestra in horizon-
tal semicircular canal (type V).  
In classical type IV, the graft was 
attached to promontory, this pro-
vides sound protection for round 
window while footplate was 
directly exposed.

Horizontal SCC

Type I (Myringoplasty) Type II

Type IVType III (Myringostapediopexy) Type V (Fenestration)

Horizontal SCC

BA

Malleus

Anterior
annulus

Meatal skin

Gelfoam

Graft Graft

Figure 5.3 Myringoplasty. (A) Underlay technique—fascia graft is 
under the anterior annulus. It is supported by gelfoam in the middle 
ear to prevent medial displacement. (B) Overlay technique—fascia 
graft lies lateral to anterior annulus onto the anterior bony canal wall. 
It is placed medial to malleus handle to prevent lateralization.

Table 5.3  Materials used for ossicular 
reconstruction

Type of graft Material Remarks

Autograft 	•	 	Incus, head of 
malleus

	•	 	Cortical bone from 
mastoid

	•	 	Risk of 
harbouring 
disease

	•	 	Low cost
	•	 	Easily 

available
Allograft 	•	 	Plastipore (polyeth-

ylene sponge)
	•	 	Hydroxyapatite (HA) 

implants
	•	 	Titanium implants
	•	 	Glass isomer
	•	 	Teflon prosthesis
	•	 	HA (50%) + Titanium 

(50%)
	•	 	HA + Silicon 

(flex-HA)
	•	 	HA + Polyethylene 

(HAPEX)

	•	 	Readymade
	•	 	Easy to store 

and use
	•	 	Costly
	•	 	Likely to be 

extruded

Homograft 	•	 	Preserved ossicles 
only

	•	 	Ossicles with tym-
panic membrane

	•	 	Difficult to 
procure

	•	 	Risk of 
disease 
transmission

A
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D
Figure 5.4 Ossicular reconstruction. Sculptured autograft or 
homograft ossicles have been used. (A) Malleus—Stapes assembly. 
Modified incus graft connecting malleus handle with stapes head.  
(B) Malleus—Footplate assembly. Modified malleus connecting mal-
leus handle with stapes footplate. (C) Modified incus connecting 
tympanic membrane (TM) to stapes head. Malleus is missing. (D) 
Modified incus connecting TM to stapes footplate.
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Types of prosthesis (Figure 5.5)

 1.  Incus prosthesis. Used when incus is missing but handle 
of malleus and stapes with superstructure are present 
and functional.

 2.  Incus–stapes prosthesis. Used when incus and stapes 
superstructure are missing. Malleus and stapes footplate 
are functional.

 3.  Partial ossicular replacement prosthesis (PORP). Used 
when malleus and incus are absent. Stapes is present and 
mobile. PORP is placed between tympanic membrane 
and stapes head.

 4.  Total ossicular replacement prosthesis (TORP). Used 
when malleus, incus and stapes superstructure are absent. 
Only the stapes footplate is present and is mobile.

SENSORINEURAL HEARING LOSS  
AND ITS MANAGEMENT

Sensorineural hearing loss (SNHL) results from lesions of 
the cochlea, VIIIth nerve or central auditory pathways. It 
may be present at birth (congenital) or start later in life 
(acquired).

The characteristics of sensorineural hearing loss are:

 1.  A positive Rinne test, i.e. AC > BC.
 2.  Weber lateralized to better ear.
 3.  Bone conduction reduced on Schwabach and absolute 

bone conduction tests.
 4.  More often involving high frequencies.
 5.  No gap between air and bone conduction curve on audi-

ometry (Figure 5.6).
 6.  Loss may exceed 60 dB.
 7.  Speech discrimination is poor.
 8.  There is difficulty in hearing in the presence of noise.

AETIOLOGY

CONGENITAL
It is present at birth and is the result of anomalies of the 
inner ear or damage to the hearing apparatus by prenatal or 
perinatal factors (see p. 115).

ACQUIRED
It appears later in life. The cause may be genetic or nonge-
netic. The genetic hearing loss may manifest late (delayed 
onset) and may affect only the hearing, or be a part of a 
larger syndrome affecting other systems of the body as well 
(syndromal). Common causes of acquired SNHL include:

 1.  Infections of labyrinth—viral, bacterial or spirochaetal
 2.  Trauma to labyrinth or VIIIth nerve, e.g. fractures of 

temporal bone or concussion of the labyrinth or the ear 
surgery

 3.  Noise-induced hearing loss
 4.  Ototoxic drugs
 5.  Presbycusis
 6.  Ménière’s disease
 7.  Acoustic neuroma
 8.  Sudden hearing loss
 9.  Familial progressive SNHL
 10.  Systemic disorders, e.g. diabetes, hypothyroidism, kid-

ney disease, autoimmune disorders, multiple sclerosis, 
blood dyscrasias.

DIAGNOSIS

1. History. It is important to know whether disease is con-
genital or acquired, stationary or progressive, associated 
with other syndromes or not, involvement of other members 
of the family and possible aetiologic factors.

2. Severity of deafness (mild, moderate, moderately severe, 
severe, profound or total). This can be found out on 
audiometry.

3. Type of audiogram. Whether loss is high frequency, low 
frequency, mid-frequency or flat type.

BA
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Figure 5.5 Hydroxyapatite TORP and PORP. (A) Centred and  

(B) offset types. (C) Titanium TORP. (D) Titanium PORP.
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4. Site of lesion, i.e. cochlear, retrocochlear or central.

5. Laboratory tests. They depend on the aetiology suspected, 
e.g. X-rays or CT scan of temporal bone for evidence of bone 
destruction (congenital cholesteatoma, glomus tumour, mid-
dle ear malignancy or acoustic neuroma), blood counts (leu-
kaemia), blood sugar (diabetes), serology for syphilis, thyroid 
functions (hypothyroidism), kidney function tests, etc.

MANAGEMENT

Early	detection	of	SNHL	 is	 important	 as	measures	 can	be	
taken to stop its progress, reverse it or to start an early reha-
bilitation programme, so essential for communication.

Syphilis of the inner ear is treatable with high doses of 
penicillin and steroids with improvement in hearing. Hear-
ing loss of hypothyroidism can be reversed with replacement 
therapy. Serous labyrinthitis can be reversed by attention to 
middle	ear	infection.	Early	management	of	Ménière’s disease 
can prevent further episodes of vertigo and hearing loss. 
SNHL due to perilymph fistula can be corrected surgically by 
sealing the fistula in the oval or round window with fat.

Ototoxic drugs should be used with care and discontinued if 
causing hearing loss. In many such cases, it may be possible to 
regain hearing, total or partial, if the drug is stopped. Noise-
induced hearing loss can be prevented from further deteriora-
tion if the person is removed from the noisy surroundings.

Rehabilitation of hearing impaired with hearing aids and 
other devices is discussed in Chapter 20.

SPECIFIC FORMS OF HEARING LOSS

A. INFLAMMATIONS OF LABYRINTH

It may be viral, bacterial or syphilitic.

1. Viral labyrinthitis. Viruses usually reach the inner ear by 
blood stream affecting stria vascularis and then the endo-
lymph and organ of Corti. Measles, mumps and cytomega-
loviruses are well-documented to cause labyrinthitis. Several 
other viruses, e.g. rubella, herpes zoster, herpes simplex, 
influenza	and	Epstein–Barr	are	clinically	known	to	cause	deaf-
ness but direct proof of their invasion of labyrinth is lacking.

2. Bacterial. Bacterial infections reach labyrinth through 
the middle ear (tympanogenic) or through CSF (meningo-
genic). Labyrinthitis as a complication of middle ear infection 
is discussed on page 45. Sensorineural hearing loss following 
meningitis is a well-known clinical entity. Bacteria can invade 
the labyrinth along nerves, vessels, cochlear aqueduct or 
the endolymphatic sac. Membranous labyrinth is totally 
destroyed.

3. Syphilitic. Sensorineural hearing loss is caused both by 
congenital and acquired syphilis. Congenital syphilis is of 
two types: the early form, manifesting at the age of 2 or the 
late form, manifesting at the age of 8–20 years. Syphilitic 
involvement of the inner ear can cause:

 (a)  Sudden sensorineural hearing loss, which may be uni-
lateral or bilateral. The latter is usually symmetrical in 
high frequencies or is a flat type.

 (b)  Ménière’s syndrome with episodic vertigo, fluctuating 
hearing loss, tinnitus and aural fullness—a picture sim-
ulating Ménière’s disease.

 (c)  Hennebert’s sign. A positive fistula sign in the absence 
of a fistula. This is due to fibrous adhesions between 
the stapes footplate and the membranous labyrinth.

 (d)  Tullio phenomenon in which loud sounds produce 
vertigo.

Diagnosis of otosyphilis can be made by other clinical evi-
dence of late acquired or congenital syphilis (interstitial 
keratitis, Hutchinson’s teeth, saddle nose, nasal septal per-
foration and frontal bossing) and the laboratory tests. Fluo-
rescent treponema-absorption test (FTA-ABS) and venereal 
disease research laboratory (VDRL) or rapid plasma reagin 
(RPR) tests from CSF are useful to establish the diagnosis.

Treatment of otosyphilis includes i.v. penicillin and steroids.

B. FAMILIAL PROGRESSIVE SENSORINEURAL 
HEARING LOSS

It is a genetic disorder in which there is progressive degen-
eration of the cochlea starting in late childhood or early 
adult life. Hearing loss is bilateral with flat or basin-shaped 
audiogram but an excellent speech discrimination.

C. OTOTOXICITY

Various drugs and chemicals can damage the inner ear and 
cause sensorineural hearing loss, tinnitus and sometimes 
vertigo (Table 5.4).

1. Aminoglycoside antibiotics. Streptomycin, gentamicin 
and tobramycin are primarily vestibulotoxic. They selec-
tively destroy type I hair cells of the crista ampullaris but, 
administered in large doses, can also damage the cochlea.

Neomycin, kanamycin, amikacin, sisomycin and dihy-
drostreptomycin are cochleotoxic. They cause selective 
destruction of outer hair cells, starting at the basal coil and 
progressing onto the apex of cochlea.

Patients particularly at risk are those:

 (a)  having impaired renal function,
 (b)  elderly people above the age of 65,
 (c)  concomitantly receiving other ototoxic drugs,
 (d)  who have already received aminoglycoside antibiotics,
 (e)  who are receiving high doses of ototoxic drugs with 

high serum level of drug, and
 (f)  who have genetic susceptibility to aminoglycosides. 

Here the antibiotic binds to the ribosome and inter-
feres with protein synthesis, thus causing death of the 
cochlear cells.

Symptoms of ototoxicity, hearing loss, tinnitus and/or giddi-
ness may manifest during treatment or after completion of 
the treatment (delayed toxicity).

2. Diuretics. Furosemide, bumetanide and ethacrynic acid 
are called loop diuretics as they block transport of sodium 
and chloride ions in the ascending loop of Henle. They 
are known to cause oedema and cystic changes in the stria 
vascularis of the cochlear duct. In most cases, the effect is 
reversible but permanent damage may occur. Hearing loss 
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may be bilateral and symmetrical or sometime sudden in 
onset.

3. Salicylates. Symptoms of salicylate ototoxicity are tinnitus 
and bilateral sensorineural hearing loss particularly affecting 
higher frequencies. Site of lesion testing indicates cochlear 
involvement, but light and electron microscopy have failed 
to show any morphologic changes in the hair cells. Possibly 
they interfere at enzymatic level. Hearing loss due to salicy-
lates is reversible after the drug is discontinued. SNHL has 
also been noted with other NSAIDs, e.g. naproxen, piroxi-
cam and ketorolac but is reversible.

4. Quinine. Ototoxic symptoms due to quinine are tinnitus 
and sensorineural hearing loss, both of which are reversible. 
Higher doses may cause permanent loss. The symptoms 
generally appear with prolonged medication but may occur 
with smaller doses in those who are susceptible. Congenital 
deafness and hypoplasia of cochlea have been reported in 
children whose mothers received this drug during the first 
trimester of pregnancy. Ototoxic effects of quinine are due 
to vasoconstriction in the small vessels of the cochlea and 
stria vascularis.

5. Chloroquine and hydroxychloroquine.	Effect	is	similar	to	
that of quinine and cause reversible SNHL. Sometimes per-
manent deafness can result.

6. Cytotoxic drugs. Nitrogen mustard, cisplatin and carbo-
platin can cause cochlear damage. They affect the outer hair 
cells of the cochlea.

7. Deferoxamine (Desferrioxamine). It is an iron-chelating 
substance used in the treatment of thalassaemic patients 
who receive repeated blood transfusions and in turn 
have high iron load. Like cisplatin and aminoglycosides, 

deferoxamine also causes high-frequency sensorineural 
hearing loss. Onset of hearing loss is sudden or delayed. It is 
permanent but in some cases it can be reversible when the 
drug is discontinued. It causes toxicity to nerves; children 
are affected more.

8. Miscellaneous. Isolated cases of deafness have been 
reported with erythromycin, ampicillin and chlorampheni-
col, indomethacin, phenylbutazone, ibuprofen, tetanus 
antitoxin, propranolol and propylthiouracil.

Alcohol, tobacco and marijuana also cause damage to the 
inner ear.

9. Topical ear drops. Topical use of drugs in the middle ear 
can also cause damage to the cochlea by absorption through 
oval and round windows. Deafness has occurred with the use 
of chlorhexidine which was used in the preparation of ear 
canal before surgery or use of ear drops containing amino-
glycoside antibiotics, e.g. neomycin, framycetin and gentami-
cin. Ototoxic potential is also present in ear drops containing 
polymyxin B, propylene glycol and antifungal agents. Use 
only approved ototopical drops for middle ear infection.

D. NOISE TRAUMA

Hearing loss associated with exposure to noise has been well-
known in boiler makers, iron- and coppersmiths, and artillery 
men. Lately, noise trauma has assumed greater significance 
because of its being an occupational hazard; the compen-
sations asked for and the responsibilities thrust upon the 
employer and the employee to conserve hearing. Hearing 
loss caused by excessive noise can be divided into two groups:

1. Acoustic trauma. Permanent damage to hearing can be 
caused by a single brief exposure to very intense sound with-
out this being preceded by a temporary threshold shift. Also 
called impulse noise, such noise can arise from an explosion, 
gun fire or a powerful cracker and may reach or cross 140 dB. 
Noise level of a gun or rifle may reach 140–170 dB SPL (sound 
pressure level). Such brief and loud noises mechanically dam-
age organ of Corti, tear Reissner’s membrane, rupture hair 
cells and allowing mixing of perilymph and endolymph. A 
severe blast, in addition, may concomitantly damage the tym-
panic membrane and disrupt ossicles further adding conduc-
tive loss. Impulse noise may be as brief as 0.2 ms. No impulse 
noise more than 140 dB (A) is permitted.

2. Noise-induced hearing loss (NIHL). Hearing loss, in this 
case, follows chronic exposure to less intense sounds than 
seen in acoustic trauma and is mainly a hazard of noisy 
occupations.

 (a)  Temporary threshold shift (TTS). The hearing is impaired 
immediately after exposure to noise but recovers after 
an interval of a few minutes to a few hours even up 
to 2 weeks. Amount of TTS depends on the noise—its 
intensity, frequency and duration.

 (b)  Permanent threshold shift (PTS). The hearing impairment 
is permanent and does not recover at all.

The damage caused by noise trauma depends on several 
factors:

 (i)  Frequency of noise. A frequency of 2000–3000 Hz causes 
more damage than lower or higher frequencies.

Table 5.4 Ototoxic drugs

A. Aminoglycoside 
antibiotics

	 •	 	Streptomycin
	 •	 	Dihydrostreptomycin
	 •	 	Gentamicin
	 •	 	Tobramycin
	 •	 	Neomycin
	 •	 	Kanamycin
	 •	 	Amikacin
	 •	 	Netilmycin
	 •	 	Sisomycin
B. Diuretics
	 •	 	Furosemide
	 •	 	Ethacrynic acid
	 •	 	Bumetanide
C. Antimalarials
	 •	 	Quinine
	 •	 	Chloroquine
	 •	 	Hydroxychloroquine
D. Cytotoxic drugs
	 •	 	Nitrogen mustard 

(Mechlorethamine)
	 •	 	Cisplatin
	 •	 	Carboplatin

E. Analgesics
	 •	 	Salicylates
	 •	 	Indomethacin
	 •	 	Phenylbutazone
	 •	 	Ibuprofen
F. Chemicals
	 •	 	Alcohol
	 •	 	Tobacco
	 •	 	Marijuana
	 •	 	Carbon monoxide 

poisoning
G. Miscellaneous
	 •	 	Erythromycin
	 •	 	Ampicillin
	 •	 	Propranolol
	 •	 	Propylthiouracil
	 •	 	Deferoxamine
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 (ii)  Intensity and duration of noise. As the intensity increases, 
permissible time for exposure is reduced. Table 5.5 
gives the permissible limits of time for various inten-
sity levels for the safety of ear.

 (iii)  Continuous vs interrupted noise. Continuous noise is 
more harmful.

 (iv)  Susceptibility of the individual. Degree of TTS and PTS 
varies in different individuals.

 (v)  Pre-existing ear disease.

A noise of 90 dB (A) SPL, 8 h a day for 5 days per week 
is the maximum safe limit as recommended by Ministry 
of Labour, Govt. of India, Model Rules under Factories 
Act (Table 5.5). No exposure in excess of 115 dB (A) is to 
be permitted. No impulse noise of intensity greater than  
140 dB (A) is permitted.

The Noise Pollution (Regulation and Control) Rules 
2000,	Ministry	of	Environment	and	Forest,	Govt.	of	India	has	
defined permissible limits of noise for various zones or areas 
(Table 5.6). According to which silence zone is 100 m around 
the premises of hospitals, nursing homes, educational insti-
tutions and courts. Also manufacture, sale and use of fire 
crackers generating sound level above 125 dB (AI) or 145 dB 
(C) pk from 4 m distance from the point of bursting are not 
permitted	(Environment	Protection	Rules	2006)	[dB	(AI)	=	
A-weighted impulse sound pressure level in decibels; dB (C) 
pk	=	C-weighted	peak	sound	pressure	in	decibels].

The audiogram in NIHL shows a typical notch, at 4 kHz, 
both for air and bone conduction (Figure 5.7). It is usually 
symmetrical on both sides. At this stage, patient complains 
of high-pitched tinnitus and difficulty in hearing in noisy 
surroundings but no difficulty in day-to-day hearing. As the 
duration of noise exposure increases, the notch deepens 
and also widens to involve lower and higher frequencies. 
Hearing impairment becomes clinically apparent to the 
patient when the frequencies of 500, 1000 and 2000 Hz (the 
speech frequencies) are also affected.

NIHL causes damage to hair cells, starting in the basal 
turn of cochlea. Outer hair cells are affected before the 
inner hair cells.

Noise-induced hearing loss is preventable. Persons who 
have to work at places where noise is above 85 dB (A) should 
have pre-employment and then annual audiograms for early 
detection.	 Ear	 protectors	 (ear	 plugs	 or	 ear	 muffs)	 should	
be used where noise levels exceed 85 dB (A). They provide 
protection up to 35 dB (see Table 5.7). If hearing impair-
ment has already occurred, rehabilitation is similar to that 
employed for other sensorineural hearing losses.

3. Nonauditory effects of noise. Apart from hearing loss, 
noise can affect other systems of the body. It interferes with 

Table 5.5  Permissible exposure in cases of 
continuous noise or a number of short-term 
exposures [Government of India, Ministry 
of Labour, Model Rules under Factories Act 
1948 (corrected up to 31.3.87)]

Noise levela (dBA) Permitted daily exposure (h)

90 8.0
92 6.0
95 4.0
97 3.0

100 2.0
102 11/2
105 1.0
110 1/2
115 1/4

 
a5 dB rule of time intensity states that “any rise of 5 dB noise level 

will reduce the permitted noise exposure time to half.”

Table 5.6  Permissible limits of noise as per the 
Noise Pollution (Regulation and Control) 
Rules 2000, Ministry of Environment and 
Forest, Govt. of India

Zone/Area
Day (6 am to 10 pm)
Limits in dB(A) Leqa

Night (10 pm to 6 am)
Limits in dB(A) Leq

Industrial 75 70
Commercial 65 55

Residential 55 45
Silence 50 40
 
aLeq = Energy mean of noise level over a specified period.
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Figure 5.7 Early case of noise-induced hearing loss. Note dip at 
4000 Hz.

Table 5.7  Hearing attenuation provided by different 
devices

Cotton wool
Ear plug
Ear muffs
Ear plugs + muffs

5 dB
15–30 dB (mostly in range of 3–5 kHz)
30–40 dB (500–1 kHz)
More than 40 dB

 

Note: Hearing protectors provide more attenuation in higher 
frequencies, 25–40 dB for 1000–8000 Hz while only 10–30 dB 
attenuation for lower frequencies less than 500 Hz.
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rest and sleep causing chronic fatigue and stress. Through 
activation of the autonomic nervous system and pituitary–
adrenal axis, it causes annoyance and irritability. Hyperten-
sion and peptic ulcer have also been attributed to it. It also 
adversely affects task performance where communication 
through speech is required. Laryngeal problems have been 
noticed in workers who have to speak loudly in persistently 
noisy surroundings.

E. AUTOIMMUNE (IMMUNE-MEDIATED) INNER  
EAR DISEASE

Immune-mediated inner ear disease (Syn. autoimmune 
SNHL) causes progressive bilateral sensorineural hearing 
loss. It occurs between 40 and 50 years with equal inci-
dence in both sexes. Nearly 50% of patients also expe-
rience vestibular symptoms like disequilibrium, motion 
intolerance, positional or episodic vertigo. About 15% 
of patients have evidence of other autoimmune disor-
der such as ulcerative colitis, systemic lupus, rheumatoid 
arthritis or multiple sclerosis. Moscicki et al. defined the 
condition as:

‘Bilateral SNHL ≥ 30 dB at any frequency and evidence of 
progression in at least one ear on two serial audiograms that 
are done at equal to or less than 3 months apart. Progres-
sion is defined as threshold shift of ≥ 15 dB at one frequency 
or 10 dB at two or more consecutive frequencies or signifi-
cant change in speech discrimination’.

INVESTIGATIONS
 1.  Audiogram. To establish above criteria, repeated audio-

grams can be taken at one month intervals. Audiogram 
may show loss at high and low frequencies.

 2.  Speech audiogram. Speech discrimination is affected 
though threshold of pure tones remains the same.

 3.  Evoked response audiometry. To exclude acoustic neu-
roma or multiple sclerosis.

 4.  Contrast-enhanced MRI.
 5.  Blood tests to exclude systemic autoimmune disorders. 

Total	 and	 differential	 counts,	 ESR,	 rheumatoid	 factor,	
antinuclear antibodies, C3 and C4 compliment levels, 
Raji cell assay for circulating immune complexes.

 6.  Western blot essay for anti-Hsp 70 (anti-heat shock pro-
tein 70) antibodies. Antigen used in this test is crude pro-
tein extract from bovine renal cells. It is not a specific 
test for diagnosis but correlates to both active disease and 
steroid responsiveness.

TREATMENT
Prednisolone 1 mg/kg/day up to a total of 60 mg/day 
(for adults) for 4 weeks. Sometimes response is late. If no 
response is seen in 4 weeks, steroid is tapered off in 12 days. 
Responders continue till a plateau is reached and then con-
tinue on maintenance dose of 10–20 mg every other day for 
about 6 months. Side effects and risks of long-term steroid 
therapy should be kept in mind.

Those who cannot take steroids can be given methotrex-
ate 15 mg/week for 6–8 weeks and if the patient responds, 
continue it for 6 months. If no response is obtained for 6–8 
weeks trial, drug is discontinued.

Alternative to methotrexate is cyclophosphamide but it is 
more toxic.

Other treatments include intratympanic steroid injection, 
systemic IgG injection and plasmapheresis.

F. SUDDEN HEARING LOSS

Sudden SNHL is defined as 30 dB or more of SNHL over at 
least three contiguous frequencies occurring within a period 
of 3 days or less. Mostly it is unilateral. It may be accompa-
nied by tinnitus or temporary spell of vertigo.

AETIOLOGY
Most often the cause of sudden deafness remains obscure, 
in which case it is called the idiopathic variety. In such cases, 
three aetiological factors are considered—viral, vascular or 
the rupture of cochlear membranes. Spontaneous perilymph 
fistulae may form in the oval or round window. Other aeti-
ological factors which cause sudden deafness and must be 
excluded are listed below. Remember the mnemonic “In 
The	Very	Ear	Too	No	Major	Pathology.”

 1.  Infections. Mumps, herpes zoster, meningitis, encephali-
tis, syphilis, otitis media.

 2.  Trauma. Head injury, ear operations, noise trauma, baro-
trauma, spontaneous rupture of cochlear membranes.

 3.  Vascular. Haemorrhage (leukaemia), embolism or throm-
bosis of labyrinthine or cochlear artery or their vasospasm. 
They may be associated with diabetes, hypertension, poly-
cythaemia, macroglobinaemia or sickle cell trait.

 4.  Ear (otologic). Ménière’s disease, Cogan’s syndrome, 
large vestibular aqueduct.

 5.  Toxic. Ototoxic drugs, insecticides.
 6.  Neoplastic. Acoustic neuroma. Metastases in cerebello-

pontine angle, carcinomatous neuropathy.
 7.  Miscellaneous. Multiple sclerosis, hypothyroidism, 

sarcoidosis.
 8.  Psychogenic.

MANAGEMENT
As far as possible, the aetiology of sudden hearing loss should  
be discovered by detailed history, physical examination and 
laboratory investigations. The investigations may include 
audiometry, vestibular tests, imaging studies of temporal 
bones, sedimentation rate, tests for syphilis, diabetes, hypo-
thyroidism, blood disorders and lipid profiles. Some cases 
may require exploratory tympanotomy where perilymph 
fistula is strongly suspected. Where the cause still remains 
obscure, treatment is empirical and consists of:

 1.  Bed rest.
 2.  Steroid therapy. Prednisolone 40–60 mg in a single 

morning dose for 1 week and then tailed off in a period 
of 3 weeks. Steroids are anti-inflammatory and relieve 
oedema. They have been found useful in idiopathic sud-
den hearing loss of moderate degree.

 3.  Inhalation of carbogen (5% CO2 + 95% O2). It increases 
cochlear blood flow and improves oxygenation.

 4.  Vasodilator drugs.
 5.  Low molecular weight dextran. It decreases blood viscos-

ity. It is contraindicated in cardiac failure and bleeding 
disorders.

 6.  Hyperbaric oxygen therapy. Available only in selected cen-
tres, hyperbaric oxygen raises concentration of oxygen in 
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labyrinthine fluids and improves cochlear function (see 
p. 358).

 7.  Low-salt diet and a diuretic. It is empirical and has same 
benefit as in cases of Ménière’s disease.

 8.  Intratympanic steroids therapy. It raises the local concen-
tration of steroids in cochlear fluids, thus avoiding side 
effects of systemic therapy.

TREATMENT
Many treatment protocols have been suggested for idio-
pathic sensorineural sudden hearing loss but none has 
shown significant benefit over the benefit of spontaneous 
recovery which occurs in 50–60% cases within first 2 weeks. 
None of the drugs, dextran 40, vasodilators, carbogen inha-
lation (5% CO2 with 95% O2), diatrizoate meglumine, have 
shown significant benefit.

Generally prescribed medicines include:

 1.  Steroids.
 2.  Inhalation of carbogen.
 3.  Low-salt diet and a diuretic.
 4.  Hyperbaric oxygen.

PROGNOSIS
Fortunately, about half the patients of idiopathic sensori-
neural hearing loss recover spontaneously within 15 days. 
Chances of recovery are poor after 1 month. Severe hearing 
loss and that associated with vertigo have poor prognosis. 
Younger patients below 40 and those with moderate losses 
have better prognosis (see Table 5.8).

G. PRESBYCUSIS

Sensorineural hearing loss associated with physiological 
aging process in the ear is called presbycusis. It usually man-
ifests at the age of 65 years but may do so early if there is 
hereditary predisposition, chronic noise exposure or gener-
alized vascular disease.

Four pathological types of presbycusis have been identified.

1. Sensory. This is characterized by degeneration of the 
organ of Corti, starting at the basal coil and progressing 
gradually to the apex. Higher frequencies are affected but 
speech discrimination remains good.

2. Neural. This is characterized by degeneration of the cells 
of spiral ganglion, starting at the basal coil and progressing 
to the apex. Neurons of higher auditory pathways may also 
be affected. This manifests with high tone loss but speech 
discrimination is poor and out of proportion to the pure 
tone loss.

3. Strial or metabolic. This is characterized by atrophy of 
stria vascularis in all turns of cochlea. In this, the physical 
and chemical processes of energy production are affected. 
It runs in families. Audiogram is flat but speech discrimina-
tion is good.

4. Cochlear conductive. This is due to stiffening of the basi-
lar membrane thus affecting its movements. Audiogram is 
sloping type.

Patients of presbycusis have great difficulty in hearing in 
the presence of background noise though they may hear 
well in quiet surroundings. They may complain of speech 

being heard but not understood. Recruitment phenom-
enon is positive and all the sounds suddenly become intoler-
able when volume is raised. Tinnitus is another bothersome 
problem and in some it is the only complaint.

Patients of presbycusis can be helped by a hearing aid. 
They should also have lessons in speech reading through 
visual cues. Curtailment of smoking and stimulants like tea 
and coffee may help to decrease tinnitus.

NONORGANIC HEARING LOSS (NOHL)

In this type of hearing loss, there is no organic lesion. It is 
either due to malingering or is psychogenic. In the former, 
usually there is a motive to claim some compensation for 
being exposed to industrial noises, head injury or ototoxic 
medication. Patient may present with any of the three clini-
cal situations:

(i) Total hearing loss in both ears, (ii) total loss in only 
one ear or (iii) exaggerated loss in one or both ears. The 
responsibility of the physician is to find out: Is the patient 
malingering? If so, what is his actual threshold of hearing? 
This is accomplished by:

1. High index of suspicion. Suspicion further rises when 
the patient makes exaggerated efforts to hear, frequently 
making requests to repeat the question or placing a cupped 
hand to the ear.

2. Inconsistent results on repeat pure tone and speech audi-
ometry tests. Normally, the results of repeat tests are within 
±5 dB. A variation greater than 15 dB is diagnostic of NOHL.

3. Absence of shadow curve. Normally, a shadow curve can 
be obtained while testing bone conduction, if the healthy 
ear is not masked. This is due to transcranial transmission of 
sound to the healthy ear. Absence of this curve in a patient 
complaining of unilateral deafness is diagnostic of NOHL.

4. Inconsistency in PTA and SRT. Normally, pure tone aver-
age (PTA) of three speech frequencies (500, 1000 and 2000 
Hz) is within 10 dB of speech reception threshold (SRT). An 
SRT better than PTA by more than 10 dB points to NOHL.

5. Stenger test. It can be done with a pair of identical tuning 
forks or a double-channel audiometer. Principle involved is 
that, if a tone of two intensities, one greater than the other, 
is delivered to two ears simultaneously, only the ear which 
receives tone of greater intensity will hear it. To do this test, 
take two tuning forks of equal frequency, strike and keep 

Table 5.8 Prognostic factors in sudden SNHL

Good prognosis Bad prognosis

Mild loss Severe loss
Low and medium frequency 

loss
High frequency loss

Recovery starting in  
2 weeks

Recovery does not start in  
2 weeks

No history of vertigo History of vertigo
Younger patients Older patients
Early treatment Late treatment
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them say 25 cm from each ear. Patient will claim to hear it 
in the normal ear. Now bring the tuning fork on the side of 
feigned deafness to within 8 cm, keeping the tuning fork on 
the normal side at the same distance. The patient will deny 
hearing anything even though tuning fork on normal side is 
where it could be heard earlier. A person with true deafness 
should continue to hear on the normal side. Patient should 
be blindfolded during this test.

This same test can be performed with a two-channel audi-
ometer using pure tone or speech signals.

6. Acoustic reflex threshold. Normally, stapedial reflex is 
elicited at 70–100 dB SL. If patient claims total deafness but 
the reflex can be elicited, it indicates NOHL.

7. Electric response audiometry (ERA). It is very useful in 
NOHL and can establish hearing acuity of the person to 
within 5–10 dB of actual thresholds.

SOCIAL AND LEGAL ASPECTS  
OF HEARING LOSS

HEARING LOSS AND DEAFNESS

Hearing loss is impairment of hearing and its severity may 
vary from mild to severe or profound, while the term deaf-
ness is used, when there is little or no hearing at all. In some 
countries, this rigid differentiation is not made. They use 
the term deafness to denote any degree of hearing loss irre-
spective of its severity. In 1980, WHO recommended that 
the	term	“deaf”	should	be	applied	only	to	those	individuals	
whose hearing impairment is so severe that they are unable 
to benefit from any type of amplification. A similar defini-
tion is used in India while extending benefits to the hearing 
handicapped.

DEFINITION OF DEAF

(Ministry of Social Welfare, Government of India—Scheme 
of Assistance to Hearing Handicap).

“The deaf are those in whom the sense of hearing is non-
functional	for	ordinary	purposes	of	life.”	They	do	not	hear/
understand sounds at all even with amplified speech. The 
cases included in the category will be those having hearing 
loss more than 90 dB in the better ear (profound impair-
ment) or total loss of hearing in both ears.

The partially hearing are defined as those falling under any 
one of the following categories:

Category Hearing acuity
Mild impairment More than 30 but not more than 45 

dB in better ear
Serious impairment More than 45 but not more than 60 

dB in better ear
Severe impairment More than 60 but not more than 90 

dB in better ear

DEGREE OF HEARING LOSS 
(WHO CLASSIFICATION)

WHO (1980) recommended the following classification on 
the basis of pure tone audiogram taking the average of the 

thresholds of hearing for frequencies of 500, 1000 and 2000 
Hz with reference to ISO: R. 389–1970 (International Cali-
bration of Audiometers).

DEGREE OF HEARING LOSS (FIGURE 5.8)

1. Mild 26–40 dB
2. Moderate 41–55 dB
3. Moderately severe 56–70 dB
4. Severe 71–91 dB
5. Profound More than 91 dB
6. Total

From this it is implied that there is no apparent impairment 
of hearing from 0 to 25 dB.

The disability to understand speech with different degrees 
of hearing loss is given in Table 5.9.

IMPAIRMENT, DISABILITY AND HANDICAP

When a disease process strikes an organ or a system it 
causes an impairment either in structure or function, but this 
impairment may or may not become clinically manifested. 
When impairment affects the ability to perform certain 
functions in the range considered normal for that individ-
ual it is called disability. The disability further restricts the 
duties and roles expected from an individual by society and 
is called a handicap.

To exemplify, injury (disease) to the ear may result in hear-
ing impairment which, depending on its severity, will affect 
the individual’s ability to hear and perform certain activities 
(disability) and will be termed handicap by the society:

Disease → Impairment → Disability → Handicap.
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Figure 5.8 Classification of hearing loss. Ninety-five per cent of 
population has thresholds between 210 and 110 dB HL.
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DEGREE OF HANDICAP

Sometimes it is desired to express the impairment and 
handicap in terms of percentage for the purposes of com-
pensation. Different countries and professional bodies have 
adopted their own system to calculate this percentage.

One of the methods to find hearing handicap is given 
below:

 (i)  Take an audiogram and calculate the average of 
thresholds of hearing for frequencies of 500, 1000 and 
2000	Hz	say	=	A.

 (ii)  Deduct from it 25 dB (as there is no impairment up to 
25 dB), i.e. A−25.

 (iii)  Multiply it by 1.5, i.e. (A−25) × 1.5.

This is the percentage of hearing impairment for that ear. 
Similarly calculate the percentage of hearing impairment 
for the other ear.

Total percentage handicap of an individual

(better ear % � 5) � worse ear %

6
�

Example:

500 Hz 1000 Hz 2000 Hz Average
Right ear 60 75 90 75 dB
Left ear 30 45 60 45 dB
Impairment	Right	ear:	75	−	25	=	50;	50	×	1.5	=	75%

Impairment	Left	ear:	45−25	=	20;	20	×	1.5	=	30%

Total handicap �
(30 � 5) � 75

6

225

6
� 37.5%
� 38% (rounded off)

�

In the above calculation only three speech frequencies 
(500, 1000 and 2000 Hz) are taken into account but it is felt 
that frequency of 3000 Hz is important for hearing in the 
presence of noise and should also be taken into account. 
American Academy of Ophthalmology and Otolaryngology 
recommends and takes into account the average of four fre-
quencies 500, 1000, 2000 and 3000 Hz when calculating the 
handicap.

Government of India reserved certain percentage of 
vacancies in Group C and D in favour of the physically 
handicapped and has extended certain other benefits. It has 
also recommended the classification based on percentage 
of impairment and the test required to be performed (see 
Table 5.10). (Brochure on Reservations and Concessions for 
Physically Handicapped in Central Govt. Services published 
by Ministry of Personnel, Public Grievances and Pensions, 
Dept. of Personnel and Training.)

UNILATERAL HEARING LOSS

Unilateral loss of hearing, even though total, does not produce 
a serious handicap or affect speech but it impairs localization 
of the sound source, difficulty in discrimination of speech in 
the presence of background noise and some difficulty at a 
meeting or in classroom when the speaker is on the side of 
affected ear. It should also alert the individual that he does not 
have	a	“spare	or	reserve	ear”	and	has	to	take	all	precautions	
for the safety of the only hearing ear; also the surgeon should 
be careful when he is called upon to operate on this only 
hearing ear. Bone-anchored hearing aids are the treatment of 
choice for management of single-sided deafness (see p. 123).

Table 5.9 Hearing loss and difficulty in hearing speech

Hearing threshold in better ear 
(average of 500, 1000, 2000 Hz) Degree of impairment (WHO classification) Ability to understand speech

0–25 Not significant No significant difficulty with faint speech
26–40 Mild Difficulty with faint speech
41–55 Moderate Frequent difficulty with normal speech
56–70 Moderately severe Frequent difficulty even with loud speech
71–91 Severe Can understand only shouted or amplified speech
Above 91 Profound Usually cannot understand even amplified speech
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Table 5.10  Recommended categorization and percentage of hearing impairment (Dept. of Personnel, Govt. of 
India). Recommendations about the categories and the tests required

I. Recommended classification

S. no. Category Type of impairment dB level and/or Speech discrimination
Percentage of 
impairment

1. I. Mild hearing impairment 26–40 dB in better ear 80–100% in better ear Less than 40%
2. II. Moderate hearing impairment 41–55 dB in better ear 50–80% in better ear 40–50%
3. III. Severe hearing impairment 56–70 dB hearing impairment 

in better ear
40–50% 50–75%

4. IV. (a) Total deafness
(b) Near total deafness
(c) Profound hearing impairment

No hearing
91 dB and above in better ear
71 to 90 dB

No discrimination
-do-
Less than 40% in better ear

100%
100%
75–100%

(Pure tone average of hearing in 500, 1000 and 2000 Hz by air conduction should be taken as basis for consideration as per the test 
recommendations.)

Further it should be noted that:
 (a)  When there is only an island of hearing present in one or two frequencies in better ear, it should be considered as total loss of 

hearing.
 (b)  Wherever there is no response (NR) at any of the 3 frequencies (500, 100, 2000 Hz), it should be considered as equivalent to 130 dB 

loss for the purposes of classification of disability and in arriving at the average. This is based on the fact that maximum intensity 
limits in most of the audiometers is 110 dB and some audiometers have additional facilities for 20 dB for testing.

II. Recommendations about the categories of disability (Hearing impairment-Physical aspect only-Test recommended).
 (a)  Pure tone audiometry (ISO R 389–1970 at present, is being used as Audiometric Standard in most of the audiometers. Hence the 

audiometers used in testing should be accordingly calibrated). Three frequency average at 500, 1000 and 2000 Hz by Air Conduc-
tion (AC), will be used for categorization.

 (b)  Wherever possible the pure tone audiometric results should be supplemented by the speech discrimination score—tested at sen-
sation level (SL), i.e. the speech discriminations test is conducted at 30–40 dBa the patient’s hearing threshold. The stimuli used be 
either phonetically balance words (PB) of the particular language or its equivalent material. At present only a few Indian languages 
have standard speech material for testing. Hence wherever the standardized test material is not available, either standardized 
Indian English Test could be made use of with English knowing population or equivalent material to PB be used.

 (c)  Wherever children are tested and pure tone audiometry is not possible, free field testing should be employed.
Suggestions of the facilities to be offered to the disabled for rehabilitation.

Category I No special benefits.
Category II Considered for Hearing Aids at free or concessional costs only.
Category III Hearing aids, free of cost or at concessional rates. Job reservation—benefit of special Employment Exchange. 

Scholarships at School. Single language formula.
Category IV Hearing Aids—facilities of reservation-special employment exchange. Special facilities in schools like scholarships.
Hearing aids—exemption from 3 language formula (to study in recommended single language).
It is felt that for consideration of admission under special category for courses conducted by institutions like Indian Institute of Technol-

ogy (IIT), Industrial Training Institute (ITI) and others, categories I and II only should be considered for reservation of seats, provided 
they fulfill the other educational stipulations for the course.

We have considered the different types of hearing affection, i.e. conductive versus sensorineural, and agree that the disability will be 
judged by the conditions prevalent in the patient at the time of referral and examination. In case of failure of surgery or other thera-
peutic interventions, the patient will be considered and categorized on the basis of the recommended tests.

 
aLeft blank is the original recommendations; has been added by the author.
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Assessment of vestibular functions can be divided into two 
groups:

 1.  Clinical tests
 2.  Laboratory tests

I. CLINICAL TESTS OF VESTIBULAR 
FUNCTION

A. SPONTANEOUS NYSTAGMUS

Nystagmus is an important sign in the evaluation of vestibu-
lar system. It is defined as involuntary, rhythmical, oscillatory 
movement of eyes. It may be horizontal, vertical or rotatory. 
Vestibular nystagmus has a slow and a fast component, and 
by convention, the direction of nystagmus is indicated by 
the direction of the fast component. Intensity of nystagmus 
is indicated by its degree (Table 6.1).

To elicit nystagmus, patient is seated in front of the exam-
iner or lies supine on the bed. The examiner keeps his finger 
about 30 cm from the patient’s eye in the central position 
and moves it to the right or left, up or down, but not moving 
at any time more than 30° from the central position to avoid 
gaze nystagmus. Presence of spontaneous nystagmus always 
indicates an organic lesion.

Vestibular nystagmus is called peripheral, when it is due to 
lesion of labyrinth or VIIIth nerve and central, when lesion is 
in the central neural pathways (vestibular nuclei, brainstem, 
cerebellum).

Irritative lesions of the labyrinth (serous labyrinthitis) cause 
nystagmus to the side of lesion. Paretic lesions (purulent laby-
rinthitis, trauma to labyrinth, section of VIIIth nerve) cause 
nystagmus to the healthy side. Nystagmus of peripheral origin 
can be suppressed by optic fixation by looking at a fixed point, 
and enhanced in darkness or by the use of Frenzel glasses 
(+20 dioptre glasses) both of which abolish optic fixation.

Nystagmus of central origin cannot be suppressed by optic 
fixation. Purely torsional nystagmus indicates lesion of the 
brainstem/vestibular nuclei and is seen in syringomyelia. 
Vertical downbeat nystagmus indicates lesion at craniocervi-
cal region such as Arnold–Chiari malformation or degen-
erative lesion of the cerebellum. Vertical upbeat nystagmus is 
seen in lesions at the junction of pons and medulla or pons  
and midbrain. Pendular nystagmus is either congenital or 
acquired. The latter is seen in multiple sclerosis. Pendular 
nystagmus may also be disconjugate, i.e. vertical in one eye 
and horizontal in the other. Table 6.2 shows differences in 
the nystagmus of peripheral and central lesions.

B. FISTULA TEST

The basis of this test is to induce nystagmus by produc-
ing pressure changes in the external canal which are then 
transmitted to the labyrinth. Stimulation of labyrinth 
results in nystagmus and vertigo. The test is performed by 
applying intermittent pressure on the tragus or by using 
Siegel’s speculum. Normally, the test is negative because 
the pressure changes in the external auditory canal cannot 
be transmitted to the labyrinth. It is positive when there 
is erosion of horizontal semicircular canal as in choles-
teatoma or a surgically created window in the horizontal 
canal (fenestration operation), abnormal opening in the 
oval window (poststapedectomy fistula) or the round win-
dow (rupture of round window membrane). A positive fis-
tula also implies that the labyrinth is still functioning; it is 
absent when labyrinth is dead. A false negative fistula test is 
also seen when cholesteatoma covers the site of fistula and 
does not allow pressure changes to be transmitted to the 
labyrinth.

A false positive fistula test (i.e. positive fistula test without 
the presence of a fistula) is seen in congenital syphilis and 
in about 25% cases of Ménière’s disease (Hennebert’s sign). 
In congenital syphilis, stapes footplate is hypermobile while 
in Ménière’s disease it is due to the fibrous bands connect-
ing utricular macula to the stapes footplate. In both these 
conditions, movements of stapes result in stimulation of the 
utricular macula.

C. ROMBERG TEST

The patient is asked to stand with feet together and arms by 
the side with eyes first open and then closed. With the eyes 
open, patient can still compensate the imbalance but with 
eyes closed, vestibular system is at more disadvantage. In 
peripheral vestibular lesions, the patient sways to the side of 
lesion. In central vestibular disorder, patient shows instabil-
ity. If patient can perform this test without sway, “sharpened 
Romberg test” is performed. In this the patient stands with 
one heel in front of toes and arms folded across the chest. 
Inability to perform the sharpened Romberg test indicates 
vestibular impairment.

D. GAIT

The patient is asked to walk along a straight line to a fixed 
point, first with eyes open and then closed. In case of 
uncompensated lesion of peripheral vestibular system, with 
eyes closed, the patient deviates to the affected side.

6Assessment of  
Vestibular Functions
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E. PAST-POINTING AND FALLING

The past-pointing, falling and the slow component of nys-
tagmus are all in the same direction. If there is acute ves-
tibular failure, say on the right side, nystagmus is to the left 
but the past-pointing and falling will be towards the right,  
i.e. towards side of the slow component.

F. HALLPIKE MANOEUVRE (POSITIONAL TEST)

This test is particularly useful when patient complains of ver-
tigo in certain head positions. It also helps to differentiate a 
peripheral from a central lesion.

METHOD
Patient sits on a couch. Examiner holds the patient’s head, 
turns it 45° to the right and then places the patient in a 
supine position so that his head hangs 30° below the hori-
zontal (Figure 6.1). Patient’s eyes are observed for nystag-
mus. The test is repeated with head turned to left and then 
again in straight head-hanging position. Four parameters 
of nystagmus are observed: latency, duration, direction and 
fatiguability (see Table 6.2). In benign paroxysmal positional 
vertigo, nystagmus appears after a latent period of 2–20 s, 
lasts for less than a minute and is always in one direction, 
i.e. towards the ear that is undermost. On repetition of the 
test, nystagmus may still be elicited but lasts for a shorter 
period. On subsequent repetitions it disappears altogether, 
i.e. nystagmus is fatiguable. Patient also complains of vertigo 
when the head is in critical position.

In central lesions (tumours of IVth ventricle, cerebellum, 
temporal lobe, multiple sclerosis, vertebrobasilar insuffi-
ciency or raised intracranial tension) nystagmus is produced 
immediately, as soon as the head is in critical position with-
out any latency and lasts as long as head is in that critical 
position. Direction of nystagmus also varies in different test 
positions (direction changing) and is nonfatiguable on rep-
etition of test (Table 6.2).

G. TEST OF CEREBELLAR DYSFUNCTION

All cases of giddiness should be tested for cerebellar disor-
ders. Disease of the cerebellar hemisphere causes:

 1.  Asynergia (abnormal finger-nose test)
 2.  Dysmetria (inability to control range of motion)
 3.  Adiadochokinesia (inability to perform rapid alternating 

movements)
 4.  Rebound phenomenon (inability to control movement 

of extremity when opposing forceful restraint is suddenly 
released)

Midline disease of cerebellum causes:

 1.  Wide base gait
 2.  Falling in any direction
 3.  Inability to make sudden turns while walking
 4.  Truncal ataxia

Nystagmus observed in midline or hemispheral disorders of 
cerebellum includes gaze evoked nystagmus, rebound nys-
tagmus and abnormal optokinetic nystagmus.

Figure 6.1 Hallpike manoeuvre.

Table 6.1 Degree of nystagmusa

1st degree It is weak nystagmus and is present when 
patient looks in the direction of fast 
component.

2nd degree It is stronger than the 1st degree nystagmus 
and is present when patient looks straight 
ahead.

3rd degree It is stronger than the 2nd degree nystagmus 
and is present even when patient looks in 
the direction of the slow component.

 
aThese degrees are according to Alexander’s law and may not 

hold true in case of nystagmus of central origin.

Table 6.2  Positional nystagmus in peripheral and 
central lesions of vestibular system. 
Positional nystagmus is elicited by  
Hallpike manoeuvre (vide infra)

Peripheral Central

Latency 2–20 s No latency
Duration Less than 1 min More than 1 min
Direction of 

nystagmus
Direction fixed, 

towards the 
undermost ear

Direction changing

Fatiguability Fatiguable Nonfatiguable
Accompanying 

symptoms
Severe vertigo None or slight
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II. LABORATORY TESTS OF VESTIBULAR 
FUNCTION

A. CALORIC TEST

The basis of this test is to induce nystagmus by thermal stim-
ulation of the vestibular system. Advantage of the test is that 
each labyrinth can be tested separately. Patient is also asked 
whether vertigo induced by the caloric test is qualitatively 
similar to the type experienced by him during the episode 
of vertigo. If yes, it proves labyrinthine origin of vertigo.

1. Modified Kobrak test. It is a quick office procedure. 
Patient is seated with head tilted 60° backwards to place 
horizontal canal in vertical position. Ear is irrigated with ice 
water for 60 s, first with 5 mL and if there is no response, 
10, 20 and 40 mL. Normally, nystagmus beating towards the 
opposite ear will be seen with 5 mL of ice water. If response 
is seen with increased quantities of water between 5 and 
40 mL, labyrinth is considered hypoactive. No response to 
40mL of water indicates dead labyrinth.

2. Fitzgerald–Hallpike test (bithermal caloric test). In this 
test, patient lies supine with head tilted 30° forward so that 
horizontal canal is vertical (Figure 6.2). Ears are irrigated for 
40 s alternately with water at 30°C and at 44°C (i.e. 7° below 
and above normal body temperature) and eyes observed 
for appearance of nystagmus till its end point. Time taken 
from the start of irrigation to the end point of nystagmus is 
recorded and charted on a calorigram (Figure 6.3). If no nys-
tagmus is elicited from any ear, test is repeated with water at 
20°C for 4 min before labelling the labyrinth dead. A gap of 
5 min should be allowed between two ears. Cold water induces 
nystagmus to opposite side and warm water to the same side 
(remember mnemonic COWS: cold–opposite, warm–same). 
Depending on response to the caloric test, we can find canal 
paresis or dead labyrinth, directional preponderance, i.e. nys-
tagmus is more in one particular direction than in the other, 
or both canal paresis and directional preponderance.

(a) Canal paresis. It indicates that response (measured as 
duration of nystagmus) elicited from a particular canal (lab-
yrinth), right or left, after stimulation with cold and warm 
water is less than that from the opposite side. It can also be 
expressed as percentage of the total response from both ears.

Response from the left ear �
L30 � L44  � 100

L30 � L44 � R30 � R44 

Response from the right ear �
R30 � R44 � 100

L30 � L44 � R30 � R44 

where L30 is the response from left side with water at 30°C 
and L44 is response from left ear after stimulation with warm 
water at 44°C. Less or no response from a particular side is 
indicative of depressed function of the ipsilateral labyrinth, 
vestibular nerve or vestibular nuclei and is seen in Ménière’s 
disease, acoustic neuroma, postlabyrinthectomy or vestibu-
lar nerve section.

(b) Directional preponderance. It takes into consideration the 
duration of nystagmus to the right or left irrespective of whether 
it is elicited from the right or left labyrinth. We know that 

right beating nystagmus is caused by L30 and R44 and left 
beating nystagmus is caused by R30 and L44. Therefore,

Right beating nystagmus �
L30 � R44 

L30 � L44 � R30 � R44 
� 100

Left beating nystagmus �
R30 � L44 

L30 � L44 � R30 � R44 
� 100

If the nystagmus is 25–30% or more on one side than the 
other, it is called directional preponderance to that side.

It is believed that directional preponderance occurs 
towards the side of a central lesion, away from the side in a 
peripheral lesion; however, it does not help to localize the 
lesion in central vestibular pathways.

Canal paresis and directional preponderance can also be 
seen together.

Canal paresis on one side with directional preponderance 
to the opposite side is seen in unilateral Ménière’s disease 
while canal paresis with directional preponderance to ipsi-
lateral side is seen in acoustic neuroma.

3. Cold-air caloric test. This test is done when there is perfo-
ration of tympanic membrane because irrigation with water 
in such a case with perforation is contraindicated. The test 
employs Dundas Grant tube, which is a coiled copper tube 

30�C
44�C

30�

A

30�C
Utricle

Horizontal SCC

B

Figure 6.2 Fitzgerald–Hallpike test. (A) Patient is in supine position 
and head raised by 30° to make horizontal canal vertical. (B) Position 
of canal and the direction of flow of endolymph.
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wrapped in cloth. The air in the tube is cooled by pouring 
ethyl chloride and then blown into the ear. It is only a rough 
qualitative test.

B. ELECTRONYSTAGMOGRAPHY

It is a method of detecting and recording of nystagmus, 
which is spontaneous or induced by caloric, positional, 
rotational or optokinetic stimulus. The test depends on the 

presence of corneoretinal potentials which are recorded by 
placing electrodes at suitable places round the eyes. The test 
is also useful to detect nystagmus, which is not seen with the 
naked eye. It also permits to keep a permanent record of 
nystagmus.

C. OPTOKINETIC TEST

Patient is asked to follow a series of vertical stripes on a 
drum moving first from right to left and then from left to 
right. Normally it produces nystagmus with slow component 
in the direction of moving stripes and fast component in the 
opposite direction. Optokinetic abnormalities are seen in 
brainstem and cerebral hemisphere lesions. Thus this test is 
useful to diagnose a central lesion.

E. ROTATION TEST

Patient is seated in Barany’s revolving chair with his head 
tilted 30° forward and then rotated 10 turns in 20 s. The 
chair is stopped abruptly and nystagmus observed. Normally 
there is nystagmus for 25–40 s. The test is useful as it can be 
performed in cases of congenital abnormalities where ear 
canal has failed to develop and it is not possible to perform 
the caloric test. Disadvantage of the test is that both the laby-
rinths are simultaneously stimulated during the rotation 
process and cannot be tested individually. The test has now 
been made more sophisticated by the use of torsion swings, 
electronystagmography and computer analysis of the results.

F. GALVANIC TEST

It is the only vestibular test which helps in differentiating 
an end organ lesion from that of vestibular nerve. Patient 
stands with his feet together, eyes closed and arms out-
stretched and then a current of 1 mA is passed to one ear. 
Normally, person sways towards the side of anodal current. 
Body sway can be studied by a special platform.

G. POSTUROGRAPHY

It is a method to evaluate vestibular function by measuring 
postural stability and is based on the fact that maintenance 
of posture depends on three sensory inputs—visual, vestibu-
lar and somatosensory. It uses either a fixed or a moving 
platform. Visual cues can also be varied. The clinical appli-
cation of posturography is still under investigation.
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Figure 6.3 Calorigram.
A. Normal. Responses from both labyrinths are almost same with 
both cold and warm water. Cold water is usually a stronger stimulus 
than the warm one.
B. Left canal paresis. Responses from left labyrinth both with cold and 
warm water are much less compared to those from right.

    (L) 
70 + 60

70 + 120 + 60 + 120
=

130

370
 Left canal paresis

    (R) 
120 + 120

70 + 120 + 60 + 120
=

240

370

C. Left directional preponderance. Nystagmus to left is 230 s com-
pared to the one directed to right at 140.

    (L) 
120 + 110

90 + 120 + 110 + 50
=

230

370
 Left directional preponderance

    (R) 
90 + 50

90 + 120 + 110 + 50
=

140

370
 Left canal paresis
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Disorders of vestibular system cause vertigo and are divided 
into:

1. Peripheral, which involve vestibular end organs and their 
1st order neurons (i.e. the vestibular nerve). The cause lies 
in the internal ear or the VIIIth nerve. They are responsible 
for 85% of all cases of vertigo.

2. Central, which involve central nervous system after the 
entrance of vestibular nerve in the brainstem and involve 
vestibulo-ocular, vestibulospinal and other central nervous 
system pathways.

Table 7.1 lists the common causes of vertigo of peripheral 
and central origin.

I. PERIPHERAL VESTIBULAR DISORDERS

1. Ménière’s disease (endolymphatic hydrops). It is charac-
terized by vertigo, fluctuating hearing loss, tinnitus and sense 
of pressure in the involved ear. Vertigo is of sudden onset, 
lasts for a few minutes to 24 h or so. (The disease has been 
discussed on p. 100).

2. Benign paroxysmal positional vertigo (BPPV). It is charac-
terized by vertigo when the head is placed in a certain criti-
cal position. There is no hearing loss or other neurologic 
symptoms. Positional testing establishes the diagnosis and 
helps to differentiate it from positional vertigo of central 
origin (Table 7.1). Disease is caused by a disorder of poste-
rior semicircular canal though many patients have history of 
head trauma and ear infection.

It has been demonstrated that otoconial debris, consist-
ing of crystals of calcium carbonate, is released from the 
degenerating macula of the utricle and floats freely in the 
endolymph. When it settles on the cupula of posterior semi-
circular canal in a critical head position, it causes displace-
ment of the cupula and vertigo. The vertigo is fatiguable on 
assuming the same position repeatedly due to dispersal of 
the otoconia but can be induced again after a period of rest. 
Thus, typical history and Hallpike manoeuvre establishes 
the diagnosis.

The condition can be treated by performing Epley’s 
manoeuvre. The principle of this manoeuvre is to reposition 
the otoconial debris from the posterior semicircular canal 
back into the utricle. The doctor stands behind the patient 
and the assistant on the side. The patient is made to sit on 
the table so that when he is made to lie down, his head is 
beyond the edge of the table as is done in Dix-Hallpike 
manoeuvre. His face is turned 45° to the affected side.

The manoeuvre consists of five positions:

	•	 	Position 1. With the head turned 45°, the patient is made 
to lie down in head-hanging position (Dix-Hallpike 
manoeuvre). It will cause vertigo and nystagmus. Wait till 
vertigo and nystagmus subside.

	•	 	Position 2. Head is now turned so that affected ear is up.
	•	 	Position 3. The whole body and head are now rotated away 

from the affected ear to a lateral recumbent position in a 
face-down position.

	•	 	Position 4. Patient is now brought to a sitting position with 
head still turned to the unaffected side by 45°.

	•	 	Position 5. The head is now turned forward and chin 
brought down 20°.

There should be a pause at each position till there is no 
nystagmus or there is slowing of nystagmus, before changing 
to the next position. After manoeuvre is complete, patient 
should maintain an upright posture for 48 h. Eighty per 
cent of the patients will be cured by a single manoeuvre. 
If the patient remains symptomatic, the manoeuvre can be 
repeated. A bone vibrator placed on the mastoid bone helps 
to loosen the debris.

3. Vestibular neuronitis. It is characterized by severe vertigo 
of sudden onset with no cochlear symptoms. Attacks may 
last from a few days to 2 or 3 weeks. It is thought to occur 
due to a virus that attacks vestibular ganglion. Management 
of acute attack is similar to that in Ménière’s disease. The 
disease is usually self-limiting.

4. Labyrinthitis. It has been discussed in detail on p. 80.

	•	 	Circumscribed labyrinthitis is seen in cases of unsafe type of 
chronic suppurative otitis media (CSOM) and fistula test 
is positive.

	•	 	Serous labyrinthitis is caused by trauma or infection (viral 
or bacterial) adjacent to inner ear but without actual inva-
sion. There is severe vertigo and sensorineural hearing 
loss. A partial or full recovery of inner ear functions is 
possible if treated early.

	•	 	Purulent labyrinthitis is a complication of CSOM. There 
is actual bacterial invasion of inner ear with total loss of 
cochlear and vestibular functions. Vertigo in this condi-
tion is due to acute vestibular failure. There is severe nau-
sea and vomiting. Nystagmus is seen to the opposite side 
due to destruction of the affected labyrinth.

5. Vestibulotoxic drugs. Several drugs cause ototoxicity 
by damaging the hair cells of the inner ear. Some primar-
ily affect the cochlear while others affect the vestibular 

7Disorders of Vestibular System
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labyrinth. Aminoglycoside antibiotics particularly streptomy-
cin, gentamicin and kanamycin have been shown to affect 
hair cells of the crista ampullaris and to some extent those 
of the maculae. Certain other drugs which cause dizziness 
or unsteadiness are antihypertensives, labyrinthine seda-
tives, oestrogen preparations, diuretics, antimicrobials (nali-
dixic acid, metronidazole) and antimalarials. However, their 
mode of action may be different.

6. Head trauma. Head injury may cause concussion of laby-
rinth, completely disrupt the bony labyrinth or VIIIth nerve, 
or cause a perilymph fistula. Severe acoustic trauma, such as 
that caused by an explosion, can also disturb the vestibular 
end organ (otoliths) and result in vertigo.

7. Perilymph fistula. In this condition, perilymph leaks into 
the middle ear through the oval or round window. It can fol-
low as a complication of stapedectomy, or ear surgery when 
stapes is accidentally dislocated. It can also result from sud-
den pressure changes in the middle ear (e.g. barotrauma, 
diving, forceful Valsalva) or raised intracranial pressure 
(weightlifting or vigorous coughing). A perilymph fistula 
causes intermittent vertigo and fluctuating sensorineural 
hearing loss, sometimes with tinnitus and sense of fullness 
in the ear (compare Ménière’s disease).

8. Syphilis. Syphilis of inner ear, both acquired and congeni-
tal, causes dizziness in addition to sensorineural hearing 
loss. Late congenital syphilis usually manifesting between 
8 and 20 years, mimics Ménière’s disease with episodes of 
acute vertigo, sensorineural hearing loss and tinnitus. Hen-
nebert’s sign, i.e. a positive fistula test in the presence of an 
intact tympanic membrane, is present in congenital syphilis. 
Neurosyphilis (tertiary acquired) can cause central type of 
vestibular dysfunction.

9. Acoustic neuroma. It has been classified in peripheral 
vestibular disorders as it arises from CN VIII within inter-
nal acoustic meatus. It causes only unsteadiness or vague 
sensation of motion. Severe episodic vertigo, as seen in 
the end organ disease, is usually missing (for details refer 
Chapter 18).

Other tumours of temporal bone (e.g. glomus tumour, 
carcinoma of external or middle ear and secondaries), 
destroy the labyrinth directly and cause vertigo.

II. CENTRAL VESTIBULAR DISORDERS

1. Vertebrobasilar insufficiency. It is a common cause of 
central vertigo in patients over the age of 50 years. There is 
transient decrease in cerebral blood flow. Common cause is 
atherosclerosis. Ischaemia in these patients may also be pre-
cipitated by hypotension or neck movements when cervical 
osteophytes press on the vertebral arteries during rotation 
and extension of head.

Vertigo is abrupt in onset, lasts several minutes and is 
associated with nausea and vomiting. Other neurological 
symptoms like visual disturbances, drop attacks, diplopia, 
hemianopia, dysphagia and hemiparesis resulting from 
ischaemia to other areas of brain may also accompany 
vertigo.

Some patients only complain of intermittent attacks of 
dizziness or vertigo on lateral rotation and extension of 
head.

2. Posteroinferior cerebellar artery syndrome (Wallenberg 
syndrome). Thrombosis of the posterior inferior cerebellar 
artery cuts off blood supply to lateral medullary area. There 
is violent vertigo along with diplopia, dysphagia, hoarseness 
of voice, Horner syndrome, sensory loss on ipsilateral side 
of face and contralateral side of the body, and ataxia. There 
may be horizontal or rotatory nystagmus to the side of the 
lesion.

3. Basilar migraine. Migraine is a vascular syndrome pro-
ducing recurrent headaches with symptom-free intervals. 
Headache is usually unilateral and of the throbbing type. 
Basilar artery migraine produces occipital headache, visual 
disturbances, diplopia and severe vertigo which is abrupt 
and may last for 5–60 min. Basilar migraine is common in 
adolescent girls with strong menstrual relationship and 
positive family history.

4. Cerebellar disease. Cerebellum may be affected by haem-
orrhage (hypertension), infarction (occlusion of arterial 
supply), infection (otogenic cerebellar abscess) or tumours 
(glioma, teratoma or haemangioma). Acute cerebellar dis-
ease may cause severe vertigo, vomiting and ataxia simulat-
ing an acute peripheral labyrinthine disorder. Tumours are 
slow growing and produce classical features of cerebellar 
disease, i.e. incoordination, past-pointing, adiadochokine-
sia, rebound phenomenon and wide-based gait.

5. Multiple sclerosis. It is a demyelinating disease affecting 
young adults. Vertigo and dizziness are common complaints. 
There are other multiple neurological signs and symp-
toms, e.g. blurring or loss of vision, diplopia, dysarthria, 
paraesthesia and ataxia. Spontaneous nystagmus may be 
seen. Acquired pendular nystagmus, dissociated nystagmus 
and vertical upbeat nystagmus are important features in 
diagnosis.

6. Tumours of brainstem and floor of IVth ventricle. Glio-
mas and astrocytomas may arise from pons and midbrain; 
medulloblastoma, ependymomas, epidermoid cysts or tera-
tomas may arise from floor of IVth ventricle. These tumours 
cause other neurological signs and symptoms in addition to 
vertigo and dizziness. Positional vertigo and nystagmus may 

Table 7.1 Vestibular disorders

Peripheral (Lesions of  
end organs vestibular  
nerve)

Central (Lesions of 
brainstem and central 
connections)

	•	 	Ménière’s disease
	•	 	Benign paroxysmal 

positional vertigo
	•	 	Vestibular neuronitis
	•	 	Labyrinthitis
	•	 	Vestibulotoxic drugs
	•	 	Head trauma
	•	 	Perilymph fistula
	•	 	Syphilis
	•	 	Acoustic neuroma

	•	 	Vertebrobasilar insufficiency
	•	 	Posterior inferior cerebellar 

artery syndrome
	•	 	Basilar migraine
	•	 	Cerebellar disease
	•	 	Multiple sclerosis
	•	 	Tumours of brainstem and 

fourth ventricle
	•	 	Epilepsy
	•	 	Cervical vertigo
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also be the presenting features. CT scan and magnetic reso-
nance imaging are useful in their diagnosis.

7. Epilepsy. Vertigo may occur as an aura in temporal lobe 
epilepsy. The history of seizure and/or unconsciousness 
following the aura may help in the diagnosis. Sometimes, 
vertigo is the only symptom of epilepsy and that may pose a 
difficult diagnostic problem. Electroencephalography may 
show abnormalities during the attack.

8. Cervical vertigo. Vertigo may follow injuries of neck 7–10 
days after the accident. It is usually provoked with move-
ments of neck to the side of injury. Examination shows ten-
derness of neck, spasms of cervical muscles and limitation of 
neck movements. X-rays show loss of cervical lordosis. Exact 
mechanism of cervical vertigo is not known. It may be due to 
disturbed vertebrobasilar circulation, involvement of sympa-
thetic vertebral plexus or alteration of tonic neck reflexes.

OTHER CAUSES OF VERTIGO

1. Ocular vertigo. Normally, balance is maintained by inte-
grated information received from the eyes, labyrinths and 
somatosensory system. A mismatch of information from any 
of these organs causes vertigo and in this case from the eyes. 
Ocular vertigo may occur in case of acute extraocular mus-
cle paresis or high errors of refraction.

2. Psychogenic vertigo. This diagnosis is suspected in 
patients suffering from emotional tension and anxiety. 
Often other symptoms of neurosis, e.g. palpitation, breath-
lessness, fatigue, insomnia, profuse sweating and tremors 
are also present. Symptom of vertigo is often vague in the 
form of floating or swimming sensation or light headedness. 
There is no nystagmus or hearing loss. Caloric test shows an 
exaggerated response.
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I. DISEASES OF THE PINNA

The pinna may be afflicted by congenital, traumatic, inflam-
matory or neoplastic disorders.

A. CONGENITAL DISORDERS

The developmental abnormalities of the pinna may be just 
minor variations from the normal or major abnormalities.

1. Anotia. It is complete absence of pinna and lobule, and 
usually forms part of the first arch syndrome (Figure 8.1).

2. Microtia (Figure 8.2). It is a major developmental anom-
aly. Degree of microtia may vary. It is frequently associated 
with anomalies of external auditory canal, middle and inter-
nal ear. The condition may be unilateral or bilateral. Hear-
ing loss is frequent. Peanut ear is a form of microtia.

3. Macrotia. It is excessively large pinna.

4. Bat ear (Syn. prominent ear or protruding ear). This is 
an abnormally protruding ear. The concha is large with 
poorly developed antihelix and scapha. The deformity can 

be corrected surgically any time after the age of 6 years, if 
cosmetic appearance so demands.

5. Cup ear or lop ear. It is hypoplasia of upper third of the 
auricle. Upper portion of helix or pinna is cupped. Cockle-
shell ear or snail-shell ear are greater deformities of cup ear.

6. Cryptotia (Syn. pocket ear). Upper third of the auricle 
is embedded under the scalp skin. It can be corrected by 
mobilizing the pinna to normal position and covering the 
raw area by a skin graft.

7. Coloboma. There is a transverse cleft in the pinna in the 
middle.

8. Minor deformities. Absence of tragus, Darwin’s tubercle, 
additional folds (Stahl’s ear), and Satyr ear.

	•	 	Darwin’s	tubercle	is	a	pointed	tubercle	on	the	upper	part	
of helix and represents apex of pinna of lower animals.

	•	 	In	Stahl’s	ear,	helix	which	 should	normally	be	 folded	 is	
flat and the upper crus of antihelix is duplicated and 
reaches rim of helix. It can be corrected by a mould in the 
first 6 weeks of life.

9. Deformities of ear lobule. They are absence of lobule, 
large lobule, bifid lobule or a pixed (attached) lobule.

10. Preauricular tags or appendages. They are skin-covered 
tags that appear on a line drawn from the tragus to the 
angle of mouth. They may contain small pieces of cartilage  
(Figure 8.3).

8 Diseases of External Ear

Figure 8.2 Microtia right ear (peanut ear).
Figure 8.1 Anotia. Note total absence of pinna and external auditory 
canal on the left side.
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Figure 8.3 Preauricular appendages.

Figure 8.4 Infected preauricular sinus with pus exuding from the 
opening.

Figure 8.5 Cauliflower ear (pugilistic or boxer’s ear).

Figure 8.6 Laceration left pinna.

11. Preauricular pit or sinus. Preauricular pit is a depres-
sion in front of the crus of helix or above the tragus. Preau-
ricular sinus is an epithelial track and is due to incomplete 
fusion of tubercles. It may get repeatedly infected causing 
purulent discharge. Abscess may also form. Treatment is 
surgical excision of the track if the sinus gets repeatedly 
infected (Figure 8.4).

B. TRAUMA TO THE AURICLE

1. Haematoma of the auricle. It is collection of blood 
between the auricular cartilage and its perichondrium. 
Often it is the result of blunt trauma seen in boxers, wres-
tlers and rugby players. Extravasated blood may clot and 
then organize, resulting in a typical deformity called Cauli-
flower ear (pugilistic or boxer’s ear) (Figure 8.5). If haema-
toma gets infected, severe perichondritis may set in.

Treatment is aspiration of the haematoma under strict 
aseptic precautions and a pressure dressing, carefully 
packing all concavities of the auricle to prevent reaccu-
mulation. Aspiration may need to be repeated. When 
aspiration fails, incision and drainage should be done 

and pressure applied by dental rolls tied with through 
and through sutures. All cases should receive prophylactic 
antibiotics.

2. Lacerations (Figure 8.6). They are repaired as early as pos-
sible. The perichondrium is stitched with absorbable sutures. 
Special care is taken to prevent stripping of perichondrium 
from cartilage for fear of avascular necrosis. Skin is closed 
with fine nonabsorbable sutures. Broad-spectrum antibiotics 
are given for 1 week.

3. Avulsion of pinna. When pinna is still attached to the head 
by a small pedicle of skin, primary reattachment should be 
considered and it is usually successful. Completely avulsed 
pinna can be reimplanted in selected cases by the microvas-
cular techniques; in others, the skin of the avulsed segment 
of pinna is removed and the cartilage implanted under the 
postauricular skin for later reconstruction.

4. Frostbite. Injury due to frostbite varies between ery-
thema and oedema, bullae formation, necrosis of skin and 
subcutaneous tissue, and complete necrosis with loss of the 
affected part.
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Treatment of a frostbitten ear consists of:

 (a)  rewarming with moist cotton pledgets at a temperature 
of 38–42°C,

 (b)  application of 0.5% silver nitrate soaks for superficial 
infection,

 (c)  analgesics for pain; rapid rewarming of frostbitten ear 
causes considerable pain,

 (d)  protection of bullae from rupture,
 (e)  systemic antibiotics for deep infection, and
 (f)  surgical debridement should wait several months as the 

true demarcation between the dead and living tissues 
appears quite late.

5. Keloid of auricle. It may follow trauma or piercing of 
the ear for ornaments. Usual sites are the lobule or helix 
(Figure 8.7). Surgical excision of the keloid usually results 
in recurrence. Recurrence of keloid can be avoided by pre- 
and postoperative radiation with a total dose of 600–800 rad 
delivered in four divided doses. Some prefer local injection 
of steroid after excision.

C. INFLAMMATORY DISORDERS

1. Perichondritis (Figure 8.8). It results from infection sec-
ondary to lacerations, haematoma or surgical incisions. It 
can also result from extension of infection from diffuse oti-
tis externa or a furuncle of the meatus. Pseudomonas and 
mixed flora are the common pathogens.

Initial symptoms are red, hot and painful pinna which 
feels stiff. Later abscess may form between the cartilage and 
perichondrium with necrosis of cartilage as the cartilage 
survives only on the blood supply from its perichondrium. 
Treatment in early stages consists of systemic antibiotics 
and local application of 4% aluminium acetate compresses. 
When abscess has formed, it must be drained promptly and 
culture and sensitivity of the pus obtained. Incision is made 
in the natural fold and devitalized cartilage removed. Some 
prefer to place a catheter in the abscess and administer a 
continuous drip of antibiotics, selected by culture and sensi-
tivity for 7–10 days.

2. Relapsing polychondritis. It is a rare autoimmune disor-
der involving cartilage of the ear. Other cartilages, septal, 
laryngeal, tracheal, costal may also be involved. The entire 

auricle except its lobule becomes inflamed and tender. 
External ear canal becomes stenotic. Treatment consists of 
high doses of systemic steroids.

3. Chondrodermatitis nodularis chronica helicis. Small 
painful nodules appear near the free border of helix in 
men about the age of 50 years. Nodules are tender and the 
patient is unable to sleep on the affected side. Treatment is 
excision of the nodule with its skin and cartilage.

D. TUMOURS

See p. 106

II. DISEASES OF EXTERNAL AUDITORY 
CANAL

The diseases of external auditory canal are grouped as:

	•	 	Congenital	disorders
	•	 	Trauma
	•	 	Inflammation
	•	 	Tumours
	•	 	Miscellaneous	conditions

A. CONGENITAL DISORDERS

1. Atresia of external canal. Congenital atresia of the 
meatus may occur alone or in association with microtia. 
When it occurs alone, it is due to failure of canalization 
of the ectodermal core that fills the dorsal part of the 
first branchial cleft. The outer meatus, in these cases, is 
obliterated with fibrous tissue or bone while the deep 
meatus and the tympanic membrane are normal. Atresia 
with microtia is more common. It may be associated with 
abnormalities of the middle ear, internal ear and other 
structures.

2. Collaural fistula. This is an abnormality of the first bran-
chial cleft. The fistula has two openings: one situated in the 
neck just below and behind the angle of mandible and the 
other in the external canal or the middle ear. The track of 

Figure 8.7 Keloid following piercing of pinna for ornaments.

Figure 8.8 Perichondritis.
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the fistula traverses through the parotid in close relation to 
the facial nerve.

B. TRAUMA TO EAR CANAL

Minor lacerations of canal skin result from Q-tip injury 
(scratching the ear with hair pins, needles or matchstick) 
or unskilled instrumentation by the physician. They usually 
heal without sequelae.

Major lacerations result from gunshot wounds, automo-
bile accidents or fights. The condyle of mandible may 
force through the anterior canal wall. These cases require 
careful treatment. Aim is to attain a skin-lined meatus of 
adequate diameter. Stenosis of the ear canal is a common 
complication.

C. INFLAMMATIONS OF EAR CANAL

Otitis externa may be divided, on aetiological basis, into:

1. INFECTIVE GROUP

Localized otitis externa (Furuncle)

Diffuse otitis externa

Malignant otitis externa

Otomycosis

Herpes zoster oticus

Otitis externa haemorrhagica

Bacterial

Fungal

Viral

2. REACTIVE GROUP
	•	 	Eczematous	otitis	externa
	•	 	Seborrhoeic	otitis	externa
	•	 	Neurodermatitis

(a) Furuncle (localized acute otitis externa). A furuncle is 
a staphylococcal infection of the hair follicle. As the hair 
are confined only to the cartilaginous part of the meatus, 
furuncle is seen only in this part of meatus. Usually single, 
the furuncles may be multiple.

Patient usually presents with severe pain and tenderness 
which	are	out	of	proportion	to	the	size	of	the	furuncle.	Move-
ments of the pinna are painful. Jaw movements, as in chew-
ing, also cause pain in the ear. A furuncle of posterior meatal 
wall causes oedema over the mastoid with obliteration of the 
retroauricular groove. Periauricular lymph nodes (anterior, 
posterior and inferior) may also be enlarged and tender.

Treatment in early cases, without abscess formation, con-
sists of systemic antibiotics, analgesics and local heat. An 
ear pack of 10% ichthammol glycerine provides splintage 
and reduces pain. Hygroscopic action of glycerine reduces 
oedema, while ichthammol is mildly antiseptic. If abscess 
has formed, incision and drainage should be done.

In case of recurrent furunculosis, diabetes should be 
excluded, and attention paid to the patient’s nasal vestibules 
which may harbour staphylococci and the infection trans-
ferred by patient’s fingers. Staphylococcal infections of the 
skin as a possible source should also be excluded and suit-
ably treated.

(b) Diffuse otitis externa. It is diffuse inflammation of 
meatal skin which may spread to involve the pinna and epi-
dermal layer of tympanic membrane.

Aetiology. Disease is commonly seen in hot and humid cli-
mate and in swimmers. Excessive sweating changes the pH 
of meatal skin from that of acid to alkaline which favours 
growth of pathogens. Two factors commonly responsible for 
this condition are:

 (i)  trauma to the meatal skin and
 (ii)  invasion by pathogenic organisms.

Trauma can result from scratching the ear canal with hair 
pins or matchsticks, unskilled instrumentation to remove 
foreign bodies or vigorous cleaning of ear canal after a swim 
when meatal skin is already macerated. Break in continuity 
of meatal lining sets the ground for organisms to invade.

Common organisms responsible for otitis externa are Staphy-
lococcus aureus, Pseudomonas pyocyaneus, Bacillus proteus and 
Escherichia coli but more often the infection is mixed.

Some cases of otitis externa are secondary to infection of 
the middle ear, or allergic sensitization to the topical ear 
drops used for chronic suppurative otitis media.

Clinical features. Diffuse otitis externa may be acute or 
chronic with varying degrees of severity.

Acute phase is characterized by hot burning sensation 
in the ear, followed by pain which is aggravated by move-
ments of jaw. Ear starts oozing thin serous discharge which 
later	 becomes	 thick	 and	 purulent.	 Meatal	 lining	 becomes	
inflamed and swollen. Collection of debris and discharge 
accompanied with meatal swelling gives rise to conductive 
hearing loss. In severe cases, regional lymph nodes become 
enlarged and tender with cellulitis of the surrounding 
tissues.

Chronic phase is characterized by irritation and strong 
desire to itch. This is responsible for acute exacerbations 
and reinfection. Discharge is scanty and may dry up to form 
crusts.	Meatal	skin	which	is	thick	and	swollen	may	also	show	
scaling and fissuring. Rarely, the skin becomes hypertrophic 
leading to meatal stenosis (chronic stenotic otitis externa).

Treatment. Acute phase is treated as follows:

 (i)  Ear toilet. It is the most important single factor in the 
treatment of diffuse otitis externa. All exudate and 
debris should be meticulously and gently removed. Spe-
cial attention should be paid to anteroinferior meatal 
recess, which forms a blind pocket where discharge is 
accumulated. Ear toilet can be done by dry mopping, 
suction clearance or irrigating the canal with warm, 
sterile normal saline.

 (ii)  Medicated wicks. After thorough toilet, a gauze wick 
soaked in antibiotic steroid preparation is inserted in 
the ear canal and patient advised to keep it moist by 
instilling the same drops twice or thrice a day. Wick is 
changed daily for 2–3 days when it can be substituted by 
ear drops. Local steroid drops help to relieve oedema, 
erythema and prevent itching. Aluminium acetate 
(8%) or silver nitrate (3%) are mild astringents and 
can be used in the form of a wick to form a protective 
coagulum to dry-up an oozing meatus.

 (iii)  Antibiotics. Broad-spectrum systemic antibiotics are used 
when there is cellulitis and acute tender lymphadenitis.

 (iv)  Analgesics. For relief of pain.

Chronic phase. Treatment aims at (i) reduction of meatal 
swelling so that ear toilet can be effectively done and  
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(ii) alleviation of itching so that scratching is stopped and 
further recurrences controlled.

A gauze wick soaked in 10% ichthammol glycerine and 
inserted into the canal helps to reduce swelling. This is fol-
lowed by ear toilet with particular attention to anteroin-
ferior meatal recess. Itching can be controlled by topical 
application of antibiotic steroid cream.

When the meatal skin is thickened to the point of obstruc-
tion and resists all forms of medical treatment, i.e. chronic 
stenotic otitis externa, it is surgically excised, bony meatus is 
widened with a drill and lined by split-skin graft.

(c) Otomycosis. Otomycosis is a fungal infection of the ear 
canal that often occurs due to Aspergillus niger, A. fumigatus 
or Candida albicans. It is seen in hot and humid climate of 
tropical and subtropical countries. Secondary fungal growth 
is also seen in patients using topical antibiotics for treatment 
of otitis externa or middle ear suppuration.

The clinical features of otomycosis include intense itching, 
discomfort or pain in the ear, watery discharge with a musty 
odour and ear blockage. The fungal mass may appear white, 
brown or black and has been likened to a wet piece of filter 
paper.

Examined with an otoscope, A. niger appears as black-
headed filamentous growth, A. fumigatus as pale blue or 
green	and	Candida	as	white	or	creamy	deposit.	Meatal	skin	
appears sodden, red and oedematous.

Treatment consists of thorough ear toilet to remove all 
discharge and epithelial debris which are conducive to the 
growth of fungus. It can be done by syringing, suction or 
mopping. Specific antifungal agents can be applied. Nystatin 
(100,000 units/mL of propylene glycol) is effective against 
Candida. Other broad-spectrum antifungal agents include 
clotrimazole and povidone iodine. Two per cent salicylic 
acid in alcohol is also effective. It is a keratolytic agent which 
removes superficial layers of epidermis, and along with that, 
the fungal mycelia growing into them. Antifungal treatment 
should be continued for a week even after apparent cure to 
avoid recurrences. Ear must be kept dry. Bacterial infections 
are often associated with otomycosis and treatment with an 
antibiotic/steroid preparation helps to reduce inflamma-
tion and oedema and thus permitting better penetration of 
antifungal agents.

(d) Otitis externa haemorrhagica. It is characterized by for-
mation of haemorrhagic bullae on the tympanic membrane 
and deep meatus. It is probably viral in origin and may be 
seen in influenza epidemics. The condition causes severe 
pain in the ear and blood-stained discharge when the bullae 
rupture. Treatment with analgesics is directed to give relief 
from pain. Antibiotics are given for secondary infection of 
the ear canal, or middle ear if the bulla has ruptured into 
the middle ear.

(e) Herpes zoster oticus. It is characterized by formation 
of vesicles on the tympanic membrane, meatal skin, con-
cha and postauricular groove. The VIIth and VIIIth cranial 
nerves may be involved.

(f) Malignant (necrotizing) otitis externa. It is an inflam-
matory condition caused by pseudomonas infection usually 
in the elderly diabetics, or in those on immunosuppres-
sive drugs. Its early manifestations resemble diffuse otitis 
externa but there is excruciating pain and appearance of 

granulations in the ear canal. Facial paralysis is common. 
Infection may spread to the skull base and jugular foramen 
causing multiple cranial nerve palsies. Anteriorly, infection 
spreads to temporomandibular fossa, posteriorly to the mas-
toid and medially into the middle ear and petrous bone.

Diagnosis. Severe otalgia in an elderly diabetic patient with 
granulation tissue in the external ear canal at its cartilagi-
nous–bony junction should alert the physician of necrotiz-
ing otitis externa. CT scan may show bony destruction but 
is often not helpful. Gallium-67 is more useful in diagnosis 
and follow-up of the patient. It is taken up by monocytes 
and reticuloendothelial cells, and is indicative of soft tissue 
infection. It can be repeated every 3 weeks to monitor the 
disease and response to treatment. Technetium 99 bone 
scan reveals bone infection but test remains positive for a 
year or so and cannot be used to monitor the disease.

Treatment. It consists of:

 (i)  Control of diabetes.
 (ii)  Toilet of ear canal. Remove discharge, debris and gran-

ulations or any dead tissue or bone.
 (iii)  Antibiotic treatment against causative organism, which 

in most ears is P. aeruginosa, but sometimes other 
organisms which can be found by culture and sensi-
tivity. Antibiotic treatment is continued for 6–8 weeks, 
sometimes more. Antibiotics found effective are:

	 •	 	Gentamicin combined with ticarcillin. They are 
given intravenously. Gentamicin is both ototoxic 
and nephrotoxic, and ticarcillin may produce pen-
icillin-like reactions.

	 •	 	Third-generation cephalosporins, e.g. ceftriaxone 
1–2 g/day i.v. or ceftazidime 1–2 g/day i.v. are usu-
ally combined with an aminoglycoside.

	 •	 	Quinolones (ciprofloxacin, ofloxacin and levofloxa-
cin) are also effective and can be given orally. They 
can be combined with rifampin. Ciprofloxacin 750 mg 
OD orally can be used. Oral therapy with quinolones 
obviates the need for admission for i.v. injections.

If patient is not responsive, culture and sensitivity of ear dis-
charge should guide the surgeon.

Prolonged antibiotic treatment has replaced radical sur-
gery and resections done earlier for this condition.

(g) Eczematous otitis externa. It is the result of hypersen-
sitivity to infective organisms or topical ear drops such as 
chloromycetin or neomycin, etc. It is marked by intense irri-
tation, vesicle formation, oozing and crusting in the canal. 
Treatment is withdrawal of topical antibiotic causing sensi-
tivity and application of steroid cream.

(h) Seborrhoeic otitis externa. It is associated with sebor-
rhoeic dermatitis of the scalp. Itching is the main complaint. 
Greasy yellow scales are seen in the external canal, over the 
lobule and postauricular sulcus. Treatment consists of ear 
toilet, application of a cream containing salicylic acid and 
sulfur, and attention to the scalp for seborrhoea.

(i) Neurodermatitis. It is caused by compulsive scratching 
due to psychological factors. Patient’s main complaint is 
intense itching. Otitis externa of bacterial type may follow 
infection of raw area left by scratching. Treatment is sym-
pathetic psychotherapy and that meant for any secondary 
infection. Ear pack and bandage to the ear are helpful to 
prevent compulsive scratching.
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(j) Primary cholesteatoma of external auditory canal. In 
contrast to middle ear cholesteatoma, squamous epithelium 
of the external canal invades its bone. Usually there is some 
abnormality of bone of external canal which is conducive 
for epithelium to invade it. It may be post-traumatic or 
postsurgical. Clinical features include purulent otorrhoea 
and pain; tympanic membrane being normal. Granulations 
associated with sequestrated bone need histological exami-
nation to differentiate it from carcinoma, necrotizing otitis 
externa and a benign sequestrum.

Treatment consists of removal of necrotic bone and cho-
lesteatoma, and lining the defect with fascia.

D. TUMOURS

See p. 107.

E. MISCELLANEOUS CONDITIONS

1. Impacted wax or cerumen. Wax is composed of secretion 
of sebaceous glands, ceruminous glands, hair, desquamated 
epithelial debris, keratin and dirt.

Sebaceous and ceruminous (modified sweat glands) 
glands open into the space of the hair follicle (Figure 8.9). 
Sebaceous glands provide fluid rich in fatty acids while 
secretion of ceruminous gland is rich in lipids and pigment 
granules. Secretion of both these glands mixes with the des-
quamated epithelial cells and keratin shed from the tym-
panic membrane and deep bony meatus to form wax.

Wax has a protective function as it lubricates the ear canal 
and entraps any foreign material that happens to enter the 
canal. It has acidic pH and is bacteriostatic and fungistatic.

Normally, only a small amount of wax is secreted, which 
dries up and is later expelled from the meatus by movements 
of the jaw. As some people sweat more than others, the activ-
ity of ceruminous glands also varies; excessive wax may be 
secreted and deposited as a plug in the meatus. Certain other 
factors like narrow and tortuous ear canal, stiff hair or obstruc-
tive lesion of the canal, e.g. exostosis, may favour retention of 
wax. It may dry up and form a hard impacted mass.

Patient usually presents with impairment of hearing or 
sense of blocked ear. Tinnitus and giddiness may result from 
impaction of wax against the tympanic membrane. Reflex 
cough due to stimulation of auricular branch of vagus may 

sometimes occur. The onset of these symptoms may be sud-
den when water enters the ear canal during bathing or swim-
ming and the wax swells up. Long standing impacted wax 
may ulcerate the meatal skin and result in granuloma forma-
tion (wax granuloma).

Treatment of wax consists in its removal by syringing or 
instrumental manipulation. Hard impacted mass may some-
times require prior softening with wax solvents.

Technique of syringing the ear. Patient is seated with ear to 
be syringed towards the examiner. A towel is placed round 
his neck. A kidney tray is placed over the shoulder and held 
snugly by the patient. Patient’s head is slightly tilted over the 
tray to collect the return fluid.

Pinna is pulled upwards and backwards and a stream of 
water from the ear syringe is directed along the posterosu-
perior wall of the meatus. Pressure of water, built up deeper 
to the wax, expels the wax out (Figure 8.10). If wax is tightly 
impacted, it is necessary to create a space between it and the 
meatal wall for the jet of water to pass, otherwise syringing 
will be ineffective or may even push the wax deeper. Ear canal 
should be inspected from time to time to see if all wax has 
been removed. Unnecessary syringing should be avoided.

At the end of the procedure, ear canal and tympanic mem-
brane must be inspected and dried with a pledget of cotton. 
Any ulceration seen in meatal wall as a result of impacted wax 
is protected by application of suitable antibiotic ointment. 
Normally, boiled tap water cooled to body temperature is 
used. If it is too cold or too hot it would stimulate the laby-
rinth, as in caloric testing, and cause vertigo. Too much force 
used in syringing may rupture the tympanic membrane espe-
cially when it has already been weakened by previous disease. 
Patient complains of intense pain and may become giddy and 
even faint. It is necessary before syringing to ask the patient 
for any past history of ear discharge or an existing perfora-
tion. A quiescent otitis media may be reactivated by syringing.

Instrumental manipulation. It should always be done by skilled 
hands and under direct vision. Cerumen hook, scoop or Jobson-
Horne probe are often used. First, a space is created between 
the wax and meatal wall, the instrument is passed beyond the 
wax, and whole plug then dragged out in a single piece. If it 
breaks, syringing may be used to remove the fragments.

Occasionally, if the wax is too hard and impacted, to be 
removed by syringing or instruments, it should be softened 
by drops of 5% sodium bicarbonate in equal parts of glyc-
erine and water instilled two or three times a day for a few 

Apo-pilosebaceous unit:

Hair

Sebaceous gland

Sweat gland
(Apocrine gland)

Cartilage

Epidermis

Rete peg

Figure 8.9 Structure of skin of cartilaginous meatus.
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days. Hydrogen peroxide, liquid paraffin or olive oil may 
also achieve the same result. Commercial drops containing 
ceruminolytic agents like paradichlorobenzene 2% can also 
be used and above methods tried again.

2. Foreign bodies of ear. (a) Nonliving. Children may insert a 
variety of foreign bodies in the ear; the common ones often 
seen are: a piece of paper or sponge, grain seeds (rice, wheat, 
maize), slate pencil, piece of chalk or metallic ball bearings. 
An adult may present with a broken end of matchstick used 
for scratching the ear or an overlooked cotton swab. Vegeta-
ble foreign bodies tend to swell up with time and get tightly 
impacted in the ear canal or may even suppurate.

Methods	of	removing	a	foreign	body	include:

 (i)  Forceps removal
 (ii)  Syringing
 (iii)  Suction
	(iv)	 	Microscopic	removal	with	special	instruments
 (v)  Postaural approach

Soft and irregular foreign bodies like a piece of paper, swab 
or a piece of sponge can be removed with fine crocodile 
forceps.

Most	 of	 the	 seed	 grains	 and	 smooth	 objects	 can	 be	
removed with syringing. Smooth and hard objects like steel 
ball bearing should not be grasped with forceps as they tend 
to move inwards and may injure the tympanic membrane. 
In all impacted foreign bodies or in those where earlier attempts at 
extraction have been made, it is preferable to use general anaesthetic 
and an operating microscope. Occasionally, postaural approach 
is used to remove foreign bodies impacted in deep meatus, 
medial to the isthmus or those which have been pushed into 
the middle ear.

Unskilled attempts at removal of foreign bodies may lac-
erate the meatal lining, damage the tympanic membrane or 
the ear ossicles.

(b) Living. Flying or crawling insects like mosquitoes, bee-
tles, cockroach or an ant may enter the ear canal and cause 
intense irritation and pain. No attempt should be made to 
catch them alive. First, the insect should be killed by instill-
ing oil (a household remedy), spirit or chloroform water. 
Once killed, the insect can be removed by any of the meth-
ods described above.

Maggots in the ear. Flies may be attracted to the foul-smelling 
ear discharge and lay eggs which hatch out into larvae called 
maggots. They are commonly seen in the month of August, 
September and October. There is severe pain with swelling 
round	the	ear	and	blood-stained	watery	discharge.	Maggots	
may be seen filling the ear canal.

Treatment consists of instilling chloroform water to 
kill the maggots, which can later be removed by forceps. 
Usually, such patients have discharging ears with perfora-
tion of the tympanic membrane and syringing may not be 
advisable.

3. Keratosis obturans. Collection of a pearly white mass of 
desquamated epithelial cells in the deep meatus is called 
keratosis obturans. This, by its pressure effect, causes absorp-
tion of bone leading to widening of the meatus so much so 
that facial nerve may be exposed and paralyzed.

(a) Aetiology. It is commonly seen between 5 and 20 years 
and may affect one or both ears. It may sometimes be asso-
ciated with bronchiectasis and chronic sinusitis. Normally, 
epithelium from surface of tympanic membrane migrates 
onto the posterior meatal wall. Failure of this migration or 
obstruction to migration caused by wax may lead to accumu-
lation of the epithelial plug in the deep meatus.

(b) Clinical features. Presenting symptoms may be pain 
in the ear, hearing loss, tinnitus and sometimes ear 
discharge.

On examination, ear canal may be full of pearly white 
mass of keratin material disposed in several layers. Removal 
of this mass may show widening of bony meatus with ulcer-
ation and even granuloma formation.

(c) Treatment. Keratotic mass is removed either by syring-
ing or instrumentation, similar to the techniques employed 
for impacted wax. Secondary otitis externa may be pres-
ent and should be treated. Patient should be periodically 
checked and any reaccumulations removed. Recurrence 
can be checked to some extent by the use of keratolytic 
agent such as 2% salicylic acid in alcohol.

4. Acquired atresia and stenosis of meatus. It can result 
from:

 (a)  Infections, e.g. chronic otitis externa—an important 
cause (Figure 8.11).

A

B

Figure 8.10 (A) Syringing of ear. (B) Illustration to show how jet of water expels the wax or a foreign body.
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 (b)  Trauma, e.g. lacerations, fracture of tympanic plate, 
surgery on ear canal or mastoid.

 (c)  Burns—thermal or chemical.

Treatment is meatoplasty. Using a postaural incision, scar 
tissue and thickened meatal skin are excised, bony meatus is 
enlarged and the raw meatal bone is covered with pedicled 
flaps from meatus or split-skin grafts.

III. DISEASES OF TYMPANIC MEMBRANE

Diseases of tympanic membrane may be primary or second-
ary to conditions affecting external ear, middle ear or eusta-
chian tube.

Normal tympanic membrane. It is shiny and pearly grey in 
colour with a concavity on its lateral surface, more marked 
at the tip of malleus, the umbo. A bright cone of light can be 
seen in the anteroinferior quadrant (Figure 8.12). Attic area 
lies above the lateral process of malleus and is slightly pink-
ish. Transparency varies. Some middle ear structures can be 
seen through a transparent membrane. A normal tympanic 
membrane is mobile when tested with pneumatic otoscope 
or Siegle’s speculum.

1. Retracted tympanic membrane. It appears dull and lus-
treless. Cone of light is absent or interrupted. Handle of 
malleus appears foreshortened. Lateral process of malleus 
becomes more prominent. Anterior and posterior malleal 
folds become sickle shaped (Figure 8.13). A retracted tym-
panic membrane is the result of negative intratympanic 
pressure when the eustachian tube is blocked.

2. Myringitis bullosa. It is a painful condition characterized 
by formation of haemorrhagic blebs on the tympanic mem-
brane and deep meatus. It is probably caused by a virus or 
Mycoplasma pneumoniae.

3. Herpes zoster oticus. It is a viral infection involving genic-
ulate ganglion of facial nerve. It is characterized by appear-
ance of vesicles on the tympanic membrane, deep meatus, 
concha and retroauricular sulcus. It may involve VIIth (more 
often) and the VIIIth cranial nerves.

4. Myringitis granulosa. Nonspecific granulations form on 
the outer surface of tympanic membrane. It may be asso-
ciated with impacted wax, long-standing foreign body or 
external ear infection.

5. Traumatic rupture. Tympanic membrane may be rup-
tured by:

 (a)  Trauma due to a hair pin, matchstick or unskilled 
attempts to remove a foreign body.

 (b)  Sudden change in air pressure, e.g. a slap or a kiss on 
the ear or a sudden blast. Forceful Valsalva may rupture 
a thin atrophic membrane.

 (c)  Pressure by a fluid column, e.g. diving, water sports or 
forceful syringing.

 (d)  Fracture of temporal bone.

Treatment. In a majority of cases, edges of perforation 
get inverted towards the middle ear. In such cases, the ear 
should be examined under operating microscope and the 
edges of perforation repositioned and splinted (see p. 407).

Injuries of tympanic membrane may be associated with 
facial paralysis or subluxation of stapes (vertigo and nystag-
mus) and sensorineural hearing loss. In such cases, urgent 
exploration may be required.

6. Atrophic tympanic membrane. A normal tympanic mem-
brane consists of outer epithelial, middle fibrous and inner 
mucosal layer. In serous otitis media, the middle fibrous 

Figure 8.11 Meatal stenosis following chronic otitis externa.

Figure 8.12 Normal tympanic membrane of the right side. Note a 
bright cone of light at 5’o clock.

Foreshortened
handle of malleus

Figure 8.13 Retracted tympanic membrane.
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layer gets absorbed leaving a thin drumhead which easily 
gets collapsed with eustachian tube insufficiency. A perfora-
tion of tympanic membrane also heals only by epithelial and 
mucosal layers without the intervening fibrous layer.

7. Retraction pockets and atelectasis. When the tympanic 
membrane is thin and atrophic, a segment of it or the entire 
membrane may collapse inwards due to eustachian tube 
insufficiency. It may form a retraction pocket or get plas-
tered onto promontory and also wrap round the ossicles. A 
deep retraction pocket may accumulate keratin debris and 
form a cholesteatoma.

8. Tympanosclerosis. It is hyalinization and later calcifica-
tion in the fibrous layer of tympanic membrane. It appears 
as	 chalky	 white	 plaque.	 Mostly,	 it	 remains	 asymptomatic.	
It is frequently seen in cases of serous otitis media as a 
complication of ventilation tube. Tympanosclerosis mostly 
affects tympanic membrane but may be seen involving liga-
ments, joints of ossicles, muscle tendons and submucosal 
layer of middle ear cleft, and interferes in the conduction 
of sound.

9. Perforations. They may be central, attic or marginal and 
are associated with chronic otitis media (see p. 80).
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ANATOMY

Eustachian tube, also called auditory or pharyngotympanic tube, 
connects nasopharynx with the tympanic cavity. In an adult, 
it is about 36 mm long and runs downwards, forwards and 
medially from its tympanic end, forming an angle of 45° with 
the horizontal. It is divided into two parts: bony, which is pos-
terolateral, forms one-third (12 mm) of the total length and 
fibrocartilaginous, which is anteromedial, forms two-thirds  
(24 mm). The two parts meet at isthmus which is the narrow-
est part of the tube (Figure 9.1). The fibrocartilaginous part 
of the tube is made of a single piece of cartilage folded upon 
itself in such a way that it forms the whole of medial lamina, 
roof and a part of the lateral lamina; the rest of its lateral 
lamina is made of fibrous membrane.

The tympanic end of the tube is bony, measures 5 × 2 mm 
and is situated in the anterior wall of middle ear, a little 
above the level of floor. The pharyngeal end of the tube is 
slit-like, vertically. The cartilage at this end raises an eleva-
tion called torus tubarius, which is situated in the lateral wall 
of the nasopharynx, 1–1.25 cm behind the posterior end of 
inferior turbinate.

STRUCTURE

MUSCLES RELATED TO EUSTACHIAN TUBE  
(FIGURE 9.2)

Three muscles are related to the tube: tensor veli palatini, 
levator veli palatini and salpingopharyngeus. The medial 
fibres of the tensor veli palatini are attached to the lateral 
lamina of the tube and when they contract help to open the 
tubal lumen. These fibres have also been called dilator tubae 
muscle. The exact role of the levator veli palatini and the 
salpingopharyngeus muscles to open the tube is uncertain. 
It is believed that the levator veli palatini muscle, which runs 
inferior and parallel to the cartilaginous part of the tube 
forms a bulk under the medial lamina and during contrac-
tion pushes it upward and medially thus assisting in opening 
the tube.

The elastin hinge. The cartilage, at the junction of 
medial, and lateral lamina at the roof, is rich in elastin 
fibres which form a hinge. By its recoil it helps to keep the 
tube closed when no longer acted upon by dilator tubae 
muscle.

Ostmann’s pad of fat. It is a mass of fatty tissues related later-
ally to the membranous part of the cartilaginous tube. It also 

helps to keep the tube closed and thus protect it from the 
reflux of nasopharyngeal secretions.

LINING OF THE EUSTACHIAN TUBE

Histologically, the mucosa shows pseudostratified ciliated 
columnar epithelium interspersed with mucous secret-
ing goblet cells. Submucosa, particularly in the cartilagi-
nous part of the tube, is rich in seromucinous glands. The 
cilia beat in the direction of nasopharynx and thus help 
to drain secretions and fluid from the middle ear into the 
nasopharynx.

NERVE SUPPLY

Tympanic branch of cranial nerve (CN) IX supplies sen-
sory as well as parasympathetic secretomotor fibres to the 
tubal mucosa. Tensor veli palatini muscle is supplied by 
mandibular branch of trigeminal (V3) nerve. Levator veli 
palatini and salpingopharyngeus muscles receive motor 
nerve supply through pharyngeal plexus (cranial part of 
CN XI through vagus).

DIFFERENCES BETWEEN THE INFANT AND ADULT 
EUSTACHIAN TUBE

The eustachian tube of infants is wider, shorter and more 
horizontal; thus infections from the nasopharynx can easily 
reach the middle ear. Even the milk may regurgitate into 
the middle ear if the infants are not fed in head-up position 
(see Table 9.1).

FUNCTIONS

Physiologically, eustachian tube performs three main 
functions:

 1.  Ventilation and thus regulation of middle ear pressure.
 2.  Protection against (i) nasopharyngeal sound pressure 

and (ii) reflux of nasopharyngeal secretions.
 3.  Clearance of middle ear secretions.

1. Ventilation and regulation of middle ear pressure. For 
normal hearing, it is essential that pressure on two sides 
of the tympanic membrane should be equal. Negative or 
positive pressure in the middle ear affects hearing. Thus, 
eustachian tube should open periodically to equilibrate the 
air pressure in the middle ear with the ambient pressure. 
Normally, the eustachian tube remains closed and opens 

9Eustachian Tube and  
Its Disorders
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intermittently during swallowing, yawning and sneezing. 
Posture also affects the function; tubal opening is less 
efficient in recumbent position and during sleep due to 
venous engorgement. Tubal function is also poor in infants 
and young children and thus responsible for more ear 
problems in that age group. It usually normalizes by the 
age of 7–10 years.

2. Protective functions. Abnormally, high sound pressures 
from the nasopharynx can be transmitted to the middle ear 
if the tube is open thus interfering with normal hearing. 
Normally, the eustachian tube remains closed and protects 
the middle ear against these sounds.

A normal eustachian tube also protects the middle ear 
from reflux of nasopharyngeal secretions into the middle 
ear. This reflux occurs more readily if the tube is wide in 
diameter (patulous tube), short in length (as in babies) or 
the tympanic membrane is perforated (cause for persis-
tence of middle ear infections in cases of tympanic mem-
brane perforations).

High pressures in the nasopharynx can also force naso-
pharyngeal secretions into the middle ear, e.g. forceful 
nose blowing, closed-nose swallowing as in the presence of 
adenoids or bilateral nasal obstruction.

A B

Levator veli palatini
Ostmann’s pad of fat

ElastinTensor veli palatini
(dilator tubae muscle)

Figure 9.2 Vertical section through eustachian tube. Note: Cartilage of the tube forms medial wall, roof and part of lateral wall. Elastin is situated 
in the roof at the junction of medial and lateral laminae and helps the medial laminae to regain its original position of closure. (A) Eustachian tube 
is closed in resting position. (B) Tube is open when tensor veli palatini (dilator tubae) muscle contracts.

Table 9.1 Differences between infant and adult eustachian tube

Infant Adult

Length 13–18 mm at birth (about half as long as in adult) 36 mm (31–38 mm)
Direction More horizontal. At birth, it forms an angle of 10° 

with the horizontal. At age 7 and later it is 45°
Forms an angle of 45° with the horizontal

Angulation at isthmus No angulation Angulation present
Bony versus cartilaginous part Bony part is slightly longer than one-third of the 

total length of the tube and is relatively wider
Bony part one-third; cartilaginous part 

two-thirds
Tubal cartilage Flaccid. Retrograde reflux of nasopharyngeal 

secretions can occur
Comparatively rigid. Remains closed and 

protects the middle ear from the reflux
Density of elastin at the hinge Less dense; tube does not efficiently close by 

recoil
Density of elastin more and helps to keep the 

tube closed by recoil of cartilage
Ostmann’s pad of fat Less in volume Large and helps to keep the tube closed

Tympanic end

Isthmus

Pharyngeal end

Bony part

Cartilaginous part

Figure 9.1 Horizontal section through the eustachian tube showing 
bony and cartilaginous parts, isthmus, tympanic and pharyngeal ends.
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3. Clearance of middle ear secretions. Mucous membrane 
of the eustachian tube and anterior part of the middle ear 
is lined by ciliated columnar cells. The cilia beat in the 
direction of nasopharynx. This helps to clear the secretions 
and debris in the middle ear towards the nasopharynx.  
The clearance function is further augmented by active open-
ing and closing of the tube.

EUSTACHIAN TUBE FUNCTION TESTS

1. Valsalva test. The principle of this test, as also of politzeri-
zation, is to build positive pressure in the nasopharynx so that 
air enters the eustachian tube. To do this test, patient pinches 
his nose between the thumb and index finger, takes a deep 
breath, closes his mouth and tries to blow air into the ears. If air 
enters the middle ear, the tympanic membrane will move out-
wards, which can be verified by otoscope or the microscope. In 
the presence of a tympanic membrane perforation, a hissing 
sound is produced or if discharge is also present in the middle 
ear, cracking sound will be heard. Failure of this test does not 
prove blockage of the tube because only about 65% of persons 
can successfully perform this test. This test should be avoided 
(i) in the presence of atrophic scar of tympanic membrane 
which can rupture and (ii) in the presence of infection of nose 
and nasopharynx where infected secretions are likely to be 
pushed into the middle ear causing otitis media.

2. Politzer test. This test is done in children who are unable 
to perform Valsalva test. In this test, olive-shaped tip of the 
Politzer’s bag is introduced into the patient’s nostril on 
the side of which the tubal function is desired to be tested. 
Other nostril is closed, and the bag compressed while at 
the same time the patient swallows (he can be given sips of 
water) or says “ik, ik, ik.” By means of an auscultation tube, 
connecting the patient’s ear under test to that of the exam-
iner, a hissing sound is heard if tube is patent. Compressed 
air can also be used instead of Politzer’s bag. The test is also 
used therapeutically to ventilate the middle ear.

3. Catheterization. In this test, nose is first anaesthetized by 
topical spray of lignocaine and then a eustachian tube catheter, 

the tip of which is bent, is passed along the floor of nose till it 
reaches the nasopharynx. Here it is rotated 90° medially and 
gradually pulled back till it engages on the posterior border 
of nasal septum (Figure 9.3A). It is then rotated 180° laterally 
so that the tip lies against the tubal opening (Figure 9.3B). A 
Politzer’s bag is now connected to the catheter and air insuf-
flated. Entry of air into the middle ear is verified by an auscul-
tation tube. The procedure of catheterization should be gentle 
as it is known to cause complications such as:

 (a)  Injury to eustachian tube opening which causes scar-
ring later.

 (b)  Bleeding from the nose.
 (c)  Transmission of nasal and nasopharyngeal infection 

into the middle ear causing otitis media.
 (d)  Rupture of atrophic area of tympanic membrane if too 

much pressure is used.

4. Toynbee’s test. While the above three tests use a positive 
pressure, Toynbee’s manoeuvre causes negative pressure. It 
is a more physiological test. It is performed by asking the 
patient to swallow while nose has been pinched. This draws 
air from the middle ear into the nasopharynx and causes 
inward movement of tympanic membrane, which is verified 
by the examiner otoscopically or with a microscope.

5. Tympanometry (also called inflation–deflation test). In 
this test, positive and negative pressures are created in the 
external ear canal and the patient swallows repeatedly. The 
ability of the tube to equilibrate positive and negative pres-
sures to the ambient pressure indicates normal tubal func-
tion. The test can be done both in patients with perforated 
or intact tympanic membranes (see p. 24).

6. Radiological test. A radio-opaque dye, e.g. hypaque or 
lipoidal instilled into the middle ear through a pre-existing 
perforation and X-rays taken should delineate the tube and 
any obstruction. The time taken by the dye to reach the 
nasopharynx also indicates its clearance function. This test 
is no longer popular now.

7. Saccharine or methylene blue test. Saccharine solu-
tion is placed into the middle ear through a pre-existing 

Eustachian
catheter

Nasal septum

Opening of right
eustachian tube

BA

Figure 9.3 Catheterization of eustachian tube (see text).
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perforation. The time taken by it to reach the pharynx and 
impart a sweet taste is also a measure of clearance function.

Similarly, methylene blue dye can be instilled into the 
middle ear and the time taken by it to stain the pharyngeal 
secretions can be noted.

Indirect evidence of drainage/clearance function is estab-
lished when ear drops instilled into the ear with tympanic 
membrane perforation cause bad taste in throat.

8. Sonotubometry. A tone is presented to the nose and its 
recording taken from the external canal. The tone is heard 
louder when the tube is patent (compare patulous eusta-
chian tube). It also tells the duration for which the tube 
remains open. It is a noninvasive technique and provides 
information on active tubal opening. Accessory sounds pro-
duced in the nasopharynx, during swallowing, may interfere 
with the test results. The test is under development.

DISORDERS OF EUSTACHIAN TUBE

1. Tubal blockage. Normally, eustachian tube is closed. It 
opens intermittently during swallowing, yawning and sneez-
ing through the active contraction of tensor veli palatini 
muscle. Air, composed of oxygen, carbon dioxide, nitrogen 
and water vapour, normally fills the middle ear and mas-
toid. When tube is blocked, first oxygen is absorbed, but 
later other gases, CO2 and nitrogen also diffuse out into the 
blood. This results in negative pressure in the middle ear 
and retraction of tympanic membrane. If negative pressure 
is still further increased, it causes “locking” of the tube with 
collection of transudate and later exudate and even haem-
orrhage. Effects of acute and long-term tubal blockage are 
shown in Table 9.2.

Eustachian tube obstruction can be mechanical, functional 
or both. Mechanical obstruction can result from (i) intrinsic 
causes such as inflammation or allergy or (ii) extrinsic causes 
such as tumour in the nasopharynx or adenoids. Functional 
obstruction is caused by collapse of the tube due to increased 
cartilage compliance, which resists opening of the tube or 
failure of active tubal-opening mechanism due to poor func-
tion of tensor veli palatini. The common clinical conditions 
which can cause tubal obstruction are listed in Table 9.3.

Symptoms of tubal occlusion include otalgia, which may 
be mild to severe, hearing loss, popping sensation, tinnitus 
and disturbances of equilibrium or even vertigo.

Signs of tubal occlusion will vary and depend upon 
the acuteness of the condition and severity. They include 
retracted tympanic membrane, congestion along the handle 
of malleus and the pars tensa, transudate behind the tym-
panic membrane, imparting it an amber colour and some-
times a fluid level with conductive hearing loss. In severe 
cases, as in barotrauma, tympanic membrane is markedly 
retracted with haemorrhages in subepithelial layer, haemo-
tympanum or sometimes a perforation.

2. Adenoids and eustachian tube function. Adenoids cause 
tubal dysfunction by:

 (a)  Mechanical obstruction of the tubal opening.
 (b)  Acting as reservoir for pathogenic organisms.
 (c)  In cases of allergy, mast cells of the adenoid tissue release 

inflammatory mediators which cause tubal blockage.

Thus, adenoids can cause otitis media with effusion or 
recurrent acute otitis media. Adenoidectomy can help both 
these conditions.

3. Cleft palate and tubal function. Tubal function is dis-
turbed in cleft palate patients due to:

 (a)  Abnormalities of torus tubarius, which shows high elas-
tin density making tube difficult to open.

 (b)  Tensor veli palatini muscle does not insert into the 
torus tubarius in 40% cases of cleft palate and where it 
does insert, its function is poor.

Otitis media with effusion is common in these patients. 
Even after repair of the cleft palate deformity, many of them 
require insertion of grommets to ventilate the middle ear.

4. Down syndrome and tubal function. Function of eusta-
chian tube is defective possibly due to poor tone of tensor 
veli palatini muscle and abnormal shape of nasopharynx. 
Children with this syndrome are prone to frequent otitis 
media or otitis media with effusion.

5. Barotrauma See p. 66.

Table 9.3 Causes of eustachian tube obstruction

	•	 	Upper respiratory infection (viral or bacterial)
	•	 	Allergy
	•	 	Sinusitis
	•	 	Nasal polyps
	•	 	Deviated nasal septum
	•	 	Hypertrophic adenoids
	•	 	Nasopharyngeal tumour/mass
	•	 	Cleft palate
	•	 	Submucous cleft palate
	•	 	Down syndrome
	•	 	Functional

Table 9.2  Effects of acute and prolonged tubal 
blockage

Acute tubal blockage
↓

Absorption of ME gases
↓

Negative pressure in ME
↓

Retraction of TM
↓

Transudate in ME/haemorrhage (acute OME) 
Prolonged tubal blockage/dysfunction

↓
OME (thin watery or mucoid discharge)

↓
Atelectatic ear/perforation

↓
Retraction pocket/cholesteatoma

↓
Erosion of incudostapedial joint
 

ME, middle ear; TM, tympanic membrane; OME, otitis media with 
effusion.
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RETRACTION POCKETS AND EUSTACHIAN 
TUBE

In ventilation of the middle ear cleft, air passes from eusta-
chian tube to mesotympanum, from there to attic, aditus, 
antrum and mastoid air cell system. Mesotympanum com-
municates with the attic via anterior and posterior isthmi, 
situated in membranous diaphragm between the mesotym-
panum and the attic. Anterior isthmus is situated between 
tendon of tensor tympani and the stapes. Posterior isthmus is 
situated between tendon of stapedius muscle and pyramid, 
and the short process of incus. In some cases, middle ear can 
also communicate directly with the mastoid air cells through 
the retrofacial cells. Any obstruction in the pathways of venti-
lation can cause retraction pockets or atelectasis of tympanic 
membrane, e.g.

 1.  Obstruction of eustachian tube → Total atelectasis of 
tympanic membrane.

 2.  Obstruction in middle ear → Retraction pocket in poste-
rior part of middle ear while anterior part is ventilated.

 3.  Obstruction of isthmi → Attic retraction pocket.
 4.  Obstruction at aditus → Cholesterol granuloma and col-

lection of mucoid discharge in mastoid air cells, while 
middle ear and attic appear normal.

Depending on the location of pathologic process, other 
changes such as thin atrophic tympanic membrane, partial 
or total (due to absorption of middle fibrous layer), cho-
lesteatoma, ossicular necrosis and tympanosclerotic changes 
may also be found.

Principles of management of retraction pockets and atel-
ectasis of middle ear would entail correction/repair of the 
irreversible pathologic processes and establishment of the 
ventilation.

PATULOUS EUSTACHIAN TUBE

In this condition, the eustachian tube is abnormally patent. 
Most of the time it is idiopathic but rapid weight loss, preg-
nancy especially third trimester, or multiple sclerosis can 
also cause it.

Patient’s chief complaints are hearing his own voice 
(autophony), even his own breath sounds, which is very 
disturbing. Due to abnormal potency, pressure changes in 
the nasopharynx are easily transmitted to the middle ear so 
much so that the movements of tympanic can be seen with 
inspiration and expiration; these movements are further 
exaggerated if patient breathes after closing the opposite 
nostril.

Acute condition of patulous tube is self-limiting and does 
not require treatment. In others, weight gain, oral adminis-
tration of potassium iodide is helpful but some long- standing 
cases may require cauterization of the tubes or insertion of 
a grommet.

EXAMINATION OF EUSTACHIAN TUBE

Pharyngeal end of the eustachian tube can be examined by 
posterior rhinoscopy, rigid nasal endoscope or flexible naso-
pharyngoscope. The extrinsic causes which obstruct this 
end can be excluded (Figure 9.4).

Tympanic end of the tube can be examined by microscope 
or endoscope, if there is a pre-existing perforation. Eusta-
chian tube endoscopy or middle ear endoscopy can be done 
with very fine flexible endoscopes. Simple examination 
of tympanic membrane with otoscope or microscope may 
reveal retraction pockets or fluid in the middle ear. Simi-
larly, movements of tympanic membrane with respiration 
point to patulous eustachian tube.

Further assessment of function of the tube can be made 
by Valsalva, politzerization, Toynbee and other tests already 
described.

Aetiologic causes of eustachian tube dysfunction can be 
assessed by thorough nasal examination including endos-
copy, tests of allergy, CT scan of temporal bones and of 
paranasal sinuses. MRI may be required to exclude multiple 
sclerosis in patulous eustachian tube.

Torus
tubarius

Nasal
septum

Fossa of Rosenmüller

Figure 9.4 Endoscopic view of nasopharynx showing torus tubar-
ius in the right lateral wall of nasopharynx. Note also the fossa of 
Rosenmüller which lies behind it. Fossa of Rosenmüller is the com-
monest site for the origin of carcinoma nasopharynx.
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ACUTE SUPPURATIVE OTITIS MEDIA

It is an acute inflammation of middle ear by pyogenic organ-
isms. Here, middle ear implies middle ear cleft, i.e. eustachian 
tube, middle ear, attic, aditus, antrum and mastoid air cells.

AETIOLOGY

It is more common especially in infants and children of 
lower socioeconomic group. Typically, the disease follows 
viral infection of upper respiratory tract but soon the pyo-
genic organisms invade the middle ear.

ROUTES OF INFECTION

1. Via eustachian tube. It is the most common route. Infec-
tion travels via the lumen of the tube or along subepithelial 
peritubal lymphatics. Eustachian tube in infants and young 
children is shorter, wider and more horizontal and thus may 
account for higher incidence of infections in this age group. 
Breast or bottle feeding in a young infant in horizontal posi-
tion may force fluids through the tube into the middle ear 
and hence the need to keep the infant propped up with 
head a little higher. Swimming and diving can also force 
water through the tube into the middle ear.

2. Via external ear. Traumatic perforations of tympanic 
membrane due to any cause open a route to middle ear 
infection.

3. Blood-borne. This is an uncommon route.

PREDISPOSING FACTORS

Anything that interferes with normal functioning of eusta-
chian tube predisposes to middle ear infection. It could be:

 1.  Recurrent attacks of common cold, upper respiratory 
tract infections and exanthematous fevers like measles, 
diphtheria or whooping cough.

 2.  Infections of tonsils and adenoids.
 3.  Chronic rhinitis and sinusitis.
 4.  Nasal allergy.
 5.  Tumours of nasopharynx, packing of nose or nasophar-

ynx for epistaxis.
 6.  Cleft palate.

Bacteriology. Most common organisms in infants and young 
children are Streptococcus pneumoniae (30%), Haemophilus 
influenzae (20%) and Moraxella catarrhalis (12%). Other 

organisms include Streptococcus pyogenes, Staphylococcus aureus 
and sometimes Pseudomonas aeruginosa. In about 18–20%, no 
growth is seen. Many strains of H. influenzae and M. catarrhalis 
are β-lactamase producing.

PATHOLOGY AND CLINICAL FEATURES

The disease runs through the following stages:

1. Stage of tubal occlusion. Oedema and hyperaemia of 
nasopharyngeal end of eustachian tube blocks the tube 
leading to absorption of air and negative intratympanic 
pressure. There is retraction of tympanic membrane with 
some degree of effusion in the middle ear but fluid may not 
be clinically appreciable.

Symptoms. Deafness and earache are the two symptoms but 
they are not marked. There is generally no fever.

Signs. Tympanic membrane is retracted with handle of 
malleus assuming a more horizontal position, prominence 
of lateral process of malleus and loss of light reflex. Tuning 
fork tests show conductive deafness.

2. Stage of presuppuration. If tubal occlusion is prolonged, 
pyogenic organisms invade tympanic cavity causing hyper-
aemia of its lining. Inflammatory exudate appears in the 
middle ear. Tympanic membrane becomes congested.

Symptoms. There is marked earache which may disturb 
sleep and is of throbbing nature. Deafness and tinnitus are 
also present, but complained only by adults. Usually, child 
runs high degree of fever and is restless.

Signs. To begin with, there is congestion of pars tensa. 
Leash of blood vessels appear along the handle of malleus 
and at the periphery of tympanic membrane imparting it a 
cart-wheel appearance. Later, whole of tympanic membrane 
including pars flaccida becomes uniformly red.

Tuning fork tests will again show conductive type of hear-
ing loss.

3. Stage of suppuration. This is marked by formation of 
pus in the middle ear and to some extent in mastoid air 
cells. Tympanic membrane starts bulging to the point of 
rupture.

Symptoms. Earache becomes excruciating. Deafness 
increases, child may run fever of 102–103°F. This may be 
accompanied by vomiting and even convulsions.

Signs. Tympanic membrane appears red and bulging with 
loss of landmarks. Handle of malleus may be engulfed by 
the swollen and protruding tympanic membrane and may 
not be discernible. A yellow spot may be seen on the tym-
panic membrane where rupture is imminent. In preantibi-
otic era, one could see a nipple-like protrusion of tympanic 
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membrane with a yellow spot on its summit. Tenderness may 
be elicited over the mastoid antrum.

X-rays of mastoid will show clouding of air cells because 
of exudate.

4. Stage of resolution. The tympanic membrane ruptures 
with release of pus and subsidence of symptoms. Inflamma-
tory process begins to resolve. If proper treatment is started 
early or if the infection was mild, resolution may start even 
without rupture of tympanic membrane.

Symptoms. With evacuation of pus, earache is relieved, 
fever comes down and child feels better.

Signs. External auditory canal may contain blood-tinged 
discharge which later becomes mucopurulent. Usually, a 
small perforation is seen in anteroinferior quadrant of pars 
tensa. Hyperaemia of tympanic membrane begins to subside 
with return to normal colour and landmarks.

5. Stage of complication. If virulence of organism is 
high or resistance of patient poor, resolution may not 
take place and disease spreads beyond the confines of 
middle ear. It may lead to acute mastoiditis, subperiosteal 
abscess, facial paralysis, labyrinthitis, petrositis, extra-
dural abscess, meningitis, brain abscess or lateral sinus 
thrombophlebitis.

TREATMENT

1. Antibacterial therapy (Table 10.1). It is indicated in all 
cases with fever and severe earache. As the most common 
organisms are S. pneumoniae and H. influenzae, the drugs 
which are effective in acute otitis media are ampicillin (50 
mg/kg/day in four divided doses) and amoxicillin (40 mg/
kg/day in three divided doses). Those allergic to these peni-
cillins can be given cefaclor, co-trimoxazole or erythromy-
cin. In cases where β-lactamase-producing H. influenzae 
or M. catarrhalis are isolated, antibiotics like amoxicillin  
clavulanate, augmentin, cefuroxime axetil or cefixime may 
be used. Antibacterial therapy must be continued for a mini-
mum of 10 days, till tympanic membrane regains normal 
appearance and hearing returns to normal. Early discontin-
uance of therapy with relief of earache and fever, or therapy 
given in inadequate doses may lead to secretory otitis media 
and residual hearing loss.

2. Decongestant nasal drops. Ephedrine nose drops 
(1% in adults and 0.5% in children) or oxymetazoline 
(Nasivion) or xylometazoline (Otrivin) should be used to 
relieve eustachian tube oedema and promote ventilation 
of middle ear.

3. Oral nasal decongestants. Pseudoephedrine (Sudafed)  
30 mg twice daily or a combination of decongestant and anti-
histaminic (Triominic) may achieve the same result without 
resort to nasal drops which are difficult to administer in 
children.

4. Analgesics and antipyretics. Paracetamol helps to relieve 
pain and bring down temperature.

5. Ear toilet. If there is discharge in the ear, it is dry-mopped 
with sterile cotton buds and a wick moistened with antibiotic 
may be inserted.

6. Dry local heat helps to relieve pain.

7. Myringotomy. It is incising the drum to evacuate pus and 
is indicated when (i) drum is bulging and there is acute 
pain, (ii) there is an incomplete resolution despite antibiot-
ics when drum remains full with persistent conductive deaf-
ness and (iii) there is persistent effusion beyond 12 weeks.

All cases of acute suppurative otitis media should be care-
fully followed till drum membrane returns to its normal 
appearance and conductive deafness disappears (Figure 10.1).

ACUTE NECROTIZING OTITIS MEDIA

It is a variety of acute suppurative otitis media, often seen in 
children suffering from measles, scarlet fever or influenza. 
Causative organism is β-haemolytic streptococcus. There is 
rapid destruction of whole of tympanic membrane with its 
annulus, mucosa of promontory, ossicular chain and even 
mastoid air cells. There is profuse otorrhoea. In these cases, 
healing is followed by fibrosis or ingrowth of squamous epi-
thelium from the meatus (secondary acquired cholesteatoma).

Treatment is early institution of antibacterial therapy. It 
is continued for at least 7–10 days, even if response is seen 
early. Cortical mastoidectomy may be indicated if medical 
treatment fails to control or the condition gets complicated 
by acute mastoiditis.

Table 10.1 Antibacterial agents and their dosage in acute otitis media

Drug Trade names Total daily dose Divided dose

Amoxicillin Novamox, Biomox 40 mg/kg 3
Ampicillin Biocillin 50–100 mg/kg 4
Co-amoxiclav Augmentin, Enhancin 40 mg/kg 2–3
Erythromycin Emycin, Althrocin 30–50 mg/kg 4
Cefaclor (II generation) Keflor, Distaclor 20 mg/kg 2–3
Cefixime (III generation) Taxim-0, Biotax-0 8 mg/kg 1 or 2
Cefpodoxime proxetil Cepodem, Cefoprox 10 mg/kg (max. 400 mg/day) 2
Ceftibuten (III generation) Procadax 9 mg/kg 1
Co-trimoxazole (Trimethoprim + 

Sulfamethoxazole)
Ciplin, Septran 8 mg (TMP) + 40 mg (SMZ)/kg 2

 

*Follow the dosage and instructions of the manufacturer.
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OTITIS MEDIA WITH EFFUSION

SYN. SEROUS OTITIS MEDIA, SECRETORY OTITIS 
MEDIA, MUCOID OTITIS MEDIA, “GLUE EAR”

This is an insidious condition characterized by accumula-
tion of nonpurulent effusion in the middle ear cleft. Often 
the effusion is thick and viscid but sometimes it may be thin 
and serous. The fluid is nearly sterile. The condition is com-
monly seen in school-going children.

PATHOGENESIS

Two main mechanisms are thought to be responsible.

1. Malfunctioning of eustachian tube. Eustachian tube fails 
to aerate the middle ear and is also unable to drain the fluid.

2. Increased secretory activity of middle ear mucosa. Biop-
sies of middle ear mucosa in these cases have confirmed 
increase in number of mucus or serous-secreting cells.

AETIOLOGY

1. Malfunctioning of eustachian tube. The causes are:

 (a)  Adenoid hyperplasia.
 (b)  Chronic rhinitis and sinusitis.

 (c)  Chronic tonsillitis. Enlarged tonsils mechanically 
obstruct the movements of soft palate and interfere 
with the physiological opening of eustachian tube.

 (d)  Benign and malignant tumours of nasopharynx. This 
cause should always be excluded in unilateral serous 
otitis media in an adult.

 (e)  Palatal defects, e.g. cleft palate, palatal paralysis.

2. Allergy. Seasonal or perennial allergy to inhalants or 
foodstuff is common in children. This not only obstructs 
eustachian tube by oedema but may also lead to increased 
secretory activity as middle ear mucosa acts as a shock organ 
in such cases.

3. Unresolved otitis media. Inadequate antibiotic therapy in 
acute suppurative otitis media may inactivate infection but 
fail to resolve it completely. Low-grade infection lingers on. 
This acts as stimulus for mucosa to secrete more fluid. The 
number of goblet cells and mucous glands also increase. 
Recent increase in the incidence of this disease seems to be 
due to this factor.

4. Viral infections. Various adeno- and rhinoviruses of upper 
respiratory tract may invade middle ear mucosa and stimu-
late it to increased secretory activity.

CLINICAL FEATURES

1. Symptoms. The disease affects children of 5–8 years of 
age. The symptoms include:

 (a)  Hearing loss. This is the presenting and sometimes 
the only symptom. It is insidious in onset and rarely 
exceeds 40 dB. Deafness may pass unnoticed by the par-
ents and may be accidentally discovered during audio-
metric screening tests.

 (b)  Delayed and defective speech. Because of hearing loss, 
development of speech is delayed or defective.

 (c)  Mild earaches. There may be history of upper respira-
tory tract infections with mild earaches.

2. Otoscopic findings. Tympanic membrane is often dull 
and opaque with loss of light reflex. It may appear yellow, 
grey or bluish in colour.

Thin leash of blood vessels may be seen along the handle 
of malleus or at the periphery of tympanic membrane and 
differs from marked congestion of acute suppurative otitis 
media.

Tympanic membrane may show varying degree of retrac-
tion. Sometimes, it may appear full or slightly bulging in its 
posterior part due to effusion.

Fluid level and air bubbles may be seen when fluid is thin 
and tympanic membrane transparent (Figure 10.2).

Mobility of the tympanic membrane is restricted.

HEARING TESTS

 1.  Tuning fork tests show conductive hearing loss.
 2.  Audiometry. There is conductive hearing loss of 20–40 

dB. Sometimes, there is associated sensorineural hearing 
loss due to fluid pressing on the round window mem-
brane. This disappears with evacuation of fluid.

Acute otitis media

Antibacterial therapy

Review after 48–72 h

Earache and fever
persist or increase

Good response

Continue same
for 10 days

Another antibacterial
therapy for 10 days or
myringotomy and
culture and specific
antimicrobial for
10  days

Complete resolution Persistent fluid but
earache and fever abate

Complete
resolution

Periodic checks
for 12 weeks

Complete resolution
(no effusion)

Persistent
effusion

Treat as otitis media
with effusion

Figure 10.1 Treatment of acute otitis media.
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 3.  Impedance audiometry. It is an objective test useful in 
infants and children. Presence of fluid is indicated by 
reduced compliance and flat curve with a shift to nega-
tive side.

 4.  X-ray mastoids. There is clouding of air cells due to fluid.

TREATMENT

The aim of treatment is removal of fluid and prevention of 
its recurrence.

1. MEDICAL
(a) Decongestants. Topical decongestants in the form of 
nasal drops, sprays or systemic decongestants help to relieve 
oedema of eustachian tube.

(b) Antiallergic measures. Antihistaminics or sometimes ste-
roids may be used in cases of allergy. If possible, allergen 
should be found and desensitization done.

(c) Antibiotics. They are useful in cases of upper respira-
tory tract infections or unresolved acute suppurative otitis 
media.

(d) Middle ear aeration. Patient should repeatedly perform 
Valsalva manoeuvre. Sometimes, politzerization or eusta-
chian tube catheterization has to be done. This helps to ven-
tilate middle ear and promote drainage of fluid. Children 
can be given chewing gum to encourage repeated swallow-
ing which opens the tube.

2. SURGICAL
When fluid is thick and medical treatment alone does not 
help, fluid must be surgically removed.

(a) Myringotomy and aspiration of fluid. An incision is 
made in tympanic membrane and fluid aspirated with suc-
tion. Thick mucus may require installation of saline or 
a mucolytic agent like chymotrypsin solution to liquefy 
mucus before it can be aspirated. Sometimes, two inci-
sions are made in the tympanic membrane, one in the 
anteroinferior and the other in the anterosuperior quad-
rant to aspirate thick, glue-like secretions (Figure 10.3) on 
 “beer-can” principle.

(b) Grommet insertion. If myringotomy and aspiration 
combined with medical measures have not helped and fluid 
recurs, a grommet is inserted to provide continued aeration 

of middle ear (Figure 10.4). It is left in place for weeks or 
months or till it is spontaneously extruded.

(c) Tympanotomy or cortical mastoidectomy. It is some-
times required for removal of loculated thick fluid or other 
associated pathology such as cholesterol granuloma.

(d) Surgical treatment of causative factor. Adenoidec-
tomy, tonsillectomy and/or wash-out of maxillary antra 
may be required. This is usually done at the time of 
myringotomy.

SEQUELAE OF CHRONIC SECRETORY OTITIS MEDIA

1. Atrophic tympanic membrane and atelectasis of the 
middle ear. In prolonged effusions, there is dissolution of 
fibrous layer of tympanic membrane. It becomes thin and 
atrophic and retracts into the middle ear.

2. Ossicular necrosis. Most commonly, long process of incus 
gets necrosed. Sometimes, stapes superstructure also gets 
necrosed. This increases the conductive hearing loss to 
more than 50 dB.

3. Tympanosclerosis. Hyalinized collagen with chalky depos-
its may be seen in tympanic membrane, around the ossicles 
or their joints, leading to their fixation.

4. Retraction pockets and cholesteatoma. Thin atrophic 
part of pars tensa may get invaginated to form retraction 

Figure 10.2 Otitis media with effusion. Note appearance of bubbles 
on Valsalva.

Figure 10.3 To aspirate thick mucus, two incisions may be required 
in the tympanic membrane.

BC

A

Figure 10.4 Grommet in the tympanic membrane (A and B), the 
grommet (C).
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pockets or cholesteatoma. Similar pockets may be seen in 
the attic region.

5. Cholesterol granuloma. This is due to stasis of secretions 
in middle ear and mastoid.

RECURRENT ACUTE OTITIS MEDIA

Infants and children between the age of 6 months and  
6 years may get recurrent episodes of acute otitis media. Such 
episodes may occur four to five times in a year. Usually, they 
occur after acute upper respiratory infection, the child being 
free of symptoms between the episodes. Recurrent middle 
infections may sometimes be superimposed upon an exist-
ing middle ear effusion. Sometimes, the underlying cause 
is recurrent sinusitis, velopharyngeal insufficiency, hyper-
trophy of adenoids, infected tonsils, allergy and immune 
deficiency. Feeding the babies in supine position without 
propping up the head may also cause the milk to enter the 
middle ear directly that can lead to middle ear infection.

Management of such children involves:

 1.  Finding the cause and eliminating it, if possible.
 2.  Antimicrobial prophylaxis. Amoxicillin (20 mg/kg for 3–6 

months) or sulfisoxazole have been used but they pre-
vent only 1–2 bouts of otitis media in a year and have 
the disadvantage of creating antimicrobial resistance or 
hypersensitivity reaction and thus not preferred by many 
in favour of early insertion of tympanostomy tubes.

 3.  Myringotomy and insertion of tympanostomy tube. If the 
child has 4 bouts of acute otitis media in 6 months or 
6 bouts in 1 year, insertion of a tympanostomy tube is 
recommended.

 4.  Adenoidectomy with or without tonsillectomy.
 5.  Management of inhalant or food allergy.

AERO-OTITIS MEDIA (OTITIC 
BAROTRAUMA)

It is a nonsuppurative condition resulting from failure of 
eustachian tube to maintain middle ear pressure at ambi-
ent atmospheric level. The usual cause is rapid descent dur-
ing air flight, underwater diving or compression in pressure 
chamber.

MECHANISM

Eustachian tube allows easy and passive egress of air from 
middle ear to the pharynx if middle ear pressure is high. In 

the reverse situation, where nasopharyngeal air pressure is 
high, air cannot enter the middle ear unless tube is actively 
opened by the contraction of muscles as in swallowing, yawn-
ing or Valsalva manoeuvre. When atmospheric pressure is 
higher than that of middle ear by critical level of 90 mm Hg, 
eustachian tube gets “locked,” i.e. soft tissues of pharyngeal 
end of the tube are forced into its lumen. In the presence 
of eustachian tube oedema, even smaller pressure differen-
tials cause “locking” of the tube. Sudden negative pressure 
in the middle ear causes retraction of tympanic membrane, 
hyperaemia and engorgement of vessels, transudation and 
haemorrhages.

Sometimes, though rarely, there is rupture of labyrinthine 
membranes with vertigo and sensorineural hearing loss.

CLINICAL FEATURES

Severe earache, hearing loss and tinnitus are common com-
plaints. Vertigo is uncommon. Tympanic membrane appears 
retracted and congested. It may get ruptured.

Middle ear may show air bubbles or haemorrhagic effu-
sion. Hearing loss is usually conductive but sensorineural 
type of loss may also be seen.

TREATMENT

The aim is to restore middle ear aeration. This is done by 
catheterization or politzerization. In mild cases, deconges-
tant nasal drops or oral nasal decongestant with antihis-
taminics are helpful. In the presence of fluid or failure of 
the above methods, myringotomy may be performed to 
“unlock” the tube and aspirate the fluid.

PREVENTION

Aero-otitis can be prevented by the following measures:

 1.  Avoid air travel in the presence of upper respiratory 
infection or allergy.

 2.  Swallow repeatedly during descent. Sucking sweets or 
chewing gum is useful.

 3.  Do not permit sleep during descent as number of swal-
lows normally decrease during sleep.

 4.  Autoinflation of the tube by Valsalva should be per-
formed intermittently during descent.

 5.  Use vasoconstrictor nasal spray and a tablet of antihis-
taminic and systemic decongestant, half an hour before 
descent in persons with previous history of this episode.

 6.  In recurrent barotrauma, attention should be paid to 
nasal polyps, septal deviation, nasal allergy and chronic 
sinus infections.
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CHOLESTEATOMA

Normally, middle ear cleft is lined by different types of 
epithelium in different regions: ciliated columnar in the 
anterior and inferior part, cuboidal in the middle part 
and pavement-like in the attic. The middle ear is nowhere 
lined by keratinizing squamous epithelium. It is the pres-
ence of latter type of epithelium in the middle ear or 
mastoid that constitutes a cholesteatoma. In other words, 
cholesteatoma is a “skin in the wrong place.” The term cho-
lesteatoma is a misnomer because it neither contains 
cholesterol crystals nor it is a tumour to merit the suffix 
“oma.” However, the term has been retained because of 
its wider usage.

Essentially, cholesteatoma consists of two parts: (i) the 
matrix, which is made up of keratinizing squamous epithe-
lium resting on a thin stroma of fibrous tissues and (ii) a 
central white mass, consisting of keratin debris produced by 
the matrix (Figure 11.1). For this reason, it has also been 
named epidermosis or keratoma.

ORIGIN OF CHOLESTEATOMA

Genesis of cholesteatoma is a matter of debate. Any 
 theory of its genesis must explain how squamous epithe-
lium appeared in the middle ear cleft. The various views 
expressed are:

 1.  Presence of congenital cell rests.
 2.  Invagination of tympanic membrane from the attic or 

posterosuperior part of pars tensa in the form of retrac-
tion pockets (Figure 11.2) (Wittmaack’s theory). The outer 
surface of tympanic membrane is lined by stratified squa-
mous epithelium which after invagination forms the 
matrix of cholesteatoma and lays down keratin in the 
pocket.

 3.  Basal cell hyperplasia (Ruedi’s theory). The basal cells 
of germinal layer of skin proliferate under the influ-
ence of infection and lay down keratinizing squamous 
epithelium.

 4.  Epithelial invasion (Habermann’s theory). The epithelium 
from the meatus or outer drum surface grows into the 
middle ear through a pre-existing perforation especially 
of the marginal type where part of annulus tympanicus 
has already been destroyed.

 5.  Metaplasia (Sade’s theory). Middle ear mucosa, like respi-
ratory mucosa elsewhere, undergoes metaplasia due 
to repeated infections and transforms into squamous 
epithelium.

CLASSIFICATION OF CHOLESTEATOMA  
(FIGURE 11.3)

The cholesteatoma is classified into:

 1.  Congenital
 2.  Acquired, primary
 3.  Acquired, secondary

1. Congenital cholesteatoma. It arises from the embryonic 
epidermal cell rests in the middle ear cleft or temporal bone. 
Congenital cholesteatoma occurs at three important sites: 
middle ear, petrous apex and the cerebellopontine angle, 
and produces symptomatology depending on its location.

A middle ear congenital cholesteatoma presents as a white 
mass behind an intact tympanic membrane and causes con-
ductive hearing loss. It may sometimes be discovered on rou-
tine examination of children or at the time of myringotomy.

It may also spontaneously rupture through the tympanic 
membrane and present with a discharging ear indistinguish-
able from a case of chronic suppurative otitis media.

2. Primary acquired cholesteatoma (Figure 11.2). It is called 
primary as there is no history of previous otitis media or a 
pre-existing perforation. Theories on its genesis are:

 (a)  Invagination of pars flaccida. Persistent negative pressure 
in the attic causes a retraction pocket which accumu-
lates keratin debris. When infected, the keratin mass 
expands towards the middle ear. Thus, attic perfora-
tion is in fact the proximal end of an expanding invagi-
nated sac.

 (b)  Basal cell hyperplasia. There is proliferation of the basal 
layer of pars flaccida induced by subclinical childhood 
infections. Expanding cholesteatoma then breaks 
through pars flaccida forming an attic perforation.

 (c)  Squamous metaplasia. Normal pavement epithelium of 
attic undergoes metaplasia, keratinizing squamous epi-
thelium due to subclinical infections. Such a change 
has also been demonstrated in cases of otitis media 
with effusion.

3. Secondary acquired cholesteatoma. In these cases, there 
is already a pre-existing perforation in pars tensa. This is 
often associated with posterosuperior marginal perforation 
or sometimes large central perforation. Theories on its gen-
esis include:

 (a)  Migration of squamous epithelium. Keratinizing squa-
mous epithelium of external auditory canal or outer 
surface of tympanic membrane migrates through the 

11Cholesteatoma and  
Chronic Otitis Media
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perforation into the middle ear. Perforations, involv-
ing tympanic annulus as in acute necrotizing otitis 
media, are more likely to allow in-growth of squamous 
epithelium.

 (b)  Metaplasia. Middle ear mucosa undergoes metaplasia 
due to repeated infections of middle ear through the 
pre-existing perforation.

EXPANSION OF CHOLESTEATOMA AND 
DESTRUCTION OF BONE

Once cholesteatoma enters the middle ear cleft, it invades 
the surrounding structures, first by following the path of 
least resistance, and then by enzymatic bone destruction.  

An attic cholesteatoma may extend backwards into the aditus, 
antrum and mastoid; downwards into the mesotympanum; 
medially, it may surround the incus and/or head of malleus.

Cholesteatoma has the property to destroy bone. It may 
cause destruction of ear ossicles, erosion of bony labyrinth, 
canal of facial nerve, sinus plate or tegmen tympani and 
thus cause several complications. Bone destruction by cho-
lesteatoma has been attributed to various enzymes such as 
collagenase, acid phosphatase and proteolytic enzymes, lib-
erated by osteoclasts and mononuclear inflammatory cells, 
seen in association with cholesteatoma. The earlier theory 
that cholesteatoma causes destruction of bone by pressure 
necrosis is not accepted these days.

CHRONIC SUPPURATIVE OTITIS MEDIA

Chronic suppurative otitis media (CSOM) is a long-standing 
infection of a part or whole of the middle ear cleft char-
acterized by ear discharge and a permanent perforation.  
A perforation becomes permanent when its edges are 
 covered by squamous epithelium and it does not heal spon-
taneously. A permanent perforation can be likened to an 
epithelium-lined fistulous track.

EPIDEMIOLOGY

Incidence of CSOM is higher in developing countries 
because of poor socioeconomic standards, poor nutrition 
and lack of health education. It affects both sexes and all 
age groups. In India, the overall prevalence rate is 46 and 
16 persons per thousand in rural and urban population, 
respectively. It is also the single most important cause of 
hearing impairment in rural population.

Attic or posterosuperior retraction pocket

Persistent negative pressure in middle ear

Eustachian tube obstruction

Metaplasia of
middle ear mucosa

Proliferation of
basal layer

Primary acquired
cholesteatoma

Subclinical infections
of middle ear

Acute necrotizing
otitis media

Repeated infection
through perforation

Large central or
marginal perforation

Metaplasia of
middle ear mucosa

Epithelial migration
through perforation

Secondary acquired
cholesteatoma

Figure 11.3 Genesis of primary and secondary cholesteatoma.Retraction pocket

Basal cell hyperplasia

Epithelial invasion through posterosuperior perforation

Figure 11.2 Genesis of cholesteatoma.

Fibrous
stroma

Matrix
(stratified)

sq. epi.

Keratin
mass

Bone

Figure 11.1 Schematic structure of cholesteatoma.
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TYPES OF CSOM

Clinically, it is divided into two types:

1. Tubotympanic. Also called the safe or benign type; it 
involves anteroinferior part of middle ear cleft, i.e. eusta-
chian tube and mesotympanum and is associated with a cen-
tral perforation. There is no risk of serious complications.

2. Atticoantral. Also called unsafe or dangerous type; it 
involves posterosuperior part of the cleft (i.e. attic, antrum 
and mastoid) and is associated with an attic or a marginal 
perforation. The disease is often associated with a bone-
eroding process such as cholesteatoma, granulations or 
osteitis. Risk of complications is high in this variety.

Table 11.1 shows differences between the two types of 
CSOM.

A. TUBOTYMPANIC TYPE

AETIOLOGY
The disease starts in childhood and is therefore common in 
that age group.

 1.  It is the sequela of acute otitis media usually following 
exanthematous fever and leaving behind a large central 
perforation.

    The perforation becomes permanent and permits 
repeated infection from the external ear. Also the middle 
ear mucosa is exposed to the environment and gets sen-
sitized to dust, pollen and other aeroallergens causing 
persistent otorrhoea.

 2.  Ascending infections via the eustachian tube. Infec-
tion from tonsils, adenoids and infected sinuses may 
be responsible for persistent or recurring otorrhoea. 
Ascending infection to middle ear occurs more easily in 
the presence of infection.

 3.  Persistent mucoid otorrhoea is sometimes the result of 
allergy to ingestants such as milk, eggs, fish, etc.

PATHOLOGY
The tubotympanic disease remains localized to the mucosa 
and, that too, mostly to anteroinferior part of the middle 
ear cleft. Like any other chronic infection, the processes 
of healing and destruction go hand in hand and either of 
them may take advantage over the other, depending on the 
virulence of organism and resistance of the patient. Thus, 
acute exacerbations are not uncommon. The pathological 
changes seen in this type of CSOM are:

1. Perforation of pars tensa. It is a central perforation and 
its size and position varies (Figure 11.4).

2. Middle ear mucosa. It may be normal when disease is qui-
escent or inactive. It is oedematous and velvety when disease 
is active.

3. Polyp. A polyp is a smooth mass of oedematous and 
inflamed mucosa which has protruded through a perforation 
and presents in the external canal. It is usually pale in contrast 
to pink, fleshy polyp seen in atticoantral disease (Figure 11.5).

4. Ossicular chain. It is usually intact and mobile but may 
show some degree of necrosis, particularly of the long process 
of incus.

Table 11.1  Differences between tubotympanic and 
atticoantral type of CSOM

Tubotympanic  
or safe type

Atticoantral  
or unsafe type

Discharge Profuse, mucoid, 
odourless

Scanty, purulent, foul 
smelling

Perforation Central Attic or marginal
Granulations Uncommon Common
Polyp Pale Red and fleshy
Cholesteatoma Absent Present
Complications Rare Common
Audiogram Mild to moderate  

conductive 
deafness

Conductive or mixed 
deafness

•  Anterior : Anterior to handle of malleus

•  Posterior : Posterior to handle of malleus

•  Inferior : Inferior to handle of malleus

•  Subtotal : Very large perforation of pars
  tensa where parts of pars tensa
  and/or annulus of TM are still
  preserved

Marginal perforation

Pars flaccida
Attic perforation

Perforation of tympanic membrane

Pars tensa

Central perforation

Perforation destroys even the
annulus and reaches sulcus
tympanicus. It may be

• Posterosuperior

• Anterior

• Inferior

• Total
 (posterosuperior marginal
 perforation is the most common)

Figure 11.4 Perforation of tympanic membrane. Note: Attic and posterosuperior marginal perforation are seen in dangerous type of CSOM and 
are often associated with cholesteatoma. Stratified squamous epithelium from the external auditory canal can grow into the middle ear in any 
type of marginal perforation by immigration and form a cholesteatoma. Therefore, all marginal perforations are considered dangerous. Central 
perforations are considered safe as cholesteatoma is usually not associated with them.
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5. Tympanosclerosis. It is hyalinization and subsequent 
calcification of subepithelial connective tissue. It is seen in 
remnants of tympanic membrane or under the mucosa of 
middle ear. It is seen as white chalky deposit on the promon-
tory, ossicles, joints, tendons and oval and round windows. 
Tympanosclerotic masses may interfere with the mobility of 
these structures and cause conductive deafness.

6. Fibrosis and adhesions. They are the result of healing 
 process and may further impair mobility of ossicular chain 
or block the eustachian tube.

BACTERIOLOGY
Pus culture in both types of aerobic and anaerobic CSOM 
may show multiple organisms. Common aerobic organisms 
are Pseudomonas aeruginosa, Proteus, Escherichia coli and Staph-
ylococcus aureus, while anaerobes include Bacteroides fragilis 
and anaerobic Streptococci.

ALTERNATIVE CLASSIFICATION OF CHRONIC 
OTITIS MEDIA
Tubotympanic disease of middle ear is a mucosal disease with 
no evidence of invasion of squamous epithelium. It is called 
“active” when there is a perforation of pars tensa with inflam-
mation of mucosa and mucopurulent discharge. It is called 
“inactive” when there is a permanent perforation of pars 
tensa but middle ear mucosa is not inflamed and there is no 
discharge. Permanent perforation implies that squamous epi-
thelium on the external surface of pars tensa and mucosa lin-
ing its inner surface have fused across its edge. Healed chronic 
otitis media is the condition when tympanic membrane has 
healed (usually by two layers), is atrophic and easily retracted 
if there is negative pressure in the middle ear. Healed otitis 

media may also have patches of tympanosclerosis in tympanic 
membrane, or in middle ear involving promontory, ossicles, 
tendons of stapedius and tensor tympani. Fibrotic tissue may 
appear in middle ear. It is always associated with some degree 
of conductive hearing loss.

Atticoantral disease has been called squamosal disease of 
middle ear. It may be “inactive” when there are retraction 
pockets in pars tensa (usually the posterosuperior region) or 
pars flaccida. There is no discharge but there is a possibility of 
squamous debris in retraction pockets to become infected and 
start discharging. Some retraction pockets are shallow and 
self-cleansing. “Active” squamosal disease of middle ear implies 
presence of cholesteatoma of posterosuperior region of pars 
tensa or in the pars flaccida. It erodes bone, forms granulation 
tissue and has purulent offensive discharge (Figure 11.6).

CLINICAL FEATURES
1. Ear discharge. It is nonoffensive, mucoid or mucopuru-
lent, constant or intermittent. The discharge appears mostly 
at time of upper respiratory tract infection or on accidental 
entry of water into the ear.

2. Hearing loss. It is conductive type; severity varies but rarely 
exceeds 50 dB. Sometimes, the patient reports of a paradox-
ical effect, i.e. hears better in the presence of discharge than 
when the ear is dry. This is due to “round window shielding 
effect” produced by discharge which helps to maintain phase 
differential. In the dry ear with perforation, sound waves 
strike both the oval and round windows simultaneously, thus 
cancelling each other’s effect (see physiology of hearing).

In long standing cases, cochlea may suffer damage due to 
absorption of toxins from the oval and round windows and 
hearing loss becomes mixed type.

Squamosal disease

Chronic otitis media

Mucosal disease

Healed
(adhesive otitis

media)

Active
(chronic suppurative

otitis media)

Inactive
(permanent
perforation)

Active
(cholesteatoma
with discharge)

Retraction pockets (in pars
tensa or pars flaccida or

also called atelectatic ear)

Figure 11.6 Classification of chronic otitis media.

A B

Polyp

Figure 11.5 (A) Polyp in the ear canal. (B) Schematic illustration of a polyp arising from the promontory passing through the perforation and 
presenting in the ear canal.
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3. Perforation. Always central, it may lie anterior, posterior or 
inferior to the handle of malleus. It may be small, medium or 
large or extending up to the annulus, i.e. subtotal (Figure 11.7).

4. Middle ear mucosa. It is seen when the perforation is large. 
Normally, it is pale pink and moist; when inflamed it looks red, 
oedematous and swollen. Occasionally, a polyp may be seen.

INVESTIGATIONS
1. Examination under microscope (Figure 11.8). It is essen-
tial in every case and provides useful information regarding 
presence of granulations, in-growth of squamous epithe-
lium from the edges of perforation, status of ossicular chain, 
tympanosclerosis and adhesions. An ear which appears dry 
may show hidden discharge under the microscope. Rarely, 
cholesteatoma may coexist with a central perforation and 
can be seen under a microscope.

2. Audiogram. It gives an assessment of degree of hearing 
loss and its type. Usually, the loss is conductive but a sensori-
neural element may be present.

3. Culture and sensitivity of ear discharge. It helps to select 
proper antibiotic ear drops.

4. Mastoid X-rays/CT scan temporal bone. Mastoid is usu-
ally sclerotic but may be pneumatized with clouding of air 
cells. There is no evidence of bone destruction. Presence of 
bone destruction is a feature of atticoantral disease.

TREATMENT
The aim is to control infection and eliminate ear discharge 
and at a later stage to correct the hearing loss by surgical 
means.

1. Aural toilet. Remove all discharge and debris from the 
ear. It can be done by dry mopping with absorbent cotton 
buds, suction clearance under microscope or irrigation (not 

forceful syringing) with sterile normal saline. Ear must be 
dried after irrigation.

2. Ear drops. Antibiotic ear drops containing neomy-
cin, polymyxin, chloromycetin or gentamicin are used. 
They are combined with steroids which have local anti- 
inflammatory effect. To use ear drops, patient lies down 
with the diseased ear up, antibiotic drops are instilled and 
then intermittent pressure applied on the tragus for anti-
biotic solution to reach the middle ear. This should be 
done three or four times a day. Acid pH helps to eliminate 
pseudomonas infection, and irrigations with 1.5% acetic 
acid are useful.

Care should be taken as ear drops are likely to cause 
maceration of canal skin, local allergy, growth of fungus 
or resistance of organisms. Some ear drops are potentially 
ototoxic.

Central perforation
(anterior)

Central perforation
(medium sized)

Subtotal perforation

Posterosuperior marginal
perforation

Attic perforationTotal perforation with
destruction of even
the fibrous annulus

Figure 11.7 Types of perforations in the tympanic membrane seen in CSOM.

Figure 11.8 Examination of the ear under microscope.
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3. Systemic antibiotics. They are useful in acute exacerba-
tion of chronically infected ear, otherwise role of systemic 
antibiotics in the treatment of CSOM is limited.

4. Precautions. Patients are instructed to keep water out of 
the ear during bathing, swimming and hair wash. Rubber 
inserts can be used. Hard nose blowing can also push the 
infection from nasopharynx to middle ear and should be 
avoided.

5. Treatment of contributory causes. Attention should be 
paid to treat concomitantly infected tonsils, adenoids, max-
illary antra and nasal allergy.

6. Surgical treatment. Aural polyp or granulations, if pres-
ent, should be removed before local treatment with antibiot-
ics. It will facilitate ear toilet and permit ear drops to be used 
effectively. An aural polyp should never be avulsed as it may be 
arising from the stapes, facial nerve or horizontal canal and 
thus lead to facial paralysis or labyrinthitis.

7. Reconstructive surgery. Once ear is dry, myringoplasty 
with or without ossicular reconstruction can be done to 
restore hearing. Closure of perforation will also check 
repeated infection from the external canal.

B. ATTICOANTRAL TYPE

It involves posterosuperior part of middle ear cleft (attic, 
antrum, posterior tympanum and mastoid) and is associ-
ated with cholesteatoma, which, because of its bone eroding 
properties, causes risk of serious complications. For this rea-
son, the disease is also called unsafe or dangerous type.

AETIOLOGY
Aetiology of atticoantral disease is same as of cholesteatoma 
and has been discussed earlier. It is seen in sclerotic mas-
toid, and whether the latter is the cause or effect of disease 
is not yet clear.

PATHOLOGY
Atticoantral diseases are associated with the following patho-
logical processes:

1. Cholesteatoma.

2. Osteitis and granulation tissue. Osteitis involves outer 
attic wall and posterosuperior margin of the tympanic ring. 
A mass of granulation tissue surrounds the area of osteitis 
and may even fill the attic, antrum, posterior tympanum and 
mastoid. A fleshy red polypus may be seen filling the meatus.

3. Ossicular necrosis. It is common in atticoantral disease. 
Destruction may be limited to the long process of incus or 
may also involve stapes superstructure, handle of malleus or 
the entire ossicular chain. Therefore, hearing loss is always 
greater than in disease of tubotympanic type. Occasionally, 
the cholesteatoma bridges the gap caused by the destroyed 
ossicles and hearing loss is not apparent (cholesteatoma hearer).

4. Cholesterol granuloma. It is a mass of granulation tissue 
with foreign body giant cells surrounding the cholesterol 
crystals. It is a reaction to long-standing retention of secre-
tions or haemorrhage, and may or may not coexist with cho-
lesteatoma. When present in the mesotympanum, behind 
an intact drum, the latter appears blue.

BACTERIOLOGY
Same as in tubotympanic type.

SYMPTOMS
1. Ear discharge. Usually scanty, but always foul-smelling due 
to bone destruction. Discharge may be so scanty that the 
patient may not even be aware of it. Total cessation of dis-
charge from an ear which has been active till recently should 
be viewed seriously, as perforation in these cases might be 
sealed by crusted discharge, inflammatory mucosa or a 
polyp, obstructing the free flow of discharge. Pus, in these 
cases, may find its way internally and cause complications.

2. Hearing loss. Hearing is normal when ossicular chain is 
intact or when cholesteatoma, having destroyed the ossicles, 
bridges the gap caused by destroyed ossicles (cholesteatoma 
hearer). Hearing loss is mostly conductive but sensorineural 
element may be added.

3. Bleeding. It may occur from granulations or the polyp 
when cleaning the ear.

SIGNS
1. Perforation. It is either attic or posterosuperior marginal 
type(Figure 11.7). A small attic perforation may be missed 
due to presence of a small amount of crusted discharge. 
Sometimes, the area of perforation is masked by a small 
granuloma.

2. Retraction pocket. An invagination of tympanic mem-
brane is seen in the attic or posterosuperior area of pars 
tensa. Degree of retraction and invagination varies. In early 
stages, pocket is shallow and self-cleansing but later when 
pocket is deep, it accumulates keratin mass and gets infected.

Stages of retraction pockets. There are four stages of tympanic 
membrane retraction.

 (a)  Stage I. Tympanic membrane is retracted but does not 
contact the incus. It is a mild form of retraction.

 (b)  Stage II. Tympanic membrane is retracted deep and 
contacts the incus; middle ear mucosa is not affected.

 (c)  Stage III. Also called middle ear atelectasis. Tympanic 
membrane comes to lie on the promontory and ossicles. 
Middle ear space is totally or partially obliterated but 
middle ear mucosa is intact. Tympanic membrane can 
be lifted from the promontory with suction tip. It also 
balloons up when N2O is used during anaesthesia. Tym-
panic membrane is thin because its collagenous middle 
layer has been absorbed due to prolonged retraction. 
In these cases long process of incus and stapes super-
structure are absorbed. Placement of a ventilation tube 
helps to restore the position of tympanic membrane.

 (d)  Stage IV. Also called adhesive otitis media. Tympanic 
membrane is very thin and wraps the promontory and 
ossicles. There is no middle ear space, mucosal lining 
of the middle ear is absent and tympanic membrane 
gets adherent to the promontory. Retraction pockets 
are formed which may collect keratin plugs and form 
cholesteatoma. Erosion of the long process of incus 
and stapes superstructure is common in such cases.

3. Cholesteatoma. Pearly-white flakes of cholesteatoma can 
be sucked from the retraction pockets. Suction clearance 
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and examination under operating microscope forms an 
important part of the clinical examination and assessment 
of any type of CSOM.

INVESTIGATIONS
1. Examination under microscope. All patients of chronic 
middle early disease should be examined under microscope 
(Figure 11.8). It may reveal presence of cholesteatoma, its 
site and extent, evidence of bone destruction, granuloma, 
condition of ossicles and pockets of discharge.

2. Tuning fork tests and audiogram. They are essential for 
preoperative assessment and to confirm the degree and type 
of hearing loss.

3. X-ray mastoids/CT scan temporal bone. They indicate 
extent of bone destruction and degree of mastoid pneuma-
tization. They are useful to indicate a low-lying dura or an 
anteposed sigmoid sinus when operation is being contem-
plated on a sclerotic mastoid. Cholesteatoma causes destruc-
tion in the area of attic and antrum (key area), better seen in 
lateral view. CT scan of temporal bone gives more informa-
tion and is preferred to X-ray mastoids.

4. Culture and sensitivity of ear discharge. It helps to select 
proper antibiotic for local or systemic use.

FEATURES INDICATING COMPLICATIONS IN CSOM
1. Pain. Pain is uncommon in uncomplicated CSOM. Its 
presence is considered serious as it may indicate extradu-
ral, perisinus or brain abscess. Sometimes, it is due to otitis 
externa associated with a discharging ear.

2. Vertigo. It indicates erosion of lateral semicircular canal 
which may progress to labyrinthitis or meningitis. Fistula 
test should be performed in all cases.

3. Persistent headache. It is suggestive of an intracranial 
complication.

4. Facial weakness indicates erosion of facial canal.

5. A listless child refusing to take feeds and easily going to 
sleep (extradural abscess).

6. Fever, nausea and vomiting (intracranial infection).

7. Irritability and neck rigidity (meningitis).

8. Diplopia (Gradenigo syndrome) petrositis.

9. Ataxia (labyrinthitis or cerebellar abscess).

10. Abscess round the ear (mastoiditis).
It is not uncommon for a patient of CSOM, residing in a 

far-flung village, where medical facilities are poor, to go to 
a doctor for the first time, presenting with complications. It 
then demands urgent attention and emergency medical or 
surgical treatment.

TREATMENT
1. Surgical. It is the mainstay of treatment. Primary aim in 
surgical treatment is to remove the disease and render the 
ear safe, and second in priority is to preserve or reconstruct 
hearing but never at the cost of the primary aim. Two types 
of surgical procedures are done to deal with cholesteatoma:

 (a)  Canal wall down procedures. They leave the mastoid cav-
ity open into the external auditory canal so that the 
diseased area is fully exteriorized. The commonly per-
formed operations for atticoantral disease are atticot-
omy, modified radical mastoidectomy and rarely, the 
radical mastoidectomy (see operative surgery).

 (b)  Canal wall up procedures. Here disease is removed by 
combined approach through the meatus and mastoid 
but retaining the posterior bony meatal wall intact, 
thereby avoiding an open mastoid cavity. It gives dry 
ear and permits easy reconstruction of hearing mech-
anism. However, there is danger of leaving some cho-
lesteatoma behind. Incidence of residual or recurrent 
cholesteatoma in these cases is very high and there-
fore long-term follow-up is essential. Some surgeon’s 
even advise routine re-exploration in all cases after  
6 months or so. Canal wall up procedures are advised 
only in selected cases. In combined approach or 
intact canal wall mastoidectomy, disease is removed 
both permeatally, and through cortical mastoidec-
tomy and posterior tympanotomy approach, in which 
a window is created between the mastoid and middle 
ear, through the facial recess, to reach sinus tympani  
(see p. 5).

See Table 11.2 for the comparison of canal wall up and canal 
wall down procedures.

2. Reconstructive surgery. Hearing can be restored by 
myringoplasty or tympanoplasty. It can be done at the time 
of primary surgery or as a second stage procedure.

Table 11.2 Comparison of canal wall up and canal wall down procedures

Canal wall up procedure Canal wall down procedure

Meatus Normal appearance Widely open meatus communicating with mastoid
Dependence Does not require routine cleaning Dependence on doctor for cleaning mastoid cavity 

once or twice a year
Recurrence or residual 

disease
High rate of recurrent or residual 

cholesteatoma
Low rate of recurrence or residual disease and thus  

a safe procedure
Second look surgery Requires second look surgery after  

6 months or so to rule out cholesteatoma
Not required

Patients limitations No limitation. Patient allowed swimming Swimming can lead to infection of mastoid cavity  
and it is thus curtailed

Auditory rehabilitation Easy to wear a hearing aid if needed Problems in fitting a hearing aid due to large meatus 
and mastoid cavity which sometimes gets infected



74 SECTION I — DISEASES OF EAR

3. Conservative treatment. It has a limited role in the man-
agement of cholesteatoma but can be tried in selected cases, 
when cholesteatoma is small and easily accessible to suction 
clearance under operating microscope. Repeated suction 
clearance and periodic checkups are essential. It can also 
be tried out in elderly patients above 65 and those who are 
unfit for general anaesthesia or those refusing surgery. Pol-
yps and granulations can also be surgically removed by cup 
forceps or cauterized by chemical agents like silver nitrate 
or trichloroacetic acid. Other measures like aural toilet and 
dry ear precautions are also essential.

TUBERCULAR OTITIS MEDIA

AETIOLOGY

In most of the cases, infection is secondary to pulmonary 
tuberculosis; infection reaches the middle ear through 
eustachian tube. Sometimes, it is blood-borne from tuber-
cular focus in the lungs, tonsils, cervical or mesenteric 
lymph nodes. Disease is mostly seen in children and young 
adults.

PATHOLOGY

The process is slow and insidious. Tubercles appear in the 
submucosal layers of middle ear cleft and caseate. There is 
painless necrosis of tympanic membrane.

Multiple perforations may form which coalesce to form a 
single large perforation. Middle ear and mastoid get filled 
with pale granulations. Caries of bone and ossicles may occur 
leading to complications. Mastoiditis, facial paralysis, postau-
ricular fistula, osteomyelitis with formation of bony seques-
tra and profound hearing loss are often seen in these cases.

CLINICAL FEATURES

1. Painless ear discharge. Earache is characteristically 
absent in cases of tubercular otitis media. Discharge is often 
foul-smelling because of the underlying bone destruction.

2. Perforation. Multiple perforations, two or three in num-
ber, are seen in pars tensa and form a classical sign of dis-
ease. These may coalesce into a single large perforation 
then it becomes indistinguishable from nonspecific CSOM.

3. Hearing loss. There is severe hearing loss, out of propor-
tion to symptoms. Mostly conductive, it may have sensori-
neural component due to involvement of labyrinth.

4. Facial paralysis. It is a common complication and may come 
unexpectedly. This may be the presenting feature in a child.

DIAGNOSIS

In the presence of secondary pyogenic infection, tubercu-
lar otitis media may be indistinguishable from chronic sup-
purative otitis media. Culture of ear discharge for tubercle 
bacilli, histopathological examination of granulations and 
X-ray chest, and other evidence of tuberculosis in the body 
help to confirm the diagnosis. Presently DNA probe and 
PCR (polymerase chain reaction) from the ear discharge 
can give early diagnosis in 3--7 days.

TREATMENT

1. Systemic antitubercular therapy as being carried for pri-
mary disease.

2. Local treatment in the form of aural toilet and control of 
secondary pyogenic infection.

3. Mastoid surgery indicated for complications. Healing 
is delayed in tuberculous cases. Wound breakdown and 
fistula formation are common. Reconstructive surgery of 
middle ear is delayed till antitubercular therapy has been 
completed.

SYPHILITIC OTITIS MEDIA

It is a rare condition. Spirochaetes reach middle ear through 
eustachian tube when syphilitic lesions are present in the 
nose or nasopharynx. Infection may also be blood-borne. 
Sensory end organs of the inner ear and their nerves are 
soon invaded by spirochaetes leading to profound sensori-
neural hearing loss, tinnitus and vertigo. Bone necrosis and 
sequestrum formation are common and they lead to foe-
tid ear discharge. Secondary pyogenic infection may occur, 
giving a clinical picture very much like chronic suppurative 
otitis media.

Definite diagnosis of syphilitic otitis media can only be 
made by specific treponemal antigen tests such as trepo-
nemal pallidum immobilization (TPI) test and fluorescent 
treponemal antibody absorption test (FTA-ABS). VDRL and 
RPR (reactive plasma reagin) tests are nonspecific but useful 
to monitor disease, however false positive tests may occur.

Treatment consists of antisyphilitic therapy with attention 
to aural toilet and control of secondary infection. Surgery 
may be required for removal of sequestra.
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Though there is a general decline in the incidence of 
complications, they are still frequently seen in India. The 
causes are poor socioeconomic conditions, lack of educa-
tion and awareness about healthcare (middle ear discharge 
is still being considered merely a nuisance rather than a 
potentially dangerous condition), and lack of availability of 
trained specialists in the far-flung rural areas where trans-
portation facilities are still inadequate.

FACTORS INFLUENCING DEVELOPMENT OF 
COMPLICATIONS

1. Age. Most of the complications occur in the first decade 
of life or in the elderly when the patient’s resistance is low.

2. Poor socioeconomic group. Several factors such as over-
crowding, poor health education and personal hygiene, and 
limited access to healthcare play an important part.

3. Virulence of organisms. Many organisms are developing 
resistance to antibiotics and acute infections are either not 
controlled or progress to subacute or chronic otitis media. 
Insufficient dose, less effective drug or insufficient period 
of administration of antibiotic can cause complications. 
Streptococcus pneumoniae type III (earlier called pneumococcus 
type III) is very virulent due to production of autolysin and 
pneumolysin. Haemophilus influenzae is developing resis-
tance to β-lactam antibiotics and chloramphenicol. Other 
resistant strains are Pseudomonas aeruginosa and methicillin 
resistant Staphylococcus aureus.

4. Immune-compromised host. Patients suffering from 
AIDS, uncontrolled diabetes, transplant patients receiving 
immunosuppressive drugs and cancer patients receiving 
chemotherapy are more prone to develop complications.

5. Preformed pathways. Infection can easily travel beyond the 
middle ear cleft if preformed pathways exist, e.g. dehiscence 
of bony facial canal, previous ear surgery, fracture of tem-
poral bone, stapedectomy, perilymph fistula or congenitally 
enlarged aqueduct of vestibule (as in Mondini abnormality 
of inner ear) or dehiscence in the floor of middle ear.

6. Cholesteatoma. Osteitis or granulation tissue in chronic 
otitis media destroys the bone and helps infection to pen-
etrate deeper.

In acute and chronic middle ear infection, disease pro-
cess is limited only to the mucoperiosteal lining of the cleft 
but if it spreads into the bony walls of the cleft or beyond it, 
various complications can arise.

PATHWAYS OF SPREAD OF INFECTION

1. Direct bone erosion. In acute infections, it is the pro-
cess of hyperaemic decalcification. In chronic infection, it 
may be osteitis, erosion by cholesteatoma or granulation 
tissue.

2. Venous thrombophlebitis. Veins of Haversian canals are 
connected with dural veins which in turn connect with 
dural venous sinuses and superficial veins of brain. Thus, 
infection from the mastoid bone can cause thrombophle-
bitis of venous sinuses and even cortical vein thrombosis. 
This mode of spread is common in acute infections.

3. Preformed pathways
 (a)  Congenital dehiscences, e.g. in bony facial canal, 

floor of middle ear over the jugular bulb.
 (b)  Patent sutures, e.g. petrosquamous suture.
 (c)  Previous skull fractures. The fracture sites heal only 

by fibrous scar which permits infection.
 (d)  Surgical defects, e.g. stapedectomy, fenestration and 

mastoidectomy with exposure of dura.
 (e)  Oval and round windows.
 (f)  Infection from labyrinth can travel along internal 

acoustic meatus, aqueducts of the vestibule and that 
of the cochlea to the meninges.

CLASSIFICATION

Complications of otitis media are classified into two main 
groups (Figure 12.1):

A. INTRATEMPORAL (WITHIN THE CONFINES OF 
TEMPORAL BONE)

 1.  Mastoiditis
 2.  Petrositis
 3.  Facial paralysis
 4.  Labyrinthitis

B. INTRACRANIAL

 1.  Extradural abscess
 2.  Subdural abscess
 3.  Meningitis
 4.  Brain abscess
 5.  Lateral sinus thrombophlebitis
 6.  Otitic hydrocephalus.

12Complications of 
Suppurative Otitis Media
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SEQUELAE OF OTITIS MEDIA

They are the direct result of middle ear infection and should 
be differentiated from complications. They include:

 1.  Perforation of tympanic membrane
 2.  Ossicular erosion
 3.  Atelectasis and adhesive otitis media
 4.  Tympanosclerosis
 5.  Cholesteatoma formation
 6.  Conductive hearing loss due to ossicular erosion or fixation
 7.  Sensorineural hearing loss
 8.  Speech impairment
 9.  Learning disabilities

The last two are secondary to loss of hearing in the develop-
mental phase of the infant or child.

I. INTRATEMPORAL COMPLICATIONS 
OF OTITIS MEDIA

A. (I) ACUTE MASTOIDITIS

Inflammation of mucosal lining of antrum and mastoid air 
cell system is an invariable accompaniment of acute otitis 
media and forms a part of it. The term “mastoiditis” is used 
when infection spreads from the mucosa, lining the mas-
toid air cells, to involve bony walls of the mastoid air cell 
system.

AETIOLOGY
Acute mastoiditis usually accompanies or follows acute sup-
purative otitis media, the determining factors being high 
virulence of organisms or lowered resistance of the patient 
due to measles, exanthematous fevers, poor nutrition or 
associated systemic disease such as diabetes.

Acute mastoiditis is often seen in mastoids with well-
developed air cell system. Children are affected more. Beta-
haemolytic streptococcus is the most common causative 

organism though other organisms responsible for acute oti-
tis media may also be seen. Very often, anaerobic organisms 
are also associated with mastoiditis and need antibacterial 
therapy against them.

PATHOLOGY
Two main pathological processes are responsible:

 1.  Production of pus under tension.
 2.  Hyperaemic decalcification and osteoclastic resorption 

of bony walls.

Extension of inflammatory process to mucoperiosteal lining 
of air cell system increases the amount of pus produced due 
to large surface area involved. Drainage of this pus, through a 
small perforation of tympanic membrane and/or eustachian 
tube, cannot keep pace with the amount being produced. 
Swollen mucosa of the antrum and attic also impede the drain-
age system resulting in accumulation of pus under tension.

Hyperaemia and engorgement of mucosa causes dissolu-
tion of calcium from the bony walls of the mastoid air cells 
(hyperaemic decalcification).

Both these processes combine to cause destruction and 
coalescence of mastoid air cells, converting them into a sin-
gle irregular cavity filled with pus (empyema of mastoid).

Pus may break through mastoid cortex leading to subperi-
osteal abscess which may even burst on surface leading to a 
discharging fistula (Figure 12.2A, B).

CLINICAL FEATURES
Symptoms. They are similar to that of acute suppurative 
otitis media. In a case of acute middle ear infection, it 
is the change in the character of these symptoms which 
is significant and a pointer to the development of acute 
mastoiditis.

 1.  Pain behind the ear. Pain is seen in acute otitis media but it 
subsides with establishment of perforation or treatment 
with antibiotics. It is the persistence of pain, increase in 
its intensity or recurrence of pain, once it had subsided. 
These are significant pointers of pain.

Cerebral abscess

Cerebellar
abscess

Subdural abscess

Labyrinthitis

Pia mater

Arachnoid

Dura mater

Facial paralysis

Lateral sinus
thrombosis

Coalescent mastoiditis

Extradural
abscess

Meningitis

Figure 12.1 Complications of otitis media.
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 2.  Fever. It is the persistence or recurrence of fever in a case 
of acute otitis media, in spite of adequate antibiotic treat-
ment that points to the development of mastoiditis.

 3.  Ear discharge. In mastoiditis, discharge becomes profuse 
and increases in purulence. In some cases, discharge may 
cease due to obstruction to its drainage but other symptoms 
would worsen. Any persistence of discharge beyond 3 weeks, 
in a case of acute otitis media, points to mastoiditis.

Signs

 1.  Mastoid tenderness. This is an important sign. Tenderness 
is elicited by pressure over the middle of mastoid pro-
cess, at its tip, posterior border or the root of zygoma. 
Tenderness elicited over the suprameatal triangle may 
not be diagnostic of acute mastoiditis as it is seen even 
in cases of the acute otitis media due to inflammation of 
mastoid antrum (antritis). Tenderness should always be 
compared with that of the healthy side.

 2.  Ear discharge. Mucopurulent or purulent discharge, often 
pulsatile (light-house effect), may be seen coming through a 
central perforation of pars tensa.

 3.  Sagging of posterosuperior meatal wall. It is due to periostitis 
of bony party wall between the antrum and deeper pos-
terosuperior part of bony canal.

 4.  Perforation of tympanic membrane. Usually, a small perfora-
tion is seen in pars tensa with congestion of the rest of 
tympanic membrane. Perforation may sometimes appear 
as a nipple-like protrusion. Sometimes, tympanic mem-
brane is intact but dull and opaque especially in those 
who have received inadequate antibiotics.

 5.  Swelling over the mastoid. Initially, there is oedema of peri-
osteum, imparting a smooth “ironed out” feel over the 
mastoid. Later retroauricular sulcus becomes obliterated 
and pinna is pushed forwards and downwards. When pus 
bursts through bony cortex, a subperiosteal fluctuant 
abscess is formed (Figure 12.3).

 6.  Hearing loss. Conductive type of hearing loss is always 
present.

 7.  General findings. Patient appears ill and toxic with low-grade 
fever. In children, fever is high with a rise in pulse rate.

INVESTIGATIONS

1. Blood counts show polymorphonuclear leucocytosis.

2. Erythrocyte sedimentation rate is usually raised.

3. X-ray mastoid. There is clouding of air cells due to collec-
tion of exudate in them. Bony partitions between air cells 
become indistinct, but the sinus plate is seen as a distinct 
outline. In later stages, a cavity may be seen in the mastoid.

4. Ear swab for culture and sensitivity.

DIFFERENTIAL DIAGNOSIS

1. Suppuration of mastoid lymph nodes. Scalp infection may 
cause mastoid lymph node enlargement and then suppura-
tion leading to abscess formation, but in such cases there is 
no history of preceding otitis media, ear discharge or deaf-
ness. Abscess is usually superficial.

2. Furunculosis of meatus. It is differentiated from acute 
mastoiditis by:

 (a)  Absence of preceding acute otitis media.
 (b)  Painful movements of pinna; pressure over the tragus 

or below the cartilaginous part of meatus causes excru-
ciating pain.

 (c)  Swelling of meatus is confined to the cartilaginous part 
only.

A B

Figure 12.2 (A) Mastoid fistula. (B) Burst mastoid abscess exuding pus.

Figure 12.3 Mastoid abscess. Note that pinna is pushed down-
wards and forwards.
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 (d)  Discharge is never mucoid or mucopurulent. Mucoid 
element in discharge can only come from the middle 
ear and not from the external ear which is devoid of 
mucus-secreting glands.

 (e)  Enlargement of pre- or postauricular lymph nodes.
 (f)  Conductive hearing loss is usually mild and is due to 

the occlusion of meatus.
 (g)  An absolutely normal looking tympanic membrane 

excludes possibility of acute mastoiditis.
 (h)  X-ray mastoid with clear air-cell system excludes acute 

mastoiditis. Sometimes, difficulty arises when air-cell 
system appears hazy due to superimposed soft tissue 
swelling in cases of furunculosis.

3. Infected sebaceous cyst.

TREATMENT

1. Hospitalization of the patient. Patient is hospitalized if 
not already done.

2. Antibiotics. In the absence of culture and sensitivity, start 
with amoxicillin or ampicillin. Specific antimicrobial is started 
on the receipt of sensitivity report. Since anaerobic organisms 
are often present, chloramphenicol or metronidazole is added.

3. Myringotomy. When pus is under tension it is relieved 
by wide myringotomy (see operative surgery). Early cases of 
acute mastoiditis respond to conservative treatment with 
antibiotics alone or combined with myringotomy.

4. Cortical mastoidectomy. It is indicated when there is:

 (a)  Subperiosteal abscess.
 (b)  Sagging of posterosuperior meatal wall.
 (c)  Positive reservoir sign, i.e. meatus immediately fills with 

pus after it has been mopped out.
 (d)  No change in condition of patient or it worsens in spite 

of adequate medical treatment for 48 h.
 (e)  Mastoiditis, leading to complications, e.g. facial paralysis, 

labyrinthitis, intracranial complications, etc.

Aim of cortical mastoidectomy is to exenterate all the mas-
toid air cells and remove any pockets of pus. Adequate 
antibiotic treatment must be continued at least for 5 days 
following mastoidectomy.

COMPLICATIONS OF ACUTE MASTOIDITIS
 1.  Subperiosteal abscess
 2.  Labyrinthitis
 3.  Facial paralysis
 4.  Petrositis
 5.  Extradural abscess
 6.  Subdural abscess
 7.  Meningitis
 8.  Brain abscess
 9.  Lateral sinus thrombophlebitis
 10.  Otitic hydrocephalous.

ABSCESSES IN RELATION TO MASTOID INFECTION
1. Postauricular abscess (Figure 12.3). This is the common-
est abscess that forms over the mastoid. Pinna is displaced 
forwards, outwards and downwards. In infants and children, 
abscess forms over the MacEwen’s triangle; pus in these 
cases travels along the vascular channels of lamina cribrosa.

2. Zygomatic abscess. It occurs due to infection of zygomatic 
air cells situated at the posterior root of zygoma. Swelling 
appears in front of and above the pinna (Figure 12.4A,B). 
There is associated oedema of the upper eyelid. In these 
cases, pus collects either superficial or deep to the tempo-
ralis muscle.

3. Bezold abscess. It can occur following acute coalescent 
mastoiditis when pus breaks through the thin medial side of 
the tip of the mastoid and presents as a swelling in the upper 
part of neck. The abscess may (i) lie deep to sternocleido-
mastoid, pushing the muscle outwards, (ii) follow the poste-
rior belly of digastric and present as a swelling between the 
tip of mastoid and angle of jaw, (iii) be present in upper part 
of posterior triangle, (iv) reach the parapharyngeal space or 
(v) track down along the carotid vessels (Figure 12.5).

Clinical features. Onset is sudden. There is pain, fever, a 
tender swelling in the neck and torticollis. Patient gives his-
tory of purulent otorrhoea.

A Bezold abscess should be differentiated from:

 (a)  acute upper jugular lymphadenitis.
 (b)  abscess or a mass in the lower part of the parotid gland.
 (c)  an infected branchial cyst.
 (d)  parapharyngeal abscess.
 (e)  jugular vein thrombosis.

A

2

1

3

B
Citelli’s
abscess

Postauricular
abscess

Bezold
abscess

Figure 12.4 (A) Abscesses in relation to mastoid: (1) postauricular, (2) zygomatic and (3) Bezold abscess. (B) Citelli, postauricular and Bezold 
abscesses seen from behind.
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A computed tomography (CT) scan of the mastoid and 
swelling of the neck may establish the diagnosis.
Treatment
 (a)  Cortical mastoidectomy for coalescent mastoiditis with 

careful exploration of the tip for a fistulous opening 
into the soft tissues of the neck.

 (b)  Drainage of the neck abscess through a separate inci-
sion and putting a drain in the dependent part.

 (c)  Administration of intravenous antibiotics guided by the 
culture and sensitivity report of the pus taken at the 
time of surgery.

4. Meatal abscess (Luc abscess). In this case, pus breaks 
through the bony wall between the antrum and exter-
nal osseous meatus. Swelling is seen in deep part of bony 
meatus. Abscess may burst into the meatus.

5. Behind the mastoid (Citelli’s abscess). Abscess is formed 
behind the mastoid more towards the occipital bone (com-
pare postauricular mastoid abscess which forms over the 
mastoid). Some authors consider abscess of the digastric tri-
angle, which is formed by tracking of pus from the mastoid 
tip, as the Citelli’s abscess.

6. Parapharyngeal or retropharyngeal abscess. This results 
from infection of the peritubal cells due to acute coalescent 
mastoiditis.

A. (II) MASKED (LATENT) MASTOIDITIS

It is a condition of slow destruction of mastoid air cells but 
without the acute signs and symptoms often seen in acute 
mastoiditis. There is no pain, no discharge, no fever and 
no mastoid swelling but mastoidectomy may show extensive 
destruction of the air cells with granulation tissue and dark 
gelatinous material filling the mastoid. It is not surprising to 
find erosion of the tegmen tympani and sinus plate with an 
extradural or perisinus abscess.

AETIOLOGY
The condition often results from inadequate antibiotic ther-
apy in terms of dose, frequency and duration of administra-
tion. Most often it results from use of oral penicillin given in 
cases of acute otitis media when acute symptoms subside but 
smouldering infection continues in the mastoid.

CLINICAL FEATURES
Patient is often a child, not entirely feeling well, with mild 
pain behind the ear but with persistent hearing loss.

Tympanic membrane appears thick with loss of translucency. 
Slight tenderness may be elicited over the mastoid. Audiom-
etry shows conductive hearing loss of variable degree. X-ray of 
mastoid will reveal clouding of air cells with loss of cell outline.

TREATMENT
Cortical mastoidectomy with full doses of antibiotics is the 
treatment of choice. This may cause tympanic membrane to 
return to normal with improvement in hearing.

B. PETROSITIS

Spread of infection from middle ear and mastoid to the 
petrous part of temporal bone is called petrositis. It may be 
associated with acute coalescent mastoiditis, latent mastoid-
itis or chronic middle ear infections.

PATHOLOGY
Like mastoid, petrous bone may be of three types: pneuma-
tized with air cells extending to the petrous apex, diploic con-
taining only marrow spaces and sclerotic. Pneumatization of 
petrous apex occurs in only 30% of cases with cells extend-
ing from the middle ear or mastoid to the petrous apex. 
Usually two cell tracts are recognized:

 1.  Posterosuperior tract which starts in the mastoid and 
runs behind or above the bony labyrinth to the petrous 
apex; some cells even pass through the arch of superior 
semicircular canal to reach the apex.

 2.  Anteroinferior tract which starts at the hypotympanum 
near the eustachian tube runs around the cochlea to 
reach the petrous apex.

Infective process runs along these cell tracts and reaches 
the petrous apex. Pathological process is similar to that of 
coalescent mastoiditis forming epidural abscess at the petrous 
apex involving cranial nerve VI and trigeminal ganglion.

CLINICAL FEATURES
Gradenigo syndrome is the classical presentation, and consists 
of a triad of (i) external rectus palsy (VIth nerve palsy),  
(ii) deep-seated ear or retro-orbital pain (Vth nerve involve-
ment) and (iii) persistent ear discharge. It is uncommon to 
see the full triad these days.

Persistent ear discharge with or without deep-seated pain 
in spite of an adequate cortical or modified radical mastoid-
ectomy also points to petrositis.

Fever, headache, vomiting and sometimes neck rigidity 
may also be associated. Some patients may get facial paraly-
sis and recurrent vertigo due to involvement of facial and 
statoacoustic nerves.

Diagnosis of petrous apicitis requires both CT scan and 
MRI. CT scan of temporal bone will show bony details of the 
petrous apex and the air cells while MRI helps to differenti-
ate diploic marrow-containing apex from the fluid or pus.

TREATMENT
Cortical, modified radical or radical mastoidectomy is often 
required if not already done. The fistulous tract should be 
found out, which is then curetted and enlarged to provide 
free drainage. Tract of posterosuperior cells starts in the 

Pus

Styloid process
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Sternocleido-
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Figure 12.5 Bezold abscess. Pus bursting through the medial side 
of the tip of mastoid and collecting under the sternomastoid or digas-
tric triangle.
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Trautmann’s triangle or the attic. Tract of anterior cells is 
situated near the tympanic opening of eustachian tube and 
passes above the carotid artery, anterior to the cochlea. In 
the latter case, radical mastoidectomy is required.

Suitable intravenous antibacterial therapy should pre-
cede and follow surgical intervention. Most cases of acute 
petrositis can now be cured with antibacterial therapy alone. 
It should be given in initial high doses and continued for  
4–5 days, even after complete disappearance of symptoms.

C. FACIAL PARALYSIS

It can occur as a complication of both acute and chronic 
otitis media.

ACUTE OTITIS MEDIA
Facial nerve is normally well-protected in its bony canal. 
Sometimes, the bony canal is dehiscent and the nerve lies 
just under the middle ear mucosa. It is in these cases that 
inflammation of middle ear spreads to epi- and perineurium 
causing facial paralysis. Facial nerve function fully recovers 
if acute otitis media is controlled with systemic antibiotics. 
Myringotomy or cortical mastoidectomy may sometimes be 
required.

CHRONIC OTITIS MEDIA
Facial paralysis in chronic otitis media either results from 
cholesteatoma or from penetrating granulation tissue. Cho-
lesteatoma destroys bony canal and then causes pressure on 
the nerve, further aided by oedema of associated inflam-
matory process. Facial paralysis is insidious but slowly pro-
gressive. Treatment is urgent exploration of the middle ear 
and mastoid. Facial canal is inspected from the geniculate 
ganglion to the stylomastoid foramen. If granulation tissue 
or cholesteatoma has entered the bony canal, the latter is 
uncapped in the area of involvement. Granulation tissue 
surrounding the nerve is removed but if it actually invades 
the nerve sheath, it is left in place. If a segment of the nerve 
has been destroyed by the granulation tissue, resection of 
nerve and grafting are better left to a second stage when 
infection has been controlled and fibrosis has matured.

D. LABYRINTHITIS

There are three types of labyrinthitis:

 1.  Circumscribed labyrinthitis
 2.  Diffuse serous labyrinthitis
 3.  Diffuse suppurative labyrinthitis

CIRCUMSCRIBED LABYRINTHITIS (FISTULA OF LABYRINTH)
There is thinning or erosion of bony capsule of labyrinth, 
usually of the horizontal semicircular canal.

Aetiology. The causes are:

 1.  Chronic suppurative otitis media with cholesteatoma is 
the most common cause.

 2.  Neoplasms of middle ear, e.g. carcinoma or glomus 
tumour.

 3.  Surgical or accidental trauma to labyrinth.

Clinical features. A part of membranous labyrinth is exposed 
and becomes sensitive to pressure changes. Patient complains 

of transient vertigo often induced by pressure on tragus, 
cleaning the ear or while performing Valsalva manoeuvre.

It is diagnosed by “fistula test” which can be performed 
in two ways.

 1.  Pressure on tragus. Sudden inward pressure is applied on 
the tragus. This increases air pressure in the ear canal 
and stimulates the labyrinth. Patient will complain of ver-
tigo. Nystagmus may also be induced with quick compo-
nent towards the ear under test.

 2.  Siegel’s speculum. When positive pressure is applied to ear 
canal, patient complains of vertigo usually with nystagmus. 
The quick component of nystagmus would be towards the 
affected ear (ampullopetal displacement of cupula).

Ampullopetal flow of endolymph (as also ampullopetal 
displacement of cupula) whether in rotation, caloric or fis-
tula test causes nystagmus to same side.

If negative pressure is applied, again it would induce ver-
tigo and nystagmus but this time the quick component of 
nystagmus would be directed to the (opposite) healthy side 
due to ampullofugal displacement of cupula.

Treatment. In chronic suppurative otitis media or choles-
teatoma, mastoid exploration is often required to eliminate 
the cause. Systemic antibiotic therapy should be instituted 
before and after operation to prevent spread of infection 
into the labyrinth.

DIFFUSE SEROUS LABYRINTHITIS
It is diffuse intralabyrinthine inflammation without pus for-
mation and is a reversible condition if treated early.

Aetiology

 1.  Most often it arises from pre-existing circumscribed laby-
rinthitis associated with chronic middle ear suppuration 
or cholesteatoma.

 2.  In acute infections of middle ear cleft, inflammation 
spreads through annular ligament or the round window.

 3.  It can follow stapedectomy or fenestration operation.

Clinical features. Mild cases complain of vertigo and nau-
sea but in severe cases, vertigo is worse with marked nausea, 
vomiting and even spontaneous nystagmus. Quick compo-
nent of nystagmus is towards the affected ear.

As the inflammation is diffuse, cochlea is also affected 
with some degree of sensorineural hearing loss.

Serous labyrinthitis, if not checked, may pass onto suppu-
rative labyrinthitis with total loss of vestibular and cochlear 
function.

Treatment

	•	 	Medical
 1.  Patient is put to bed, his head immobilized with affected 

ear above.
 2.  Antibacterial therapy is given in full doses to control 

infection.
 3.  Labyrinthine sedatives, e.g. prochlorperazine (Stemetil) 

or dimenhydrinate (Dramamine), are given for symp-
tomatic relief of vertigo.

 4.  Myringotomy is done if labyrinthitis has followed acute 
otitis media and the drum is bulging. Pus is cultured 
for specific antibacterial therapy.
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	•	 	Surgical. Cortical mastoidectomy (in acute mastoiditis) or 
modified radical mastoidectomy (in chronic middle ear 
infection or cholesteatoma) will often be required to treat 
the source of infection. Medical treatment should always 
precede surgical intervention.

DIFFUSE SUPPURATIVE LABYRINTHITIS
This is diffuse pyogenic infection of the labyrinth with per-
manent loss of vestibular and cochlear functions.

Aetiology. It usually follows serous labyrinthitis, pyogenic 
organisms entering through a pathological or surgical fistula.

Clinical features. There is severe vertigo with nausea and 
vomiting due to acute vestibular failure. Spontaneous nys-
tagmus will be observed with its quick component towards 
the healthy side. Patient is markedly toxic. There is total loss 
of hearing. Relief from vertigo is seen after 3–6 weeks due 
to adaptation.

Treatment. It is same as for serous labyrinthitis. Rarely, 
drainage of the labyrinth is required, if intralabyrinthine 
suppuration is acting as a source of intracranial complica-
tions, e.g. meningitis or brain abscess.

II. INTRACRANIAL COMPLICATIONS OF 
OTITIS MEDIA

A. EXTRADURAL ABSCESS

It is collection of pus between the bone and dura. It may 
occur both in acute and chronic infections of middle ear.

PATHOLOGY
In acute otitis media, bone over the dura is destroyed by 
hyperaemic decalcification, while in chronic otitis media it 
is destroyed by cholesteatoma and in such a case the pus 
comes to lie directly in contact with dura. Spread of infec-
tion can also occur by venous thrombophlebitis; in this case, 
bone over the dura remains intact. An extradural abscess 
may lie in relation to dura of middle or posterior cranial 
fossa or outside the dura of lateral venous sinus (perisinus 
abscess). The affected dura may be covered with granulations 
or appear unhealthy and discoloured.

CLINICAL FEATURES
Most of the time extradural or perisinus abscesses are 
asymptomatic and silent, and are discovered accidently dur-
ing cortical or modified radical mastoidectomy.

However, their presence is suspected when there is:

 1.  Persistent headache on the side of otitis media.
 2.  Severe pain in the ear.
 3.  General malaise with low-grade fever.
 4.  Pulsatile purulent ear discharge.
 5.  Disappearance of headache with free flow of pus from 

the ear (spontaneous abscess drainage).

Diagnosis is made on contrast-enhanced CT or MRI.

TREATMENT
1. Cortical or modified radical or radical mastoidectomy. It 
is often required to deal with the causative disease process. 

Extradural abscess is evacuated by removing overlying bone 
till the limits of healthy dura are reached. Cases where bony 
plate of tegmen tympani or sinus plate is intact but there is 
suspicion of an abscess, the intact bony plate is deliberately 
removed to evacuate any collection of pus.

2. An antibiotic cover should be provided for a minimum of 
5 days and patient closely observed for any further complica-
tions, such as sinus thrombosis, meningitis or brain abscess.

B. SUBDURAL ABSCESS

This is collection of pus between dura and arachnoid.

PATHOLOGY
Infection spreads from the ear by erosion of bone and dura 
or by thrombophlebitic process in which case intervening 
bone remains intact. Pus rapidly spreads in subdural space 
and comes to lie against the convex surface of cerebral 
hemisphere causing pressure symptoms. With time, the pus 
may get loculated at various places in subdural space.

CLINICAL FEATURES
Signs and symptoms of subdural abscess are due to (i) men-
ingeal irritation, (ii) thrombophlebitis of cortical veins of 
cerebrum and (iii) raised intracranial tension.

1. Meningeal irritation. There is headache, fever (102°F or 
more), malaise, increasing drowsiness, neck rigidity and 
positive Kernig’s sign.

2. Cortical venous thrombophlebitis. Veins over the cerebral 
hemisphere undergo thrombophlebitis leading to aphasia, 
hemiplegia and hemianopia. There may be Jacksonian type 
of epileptic fits which may increase to give a picture of status 
epilepticus.

3. Raised intracranial tension. There is papilloedema, ptosis 
and dilated pupil (IIIrd nerve involvement), and involve-
ment of other cranial nerves. CT scan or MRI is required 
for diagnosis.

TREATMENT
Lumbar puncture should not be done as it can cause hernia-
tion of the cerebellar tonsils. It is a neurological emergency.  
A series of burr holes or a craniotomy is done to drain subdural 
empyema. Intravenous antibiotics are administered to control 
infection. Once infection is under control, attention is paid to 
causative ear disease which may require mastoidectomy.

C. MENINGITIS

It is inflammation of leptomeninges (pia and arachnoid) 
usually with bacterial invasion of CSF in subarachnoid 
space. It is the most common intracranial complication of 
otitis media. It can occur in both acute and chronic otitis 
media. In infants and children, otogenic meningitis usually 
follows acute otitis media while in adults it is due to chronic 
middle ear infection.

MODE OF INFECTION
Blood-borne infection is common in infants and children; 
in adults, it follows chronic ear disease, which spreads by 
bone erosion or retrograde thrombophlebitis. In the latter 
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case, it may be associated with an extradural abscess or gran-
ulation tissue.

In one-third of the patients with meningitis, another 
intracranial complication may coexist.

CLINICAL FEATURES
Symptoms and signs of meningitis are due to (i) presence 
of infection, (ii) raised intracranial tension, and (iii) menin-
geal and cerebral irritation. Their severity will vary with the 
extent of disease.

 1.  There is rise in temperature (102–104°F) often with 
chills and rigors.

 2.  Headache.
 3.  Neck rigidity.
 4.  Photophobia and mental irritability.
 5.  Nausea and vomiting (sometimes projectile).
 6.  Drowsiness which may progress to delirium or coma.
 7.  Cranial nerve palsies and hemiplegia.

Examination will show (i) neck rigidity, (ii) positive Kernig’s 
sign (extension of leg with thigh flexed on abdomen caus-
ing pain), (iii) positive Brudzinski’s sign (flexion of neck 
causes flexion of hip and knee), (iv) tendon reflexes are 
exaggerated initially but later become sluggish or absent 
and (v) papilloedema (usually seen in late stages).

DIAGNOSIS
CT or MRI with contrast will help to make the diagnosis. It 
may also reveal another associated intracranial lesion.

Lumbar puncture and CSF examination establish the 
diagnosis. CSF is turbid, cell count is raised and may even 
reach 1000/mL with predominance of polymorphs; pro-
tein level is raised, sugar is reduced and chlorides are 
diminished.

CSF is always cultured to find the causative organisms and 
their antibiotic sensitivity.

TREATMENT
Medical. Medical treatment takes precedence over surgery.

Antimicrobial therapy directed against aerobic and anaer-
obic organisms should be instituted. Culture and sensitivity 
of CSF will further aid in the choice of antibiotics.

Corticosteroids combined with antibiotic therapy further 
helps to reduce neurological or audiological complications.

Surgical. Meningitis following acute otitis media may require 
myringotomy or cortical mastoidectomy. Meningitis follow-
ing chronic otitis media with cholesteatoma will require 
radical or modified radical mastoidectomy.

Surgery is undertaken as soon as general condition of 
patient permits. It may be done urgently, if there has been 
no satisfactory response to medical treatment.

D. OTOGENIC BRAIN ABSCESS

Fifty per cent of brain abscesses in adults and twenty-five 
per cent in children are otogenic in origin. In adults, 
abscess usually follows chronic suppurative otitis media 
with cholesteatoma, while in children, it is usually the 
result of acute otitis media. Cerebral abscess is seen twice 
as frequently as cerebellar abscess.

ROUTE OF INFECTION
Cerebral abscess develops as a result of direct extension of 
middle ear infection through the tegmen or by retrograde 
thrombophlebitis, in which case the tegmen will be intact. 
Often it is associated with extradural abscess.

Cerebellar abscess also develops as a direct extension 
through the Trautmann’s triangle or by retrograde thrombo-
phlebitis. This is often associated with extradural abscess, peri-
sinus abscess, sigmoid sinus thrombophlebitis or labyrinthitis.

BACTERIOLOGY
Both aerobic and anaerobic organisms are seen. Aerobic 
ones include pyogenic staphylococci, Streptococcus pneu-
moniae, Streptococcus haemolyticus, Proteus mirabilis, Escherichia 
coli and Pseudomonas aeruginosa. Common among the anaer-
obic ones are the Peptostreptococcus and Bacteroides fragilis. 
Haemophilus influenzae is rarely seen.

PATHOLOGY
Brain abscess develops through four stages.

1. Stage of invasion (initial encephalitis). It often passes 
unnoticed as symptoms are slight. Patient may have head-
ache, low-grade fever, malaise and drowsiness.

2. Stage of localization (latent abscess). There are no symp-
toms during this stage. Nature tries to localize the pus by 
formation of a capsule. The stage may last for several weeks.

3. Stage of enlargement (manifest abscess). Abscess begins 
to enlarge. A zone of oedema appears round the abscess and 
is responsible for aggravation of symptoms. Clinical features 
at this stage are due to:

 (a)  Raised intracranial tension.
 (b)  Disturbance of function in the cerebrum or cerebel-

lum, causing focal symptoms and signs.

4. Stage of termination (rupture of abscess). An expanding 
abscess in the white matter of brain ruptures into the ven-
tricle or subarachnoid space resulting in fatal meningitis.

CLINICAL FEATURES
Brain abscess is often associated with other complications, 
such as extradural abscess, perisinus abscess, meningitis, 
sinus thrombosis and labyrinthitis, and thus the clinical pic-
ture may be overlapping.

Clinical features can be divided into:

 1.  those due to raised intracranial tension.
 2.  those due to area of brain affected. They are the local-

izing features.

1. Symptoms and signs of raised intracranial tension 

 (a)  Headache. Often severe and generalized, worse in the 
morning.

 (b)  Nausea and vomiting. The latter is usually projectile. 
Seen more often in cerebellar lesions.

 (c)  Level of consciousness. Lethargy, which progresses to 
drowsiness, confusion, stupor and finally coma.

 (d)  Papilloedema is absent in early cases. Appears late when 
raised intracranial tension has persisted for 2–3 weeks. 
Appears early in cerebellar abscess.

 (e)  Slow pulse and subnormal temperature.
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2. Localizing features 

 (a)  Temporal lobe abscess
 (i)  Nominal aphasia. If abscess involves dominant hemi-

sphere, i.e. left hemisphere in right-handed persons, 
patient fails to tell the names of common objects 
such as key, pen, etc. but can demonstrate their use.

 (ii)  Homonymous hemianopia. This is due to pressure on 
the optic radiations. Visual field, opposite to the 
side of lesion, is lost. It can be elicited by confron-
tation test, by standing in front of the patient and 
comparing his visual field with that of the exam-
iner, or by perimetry. The defect is usually in the 
upper, but sometimes in the lower quadrants.

 (iii)  Contralateral motor paralysis. In the usual upward 
spread of abscess, face is involved first followed by the 
arm and leg. Inward spread, towards internal capsule, 
involves the leg first followed by the arm and the face.

 (iv)  Epileptic fits. Involvement of uncinate gyrus causes 
hallucinations of taste, and smell and involuntary 
smacking movements of lips and tongue. General-
ized fits may occur.

 (v)  Pupillary changes and oculomotor palsy. It indicates 
transtentorial herniation.

 (b)  Cerebellar abscess (Figure 12.6)
 (i)  Headache involves suboccipital region and may be 

associated with neck rigidity.
 (ii)  Spontaneous nystagmus is common and irregular 

and generally to the side of lesion.
 (iii)  Ipsilateral hypotonia and weakness.
 (iv)  Ipsilateral ataxia. Patient staggers to the side of lesion.
 (v)  Past-pointing and intention tremor can be elicited by 

finger nose test.
 (vi)  Dysdiadochokinesia. Rapid pronation and supina-

tion of the forearm shows slow and irregular move-
ments on the affected side.

INVESTIGATIONS
1. Skull X-rays are useful to see midline shift, if pineal gland 
is calcified, and also reveals gas in the abscess cavity. They 
have been replaced by CT scan.

2. CT scan is the single most important means of investiga-
tion and helps to find the site and size of an abscess  (Figure 
12.7). It also reveals associated complications such as extra-
dural abscess, sigmoid sinus thrombosis, etc. MRI has fur-
ther improved the diagnosis.

3. X-ray mastoids or CT scan of the temporal bone for evalu-
ation of associated ear disease.

4. Lumbar puncture. Great care should be exercised while 
doing lumbar puncture because of the risk of coning. CSF 
will show some rise in pressure, increase in protein content 
but normal glucose level. White cell count of CSF is raised 
but is much less than seen in cases of meningitis. CSF con-
tains polymorphs or lymphocytes depending on the acute-
ness of lesion.

TREATMENT
Medical. High doses of antibiotics are given parenterally. As 
the infection is often mixed, antibiotics may be combined. 
Chloramphenicol and third generation cephalosporins are 
usually effective. Bacteroides fragilis, an obligate anaerobe, 
often seen in brain abscess, responds to metronidazole. Ami-
noglycoside antibiotics, e.g. gentamicin, may be required 
if infection suspected is pseudomonas or proteus. Culture 
of discharge from the ear may be helpful in the choice of 
antibiotic.

Raised intracranial tension can be lowered by dexametha-
sone, 4 mg i.v. 6 hourly or mannitol 20% in doses of 0.5 g/kg 
body weight.

Discharge from the ear should be treated by suction clear-
ance and use of topical ear drops.

Neurosurgical. Abscess is approached through a sterile 
field. Options include: (i) repeated aspiration through a 
burr hole, (ii) excision of abscess and (iii) open incision of 

Figure 12.6 CT scan showing left-sided cerebellar abscess.

Figure 12.7 CT scan of right-sided otogenic cerebral abscess.
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the abscess and evacuation of pus. The choice of surgical  
procedure is left to the judgement of the neurosurgeon. 
If abscess is treated by aspiration, it should be followed by 
repeat CT or MRI scans to see if it diminishes in size. An 
expanding abscess, or one that does not decrease in size, 
may require excision. Pus recovered from the abscess should 
be cultured and its sensitivity discovered. Penicillin can be 
instilled into the abscess after aspiration.

Otologic. Associated ear disease which caused the brain 
abscess needs attention. Acute otitis media might have 
resolved with the antibiotics given for the abscess. Chronic 
otitis media would require radical mastoidectomy to 
remove the irreversible disease and to exteriorize the 
infected area. Surgery of the ear is undertaken only after 
the abscess has been controlled by antibiotics and neuro-
surgical treatment.

E. LATERAL SINUS THROMBOPHLEBITIS  
(SYN. SIGMOID SINUS THROMBOSIS)

It is an inflammation of inner wall of lateral venous sinus 
with formation of an intrasinus thrombus.

AETIOLOGY
It occurs as a complication of acute coalescent mastoiditis, 
masked mastoiditis or chronic suppuration of middle ear 
and cholesteatoma.

PATHOLOGY
The pathological process can be divided into the following 
stages:

1. Formation of perisinus abscess. Abscess forms in rela-
tion to outer dural wall of the sinus. Overlying bony dural 
plate may have been destroyed by coalescent bone erosion 
or cholesteatoma. Sometimes, it remains intact when route 
of infection was by thrombophlebitic process.

2. Endophlebitis and mural thrombus formation. Inflamma-
tion spreads to inner wall of the venous sinus with deposi-
tion of fibrin, platelets and blood cells leading to thrombus 
formation within the lumen of sinus.

3. Obliteration of sinus lumen and intrasinus abscess. Mural 
thrombus enlarges to occlude the sinus lumen completely. 
Organisms may invade the thrombus causing intrasinus 
abscess which may release infected emboli into the blood 
stream causing septicaemia.

4. Extension of thrombus. Though central part of thrombus 
breaks down due to intrasinus abscess, thrombotic process 
continues both proximally and distally. Proximally, it may 
spread to confluence of sinuses and to superior sagittal sinus 
or cavernous sinus, and distally, into mastoid emissary vein, 
to jugular bulb or jugular vein.

BACTERIOLOGY
In acute infections, haemolytic streptococcus, pneumococ-
cus or staphylococcus are common. These days, majority 
of cases of thrombophlebitis are seen in chronic infec-
tion with cholesteatomas, and the organisms found are 
Bacillus proteus, Pseudomonas pyocyaneus, Escherichia coli and 
Staphylococci.

CLINICAL FEATURES

1. Hectic Picket-fence type of fever with rigors. This is 
due to septicaemia, often coinciding with release of septic 
emboli into blood stream. Fever is irregular having one or 
more peaks a day. It is usually accompanied by chills and 
rigors. Profuse sweating follows fall of temperature. Clinical 
picture resembles malaria but lacks regularity.

In between the bouts of fever, patient is alert with a sense 
of well-being. Patients receiving antibiotics may not show 
this picture.

2. Headache. In early stage, it may be due to perisinus 
abscess and is mild. Later, it may be severe when intracranial 
pressure rises due to venous obstruction.

3. Progressive anaemia and emaciation.

4. Griesinger’s sign. This is due to thrombosis of mastoid emis-
sary vein. Oedema appears over the posterior part of mastoid.

5. Papilloedema. Its presence depends on obstruction to 
venous return. It is often seen when right sinus (which is 
larger than left) is thrombosed or when clot extends to 
superior sagittal sinus. Fundus may show blurring of disc 
margins, retinal haemorrhages or dilated veins. Fundus 
changes may be absent when collateral circulation is good.

6. Tobey–Ayer test. This is to record CSF pressure by manom-
eter and to see the effect of manual compression of one or 
both jugular veins.

Compression of vein on the thrombosed side produces no 
effect while compression of vein on healthy side produces 
rapid rise in CSF pressure which will be equal to bilateral 
compression of jugular veins.

7. Crowe–Beck test. Pressure on jugular vein of healthy 
side produces engorgement of retinal veins (seen by oph-
thalmoscopy) and supraorbital veins. Engorgement of veins 
subsides on release of pressure.

8. Tenderness along jugular vein. This is seen when throm-
bophlebitis extends along the jugular vein. There may be 
associated enlargement and inflammation of jugular chain 
of lymph nodes and torticollis.

INVESTIGATIONS
1. Blood smear is done to rule out malaria.

2. Blood culture is done to find causative organisms. Cul-
ture should be taken at the time of chill when organisms 
enter the blood stream. Repeated cultures may be required 
to identify the organisms.

3. CSF examination—CSF is normal except for rise in pres-
sure. It also helps to exclude meningitis.

4. X-ray mastoids may show clouding of air cells (acute mas-
toiditis) or destruction of bone (cholesteatoma).

5. Imaging studies. Contrast-enhanced CT scan can show 
sinus thrombosis by typical delta sign. It is a triangular area 
with rim enhancement and central low density area is seen 
in posterior cranial fossa on axial cuts. MR imaging bet-
ter delineates thrombus. “Delta sign” may also be seen on 
contrast-enhanced MRI. MR venography is useful to assess 
progression or resolution of thrombus.

6. Culture and sensitivity of ear swab.
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COMPLICATIONS
 1.  Septicaemia and pyaemic abscesses in lung, bone, joints 

or subcutaneous tissue.
 2.  Meningitis and subdural abscess.
 3.  Cerebellar abscess.
 4.  Thrombosis of jugular bulb and jugular vein with involve-

ment of IXth, Xth and XIth cranial nerves.
 5.  Cavernous sinus thrombosis. There would be chemosis, 

proptosis, fixation of eyeball and papilloedema.
 6.  Otitic hydrocephalus, when thrombus extends to sagittal 

sinus via confluens of sinuses.

TREATMENT

1. Intravenous antibacterial therapy. Choice of antibiotic 
will depend on sensitivity of organism and tolerance of the 
patient. Antibiotic can be changed after culture and sensitiv-
ity report is available. Antibiotics should be continued at least 
for a week after the operation, which is invariably required.

2. Mastoidectomy and exposure of sinus. A complete cortical 
or modified radical mastoidectomy is performed, depend-
ing on whether sinus thrombosis has complicated acute or 
chronic middle ear disease. Sinus bony plate is removed to 
expose the dura and drain the perisinus abscess.

An infected clot or intrasinus abscess may be present 
and must be drained. In such cases, sinus dura is already 
destroyed or may appear unhealthy and discoloured with 
granulations on its surface. Dura is incised and the infected 
clot and abscess drained. Before incision in the dura, sinus 
is packed, above and below, by inserting a pack between the 
bone and dura of sinus to control bleeding.

Healthy red clot beyond the abscess at either end of sinus 
should not be disturbed. Pack is removed 5–6 days postop-
eratively and wound secondarily closed.

3. Ligation of internal jugular vein. It is rarely required these 
days. It is indicated when antibiotic and surgical treatment 
have failed to control embolic phenomenon and rigors, or 
tenderness and swelling along jugular vein is spreading.

4. Anticoagulant therapy. It is rarely required and used when 
thrombosis is extending to cavernous sinus.

5. Supportive treatment. Repeated blood transfusions may 
be required to combat anaemia and improve patient’s 
resistance.

F. OTITIC HYDROCEPHALUS

It is characterized by raised intracranial pressure with nor-
mal CSF findings. It is seen in children and adolescents with 
acute or chronic middle ear infections.

MECHANISM
Lateral sinus thrombosis accompanying middle ear infection 
causes obstruction to venous return. If thrombosis extends 
to superior sagittal sinus, it will also impede the function of 
arachnoid villi to absorb CSF. Both these factors result in 
raised intracranial tension.

CLINICAL FEATURES
Symptoms

 1.  Severe headache, sometimes intermittent, is the pre-
senting feature. It may be accompanied by nausea and 
vomiting.

 2.  Diplopia due to paralysis of VIth cranial nerve.
 3.  Blurring of vision due to papilloedema or optic atrophy.

Signs

 1.  Papilloedema may be 5–6 diopters, sometimes with 
patches of exudates and haemorrhages.

 2.  Nystagmus due to raised intracranial tension.
 3.  Lumbar puncture. CSF pressure exceeds 300 mm H2O 

(normal 70–120 mm H2O). It is otherwise normal in cell, 
protein and sugar content and is bacteriologically sterile.

TREATMENT
The aim is to reduce CSF pressure to prevent optic atrophy 
and blindness. This is achieved medically by acetazolamide 
and corticosteroids and repeated lumbar puncture or place-
ment of a lumbar drain. Sometimes, draining CSF into the 
peritoneal cavity (lumboperitoneal shunt) is necessary.

Middle ear infection may require antibiotic therapy and 
mastoid exploration to deal with sinus thrombosis.
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ANATOMY OF LABYRINTH

It may be pertinent to review the anatomy of the labyrinth 
and introduce the terminology often used to describe it:

 1.  Otic labyrinth. Also called membranous labyrinth or 
endolymphatic labyrinth. It consists of utricle, saccule, 
cochlea, semicircular ducts, endolymphatic duct and sac. 
It is filled with endolymph.

 2.  Periotic labyrinth or perilymphatic labyrinth (or space). It 
surrounds the otic labyrinth and is filled with perilymph. 
It includes vestibule, scala tympani, scala vestibuli, peri-
lymphatic space of semicircular canals and the periotic 
duct, which surrounds the endolymphatic duct of otic 
labyrinth.

 3.  Otic capsule. It is the bony labyrinth. It has three layers.
 (a)  Endosteal. The innermost layer. It lines the bony 

labyrinth.
 (b)  Enchondral. Develops from the cartilage and later 

ossifies into bone. It is in this layer that some islands 
of cartilage are left unossified that later give rise to 
otosclerosis.

 (c)  Periosteal. Covers the bony labyrinth.

Otic capsule or the bony labyrinth ossifies from 14 centres, 
the first one appears in the region of cochlea at 16 weeks and 
the last one appears in the posterolateral part of posterior 
semicircular canal at 20th week.

OTOSCLEROSIS

Otosclerosis, more aptly called otospongiosis, is a primary 
disease of the bony labyrinth. In this, one or more foci 
of irregularly laid spongy bone replace part of normally 
dense enchondral layer of bony otic capsule. Most often, 
otosclerotic focus involves the stapes region leading to 
stapes fixation and conductive deafness. However, it may 
involve certain other areas of the bony labyrinth where it 
may cause neurosensory loss or no symptoms at all.

AETIOLOGY

The exact cause of otosclerosis is not known; however, the fol-
lowing facts have been documented.

Anatomical basis. Bony labyrinth is made of enchondral-
bone which is subject to little change in life. But sometimes, 
in this hard bone, there are areas of cartilage rests which 
due to certain nonspecific factors are activated to form a 
new spongy bone. One such area is the fissula ante fenestram 

lying in front of the oval window—the site of predilection 
for stapedial type of otospongiosis.

Heredity. About 50% of otosclerotics have positive family 
history; rest are sporadic. Genetic studies reveal that it is an 
autosomal dominant trait with incomplete penetrance and 
a variable expressivity.

Race. White races are affected more than black Americans.  
It is common in Indians but rare among Chinese and 
Japanese.

Sex. Females are affected twice as often as males but in 
India, otosclerosis seems to predominate in males.

Age of onset. Hearing loss usually starts between 20 and  
30 years of age and is rare before 10 and after 40 years.

Effect of other factors. Hearing loss due to otosclerosis may 
be initiated or made worse by pregnancy. Similarly, deaf-
ness may increase during menopause, after an accident or a 
major operation.

The disease may be associated with osteogenesis imperfecta 
with history of multiple fractures. The triad of symptoms 
of osteogenesis imperfecta, otosclerosis and blue sclera is 
called van der Hoeve syndrome. Lesions of otic capsule seen in 
osteogenesis imperfecta are histologically indistinguishable 
from those of otosclerosis and both are due to genes encod-
ing type I collagen.

Viral infection. Electron microscopic and immunohisto-
chemical studies have shown RNA related to measles virus. 
It is likely that otosclerosis is a viral disease as has been 
suggested for Paget’s disease.

TYPES OF OTOSCLEROSIS

1. Stapedial otosclerosis. Stapedial otosclerosis causing sta-
pes fixation and conductive deafness is the most common 
variety. Here lesion starts just in front of the oval window 
in an area called “fissula ante fenestram.” This is the site 
of predilection (anterior focus). Lesion may start behind the 
oval window (posterior focus), around the margin of the sta-
pes footplate (circumferential), in the footplate but annular 
ligament being free (biscuit type). Sometimes, it may com-
pletely obliterate the oval window niche (obliterative type) 
(Figure 13.1).

2. Cochlear otosclerosis. Cochlear otosclerosis involves 
region of round window or other areas in the otic capsule, 
and may cause sensorineural hearing loss probably due to 
liberation of toxic materials into the inner ear fluid.

3. Histologic otosclerosis. This type of otosclerosis remains 
asymptomatic and causes neither conductive nor sensori-
neural hearing loss.

13 Otosclerosis  
(Syn. Otospongiosis)
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PATHOLOGY

Grossly, otosclerotic lesion appears chalky white, greyish or 
yellow. Sometimes, it is red in colour due to increased vas-
cularity, in which case, the otosclerotic focus is active and 
rapidly progressive.

Microscopically, spongy bone appears in the normally dense 
enchondral layer of otic capsule. In immature active lesions, 
there are numerous marrow and vascular spaces with plenty 
of osteoblasts and osteoclasts and a lot of cement substance 
which stains blue (blue mantles) with haematoxylin-eosin 
stain. Mature foci show less vascularity and laying of more 
bone and more of fibrillar substance than cementum, and 
is stained red.

SYMPTOMS

1. Hearing loss. This is the presenting symptom and usually 
starts in twenties. It is painless and progressive with insidious 
onset. Often it is bilateral conductive type.

2. Paracusis Willisii. An otosclerotic patient hears better in 
noisy than in quiet surroundings. This is because a normal 
person will raise his voice in noisy surroundings.

3. Tinnitus. It is more commonly seen in cochlear otosclero-
sis and in active lesions.

4. Vertigo. It is an uncommon symptom.

5. Speech. Patient has a monotonous, well-modulated soft 
speech.

SIGNS

 1.  Tympanic membrane is quite normal and mobile. Some-
times, a reddish hue may be seen on the promontory 
through the tympanic membrane (Schwartze sign). This is 
indicative of active focus with increased vascularity.

 2.  Eustachian tube function is normal.
 3.  Tuning fork tests show negative Rinne (i.e. BC > AC) first 

for 256 Hz and then 512 Hz and still later, when stapes 

fixation is complete, for 1026 Hz. Weber test will be lat-
eralized to the ear with greater conductive loss. Abso-
lute bone conduction may be normal. It is decreased in 
cochlear otosclerosis with sensorineural loss.

Pure tone audiometry shows loss of air conduction, more for 
lower frequencies.

Bone conduction is normal. In some cases, there is a dip 
in bone conduction curve. It is different at different fre-
quencies but maximum at 2000 Hz and is called Carhart’s 
notch (5 dB at 500 Hz, 10 dB at 1000 Hz, 15 dB at 2000 Hz 
and 5 dB at 4000 Hz) (Figure 13.2). Carhart’s notch disap-
pears after successful stapedectomy.

Mixed hearing loss is not uncommon in otosclerosis. 
There is loss in bone conduction with air-bone gap.

Speech audiometry reveals normal discrimination score 
except in those with cochlear involvement.

Tympanometry may be normal in early cases but later 
shows a curve of ossicular stiffness. Stapedial reflex becomes 
absent when stapes is fixed (see p. 24).

Figure 13.1 Types of stapedial otosclerosis. (A)  
Anterior focus. (B) Posterior focus. (C) Circumferential. 
(D) Biscuit type (thick plate). (E) Obliterative. E

A B C

D

Frequency in Hertz

H
ea

rin
g 

lo
ss

 in
 d

B

125 250 500 1000 2000 4000 8000

10

0

20

30

40

50

60

70

80

90

100

110

Figure 13.2 Otosclerosis left ear. Note dip at 2000 Hz in bone con-
duction (Carhart’s notch).
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DIFFERENTIAL DIAGNOSIS

Otosclerosis should be differentiated from other causes of 
conductive deafness particularly serous otitis media, adhe-
sive otitis media, tympanosclerosis, attic fixation of head of 
malleus, ossicular discontinuity or congenital stapes fixation.

TREATMENT

Medical. There is no medical treatment that cures otosclero-
sis. Sodium fluoride has been tried to hasten the maturity of 
active focus and arrest further cochlear loss, but controver-
sies exist and this treatment is not recommended generally.

Surgical. Stapedectomy/stapedotomy with a placement of pros-
thesis is the treatment of choice. Here the fixed otosclerotic 
stapes is removed and a prosthesis inserted between the 
incus and oval window (Figure 13.3). Prosthesis employed 
may be a teflon piston, stainless steel piston, platinum–teflon 
or titanium–teflon piston (Figure 13.4). In 90% of patients, 
there is good improvement in hearing after stapedectomy.

Selection of patients for stapes surgery. Hearing threshold 
for air conduction should be 30 dB or worse. (It is this level 
when patient starts feeling socially handicapped.)

Average air-bone gap should be at least 15 dB with Rinne 
negative for 256 and 512 Hz.

Speech discrimination score should be 60% or more.

CONTRAINDICATIONS TO STAPES SURGERY
 1.  The only hearing ear.
 2.  Associated Ménière’s disease. When there is history of ver-

tigo with clinical evidence of Ménière’s disease in an 
otosclerotic patient, there are more chances of sensori-
neural hearing loss after stapedectomy.

 3.  Young children. Recurrent eustachian tube dysfunction 
is common in children. It can displace the prosthesis or 
cause acute otitis media. Also the growth of otosclerotic 
focus is faster in children leading to reclosure of oval 
window.

 4.  Professional athletes, high construction workers, divers and 
frequent air travellers. Stapes surgery has the risk to cause 
postoperative vertigo and/or dizziness and thus interfere 
with their profession; or frequent air pressure changes 
may damage the hearing or cause severe vertigo.

 5.  Those who work in noisy surroundings. After stapedectomy, 
they would be more vulnerable to get sensorineural hear-
ing loss due to noise trauma.

 6.  Otitis externa, tympanic membrane perforation and exos-
tosis are relative contraindications. Stapedectomy can be 
done after they have been treated first for above condi-
tions. Similarly, stapedectomy is avoided during pregnancy.

The operation is preferably done under local anaesthesia.

STEPS OF STAPEDECTOMY (FIGURE 13.5)
 1.  Meatal incision and elevation of the tympanomeatal flap.
 2.  Exposure of stapes area. This may require removal of pos-

terosuperior bony overhang of the canal.
 3.  Removal of stapes superstructure.
 4.  Creation of a hole in the stapes footplate (stapedotomy) 

or removal of a part of footplate (stapedectomy).
 5.  Placement of prosthesis.
 6.  Repositioning the tympanomeatal flap.

COMPLICATIONS OF STAPEDECTOMY
 1.  Tear of tympanomeatal flap and later perforation of tym-

panic membrane
 2.  Injury to chorda tympani with taste disturbance particu-

larly if opposite chorda was earlier injured
 3.  Incus dislocation
 4.  Injury to facial nerve
 5.  Vertigo
 (a)  Early in postoperative period (intraoperative trauma, 

serous labyrinthitis, long prosthesis)
 (b)  Late due to perilymph fistula and benign paroxysmal 

positional vertigo
 6.  Perilymph fistula/granuloma
 7.  Conductive loss
 (a)  Short prosthesis
 (b)  Loose prosthesis
 (c)  Displacement of prosthesis
 (d)  Incus erosion (late)
 8.  Sensorineural hearing loss
 (a)  Intraoperative trauma
 (b)  Labyrinthitis
 (c)  Perilymph fistula/granuloma
 9.  Dead ear

Two per cent of patients undergoing this operation may 
suffer sensorineural loss. Slowly progressive high frequency 

A B
Figure 13.3 (A) Before removal of stapes. (B) Stapes removed and 
replaced by a teflon piston.

A B C
Figure 13.4 Stapes prostheses. (A) Teflon piston. (B) Platinum–teflon 
piston. (C) Titanium–teflon piston.
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loss is seen in long-term follow-up. One in 200 patients may 
get a totally “dead” ear.

Stapes mobilization is no longer done these days as it gives 
temporary results; refixation being quite common.

Lempert’s fenestration operation is almost outdated now. Here 
an alternative window is created in the lateral semicircular 

canal to function for the obliterated oval window. It has the 
disadvantage of a postoperative mastoid cavity and an inher-
ent hearing loss of 25 dB which cannot be corrected.

Hearing aid. Patients who refuse surgery or are unfit for 
surgery can use hearing aid. It is an effective alternative.

D

A B C

EStapedial tendon cut and
stapes superstructure removed

Stapes
superstructure

Round window

Small fenestra made in the footplate
and teflon piston inserted

5–
7 

m
m

Incision Tympanomeatal flap raised and
reflected forward. Posterosuperior bony
overhang to be removed (dotted line)

Posterosuperior overhang
removed to expose facial

canal and pyramid

Stapedial
tendon

Facial canal

Chorda
tympani

Figure 13.5 Steps of stapedectomy (see text).



90

ANATOMY AND FUNCTIONS OF  
FACIAL NERVE

Facial nerve runs from pons to parotid. It is a mixed nerve 
having motor and a sensory root. The latter is also called 
the nerve of Wrisberg and carries secretomotor fibres to the 
lacrimal gland and salivary glands, and brings fibres of taste 
and general sensation. Thus there are two efferent and two 
afferent pathways. Components of the facial nerve include:

 1.  Special visceral efferent forms the motor root and sup-
plies all the muscles derived from the second branchial 
arch, i.e. all the muscles of facial expression, auricular 
muscles (now vestigial), stylohyoid, posterior belly of 
digastric and the stapedius.

 2.  General visceral efferent supplies secretomotor fibres to 
lacrimal, submandibular and sublingual glands and the 
smaller secretory glands in the nasal mucosa and the palate.

 3.  Special visceral afferent brings taste from the anterior 
two-thirds of tongue via chorda tympani and soft and 
hard palate via greater superficial petrosal nerve. Taste is 
carried to the nucleus of tractus solitarius.

 4.  General somatic afferent brings general sensation from 
the concha, posterosuperior part of external canal and 
the tympanic membrane. These fibres account for vesicu-
lar eruption in herpes zoster infection of the geniculate 
ganglion. It also brings proprioceptive sensation from 
the facial muscles.

NUCLEUS OF FACIAL NERVE

Motor nucleus of the nerve is situated in the pons. It 
receives fibres from the precentral gyrus. Upper part of the 
nucleus which innervates forehead muscles receives fibres 
from both the cerebral hemispheres, while the lower part 
of nucleus which supplies lower face gets only crossed fibres 
from one hemisphere. The function of forehead is pre-
served in supranuclear lesions because of bilateral innerva-
tion. Facial nucleus also receives fibres from the thalamus by 
alternate routes and provides involuntary control to facial 
muscles. The emotional movements such as smiling and cry-
ing are thus preserved in supranuclear palsies because of 
these fibres from the thalamus (Figure 14.1).

COURSE OF FACIAL NERVE

Motor fibres take origin from the nucleus of VIIth nerve, 
hook round the nucleus of VIth nerve and are joined by 
the sensory root (nerve of Wrisberg). Facial nerve leaves the 

brainstem at pontomedullary junction, travels through pos-
terior cranial fossa and enters the internal acoustic meatus. 
At the fundus of the meatus (lateral most part of meatus), 
the nerve enters the bony facial canal, traverses the tem-
poral bone and comes out of the stylomastoid foramen. 
Here it crosses the styloid process and divides into terminal 
branches. The course of the nerve (Figure 14.2) can thus be 
divided into three parts.

1. Intracranial part. From pons to internal acoustic meatus 
(15–17 mm).

2. Intratemporal part. From internal acoustic meatus to sty-
lomastoid foramen. It is further divided into:

 (a)  Meatal segment (8–10 mm). Within internal acoustic 
meatus.

 (b)  Labyrinthine segment (4.0 mm). From fundus of meatus to 
the geniculate ganglion where nerve takes a turn poste-
riorly forming a “genu.” The nerve in the labyrinthine 
segment has the narrowest diameter (0.61–0.68 mm) 
and the bony canal in this segment is also the narrow-
est. Thus oedema or inflammation can easily compress 
the nerve and cause paralysis. This is also the shortest 
segment of the nerve.

 (c)  Tympanic or horizontal segment (11.0 mm). From geniculate 
ganglion to just above the pyramidal eminence. It lies 
above the oval window and below the lateral semicircular 
canal.

 (d)  Mastoid or vertical segment (13.0 mm). From the pyramid 
to stylomastoid foramen. Between the tympanic and 
mastoid segments is the second genu of the nerve.

3. Extracranial part. From stylomastoid foramen to the ter-
mination of its peripheral branches.

BRANCHES OF FACIAL NERVE

1. Greater superficial petrosal nerve. It arises from genic-
ulate ganglion and carries secretomotor fibres to lacrimal 
gland and the glands of nasal mucosa and palate.

2. Nerve to stapedius. It arises at the level of second genu 
and supplies the stapedius muscle.

3. Chorda tympani. It arises from the middle of vertical seg-
ment, passes between the incus and neck of malleus, and 
leaves the tympanic cavity through petrotympanic fissure. 
It carries secretomotor fibres to submandibular and sub-
lingual glands and brings taste from anterior two-thirds of 
tongue.

14 Facial Nerve and Its Disorders
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4. Communicating branch. It joins auricular branch of vagus 
and supplies the concha, retroauricular groove, posterior 
meatus and the outer surface of tympanic membrane.

5. Posterior auricular nerve. It supplies muscles of pinna, 
occipital belly of occipitofrontalis and communicates with 
auricular branch of vagus.

6. Muscular branches to stylohyoid and posterior belly of 
digastric.

7. Peripheral branches. The nerve trunk, after crossing the 
styloid process, forms two divisions, an upper temporofacial 
and a lower cervicofacial, which further divide into smaller 
branches. These are the temporal, zygomatic, buccal, man-
dibular and cervical and together form pes anserinus (goose-
foot). They supply all the muscles of facial expression.

BLOOD SUPPLY OF FACIAL NERVE

It is derived from four blood vessels: (i) Anterior-inferior cer-
ebellar artery supplies the nerve in cerebellopontine angle; 
(ii) labyrinthine artery, branch of anterior-inferior cerebellar 
artery, which supplies the nerve in internal auditory canal; 
(iii) superficial petrosal artery, a branch of middle meningeal 
artery, which supplies geniculate ganglion and the adja-
cent region; and (iv) stylomastoid artery, branch of posterior 
auricular artery, which supplies the mastoid and tympanic 
segment. All the arteries form an external plexus which lies 
in the epineurium and feeds a deeper intraneural internal 
plexus (Figure 14.3).

SURGICAL LANDMARKS OF FACIAL NERVE

For middle ear and mastoid surgery

 1.  Processus cochleariformis. It demarcates the geniculate 
ganglion which lies just anterior to it. Tympanic segment 
of the nerve starts at this level.

 2.  Oval window and horizontal canal. The facial nerve runs 
above the oval window (stapes) and below the horizontal 
canal.

 3.  Short process of incus. Facial nerve lies medial to the 
short process of incus at the level of aditus.

 4.  Pyramid. Nerve runs behind the pyramid and the poste-
rior tympanic sulcus.

 5.  Tympanomastoid suture. In vertical or mastoid segment, 
nerve runs behind this suture.

 6.  Digastric ridge. The nerve leaves the mastoid at the ante-
rior end of digastric ridge.

For parotid surgery (Figure 14.4)

 1.  Cartilaginous pointer. The nerve lies 1 cm deep and 
slightly anterior and inferior to the pointer. Cartilagi-
nous pointer is a sharp triangular piece of cartilage of 
the pinna and “points” to the nerve.

 2.  Tympanomastoid suture. Nerve lies 6–8 mm deep to this 
suture.

 3.  Styloid process. The nerve crosses lateral to styloid process.
 4.  Posterior belly of digastric. If posterior belly of digastric 

muscle is traced backwards along its upper border to its 
attachment to the digastric groove, nerve is found to lie 
between it and the styloid process.

VARIATION AND ANOMALIES OF FACIAL NERVE 
(FIGURE 14.5)

 1.  Bony dehiscence. This is the most common anomaly. 
Dehiscence (absence of bony cover) occurs most com-
monly in tympanic segment over the oval window. It also 
occurs near the region of geniculate ganglion or in the 

Lesion

Nucleus of CN VII

Thalamus

Motor cortex

Figure 14.1 Forehead receives bilateral innervation and is thus 
saved in supranuclear paralysis. Emotional movements controlled by 
thalamo-nuclear fibres are also preserved.
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Figure 14.2 (A) Course of facial nerve. Intratemporal part consists of 
four segments: meatal (1), labyrinthine (2), tympanic (3) and mastoid (4). 
(B) Branches of facial nerve on face.
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region of retrofacial mastoid cells. A dehiscent nerve 
is prone to injury at the time of surgery or gets easily 
involved in mastoid and middle ear infections.

 2.  Prolapse of nerve. The dehiscent nerve may prolapse 
over the stapes and make stapes surgery or ossicular 
reconstruction difficult.

 3.  Hump. The nerve may make a hump posteriorly near 
the horizontal canal making it vulnerable to injury while 
exposing the antrum during mastoid surgery.

 4.  Bifurcation and trifurcation. The vertical part of facial 
nerve divides into two or three branches, each occu-
pying a separate canal and exiting through individual 
foramen.

 5.  Bifurcation and enclosing the stapes. The nerve divides 
proximal to oval window—one part passing above and 
the other below it and then reuniting.

 6.  Between oval and round windows. Just before oval win-
dow the nerve crosses the middle ear passing between 
oval and round windows.

Anomalies of the nerve are more common in congenital 
ears; utmost care should be taken while operating cases of 
microtia or other congenital conditions of the ear.

STRUCTURE OF NERVE

From inside out, a nerve fibre consists of axon, myelin 
sheath, neurilemma and endoneurium. A group of nerve 
fibres is enclosed in a sheath called perineurium to form a 
fascicle and the fascicles are bound together by epineurium 
(Figure 14.6).

SEVERITY OF NERVE INJURY

Degree of nerve injury will determine the regeneration of 
nerve and its function. Earlier nerve injuries were divided 
into:

 1.  Neurapraxia, a conduction block, where flow of axoplasm 
through the axons was partially obstructed.

 2.  Axonotmesis—injury to axons.
 3.  Neurotmesis—injury to nerve.

Sunderland classified nerve injuries into five degrees of 
severity based on anatomical structure of the nerve and this 
classification is now widely accepted.

1°=  Partial block to flow of axoplasm; no morphological 
changes are seen. Recovery of function is complete 
(neurapraxia).

2°=  Loss of axons, but endoneurial tubes remain intact. 
During recovery, axons will grow into their respective 
tubes, and the result is good (axonotmesis).

3°=  Injury to endoneurium. During recovery, axons of 
one tube can grow into another. Synkinesis can occur 
(neurotmesis).

4°=  Injury to perineurium in addition to above. Scarring 
will impair regeneration of fibres (partial transection).

5°=  Injury to epineurium in addition to above (complete 
nerve transection).

The first three degrees are seen in viral and inflammatory 
disorders while fourth and fifth are seen in surgical or acci-
dental trauma to the nerve or in neoplasms.

ELECTRODIAGNOSTIC TESTS

These tests are useful to differentiate between neurapraxia 
and degeneration of the nerve. They also help to predict 
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Figure 14.3 Blood supply of facial nerve. (i) Cerebellopontine 
angle: Anterior-inferior cerebellar artery. (ii) Internal auditory canal: 
Labyrinthine artery. (iii) Geniculate ganglion and adjacent facial nerve: 
Superficial petrosal. (iv) Mastoid segment: Stylomastoid artery. Thus 
both carotid and vertebrobasilar systems supply the nerve and meet 
at labyrinthine segment.
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Figure 14.4 Surgical landmarks of the facial nerve in parotid 
surgery.
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prognosis and indicate time for surgical decompression of 
the nerve.

1. Minimal nerve excitability test. The nerve is stimulated 
at steadily increasing intensity till facial twitch is just notice-
able. This is compared with the normal side. There is no 
difference between the normal and paralyzed side in con-
duction block. In other injuries, where degeneration sets 
in, nerve excitability is gradually lost. When the difference 
between two sides exceed 3.5 m amp, the test is positive for 
degeneration. Degeneration of fibres cannot be detected 
earlier than 48–72 h of its commencement.

2. Maximal stimulation test (MST). This test is similar to 
the minimal nerve excitability test but instead of measuring 
the threshold of stimulation, the current level which gives 
maximum facial movement is determined and compared 
with the normal side. Response is visually graded as equal, 
decreased or absent. Reduced or absent response with maxi-
mal stimulation indicates degeneration and is followed by 
incomplete recovery.

3. Electroneuronography (ENoG). It is a sort of evoked 
electromyography. The facial nerve is stimulated at the 
stylomastoid foramen and the compound muscle action 

Figure 14.5 Variations and abnor-
malities in the course of facial nerve. 
(A) Normal. (B) Bony dehiscence. (C) 
Hump posteriorly, near the second 
genu. (D) Bifurcation. (E) Trifurcation. (F) 
Bifurcating and reuniting round the oval 
window. (G) Tympanic segment cross-
ing between oval and round window.
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potentials are picked up by the surface electrodes. Supra-
maximal stimulation is used to obtain maximal action 
potentials. The responses of action potentials of the para-
lyzed side are compared with that of the normal side on 
similar stimulation and thus percentage of degenerating 
fibres is calculated. Studies reveal that degeneration of 90% 
occurring in the first 14 days indicates poor recovery of 
function. Faster rate of degeneration occurring in less than 
14 days has a still poorer prognosis. ENoG is most useful 
between 4 and 21 days of the onset of complete paralysis.

4. Electromyography (EMG). This tests the motor activity of 
facial muscles by direct insertion of needle electrodes usu-
ally in orbicular oculi and orbicularis oris muscles and the 
recordings are made during rest and voluntary contraction 
of muscle.

In a normal resting muscle, biphasic or triphasic poten-
tials are seen every 30–50 ms.

In a denervated muscle spontaneous involuntary action 
potentials called fibrillation potentials are seen. They appear 
14–21 days after denervation. With regeneration of the 
nerve after injury, polyphasic reinnervation potentials replace 
fibrillation potentials. They appear 6–12 weeks prior to clini-
cal evidence of facial function and thus provide the earliest 
evidence of recovery.

Voluntary contraction causes motor discharge. Dimin-
ished or no response to voluntary contraction is seen after 
nerve injury.

Electromyography is useful in planning reanimation proce-
dures. Presence of normal or polyphasic potentials after 1 year 
of injury indicates that reinnervation is taking place and there 
is no need for reanimation procedure. If fibrillation potentials 
are seen, it indicates intact motor end plates but no evidence 
of reinnervation and need for nerve substitution. Electrical 
silence indicates atrophy of motor end plates and need for 
muscle transfer procedures rather than nerve substitution.

Thus ENoG and EMG are complimentary and help to 
prognosticate in cases of facial paralysis and in deciding the 
procedure for reanimation, i.e. nerve substitution versus 
muscle transposition or sling operation.

CAUSES OF FACIAL PARALYSIS

The cause may be central or peripheral. The peripheral lesion 
may involve the nerve in its intracranial, intratemporal or 
extratemporal parts. Peripheral lesions are more common 
and about two-thirds of them are of the idiopathic variety 
(Table 14.1).
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Figure 14.6 Structure of a nerve. (A) Cross section of nerve. (B) Structure of nerve fibre, longitudinal and cross-sectional views.

Table 14.1 Causes of facial paralysis

	•	 	Central
	 •	 	Brain abscess
	 •	 	Pontine gliomas
	 •	 	Poliomyelitis
	 •	 	Multiple sclerosis
	•	 	Intracranial part (cerebellopontine angle)
	 •	 	Acoustic neuroma
	 •	 	Meningioma
	 •	 	Congenital cholesteatoma
	 •	 	Metastatic carcinoma
	 •	 	Meningitis
	•	 	Intratemporal part
	 •	 	Idiopathic
 –  Bell palsy
 –  Melkersson syndrome
	 •	 	Infections
 –  Acute suppurative otitis media
 –  Chronic suppurative otitis media
 –  Herpes zoster oticus
 –  Malignant otitis externa
	 •	 	Trauma
 –  Surgical: Mastoidectomy and stapedectomy
 –  Accidental: Fractures of temporal bone
	 •	 	Neoplasms
 –  Malignancies of external and middle ear
 –  Glomus jugulare tumour
 –  Facial nerve neuroma
 –  Metastasis to temporal bone (from cancer of breast,  

bronchus, prostate)
	•	 	Extracranial part
	 •	 	Malignancy of parotid
	 •	 	Surgery of parotid
	 •	 	Accidental injury in parotid region
	 •	 	Neonatal facial injury (obstetrical forceps)
	•	 	Systemic diseases
	 •	 	Diabetes mellitus
	 •	 	Hypothyroidism
	 •	 	Uraemia
	 •	 	Polyarteritis nodosa
	 •	 	Wegener’s granulomatosis
	 •	 	Sarcoidosis (Heerfordt’s syndrome)
	 •	 	Leprosy
	 •	 	Leukaemia
	 •	 	Demyelinating disease
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A. IDIOPATHIC

1. BELL PALSY
Sixty to seventy-five per cent of facial paralysis is due to Bell 
palsy. It is defined as idiopathic, peripheral facial paralysis or 
paresis of acute onset. Both sexes are affected with equal 
frequency. Any age group may be affected though inci-
dence rises with increasing age. A positive family history 
is present in 6–8% of patients. Risk of Bell palsy is more 
in diabetics (angiopathy) and pregnant women (retention 
of fluid).

Aetiology

1. Viral infection. Most of the evidence supports the viral aeti-
ology due to herpes simplex, herpes zoster or the Epstein–
Barr virus. Other cranial nerves may also be involved in Bell 
palsy which is thus considered a part of the total picture of 
polyneuropathy.

2. Vascular ischaemia. It may be primary or secondary. Pri-
mary ischaemia is induced by cold or emotional stress. Second-
ary ischaemia is the result of primary ischaemia which causes 
increased capillary permeability leading to exudation of 
fluid, oedema and compression of microcirculation of the 
nerve.

3. Hereditary. The fallopian canal is narrow because of 
hereditary predisposition and this makes the nerve suscepti-
ble to early compression with the slightest oedema. Ten per 
cent of the cases of Bell palsy have a positive family history.

4. Autoimmune disorder. T-lymphocyte changes have been 
observed.

Clinical Features (Figure 14.7)

Onset is sudden. Patient is unable to close his eye. On 
attempting to close the eye, eyeball turns up and out (Bell 
phenomenon). Saliva dribbles from the angle of mouth. 
Face becomes asymmetrical. Tears flow down from the eye 
(epiphora). Pain in the ear may precede or accompany the 
nerve paralysis. Some complain of noise intolerance (stape-
dial paralysis) or loss of taste (involvement of chorda tym-
pani). Paralysis may be complete or incomplete. Bell palsy is 
recurrent in 3–10% of patients.

Diagnosis

Diagnosis is always by exclusion. All other known causes of 
peripheral facial paralysis should be excluded. This requires 
careful history, complete otological and head and neck 
examination, X-ray studies, blood tests such as total count, 
peripheral smear, sedimentation rate, blood sugar and 
serology.

Nerve excitability tests are done daily or on alternate 
days and compared with the normal side to monitor nerve 
degeneration.

Localizing the site of lesion (topodiagnosis) helps in estab-
lishing the aetiology and also the site of surgical decompres-
sion of nerve, if that becomes necessary.

Treatment

General

 1.  Reassurance.
 2.  Relief of ear pain by analgesics.

 3.  Care of the eye as outlined on p. 98. Eye must be pro-
tected against exposure keratitis.

 4.  Physiotherapy or massage of the facial muscles gives 
psychological support to the patient. It has not been 
shown to influence recovery. Active facial movements are 
encouraged when there is return of some movement to 
the facial muscles.

Medical management

	•	 	Steroids. Their utility has not been proved beyond doubt 
in carefully controlled studies. Prednisolone is the drug 
of choice. If patient reports within 1 week, the adult 
dose of prednisolone is 1 mg/kg/day divided into morn-
ing and evening doses for 5 days. Patient is seen on the 
fifth day. If paralysis is incomplete or is recovering, dose 
is tapered during the next 5 days. If paralysis remains 
complete, the same dose is continued for another 10 days 
and thereafter tapered in next 5 days (total of 20 days). 
Contraindications to use of steroids include pregnancy, 
diabetes, hypertension, peptic ulcer, pulmonary tuber-
culosis and glaucoma. Steroids have been found useful 
to prevent incidence of synkinesis, crocodile tears and to 
shorten the recovery time of facial paralysis. Steroids can 
be combined with acyclovir for Herpes zoster oticus or 
Bell palsy.

	•	 	Other drugs. Vasodilators, vitamins, mast cell inhibitors and 
antihistaminics have not been found useful.

Surgical treatment. Nerve decompression relieves pressure 
on the nerve fibres and thus improves the microcirculation 
of the nerve. Vertical and tympanic segments of nerve are 
decompressed. Some workers have suggested total decom-
pression including labyrinthine segment by postaural and 
middle fossa approach.

Prognosis

Eighty-five to ninety per cent of the patients recover fully. 
Ten to fifteen per cent recover incompletely and may be left 
with some stigmata of degeneration. Recurrent facial palsy 
may not recover fully. Prognosis is good in incomplete Bell 
palsy (95% complete recovery) and in those where clini-
cal recovery starts within 3 weeks of onset (75% complete 
recovery).
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Figure 14.7 Facial paralysis left side. Compare with normal side.
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2. MELKERSSON SYNDROME
It is also an idiopathic disorder consisting of a triad of facial 
paralysis, swelling of lips and fissured tongue. Paralysis may 
be recurrent. Treatment is the same as for Bell palsy.

•	 Recurrent facial palsy. Recurrent facial palsy is seen in 
Bell palsy (3–10% cases), Melkersson syndrome, diabetes, 
sarcoidosis and tumours. Recurrent palsy on the same side 
may be caused by a tumour in 30% of cases.

•	 Bilateral facial paralysis. Simultaneous bilateral facial 
paralysis may be seen in Guillain-Barré syndrome, sarcoid-
osis, sickle cell disease, acute leukaemia, bulbar palsy, lep-
rosy and some other systemic disorders.

B. INFECTIONS

HERPES ZOSTER OTICUS (RAMSAY–HUNT SYNDROME)
There is facial paralysis along with vesicular rash in the exter-
nal auditory canal and pinna (Figure 14.8). There may also 
be anaesthesia of face, giddiness and hearing impairment 
due to involvement of Vth and VIIIth nerves. Treatment is 
the same as for Bell palsy.

Infections of Middle Ear (see p. 80)
Malignant Otitis Externa (see p. 52)

C. TRAUMA

1. FRACTURES OF TEMPORAL BONE
Fractures of temporal bone may be longitudinal, transverse or 
mixed (Figure 14.9). Facial palsy is seen more often in trans-
verse fractures (50%). Paralysis is due to intraneural haema-
toma, compression by a bony spicule or transection of nerve. 
In these cases, it is important to know whether paralysis was 
of immediate or delayed onset. Delayed onset paralysis is 
treated conservatively like Bell palsy while immediate onset 
paralysis may require surgery in the form of decompression, 
re-anastomosis of cut ends or cable nerve graft (Table 14.2).

2. EAR OR MASTOID SURGERY
Facial nerve is injured during stapedectomy, tympanoplasty 
or mastoid surgery. Paralysis may be immediate or delayed 
and treatment is the same as in temporal bone trauma. 

Sometimes, nerve is paralyzed due to pressure of packing 
on the exposed nerve and this should be relieved first.

Operative injuries to facial nerve can be avoided if atten-
tion is paid to the following:

 (a)  Anatomical knowledge of the course of facial nerve, 
possible variations and anomalies and its surgical land-
marks. Cadaver dissections should be an important 
part of the training in ear surgery.

 (b)  Always working along the course of nerve and never 
across it.

 (c)  Constant irrigation when drilling to avoid thermal 
injury. Use diamond burr when working near the nerve.

 (d)  Gentle handling of the nerve when it is exposed, avoid-
ing any pressure of instruments on the nerve.

Figure 14.8 Ramsay–Hunt syndrome. Note facial palsy and small vesicles in the concha of the right side.
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Figure 14.9 (A) Longitudinal fracture runs along the axis of petrous 
pyramid. Typically, it starts at squamous part of temporal bone, runs 
through roof of external ear canal and middle ear towards the petrous 
apex, and to foramen lacerum. (B) Transverse fracture. It runs across 
the axis of petrous. Typically, it begins at foramen magnum, passes 
through occipital bone, jugular fossa, petrous pyramid ending in mid-
dle cranial fossa. It may pass medial, lateral or through the labyrinth.
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 (e)  Not to remove any granulations that penetrate the nerve.
 (f)  Using magnification; never to work on facial nerve 

without an operating microscope.

3. PAROTID SURGERY AND TRAUMA TO FACE
Facial nerve may be injured in surgery of parotid tumours 
or deliberately excised in malignant tumours. Accidental 
injuries in the parotid region can also cause facial paralysis. 
Application of obstetrical forceps may also result in facial 
paralysis in the neonate due to pressure on the extratemporal 
part of nerve.

D. NEOPLASMS

1. INTRATEMPORAL NEOPLASMS
Carcinoma of external or middle ear, glomus tumour, rhab-
domyosarcoma and metastatic tumours of temporal bone, 
all result in facial paralysis. Facial nerve neuroma occurs 
anywhere along the course of nerve and produces paraly-
sis of gradual or sudden onset. It is treated by excision and 
nerve grafting. High-resolution CT scan and gadolinium-
enhanced MRI is very useful for facial nerve tumour.

2. TUMOURS OF PAROTID
Facial paralysis with tumour of the parotid almost always 
implies malignancy (see Tumours of salivary glands).

E. SYSTEMIC DISEASES AND FACIAL PARALYSIS

Peripheral facial paralysis is mostly of idiopathic variety but 
always needs exclusion of diabetes, hypothyroidism, leukae-
mia, sarcoidosis, periarteritis nodosa, Wegener’s granuloma-
tosis, leprosy, syphilis and demyelinating disease.

LOCALIZATION OF FACIAL LESION

A. CENTRAL FACIAL PARALYSIS

It is caused by cerebrovascular accidents (haemorrhage, 
thrombosis or embolism), tumour or an abscess. It causes 
paralysis of only the lower half of face on the contralateral 
side. Forehead movements are retained due to bilateral 

innervation of frontalis muscle. Involuntary emotional 
movements and the tone of facial muscles are also retained.

B. PERIPHERAL FACIAL PARALYSIS

All the muscles of the face on the involved side are para-
lyzed. Patient is unable to frown, close the eye, purse the lips 
or whistle.

A lesion at the level of nucleus is identified by associated 
paralysis of VIth nerve.

A lesion at cerebellopontine angle is identified by the pres-
ence of vestibular and auditory defects and involvement of 
other cranial nerves such as Vth, IXth, Xth and XIth.

A lesion in the bony canal, from internal acoustic meatus to 
stylomastoid foramen, can be localized by topodiagnostic 
tests.

A lesion outside the temporal bone, in the parotid area, affects 
only the motor functions of nerve. It may sometimes be 
incomplete as some branches of the nerve may not be 
involved in tumour or trauma.

TOPODIAGNOSTIC TESTS FOR LESIONS IN 
INTRATEMPORAL PART (FIGURE 14.10)

The following tests are useful in finding the site of lesion in 
paralysis of lower motor neuron.

1. Schirmer test. It compares lacrimation of the two sides. 
A strip of filter paper is hooked in the lower fornix of each 
eye and the amount of wetting of strip measured. Decreased 
lacrimation indicates lesion proximal to the geniculate gan-
glion as the secretomotor fibres to lacrimal gland leave at the 
geniculate ganglion via greater superficial petrosal nerve.

2. Stapedial reflex. Stapedial reflex is lost in lesions above 
the nerve to stapedius. It is tested by tympanometry.

3. Taste test. It can be measured by a drop of salt or sugar 
solution placed on one side of the protruded tongue, or 
by electrogustometry. Impairment of taste indicates lesion 
above the chorda tympani.

4. Submandibular salivary flow test. It also measures func-
tion of chorda tympani. Polythene tubes are passed into 
both Wharton ducts and drops of saliva counted during one 

Table 14.2 Differences in longitudinal and transverse fractures of temporal bone

Longitudinal Transverse

Frequency More common (80%) Less common (20%)
Type of injury Parietal blow Occipital blow
Fracture line Runs parallel to long axis of petrous pyramid. Starts 

at squamous part of temporal bone to end at  
foramen lacerum

Runs across the petrous. Starts at foramen magnum 
or jugular foramen towards the foramen spinosum

Bleeding from ear Common, due to injury to tegmen and  tympanic 
membrane

Absent because tympanic membrane is intact. 
 Haemotympanum may be seen

Cerebrospinal fluid 
otorrhoea

Present, often mixed with blood Absent or unmanifested

Structures injured Tegmen, ossicles and tympanic membrane Labyrinth or CN VIII
Hearing loss Conductive Sensorineural
Vertigo Less often; due to concussion Severe, due to injury to labyrinth or CN VIII
Facial paralysis Less (20%), delayed onset. Nerve is injured in  

tympanic segment, distal to geniculate ganglion
Most common (50%). Immediate onset. Injury to 

nerve in meatal or labyrinthine segment proximal to 
geniculate ganglion.
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minute period. Decreased salivation shows injury above the 
chorda.

COMPLICATIONS FOLLOWING  
FACIAL PARALYSIS

Peripheral facial paralysis due to any cause may result in any 
of the following complications:

1. Incomplete recovery. Facial asymmetry persists. Eye can-
not be closed resulting in epiphora. A weak oral sphincter 
causes drooling and difficulty in taking food.

2. Exposure keratitis. Eye cannot be closed, tear film from 
the cornea evaporates causing dryness, exposure keratitis 
and corneal ulcer. This is worse when tear production is also 
affected. It can be prevented by use of artificial tears (meth-
ylcellulose drops) every 1–2 h, eye ointment and proper cover 
for the eye at night.

Temporary tarsorrhaphy may also be indicated. Eye clo-
sure can also be improved by using gold-weight implant 
sutured to the tarsal plate deep to levator palpebrae 
muscle.

3. Synkinesis (mass movement). When the patient wishes to 
close the eye, corner of mouth also twitches or vice versa. It 
is due to cross innervation of fibres; there is no treatment.

4. Tics and spasms. They are the result of faulty regen-
eration of fibres. Involuntary movements are seen on the 
affected side of the face.

5. Contractures. They result from fibrosis of atrophied mus-
cles or fixed contraction of a group of muscles. They affect 
movements of face but facial symmetry at rest is good.

6. Crocodile tears (gustatory lacrimation). There is unilateral 
lacrimation with mastication. This is due to faulty regeneration 
of parasympathetic fibres which now supply lacrimal gland 
instead of the salivary glands. It can be treated by section of 
greater superficial petrosal nerve or tympanic neurectomy.

7. Frey’s syndrome (gustatory sweating). There is sweating 
and flushing of skin over the parotid area during mastica-
tion. It results from parotid surgery.

8. Psychological and social problems. Drooling during eat-
ing and drinking and impairment of speech cause social 
problems.

HYPERKINETIC DISORDERS OF  
FACIAL NERVE

They are characterized by involuntary twitching of facial 
muscles on one or both sides.

1. Hemifacial spasm. It is characterized by repeated, uncon-
trollable twitchings of facial muscles on one side (Figure 
14.11). It is of two types (i) essential or idiopathic, where cause 
is not known and (ii) secondary, where cause is acoustic neu-
roma, congenital cholesteatoma or glomus tumour. Many 
cases of hemifacial spasm are due to irritation of the nerve 
because of a vascular loop at the cerebellopontine angle. 
Microvascular decompression through posterior fossa 
craniotomy has met with high success rate in these cases. 
Idiopathic type has been treated by selective section of the 
branches of facial nerve in the parotid or by puncturing the 
facial nerve with a needle in its tympanic segment.

Botulinum toxin has been used in the affected muscle. It 
blocks the neuromuscular junction by preventing release of 
acetylcholine.

Taste fibres (Green)
Secretomotor

fibres (Red)

Motor fibres
(Blue)

Sublingual and
submandibular
glands

Motor fibres
to face

A

B

C

D

Lacrimal
gland

Stapedius

Figure 14.10 Topographical localization of VIIth nerve lesions. 
(A) Suprageniculate or transgeniculate lesion. Secretomotor fibres 
to the lacrimal gland leave at the geniculate ganglion and are inter-
rupted in lesions situated at/or proximal to geniculate ganglion. (B) 
Suprastapedial lesions cause loss of stapedial reflex and taste but 
preserve lacrimation. (C) Infrastapedial lesions cause loss of taste 
but preserve stapedial reflex and lacrimation. (D) Infrachordal lesions 
cause loss of facial motor function only.

Figure 14.11 Hemifacial spasm. Note all the facial muscles and pla-
tysma in spasm. Picture taken during paroxysm of clonic contractions.
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2. Blepharospasm. Twitchings and spasms are limited to 
orbiculars oculi muscles on both sides. The eyes are closed 
due to muscle spasms causing functional blindness. The 
cause is uncertain, but probably lies in the basal ganglia. It 
is treated by selective section of nerves supplying muscles 
around the eye on both sides.

Botulinum-A toxin injected into the periorbital muscles 
gives relief for 3–6 months. Injection can be repeated, if 
necessary.

SURGERY OF FACIAL NERVE

1. Decompression. The nerve may be compressed by 
oedema, haematoma or a fractured bone in its intratem-
poral part. The bony canal is exposed and uncapped. The 
sheath of nerve is also slit to relieve pressure due to oedema 
or intraneural haematoma.

2. End-to-end anastomosis. This is done when the gap 
between severed ends of the nerves is only a few millime-
tres. It is a suitable procedure for extratemporal part of the 

nerve. There should not be any tension in the approximated 
ends.

3. Nerve graft (cable graft). When the gap between severed 
ends cannot be closed by end-to-end anastomosis, a nerve 
graft is more suitable than extensive rerouting or mobiliza-
tion of nerve. Nerve graft is taken from greater auricular, 
lateral cutaneous nerve of thigh or the sural nerve. In the 
bony canal, the graft may not require any suturing.

4. Hypoglossal-facial anastomosis. Hypoglossal nerve is anas-
tomosed to the severed peripheral end of the facial nerve. It 
improves the muscle tone and permits some movements of 
facial muscles, but at the expense of atrophy of tongue on 
that side. However, disability of tongue due to atrophy is not 
so severe and patient adjusts to the difficulty in chewing and 
articulation after a few weeks.

5. Plastic procedures. They are used to improve cosmetic 
appearance when nerve grafting is not feasible or has 
failed. The procedures include facial slings, face lift opera-
tion or slings of masseter and temporalis muscle. The latter 
also gives some movement to face in addition to symmetry.
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Ménière’s disease, also called endolymphatic hydrops, is a dis-
order of the inner ear where the endolymphatic system is 
distended with endolymph. It is characterized by (i) vertigo, 
(ii) sensorineural hearing loss, (iii) tinnitus and (iv) aural 
fullness.

PATHOLOGY

The main pathology is distension of endolymphatic system, 
mainly affecting the cochlear duct (scala media) and the 
saccule, and to a lesser extent the utricle and semicircular 
canals. The dilatation of cochlear duct is such that it may 
completely fill the scala vestibuli; there is marked bulging 
of Reissner’s membrane, which may even herniate through 
the helicotrema into the apical part of scala tympani  
(Figure 15.1). The distended saccule may come to lie against 
the stapes footplate. The utricle and saccule may show out-
pouchings into the semicircular canals.

AETIOLOGY

The main pathology in Ménière’s disease is distension of 
endolymphatic system due to increased volume of endo-
lymph. This can result either from increased production of 
endolymph or its faulty absorption or both. Normally, endo-
lymph is secreted by stria vascularis, fills the membranous 
labyrinth and is absorbed through the endolymphatic sac 
(see p. 10 for inner ear fluids).

The exact cause of Ménière’s disease is not yet known. 
Various theories have been postulated (Figure 15.2).

1. Defective absorption by endolymphatic sac. Normally, 
endolymph is carried by the endolymphatic duct to the sac 
where it is absorbed. Defective absorption by the sac may be 
responsible for raised endolymph pressure. Experimental 
obstruction of endolymphatic sac and its duct also produces 
hydrops. Ischaemia of sac has been observed in cases of 
Ménière’s disease undergoing sac surgery, indicating poor 
vascularity and thus poor absorption by the sac. Distension 
of membranous labyrinth leads to rupture of Reissner’s 
membrane and thus mixing of perilymph with endolymph, 
which is thought to bring about an attack of vertigo.

2. Vasomotor disturbance. There is sympathetic overactiv-
ity resulting in spasm of internal auditory artery and/or its 
branches, thus interfering with the function of cochlear or 
vestibular sensory neuroepithelium. This is responsible for 
deafness and vertigo. Anoxia of capillaries of stria vascularis 

also causes increased permeability, with transudation of 
fluid and increased production of endolymph.

3. Allergy. The offending allergen may be a foodstuff or an 
inhalant. In these cases, inner ear acts as the “shock organ” 
producing excess of endolymph. Nearly 50% of patients 
with Ménière’s disease have concomitant inhalant and/or 
food allergy.

It is possible that Ménière’s disease is multifactorial, result-
ing in the common end point of endolymphatic hydrops 
with classical presentation.

4. Sodium and water retention. Excessive amounts of fluid 
are retained leading to endolymphatic hydrops.

5. Hypothyroidism. About 3% of cases of Ménière’s disease 
are due to hypothyroidism. Such cases benefit from thyroid 
replacement therapy.

6. Autoimmune and viral aetiologies have also been sug-
gested on the basis of experimental, laboratory and clinical 
observations.

CLINICAL FEATURES

Age and sex. Disease is commonly seen in the age group of 
35–60 years. Males are affected more than females. Usually, 
disease is unilateral but the other ear may be affected after 
a few years.

Cardinal symptoms of Ménière’s disease are (i) episodic ver-
tigo, (ii) fluctuating hearing loss, (iii) tinnitus and (iv) sense 
of fullness or pressure in the involved ear.

1. Vertigo. It comes in attacks. The onset is sudden. Patient 
gets a feeling of rotation of himself or his environment. 
Sometimes, there is feeling of “to and fro” or “up and down” 
movement. Attacks come in clusters, with periods of spon-
taneous remission lasting for weeks, months or years. Usu-
ally, an attack is accompanied by nausea and vomiting with 
ataxia and nystagmus. Severe attacks may be accompanied 
by other symptoms of vagal disturbances such as abdominal 
cramps, diarrhoea, cold sweats, pallor and bradycardia. Usu-
ally, there is no warning symptom of an oncoming attack of 
vertigo but sometimes the patient may feel a sense of full-
ness in the ear, change in character of tinnitus or discomfort 
in the ear which herald an attack.

Some cases of Ménière’s disease show Tullio phenomenon.  
It is a condition where loud sounds or noise produce  
vertigo and is due to the distended saccule lying against 
the stapes footplate. This phenomenon is also seen when 
there are three functioning windows in the ear, e.g. a 

15 Ménière’s Disease
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fenestration of horizontal canal in the presence of a 
mobile stapes.

2. Hearing loss. It usually accompanies vertigo or may pre-
cede it. Hearing improves after the attack and may be nor-
mal during the periods of remission. This fluctuating nature 
of hearing loss is quite characteristic of the disease. With 
recurrent attacks, improvement in hearing during remis-
sion may not be complete; some hearing loss being added 
in every attack leading to slow and progressive deterioration 
of hearing which is permanent.

	•	 	Distortion of sound. Some patients complain of distorted 
hearing. A tone of a particular frequency may appear nor-
mal in one ear and of higher pitch in the other leading to 
diplacusis. Music appears discordant.

	•	 	Intolerance to loud sounds. Patients of Ménière’s disease can-
not tolerate amplification of sound due to recruitment 
phenomenon. They are poor candidates for hearing aids.

3. Tinnitus. It is low-pitched roaring type and is aggravated 
during acute attacks. Sometimes, it has a hissing character. It 
may persist during periods of remission. Change in intensity 
and pitch of tinnitus may be the warning symptom of attack.

4. Sense of fullness or pressure. Like other symptoms, it 
also fluctuates. It may accompany or precede an attack of 
vertigo.

5. Other features. Patients of Ménière’s disease often show 
signs of emotional upset due to apprehension of the repeti-
tion of attacks. Earlier, the emotional stress was considered 
to be the cause of Ménière’s disease.

EXAMINATION

1. Otoscopy. No abnormality is seen in the tympanic 
membrane.

2. Nystagmus. It is seen only during acute attack. The quick 
component of nystagmus is towards the unaffected ear.

3. Tuning fork tests. They indicate sensorineural hearing 
loss. Rinne test is positive, absolute bone conduction is 
reduced in the affected ear and Weber is lateralized to the 
better ear.

INVESTIGATIONS

1. Pure tone audiometry. There is sensorineural hearing 
loss. In early stages, lower frequencies are affected and the 
curve is of rising type. When higher frequencies are involved 
curve becomes flat or a falling type (Figure 15.3).

2. Speech audiometry. Discrimination score is usually  
55–85% between the attacks but discrimination ability is 
much impaired during and immediately following an attack.

3. Special audiometry tests. They indicate the cochlear 
nature of disease and thus help to differentiate from retro-
cochlear lesions, e.g. acoustic neuroma (Table 15.1).

 (a)  Recruitment test is positive.
 (b)  SISI (short increment sensitivity index) test. SISI score is 

better than 70% in two-thirds of the patients (normal 
15%).

 (c)  Tone decay test. Normally, there is decay of less than  
20 dB.

4. Electrocochleography. It shows changes diagnostic of 
Ménière’s disease. Normally, ratio of summating potential 
(SP) to action potential (AP) is 30%. In Ménière’s disease, 
SP/AP ratio is greater than 30% (Figure 15.4).

Figure 15.1 (A) Normal cochlear duct. 
(B) Cochlear duct is distended with 
endolymph pushing the Reissner’s mem-
brane into scala vestibuli. BA

Reissner’s membrane

Defective
absorption by sac
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Viral infection
(herpes family)
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disturbance)
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Aural fullness
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Fluctuating
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Figure 15.2 Aetiologic factors and symptomatology of Ménière’s 
disease (endolymphatic hydrops).
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5. Caloric test. It shows reduced response on the affected 
side in 75% of cases. Often, it reveals a canal paresis on the 
affected side (most common) but sometimes there is direc-
tional preponderance to healthy side or a combination of 
both canal paresis on the affected side and directional pre-
ponderance on the opposite side.

6. Glycerol test. Glycerol is a dehydrating agent. When given 
orally, it reduces endolymph pressure and thus causes an 
improvement in hearing.

Patient is given glycerol (1.5 mL/kg) with an equal 
amount of water and a little flavouring agent or lemon 
juice. Audiogram and speech discrimination scores are 
recorded before and 1–2 h after ingestion of glycerol. An 
improvement of 10 dB in two or more adjacent octaves or 
gain of 10% in discrimination score makes the test posi-
tive. There is also improvement in tinnitus and in the sense 

of fullness in the ear. The test has a diagnostic and prog-
nostic value. These days, glycerol test is combined with 
electrocochleography.

VARIANTS OF MÉNIÈRE’S DISEASE

1. Cochlear hydrops. Here, only the cochlear symptoms and 
signs of Ménière’s disease are present. Vertigo is absent. It is 
only after several years that vertigo will make its appearance. 
It is believed that in these cases, there is block at the level 
of ductus reuniens, thereby confining the increased endo-
lymph pressure to the cochlea only (Figure 15.5).

2. Vestibular hydrops. Patient gets typical attacks of episodic 
vertigo while cochlear functions remain normal. It is only 
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Figure 15.3 (A) Audiogram in early Ménière’s disease. Note: Hearing 
loss is sensorineural and more in lower frequencies—the rising 
curve. As the disease progresses, middle and higher frequencies get 
involved and audiogram becomes flat or falling type (B & C).
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Figure 15.4 Electrocochleography. (A) Normal ear. (B) Ear with 
Ménière’s disease. Voltage of summating potential (SP) is compared 
with that of action potential (AP). Normally SP is 30% of AP. This ratio 
is enhanced in Ménière’s disease.

Table 15.1 Results of various tests to differentiate a cochlear from a retrocochlear lesion

Normal Cochlear lesion Retrocochlear lesion

Pure tone audiogram Normal Sensorineural hearing loss Sensorineural hearing loss
Speech discrimination score 90–100% Below 90% Very poor
Roll over phenomenon Absent Absent Present
Recruitment Absent Present Absent
SISI score 0–15% Over 70% 0–20%
Threshold tone decay test 0–15 dB Less than 25 dB Above 25 dB
Stapedial reflex Present Present Absent
Stapedial reflex decay (page 97) Normal Normal Abnormal
BERA Normal interval between  

wave I & V
Normal interval between  

wave I & V
Wave V delayed or absent

 

BERA, brainstem evoked response audiometry.
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with time that a typical picture of Ménière’s disease will 
develop. Many of the cases of vestibular Ménière’s disease 
are labelled “recurrent vestibulopathy” as endolymphatic 
hydrops could not be demonstrated in the study of temporal 
bones in such cases.

3. Drop attacks (Tumarkin’s otolithic crisis). In this, there is 
a sudden drop attack without loss of consciousness. There is 
no vertigo or fluctuations in hearing loss. Patient gets a feel-
ing of having been pushed to the ground or poleaxed. It is an 
uncommon manifestation of Ménière’s disease and occurs 
either in the early or late course of disease. Possible mecha-
nism is deformation of the otolithic membrane of the utricle 
or saccule due to changes in the endolymphatic pressure.

4. Lermoyez syndrome. Here symptoms of Ménière’s disease 
are seen in reverse order. First there is progressive deteriora-
tion of hearing, followed by an attack of vertigo, at which 
time the hearing recovers.

MÉNIÈRE’S DISEASE VS MÉNIÈRE’S 
SYNDROME

Ménière’s disease is an idiopathic condition while Ménière’s 
syndrome, though resembling Ménière’s disease clinically 
(episodic vertigo, fluctuating hearing loss, tinnitus and ear 
fullness), results from a variety of conditions such as trauma 
(head injury or ear surgery), viral infections (following 
measles or mumps), syphilis (congenital or late acquired), 
Cogan’s syndrome, otosclerosis or autoimmune disorders. It 
is also called secondary Ménière’s disease.

DIAGNOSIS OF MÉNIÈRE’S DISEASE

Committee on Hearing and Equilibrium of the American Acad-
emy of Otolaryngology—Head and Neck Surgery (AAOHNS) 
classified the diagnosis of Ménière’s disease as follows:

 1.  Certain. Definite Ménière’s disease confirmed by 
histopathology.

 2.  Definite. Two or more definitive spontaneous episodes of 
vertigo lasting 20 min or longer.

 (a)  Audiometrically documented hearing loss on at least 
one occasion.

 (b)  Tinnitus or aural fullness in the affected ear.
 (c)  All other causes excluded.
 3.  Probable
 (a)  One definitive episode of vertigo.
 (b)  Audiometrically documented hearing loss on at least 

one occasion.

 (c)  Tinnitus or aural fullness in the treated ear.
 (d)  Other causes excluded.
 4.  Possible
 (a)  Episodic vertigo of Ménière’s type without docu-

mented hearing loss (vestibular variant) or
 (b)  Sensorineural hearing loss, fluctuating or fixed, 

with disequilibrium but without definitive episodes 
(cochlear variant).

 (c)  Other causes excluded.

STAGING OF MÉNIÈRE’S DISEASE

This can be done in certain and definite cases of Ménière’s dis-
ease. It is based on average of the pure tone thresholds at 0.5, 
1, 2, 3 kHz (rounded to nearest whole) of the worst audiogram 
during interval of 6 months before treatment (see Table 15.2).

TREATMENT

A. GENERAL MEASURES

1. Reassurance. Patient anxiety can be relieved by reassur-
ance and by explaining the true nature of disease. This is 
particularly important in acute attack.

2. Cessation of smoking. Nicotine causes vasospasm. Smok-
ing should be completely stopped. For some patients, this 
may be the only treatment necessary.

3. Low salt diet. Patient should take salt-free diet as far as 
possible. No extra salt should be permitted. Salt intake 
should not exceed 1.5–2.0 g/day.

4. Avoid excessive intake of water.

5. Avoid over-indulgence in coffee, tea and alcohol.

6. Avoid stress and bring a change in lifestyle. Mental relax-
ation exercises and yoga are helpful to decrease stress.

7. Avoid activities requiring good body balance. As the attack 
of Ménière’s disease is abrupt, sometimes with no warning 
symptom, professions such as flying, underwater diving or 
working at great heights should be avoided.

B. MANAGEMENT OF ACUTE ATTACK

During the acute attack, there is severe vertigo with nausea 
and vomiting. Patient is apprehensive. Head movements 
provoke giddiness. Therefore, treatment would consist of:

1. Reassurance and psychological support to allay worry and 
anxiety.

Ductus reuniens

Saccule

Figure 15.5 Left membranous labyrinth.

Table 15.2 Staging of Ménière’s disease

Stage Pure tone average in dB in previous 6 months

1 ≤25
2 26–40
3 41–70
4 >70
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2. Bed rest with head supported on pillows to prevent exces-
sive movements.

3. Vestibular sedatives to relieve vertigo. They should be 
administered intramuscularly or intravenously, if vomiting 
precludes oral administration. Drugs useful in acute attack 
are dimenhydrinate (Dramamine), promethazine theoclate 
(Avomine) or prochlorperazine (Stemetil).

Diazepam (Valium or Calmpose) 5–10 mg may be given 
intravenously. It has a tranquillizing effect and also sup-
presses the activity of medial vestibular nucleus.

In some patients, acute attack can be stopped by atropine, 
0.4 mg, given subcutaneously.

4. Vasodilators

 (a)  Inhalation of carbogen (5% CO2 with 95% O2). It is a 
good cerebral vasodilator and improves labyrinthine 
circulation.

 (b)  Histamine drip. Histamine diphosphate, 2.75 mg dis-
solved in 500 mL of glucose, given as i.v. drip at a slow 
rate is also a good vasodilator and helps to control acute 
attacks. Adverse effects of histamine include tachy-
cardia, disturbances of cardiac rhythm, hypotension, 
hyperthermia and bronchospasm. It should not be used 
on empty stomach and is contraindicated in asthmatics.

C. MANAGEMENT OF CHRONIC PHASE

When patient presents after the acute attack, the treatment 
consists of:

1. Vestibular sedatives. Prochlorperazine (Stemetil) 10 mg, 
thrice a day, orally for two months and then reduced to 5 mg 
thrice a day for another month.

2. Vasodilators. Nicotinic acid, 50 mg, is taken about an 
hour before meals thrice a day. The dose can be increased 
slowly to achieve flushing of skin.

Betahistine (Vertin) 8–16 mg, thrice a day, given orally, 
also increases labyrinthine blood flow by releasing hista-
mine in the body.

3. Diuretics. Sometimes, diuretic furosemide, 40 mg tablet, 
taken on alternate days with potassium supplement helps to 
control recurrent attacks, if not controlled by vasodilators or 
vestibular sedatives.

4. Propantheline bromide (Probanthine), 15 mg, thrice a 
day, can be given alone or in combination with vasodilator 
and is quite effective.

5. Elimination of allergen. Sometimes, a food or inhalant 
allergen is responsible for such attacks. It should be found 
and eliminated or desensitization done.

6. Hormones. Investigations should be directed to find any 
endocrinal disorder such as hypothyroidism, and appropri-
ate replacement therapy given. Control of stress by change 
in lifestyle is important to prevent recurrent attacks. About 
80% of the patients can be effectively managed by medical 
therapy alone.

INTRATYMPANIC GENTAMICIN THERAPY (CHEMICAL 
LABYRINTHECTOMY)
Gentamicin is mainly vestibulotoxic. It has been used in 
daily or biweekly injections into the middle ear. Drug is 

absorbed through the round window and causes destruction 
of the vestibular labyrinth. Total control of vertigo spells has 
been reported in 60–80% of patients with some relief from 
symptoms in others. Hearing loss, sometimes severe and 
profound, has been reported in 4–30% of patients treated 
with this mode of therapy.

MICROWICK
It is a small wick made of polyvinyl acetate and measures 1 
mm × 9 mm. It is meant to deliver drugs from external canal 
to the inner ear and thus avoid repeated intratympanic 
injections. It requires a tympanostomy tube (grommet) to 
be inserted into the tympanic membrane and the wick is 
passed through it. When soaked with drug, wick delivers it to 
the round window to be absorbed into the inner ear. It has 
been used to deliver steroids in sudden deafness and genta-
micin to destroy vestibular labyrinth in Ménière’s disease.

D. SURGICAL TREATMENT

It is used only when medical treatment fails.

1. Conservative procedures. They are used in cases where 
vertigo is disabling but hearing is still useful and needs to be 
preserved. They are:

 (a)  Decompression of endolymphatic sac.
 (b)  Endolymphatic shunt operation. A tube is put, connecting 

endolymphatic sac with subarachnoid space, to drain 
excess endolymph.

 (c)  Sacculotomy (Fick’s operation). It is puncturing the sac-
cule with a needle through stapes footplate. A distended 
saccule lies close to stapes footplate and can be easily 
penetrated. Cody’s tack procedure consists of placing 
a stainless steel tack through the stapes footplate. The 
tack would cause periodic decompression of the sac-
cule when it gets distended. Both these operations were 
claimed to have shown good results but they could not 
be reproduced by others and thus abandoned. Cochleo-
sacculotomy is another similar procedure in which, 
instead of saccule, cochlear duct is punctured and 
drained into the perilymph (otic-periotic shunt). The 
procedure is performed with a curved needle passed 
through the round window to puncture cochlear duct.

 (d)  Section of vestibular nerve. The nerve is exposed by retrosi-
gmoid or middle cranial fossa approach and selectively 
sectioned. It controls vertigo but preserves hearing.

 (e)  Ultrasonic destruction of vestibular labyrinth. Cochlear 
function is preserved.

2. Destructive procedures. They totally destroy cochlear and 
vestibular function and are thus used only when cochlear 
function is not serviceable.

	•	 	Labyrinthectomy. Membranous labyrinth is completely 
destroyed either by opening through the lateral semicir-
cular canal by transmastoid route or through the oval win-
dow by a transcanal approach. This gives relief from the 
attacks of vertigo.

3. Intermittent low-pressure pulse therapy [Meniett device 
therapy (Figure 15.6)]. It is observed that intermittent 
positive pressure delivered to inner ear fluids brings relief 
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from the symptoms of Ménière’s disease. Not only there is 
improvement in vertigo, tinnitus and ear fullness, but hear-
ing may also improve. Intermittent positive pressure waves 
can be delivered through an instrument called Meniett 
device which has been approved by FDA. A prerequisite for 
such a therapy is to perform a myringotomy and insert a ven-
tilation tube so that the device when coupled to the external 
ear canal can deliver pressure waves to the round window 
membrane via the ventilation tube. Pressure waves pass 
through the perilymph and cause reduction in endolymph 

pressure by redistributing it through various communica-
tion channels such as the endolymphatic sac or the blood 
vessels (Figure 15.6). Some believe they regulate secretion 
of endolymph by the stria vascularis.

Patient can self-administer the treatment at home. It may 
require a few months before complete remission of disease 
is obtained. Meniett device therapy has been recommended 
for patients who have failed medical treatment and the sur-
gical options are being considered.

Figure 15.6 Mechanism of intermittent low pres-
sure pulse therapy. Pressure waves pass through 
ventilation tube (1) to round window membrane  
(2) and transmitted to perilymph (yellow) and com-
press endolymphatic labyrinth (blue) to redistribute 
endolymph pressure to sac (3) and blood vessels (4).

Endolymphatic sac

Cochlear aqueductEustachian tube

1

2

3

4
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Of all the cases of ear carcinoma, 85% occur on the pinna, 
10% in the external canal and 5% in the middle ear.

Tumours of the external ear may arise from the pinna or 
external auditory canal (Table 16.1).

TUMOURS OF AURICLE

BENIGN TUMOURS

1. Preauricular sinus or cyst. This results from faulty union 
of hillocks of the first and second branchial arches during 
the development of pinna. Preauricular sinus presents as a 
small opening in front of the crus of helix. It has a branch-
ing tract lined by squamous epithelium which when blocked 
results in a retention cyst. Patient usually presents with a cyst 
which is infected. Surgery is indicated if there is unsightly 
swelling or infection. Cyst or sinus tract must be excised 
completely to avoid recurrence.

2. Sebaceous cyst. Common site is postauricular sulcus or 
below and behind the ear lobule. Treatment is total surgical 
excision.

3. Dermoid cyst. Usually presents as a rounded mass over 
the upper part of mastoid behind the pinna.

4. Keloid. It often follows trauma such as piercing the ear lob-
ule for ornaments or a surgical incision (Figure 16.1). There 
is a genetic susceptibility. Black races are more often affected. 
Keloid presents as a pedunculated tumour. Treatment is 

surgical excision with injection of triamcinolone into the sur-
gical site or immediate postoperative radiation of 300 rads.

5. Haemangiomas. They are congenital tumours often seen 
in childhood. Other parts of face and neck may also be 
involved. They are of two types:

 (a)  Capillary haemangioma. It is a mass of capillary-sized 
blood vessels and may present as a “port-wine stain.” It 
does not regress spontaneously.

 (b)  Cavernous haemangioma (also called strawberry tumour). 
It consists of endothelial-lined spaces filled with blood. It 
increases rapidly during the first year but regresses there-
after and may completely disappear by the fifth year.

6. Papilloma (wart). It may present as a tufted growth or flat 
grey plaque and is rough to feel. It is viral in origin. Treatment 
is surgical excision or curettage with cauterization of its base.

7. Cutaneous horn. It is a form of papilloma with heaping 
up of keratin and presents as horn-shaped tumour. It is 
often seen at the rim of helix in elderly people. Treatment 
is surgical excision.

8. Keratoacanthoma. It is a benign tumour clinically resem-
bling a malignant one. It presents as a raised nodule with a 

16 Tumours of External Ear

Table 16.1 Tumours of external ear

Pinna External ear canal

	•	 	Benign
	 •	 	Preauricular cyst or sinus
	 •	 	Sebaceous cyst
	 •	 	Dermoid cyst
	 •	 	Keloid
	 •	 	Haemangioma
	 •	 	Papilloma
	 •	 	Cutaneous horn
	 •	 	Keratoacanthoma
	 •	 	Neurofibroma
	•	 	Malignant
	 •	 	Squamous cell carcinoma
	 •	 	Basal cell carcinoma
	 •	 	Melanoma

	•	 	Benign
	 •	 	Osteoma
	 •	 	Exostosis
	 •	 	Ceruminoma
	 •	 	Sebaceous adenoma
	 •	 	Papilloma
	•	 	Malignant
	 •	 	Squamous cell 

carcinoma
	 •	 	Basal cell carcinoma
	 •	 	Adenocarcinoma
	 •	 	Malignant ceruminoma
	 •	 	Melanoma

Figure 16.1 Keloid following piercing of ear lobule for an ear ring.
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central crater. Initially, it grows rapidly but slowly regresses 
leaving a scar. Treatment is excision biopsy.

9. Neurofibroma. It presents as a nontender, firm swelling 
and may be associated with von Recklinghausen disease. 
Treatment is surgical excision, if tumour occludes ear canal 
or presents a cosmetic problem.

MALIGNANT TUMOURS

1. Squamous cell carcinoma. The site of predilection is the 
helix (Figure 16.2). It may present as a painless nodule or an 
ulcer with raised everted edges and indurated base. Metasta-
ses to regional lymph nodes occur very late. Disease is more 
common in males in their fifties who had prolonged exposure 
to direct sunlight. Fair-complexioned people are more prone.

Treatment. Small lesions with no nodal metastases are 
excised locally with 1 cm of healthy area around it. Larger 
lesions of the pinna or those coming within 1 cm of exter-
nal auditory canal and lesions with nodal metastases may 
require total amputation of the pinna, often with en bloc 
removal of parotid gland and cervical lymph nodes.

2. Basal cell carcinoma. The common sites are the helix and 
the tragus. It is more common in men beyond 50 years of 
age. It presents as a nodule with central crust, removal of 
which results in bleeding. Ulcer has a raised or beaded edge. 
Lesion often extends circumferentially into the skin but may 
penetrate deeper, involving cartilage or bone. Lymph node 
metastases usually do not occur.

Treatment. Superficial lesions, not involving cartilage, 
can be irradiated and cosmetic deformity avoided. Lesions 
involving cartilage may require surgical excision as in cases 
of squamous cell carcinoma.

3. Melanoma. It may occur anywhere over the auricle. It is 
more common in men of light complexion who are exposed 
to sun. Metastases are seen in 16–50% of the cases.

Treatment. Superficial melanoma, less than 1 cm in diam-
eter, situated over the helix, is managed by wedge resection 
and primary closure.

Superficial melanoma, larger than 1 cm, infiltrative mela-
nomas, melanoma of posterior auricular surface or concha 
and all recurrent melanomas are treated by resection of 
pinna, parotidectomy and radical neck dissection.

TUMOURS OF EXTERNAL AUDITORY 
CANAL

BENIGN TUMOURS

1. Osteoma. It arises from cancellous bone and presents as 
a single, smooth, bony, hard, pedunculated tumour, often 
arising from the posterior wall of the osseous meatus, 
near its outer end (Figure 16.3). Treatment is surgical 
removal by fracturing through its pedicle or removal with 
a drill.

2. Exostoses. They are multiple and bilateral, often pre-
senting as smooth, sessile, bony swellings in the deeper 
part of the meatus near the tympanic membrane. They 
arise from compact bone. Exostosis is often seen in per-
sons exposed to entry of cold water in the meatus as in 
divers and swimmers. Males are affected three times more 
than females.

Treatment. When small and asymptomatic, no treatment 
is necessary. Larger ones, which impair hearing or cause 
retention of wax and debris, may be removed with high 
speed drill to restore normal sized meatus. Exostoses may 
extend deeply and lie in close relation to the facial nerve. 
Therefore, use of gouge and hammer should be avoided.

3. Ceruminoma. It is a tumour of modified sweat glands 
which secrete cerumen. It presents as a smooth, firm, skin-
covered polypoid swelling in outer part of the meatus, gen-
erally attached to the posterior or inferior wall. It obstructs 
the meatus leading to retention of wax and debris. Malig-
nant type outnumbers the benign by 2:1 ratio.

Treatment. Tumour has a tendency to recur, therefore wide 
surgical excision should be done and patient regularly fol-
lowed up. Some of the ceruminomas are malignant and if 
there is any suspicion of malignancy on histology, postopera-
tive radiotherapy should be given.

Figure 16.2 Squamous cell carcinoma of pinna. Figure 16.3 Osteoma of external auditory canal right side.
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4. Sebaceous adenoma. It arises from sebaceous glands of 
the meatus and presents as a smooth, skin-covered swelling 
in the outer meatus. Treatment is surgical excision.

5. Papilloma. Similar to the one seen on the pinna.

MALIGNANT TUMOURS

1. Squamous cell carcinoma. Most often, it is seen in cases 
of long-standing ear discharge. It may arise primarily from 
the meatus or be a secondary extension from the middle ear 
carcinoma.

Presenting symptoms are blood staining of hitherto 
mucopurulent or purulent discharge and severe earache.

Examination may show an ulcerated area in the meatus or 
a bleeding polypoid mass or granulations. Facial nerve may 

be paralyzed because of local extension of disease through 
posterior meatal wall or its spread into the middle ear. 
Regional lymph nodes (preauricular, postauricular, infra-
auricular and upper deep cervical) may be involved.

Treatment is en bloc wide surgical excision with postop-
erative radiation.

2. Basal cell and adenocarcinomas. They can rarely arise 
from the meatus. Clinical picture is similar to that of 
squamous cell variety. Diagnosis is made only on biopsy. 
Treatment is wide surgical excision and postoperative 
radiation.

3. Malignant ceruminoma. Malignant type is twice as com-
mon as benign.

4. Malignant melanoma. Rare tumour.



109

CLASSIFICATION

Tumours of middle ear and mastoid can be divided into:

1. PRIMARY TUMOURS
 (a)  Benign: Glomus tumour
 (b)  Malignant: Carcinoma, sarcoma

2. SECONDARY TUMOURS
 (a)  From adjacent areas, e.g. nasopharynx, external meatus 

and the parotid.
 (b)  Metastatic, e.g. from carcinoma of bronchus, breast, 

kidney, thyroid, prostate and gastrointestinal tract.

GLOMUS TUMOUR

It is the most common benign neoplasm of middle ear and 
is so-named because of its origin from the glomus bodies. 
The latter resemble carotid body in structure and are found 
in the dome of jugular bulb or on the promontory along the 
course of tympanic branch of IXth cranial nerve  (Jacobson’s 
nerve). The tumour consists of paraganglionic cells derived 
from the neural crest.

AETIOLOGY AND PATHOLOGY

The tumour is often seen in the middle age (40–50 years). 
Females are affected five times more.

It is a benign, nonencapsulated but extremely vascular 
neoplasm. Its rate of growth is very slow and several years 
may pass before there is any change from the initial symp-
toms. Tumour is locally invasive.

Microscopically, it shows masses or sheets of epithelial 
cells which have large nuclei and a granular cytoplasm. 
There is abundance of thin-walled blood sinusoids with no 
contractile muscle coat, accounting for profuse bleeding 
from the tumours.

For purposes of diagnosis and treatment, two types are 
differentiated.

1. Glomus jugulare. They arise from the dome of jugular 
bulb, invade the hypotympanum and jugular foramen, caus-
ing neurological signs of IXth to XIIth cranial nerve involve-
ment. They may compress jugular vein or invade its lumen.

2. Glomus tympanicum. They arise from the promontory of 
the middle ear and cause aural symptoms, sometimes with 
facial paralysis.

SPREAD OF GLOMUS TUMOUR
 1.  Tumour may initially fill the middle ear and later per-

forate through the tympanic membrane to present as a 
vascular polyp.

 2.  It may invade labyrinth, petrous pyramid and the mastoid.
 3.  It may invade jugular foramen and the base of skull, caus-

ing IXth to XIIth cranial nerve palsies.
 4.  By spread through eustachian tube, it may present in the 

nasopharynx.
 5.  It may spread intracranially to the posterior and middle 

cranial fossae.
 6.  Metastatic spread to lungs and bones is rare, but seen in 

4% of cases. Metastatic lymph node enlargement can also 
occur.

CLINICAL FEATURES

In 90% of cases, symptoms pertain to the ear.

1. When tumour is intratympanic. Earliest symptoms are 
hearing loss and tinnitus. Hearing loss is conductive and 
slowly progressive. Tinnitus is pulsatile and of swishing 
character, synchronous with pulse and can be temporarily 
stopped by carotid pressure.

Otoscopy shows a red reflex through intact tympanic 
membrane. “Rising sun” appearance is seen when tumour 
arises from the floor of middle ear. Sometimes, tympanic 
membrane appears bluish and may be bulging.

“Pulsation sign” (Brown sign) is positive, i.e. when ear canal 
pressure is raised with Siegel’s speculum, tumour pulsates 
vigorously and then blanches; reverse happens with the 
release of pressure.

2. When tumour presents as a polyp. In addition to hearing 
loss and tinnitus, there is history of profuse bleeding from 
the ear either spontaneously or on attempts to clean it.

Dizziness or vertigo and facial paralysis may appear. Ear-
ache is less common than in carcinoma of the external and 
middle ear, and helps to differentiate them from it.

Otorrhoea may occur due to secondary infection and the 
condition may simulate chronic suppurative otitis media 
with polyp.

Examination reveals a red, vascular polyp filling the 
meatus. It bleeds readily and profusely on manipulation or 
at biopsy.

3. Cranial nerve palsies. This is a late feature appearing 
several years after aural symptoms. IXth to XIIth cranial 
nerves may be paralyzed. There is dysphagia and hoarse-
ness with unilateral paralysis of the soft palate, pharynx 

17Tumours of Middle Ear  
and Mastoid
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(IX, X) and vocal cord (X) with weakness of the trapezius 
and sternomastoid muscles (XI) and atrophy of half of 
tongue (XII).

Tumour may present as a mass over the mastoid or in the 
nasopharynx.

Signs of intracranial involvement may also occur.

4. Audible bruit. At all stages, auscultation with stethoscope 
over the mastoid may reveal systolic bruit.

Some glomus tumours secrete catecholamines and pro-
duce symptoms like headache, sweating, palpitation, hyper-
tension and anxiety, and require further investigations.

5. Rule of 10s. Remember that 10% of the tumours are 
familial, 10% multicentric and up to 10% functional, i.e. 
they secrete catecholamines.

DIAGNOSIS

In addition to thorough history and physical examina-
tion, the patient is checked-up to find out the extent of 
tumour, other associated glomus tumours and serum levels 
of catecholamines or their breakdown products in urine 
(vanillylmandelic acid, metanephrine, etc.). Investigations 
include:

1. Computed tomography (CT) scan head. Using bone 
window, 1 mm thin sections are cut. It helps to distinguish 
glomus tympanicum from the glomus jugulare tumour by 
identification of caroticojugular spine which is eroded in 
the latter. CT scan also helps to differentiate it from the 
aberrant carotid artery, high or dehiscent jugular bulb.

2. MRI. It gives soft tissue extent of tumour. Magnetic reso-
nance angiography and venography further help to delin-
eate invasion of jugular bulb and vein or compression of the 
carotid artery.

3. CT head and MRI combined together provide an excel-
lent preoperative guidance in the differential diagnosis of 
petrous apex lesions.

4. Four-vessel angiography. It is necessary when CT head 
shows involvement of jugular bulb, carotid artery or intra-
dural extension. It also helps to delineate any other glomus 
tumour (as they may be multiple), find the feeding vessels 
or embolization of tumour if required.

5. Brain perfusion and flow studies. They are necessary 
when tumour is pressing on internal carotid artery. If 
the case needs surgery, brain perfusion and adequacy of 
contralateral internal carotid artery and circle of Willis 
can be assessed. If needed, xenon blood flow and iso-
tope studies are done for precise blood flow, and the risk 
of stroke and need for surgical replacement of internal 
carotid artery.

6. Embolization. In large tumours, embolization of feeding 
vessels 1–2 days before operation helps to reduce blood loss.

7. Biopsy. Preoperative biopsy of the tumour for diagnosis 
is never done. Clinical and radiologic features are very char-
acteristic to make diagnosis. Tumour is very vascular and 
bleeds profusely. There is also likelihood of injuring the 
high jugular bulb or aberrant internal carotid artery if diag-
nosis is mistaken.

TREATMENT

It consists of:

 1.  Surgical removal.
 2.  Radiation.
 3.  Embolization.
 4.  Combination of the above techniques.

SURGICAL APPROACHES TO GLOMUS TUMOURS

1. Transcanal approach. Suited for limited glomus tympani-
cum tumour where entire circumference of the tumour is 
visible, only tympanotomy will suffice.

2. Hypotympanic approach. Suited for tumours limited to 
promontory with extension to hypotympanum but not into 
the mastoid. A superiorly based tympanomeatal flap is raised 
by postauricular approach. Bony inferior tympanic ring is 
drilled away to see the lower limit of tumour.

3. Extended facial recess approach. Used for glomus tym-
panicum extending into mastoid but not into the jugular 
bulb. If extensive, modified radical operation is done.

4. Mastoid-neck approach. Used for glomus jugulare 
tumours not extending to internal carotid artery, posterior 
cranial fossa or neck.

5. Infratemporal fossa approach of Fisch. Used for large 
glomus jugulare tumours.

6. Transcondylar approach. Used for tumours extending 
towards foramen magnum. Usually they are recurrent glomus 
jugulare tumours. It gives approach to craniocervical junc-
tion with exposure of occipital condyle and jugular tubercle.

Radiation treatment does not cure the tumour but may 
reduce its vascularity and arrest its growth. Radiation is used 
for inoperable tumours, residual tumours, recurrences after 
surgery or for older individuals where extensive skull base 
surgery is not indicated.

Embolization is used to reduce the vascularity of tumour 
before surgery or is the sole treatment in the inoperable 
patients who have received radiation.

CARCINOMA OF MIDDLE EAR  
AND MASTOID

It is a rare condition, there being one case in 20,000 new 
patients examined, but it is the commonest primary middle 
ear malignancy.

AETIOLOGY

It affects age group of 40–60 years and is slightly more 
common in females. Most cases (75%) have associated 
long-standing ear discharge. Chronic irritation may be the 
causative factor in such cases. Some cases are seen in radical 
mastoid cavities. Primary carcinoma of mastoid air cells is 
also seen in radium dial painters.

PATHOLOGY

Tumour may arise primarily from middle ear or be an exten-
sion of carcinoma of the deep meatus. Squamous cell variety 



111 CHAPTER 17 — TUMOURS OF MIDDLE EAR AND MASTOID

is by far the most common (Figure 17.1). Adenocarcinoma 
may occasionally be seen; it arises from the glandular ele-
ments of middle ear.

Spread of tumour. To begin with, carcinoma destroys ossi-
cles, facial canal, internal ear, jugular bulb, carotid canal or 
deep bony meatus and mastoid. It may spread in petrous 
pyramid towards its apex. Dura is usually resistant. It may 
spread to the parotid gland, temporomandibular joint, 
infratemporal fossa and down the eustachian tube to naso-
pharynx. Lymph node enlargement occurs late.

CLINICAL FEATURES

Patient often presents with clinical picture simulating 
chronic suppurative otitis media. However, the following 
features in age group of 40–60 years may arouse suspicion 
of malignancy:

 1.  Chronic foul-smelling discharge especially when blood 
stained.

 2.  Pain which is usually severe and comes at night.
 3.  Facial palsy.
 4.  Friable, haemorrhagic granulations or polyp.
 5.  Appearance of or increase in hearing loss or vertigo.

DIAGNOSIS

Definitive diagnosis is made only on biopsy. Extent of disease 
is judged by clinical and radiological examination. CT scan 
and angiography are useful in the assessment of disease.

TREATMENT

A combination of surgery and radiotherapy gives better 
results. Surgery consists of radical mastoidectomy, subtotal 
or total petrosectomy depending on the extent of tumour.

Radiotherapy alone is given as a palliative measure when 
tumour involves cranial nerves (IXth to XIIth) or spreads 
into the cranial cavity or the nasopharynx.

SARCOMAS

• Rhabdomyosarcoma. It is a rare tumour, mostly affecting 
children. It arises from the embryonic muscles tissue or 
the pluripotential mesenchyme. In early stages, it mimics 
chronic suppurative otitis media with ear discharge, polyp 
or granulations. Facial palsy occurs early (Figure 17.2). 
Diagnosis is made only on biopsy. Prognosis is poor. A com-
bination of radiation and chemotherapy is the treatment of 
choice. Surgery is done in selected localized lesions.

• Other sarcomas. Osteosarcoma, lymphoma, fibrosarcoma 
and chondrosarcoma are rare. Distant metastases are seen 
in the lungs or bone. Prognosis is poor.

SECONDARY TUMOURS

Tumours of external auditory meatus, parotid gland or 
nasopharynx may invade middle ear cleft either through the 
preformed pathways or bone erosion.

Sometimes, temporal bone is the site of distant metasta-
ses in advanced cases of carcinoma of the breast, bronchus, 
prostate, kidney or gastrointestinal tract.

Figure 17.1 Squamous cell carcinoma of middle ear and mastoid in 
a 3-year-old child. He also had facial paralysis.

Figure 17.2 A 4-year-old child with rhabdomyosarcoma of the right 
middle ear and mastoid. He also had facial palsy on the same side.
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Acoustic neuroma is also known as vestibular schwannoma, 
neurilemmoma or eighth nerve tumour.

INCIDENCE

Acoustic neuroma constitutes 80% of all cerebellopontine 
angle tumours and 10% of all the brain tumours.

PATHOLOGY

It is a benign, encapsulated, extremely slow-growing tumour 
of the VIIIth nerve. Microscopically, it consists of elon-
gated spindle cells with rod-shaped nuclei lying in rows 
or palisades. Bilateral tumours are seen in patients with 
neurofibromatosis.

ORIGIN AND GROWTH OF TUMOUR

The tumour almost always arises from the Schwann cells of 
the vestibular, but rarely from the cochlear division of VIIIth 
nerve within the internal auditory canal (Figure 18.1). As 
it expands, it causes widening and erosion of the canal and 
then appears in the cerebellopontine angle. Here, it may 
grow anterosuperiorly to involve Vth nerve or inferiorly 
to involve the IXth, Xth and XIth cranial nerves. In later 
stages, it causes displacement of brainstem, pressure on cer-
ebellum and raised intracranial tension (Figure 18.2). The 
growth of the tumour is extremely slow and the history may 
extend over several years.

CLASSIFICATION

Depending on the size, the tumour is classified as:

 1.  Intracanalicular (when it is confined to internal auditory 
canal)

 2.  Small size (up to 1.5 cm)
 3.  Medium size (1.5–4 cm)
 4.  Large size (over 4 cm)

CLINICAL FEATURES

1. Age and sex. Tumour is mostly seen in age group of 40–60 
years. Both sexes are equally affected.

2. Cochleovestibular symptoms. They are the earliest symp-
toms when tumour is still intracanalicular and are caused 
by pressure on cochlear or vestibular nerve fibres or on the 
internal auditory artery.

Progressive unilateral sensorineural hearing loss, often 
accompanied by tinnitus, is the presenting symptom in 
majority of cases. There is marked difficulty in understand-
ing speech, out of proportion to the pure tone hearing loss. 
This feature is characteristic of acoustic neuroma. Some 
patients may get sudden hearing loss.

Vestibular symptoms are imbalance or unsteadiness. True 
vertigo is seldom seen.

3. Cranial nerve involvement

	•	 	Vth nerve. This is the earliest nerve to be involved. There 
is reduced corneal sensitivity, numbness or paraesthesia of 
face. Involvement of this nerve indicates that the tumour 
is roughly 2.5 cm in diameter and occupies the cerebel-
lopontine angle.

	•	 	VIIth nerve. Sensory fibres are affected early. There is 
hypoaesthesia of posterior meatal wall (Hitzelberger’s 
sign), loss of taste (as tested by electrogustometry) and 
reduced lacrimation on Schirmer test. Motor fibres are 
more resistant and are affected late. Delayed blink reflex 
may be an early manifestation.

	•	 	IXth and Xth nerves. There is dysphagia and hoarseness 
due to palatal, pharyngeal and laryngeal paralysis.

	•	 	Other cranial nerves. XIth and XIIth, IIIrd, IVth and VIth 
are affected when tumour is very large.

4. Brainstem involvement. There is ataxia, weakness and numb-
ness of the arms and legs with exaggerated tendon reflexes. 
They are seen when long motor and sensory tracts are involved.

5. Cerebellar involvement. Pressure symptoms on cerebel-
lum are seen in large tumours. This is revealed by finger-
nose test, knee-heel test, dysdiadochokinesia, ataxic gait and 
inability to walk along a straight line with tendency to fall to 
the affected side.

6. Raised intracranial tension. This is also a late feature. 
There is headache, nausea, vomiting, diplopia due to VIth-
nerve involvement and papilloedema with blurring of vision.

INVESTIGATIONS AND DIAGNOSIS

Attempts should be made to diagnose the tumour in its oto-
logical phase when it is still intracanalicular. This is possible 
when all cases of unilateral sensorineural hearing loss with 
tinnitus or imbalance are carefully evaluated.

18 Acoustic Neuroma
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1. Audiological tests. See Table 15.1 for difference between 
cochlear and retrocochlear lesions.

 (a)  Pure tone audiometry will show sensorineural hearing 
loss, more marked in high frequencies.

 (b)  Speech audiometry shows poor speech discrimination 
and this is disproportionate to pure tone hearing loss. 
Roll-over phenomenon, i.e. reduction of discrimina-
tion score when loudness is increased beyond a particu-
lar limit is most commonly observed.

 (c)  Recruitment phenomenon is absent.
 (d)  Short Increment Sensitivity Index (SISI) test will show 

a score of 0–20% in 70–90% of cases.
 (e)  Threshold tone decay test shows retrocochlear type of 

lesion.

2. Stapedial reflex decay test (see p. 25).

3. Vestibular tests. Caloric test will show diminished or 
absent response in 96% of patients. When tumour is very 
small, caloric test may be normal.

4. Neurological tests. Complete examination of cranial 
nerves, cerebellar functions, brainstem signs of pyramidal 

and sensory tracts should be done. Fundus is examined for 
blurring of disc margins or papilloedema.

5. Radiological tests

 (a)  Plain X-rays (transorbital, Stenver’s, Towne’s and submen-
tovertical views) give positive findings in 80% of patients. 
However, small intracanalicular tumours are not detected.

 (b)  Computed tomography (CT) scan. A tumour that projects 
even 0.5 cm into the posterior fossa can be detected 
by a CT scan. If combined with intrathecal air, even 
the intrameatal tumour can be detected. CT scan has 
replaced earlier methods of pneumoencephalography 
and myodil meatography.

 (c)  MRI with gadolinium contrast. It is superior to CT scan 
and is the gold standard for diagnosis of acoustic neu-
roma. Intracanalicular tumour, of even a few millime-
tres, can be easily diagnosed by this method.

 (d)  Vertebral angiography. This is helpful to differentiate 
acoustic neuroma from other tumours of cerebello-
pontine angle when doubt exists.

6. Evoked response audiometry (BERA). It is very useful in 
the diagnosis of retrocochlear lesions. In the presence of 
VIIIth nerve tumour, a delay of > 0.2 ms in wave V between 
two ears is significant (see p. 26).

7. CSF examination. Protein level is raised. Lumbar punc-
ture is usually avoided. Important tests for work-up of acous-
tic neuroma are given below:

	•	 	Pure	tone	audiometry.
	•	 	Speech	discrimination	score.
	•	 	Roll-over	curve.
	•	 	Stapedial	reflex	decay.
	•	 	Evoked	response	audiometry.
	•	 	MRI	with	contrast.
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Figure 18.1 Inner aspect of lateral end of internal auditory canal with 
structures passing through different areas.
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Figure 18.2 Acoustic neuroma and its expansion. (A) Intracanalicular. (B) Tumour extending into cerebellopontine angle. (C) Tumour pressing 
on CN V. (D) Very large tumour pressing on CN V, IX, X, XI, and brainstem and cerebellum.
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DIFFERENTIAL DIAGNOSIS

Acoustic neuroma should be differentiated from the 
cochlear pathology (i.e. Ménière’s disease) and other cer-
ebellopontine angle tumours, e.g. meningioma, primary 
cholesteatoma and arachnoidal cyst (Table 18.1).

TREATMENT

SURGERY

Surgical removal of the tumour is the treatment of choice. 
Surgical approach will depend upon the size of tumour.

The various approaches are:

 1.  Middle cranial fossa approach.
 2.  Translabyrinthine approach.
 3.  Suboccipital (retrosigmoid) approach.
 4.  Combined translabyrinthine-suboccipital approach.

RADIOTHERAPY

Conventional radiotherapy by external beam has no role in the 
treatment of acoustic neuromas due to low tolerance of the 
central nervous system to radiation.

X-knife or Gamma knife surgery. It is a form of stereotactic 
radiotherapy where radiation energy is converged on the 
tumour, thus minimizing its effect on the surrounding nor-
mal tissue. This causes arrest of the growth of the tumour 
and also reduction in its size. It can be used in patients who 
refuse surgery or have contraindications to surgery or in 
those with a residual tumour.

X-knife surgery is done through linear accelerator and 
gamma knife through a Cobalt-60 source.

Cyber knife. It is an improvement over the above. It is totally 
frameless and more accurate. It uses real-time image guid-
ance technology through computer-controlled robotics.

Table 18.1 Tumours of cerebellopontine angle

	•	 	Acoustic neuroma
	•	 	Meningioma
	•	 	Epidermoid (cholesteatoma)
	•	 	Arachnoid cyst
	•	 	Schwannoma of other cranial nerves (e.g. CN V >VII>IX,  

X, XI)
	•	 	Aneurysm
	•	 	Glomus tumour
	•	 	Metastasis
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Children with profound (>90 dB loss) or total deafness fail 
to develop speech and have often been termed deaf-mute or 
deaf and dumb. However, these children have no defect in 
their speech producing apparatus. The main defect is deaf-
ness. They have never heard speech and therefore do not 
develop it. In lesser degrees of hearing loss, speech does 
develop but is defective. The period from birth to 5 years of 
life is critical for the development of speech and language, 
therefore, there is need for early identification and assess-
ment of hearing loss and early rehabilitation in infants and 
children. It was observed that children whose hearing loss 
was observed and managed before 6 months of age had 
higher scores of vocabulary, better expressive and compre-
hensive language skills than those diagnosed and managed 
after 6 months of age emphasizing the importance of early 
identification and treatment.

AETIOLOGY

Hearing loss in a child may develop from causes before birth 
(prenatal), during birth (perinatal) or thereafter (postnatal).

A. PRENATAL CAUSES

They may pertain to the infant or the mother.

1. Infant factors. An infant may be born with inner ear 
anomalies due to genetic or nongenetic causes. Anomalies 
may affect inner ear alone (nonsyndromic) or may form 
part of a syndrome (syndromic).

Anomalies affecting the inner ear may involve only the 
membranous labyrinth or both the membranous and bony 
labyrinths. They include:

 (a)  Scheibe dysplasia. It is the most common inner ear anom-
aly. Bony labyrinth is normal. Superior part of membra-
nous labyrinth (utricle and semicircular ducts) is also 
normal. Dysplasia is seen in the cochlea and saccule; 
hence also called cochleosaccular dysplasia. It is inherited 
as an autosomal recessive nonsyndromic trait.

 (b)  Alexander dysplasia. It affects only the basal turn of 
membranous cochlea. Thus only high frequencies are 
affected. Residual hearing is present in low frequencies 
and can be exploited by amplification with hearing aids.

 (c)  Bing–Siebenmann dysplasia. There is complete absence 
of membranous labyrinth.

 (d)  Michel aplasia. There is complete absence of bony 
and membranous labyrinth. Even the petrous apex is 
absent but external and middle ears may be completely 

unaffected. No hearing aids or cochlear implantation 
can be used.

 (e)  Mondini dysplasia. Only basal coil is present or cochlea 
is 1.5 turns. There is incomplete partition between the 
scalae due to absence of osseous spiral lamina. Condi-
tion is unilateral or bilateral. This deformity may be 
seen in Pendred, Waardenburg, branchio-oto-renal, 
Treacher-Collins and Wildervanck syndromes.

 (f)  Enlarged vestibular aqueduct. Vestibular aqueduct is 
enlarged (>2 mm), endolymphatic sac is also enlarged 
and can be seen on T2 MRI. It causes early onset senso-
rineural hearing loss which is progressive. Vertigo may 
be present. Perilymphatic fistula may occur.

 (g)  Semicircular canal malformations. Both superior and lateral 
or only lateral semicircular canal malformations may be 
seen. They can be identified on imaging techniques.

2. Maternal factors

 (a)  Infections during pregnancy.
 (b)  Drugs during pregnancy.
 (c)  Radiation to mother in the first trimester.
 (d)  Other factors.

Syndromes commonly associated with hearing loss are given 
in Table 19.1.

 (a)  Infections during pregnancy. Infections which affect the 
developing fetus are toxoplasmosis, rubella, cytomega-
loviruses, herpes type 1 and 2 and syphilis. Remember 
mnemonic, TORCHES.

 (b)  Drugs during pregnancy. Streptomycin, gentamicin, tobra-
mycin, amikacin, quinine or chloroquine, when given to 
the pregnant mother, cross the placental barrier and dam-
age the cochlea. Thalidomide not only affects ear but also 
causes abnormalities of limbs, heart, face, lip and palate.

 (c)  Radiation to mother in the first trimester.
 (d)  Other factors. Nutritional deficiency, diabetes, toxaemia 

and thyroid deficiency. Maternal alcoholism is also ter-
atogenic to the developing auditory system.

B. PERINATAL CAUSES

They relate to causes during birth or in early neonatal 
period. They are as follows.

1. Anoxia. It damages the cochlear nuclei and causes haemor-
rhage into the ear. Placenta praevia, prolonged labour, cord 
round the neck and prolapsed cord can all cause fetal anoxia.

2. Prematurity and low birth weight. Born before term or 
with birth weight less than 1500 g (3.3 lb).

19The Deaf Child
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Table 19.1 Syndromes associated with hearing loss

Syndrome Features Type of hearing loss
Onset (Congenital/
delayed)

Type of 
inheritance

 1.  Waardenburg syn-
drome (Figure 19.1)

	•	 	White forelock
	•	 	Heterochromia iridis
	•	 	Vitiligo
	•	 	Dystopia canthorum

Unilateral or bilateral 
SNHL

Congenital AD

 2.  Usher syndrome 	•	 	Retinitis pigmentosa
	•	 	Night blindness

SNHL Delayed AR

 3.  Jervell and Lange-
Nielson syndrome

	•	 	Repeated syncopal attacks
	•	 	Prolonged QT interval in ECG

SNHL Congenital AR

 4.  Pendred syndrome 	•	 	Goitre (nontoxic) usually evi-
dent before puberty

	•	 	Perchlorate discharge test 
shows defect in organic bind-
ing of iodine

SNHL Congenital AR

 5.  Alport syndrome 	•	 	Hereditary progressive 
glomerulonephritis

	•	 	Corneal dystrophy

Progressive SNHL Delayed AD or X-linked

 6.  Treacher-Collins 
syndrome 
(mandibulofacial 
dysostosis)

	•	 	Antimongoloid palpebral 
fissures

	•	 	Coloboma of lower lid
	•	 	Hypoplasia of mandible and 

malar bones
	•	 	Microtia pinna and meatal 

atresia
	•	 	Malformed malleus and incus 

(stapes normal)

Conductive Congenital AD

 7.  Crouzon syn-
drome (craniofacial 
dysostosis)

	•	 	Frog eyes (exophthalmos with 
divergent squint)

	•	 	Hypertelorism
	•	 	Parrot-beak nose
	•	 	Mandibular prognathism
	•	 	Premature closure of cranial 

sutures with mental retardation

Conductive or mixed Congenital AD

 8.  Apert syndrome 	•	 	Syndactyly
	•	 	All other features of Crouzon 

syndrome

Conductive (Stapes 
fixation)

AD

 9.  Klippel-Feil 
syndrome

	•	 	Short neck
	•	 	Fused cervical vertebrae
	•	 	Spina bifida
	•	 	Atresia of ear canal

SNHL or mixed Congenital AR

 10.  Wildervanck 
syndrome

	•	 	Klippel-Feil syndrome
	•	 	SNHL
	•	 	CN VI Paralysis

SNHL Congenital X-linked

 11.  Branchio-oto-renal 
syndrome

	•	 	Branchial fistulas/cysts
	•	 	Malformed pinnae with preau-

ricular pits or sinuses
	•	 	Renal abnormalities

Conductive or mixed Congenital AD

 12.  Stickler syndrome 	•	 	Small jaw
	•	 	Cleft palate (Pierre-Robin 

sequence)
	•	 	Myopia ≥ retinal detachment
	•	 	Cataract
	•	 	Juvenile onset arthritis

Conductive or SNHL Delayed AD

 13.  Van der Hoeve 
syndrome

	•	 	Osteogenesis imperfecta with 
history of fractures

	•	 	Blue sclera
	•	 	Hearing loss (delayed onset)

Conductive, SNHL 
or mixed (like 
otosclerosis)

Delayed AD

 14.  Pierre-Robin 
sequencea

	•	 	Micrognathia
	•	 	Glossoptosis
	•	 	Cleft palate
	•	 	Often part of Stickler syndrome

SNHL Conductive 
loss

AD
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3. Birth injuries, e.g. forceps delivery. They may cause intra-
cranial haemorrhage with extravasation of blood into the 
inner ear.

4. Neonatal jaundice. Bilirubin level greater than 20 mg% 
damages the cochlear nuclei.

5. Neonatal meningitis.

6. Sepsis.

7. Time spent in neonatal ICU.

8. Ototoxic drugs used for neonatal meningitis or septicaemia.

C. POSTNATAL CAUSES

1. Genetic. Though deafness is genetic, it manifests later 
in childhood or adult life. Deafness may occur alone as in 
familial progressive sensorineural deafness or in association with 
certain syndromes, e.g. Alport, Klippel-Feil, Hurler, etc.

2. Nongenetic. They are essentially same as in adults and 
include:

 (a)  Viral infections (measles, mumps, varicella, influenza), 
meningitis and encephalitis.

 (b)  Secretory otitis media.
 (c)  Ototoxic drugs.
 (d)  Trauma, e.g. fractures of temporal bone, middle ear 

surgery or perilymph leak.
 (e)  Noise-induced deafness.

EVALUATION OF A DEAF CHILD

FINDING THE CAUSE

This may require a detailed history of prenatal, perinatal or 
postnatal causes, family history, physical examination and 
certain investigations depending on the cause suspected.

 1.  Suspicion of hearing loss. Hearing loss is suspected if (i) 
the child sleeps through loud noises unperturbed or fails 
to startle to loud sounds, (ii) fails to develop speech at 
1–2 years. A partially hearing child may have a defective 

Table 19.1 Syndromes associated with hearing loss (Continued)

Syndrome Features Type of hearing loss
Onset (Congenital/
delayed)

Type of 
inheritance

 15.  Goldenhar 
syndrome 
(Facio-auriculo-
vertebral dysplasia) 
or (oculo-auriculo-
vertebral [OAV] 
syndrome)

	•	 	Facial asymmetry
	•	 	Low set ears, atresia of ear 

canal
	•	 	Cardiac abnormalities
	•	 	Preauricular tags/pits
	•	 	Hemivertebrae in cervical 

region
	•	 	Epibulbar dermoid
	•	 	Coloboma of upper lid

Mixed or conductive Congenital AD or  sporadic 
Extra 
 chromosome 
Multifactorial 
(genetic and 
environmental)

 16.  Down syndrome 
(Trisomy 21)

	•	 	Microcephaly
	•	 	Mental retardation/delayed 

development
	•	 	Short stature
	•	 	Epicanthal folds
	•	 	Stenosis of ear canal
	•	 	High incidence of serous otitis 

media
	•	 	Atlanto-axial instability

Conductive Congenital Extra 
chromosome

 

SNHL, sensorineural hearing loss; AD, autosomal dominant; AR, autosomal recessive.
aIt is called a sequence, not a syndrome, because multiple anomalies result in sequence from a single primary abnormality, i.e. micrognathia 

which leads to glossoptosis which in turn causes cleft palate.

Figure 19.1 Waardenburg syndrome. Note white forelock, hetero-
chromia iridis and depigmentation of skin.



118 SECTION I — DISEASES OF EAR

speech and perform poorly in school and be labelled 
mentally retarded. It is essential that all children at risk 
for hearing loss should be screened and followed.

 2.  Risk factors for hearing loss in children (Recommenda-
tions of Joint Committee on Infant Hearing—updated to 
1994).

 (a)  Family history of hearing loss.
 (b)  Prenatal infections (TORCHES).
 (c)  Craniofacial anomalies including those of pinna and 

ear canal.
 (d)  Birth weight less than 1500 g (3.3 lbs).
 (e)  Hyperbilirubinaemia requiring exchange transfusion.
 (f)  Ototoxic medications included but not limited to ami-

noglycosides used in multiple courses or in combina-
tion with loop diuretics.

 (g)  Bacterial meningitis.
 (h)  1Apgar score of 0–4 at 1 min or 0–6 at 5 min.
 (i)  Mechanical ventilation for 5 days or longer.
 (j)  Stigmata or other findings associated with a syndrome 

known to include sensorineural and/or conductive 
hearing loss.

ASSESSMENT OF HEARING IN INFANTS  
AND CHILDREN

Assessment of auditory function in neonates, infants and 
children demands special techniques. They are grouped 
under the following heads (Table 19.2):

1. Screening procedures. They are employed to test hearing 
in “high-risk” infants and are based on infant’s behavioural 
response to the sound signal. It is now observed that 95% of 
children with one or more risk factors have normal hearing. 
On the contrary, 50% of children with sensorineural hear-
ing loss had no risk factor. This leads to a programme of 
universal neonatal screening for early detection.

Two important tests are to study otoacoustic emissions 
(OAEs) and auditory brainstem responses (ABR).

 (a)  OAEs are generated at outer hair cells and can be 
picked up from the external ear as the energy pro-
duced by them travels in reverse direction from outer 
hair cells → ossicles → tympanic membrane → ear canal 
where it is picked up. OAEs are absent if outer hair cells 
in the cochlea are nonfunctional or there is middle ear 
effusion or canal debris due to meconium which may 
persist for 3–4 days. They are normal even when VIIIth 
nerve is nonfunctional. Thus can be used in the diag-
nosis of neuropathy of VIIIth nerve.

 (b)  ABRs are generated in response to sound stimulus pre-
sented to the ear and picked up from the scalp. With a 
response of 30–35 dB nHL, the infant who passes the 
test and the hearing is considered normal. Infants who 
fail these tests are followed up with repeat tests.

Arousal test. A high-frequency narrow band noise is pre-
sented for 2 s to the infant when he is in light sleep. A nor-
mal hearing infant can be aroused twice when three such 
stimuli are presented to him.

 1Developed by Virginia Apgar, an anaesthesiologist. It takes note of five 
items: heart rate, respiratory effort, muscle tone, reflex irritability 
and colour; noted at 1 and 5 min after birth. Low score is 0 and highest 
10, i.e. 2 marks for each item.

Auditory response cradle is a screening device for newborns, 
where baby is placed in a cradle and his behaviour (trunk 
and limb movement, head jerk and respiration) in response 
to auditory stimulation are monitored by transducers. It can 
screen babies with moderate, severe or profound hearing loss.

2. Behaviour observation audiometry. Auditory signal pre-
sented to an infant produces a change in behaviour, e.g. 
alerting, cessation of an activity, widening of eyes or facial 
grimacing. Moro’s reflex is one of them and consists of sud-
den movement of limbs and extension of head in response 
to sound of 80–90 dB. In cochleopalpebral reflex, the child 
responds by a blink to a loud sound. In cessation reflex, an 
infant stops activity or starts crying in response to a sound 
of 90 dB.

3. Distraction techniques are used in children 6–7 months 
old. The child at this age turns his head to locate the source 
of sound. In this test, the child is seated in his mother’s 
lap, an assistant distracts the child’s attention while the 
 examiner produces a sound from behind or from one side 
to see if the child tries to locate it. Sounds used are high fre-
quency rattle (8 kHz), low-frequency hum, whispered sound 
as “S, S, S”, xylophone, warbled tones or narrow band noise  
(500–4000 Hz).

4. Conditioning techniques

 (a)  Visual reinforcement audiometry (VRA). It is a condition-
ing technique in which child is trained to look for an 
auditory stimulus by turning his head. This behaviour 
is reinforced by a flashing light or an animated toy. This 
test helps to determine the hearing threshold using 
standard audiometric techniques. The auditory stimu-
lus is delivered by headphones or better still by insert 
earphones which are accepted better and are also light 
weight. Test is well-suited between the developmental 
age of 6 months to 2 years.

 (b)  Play audiometry. The child is conditioned to per-
form an act such as placing a marble in a box, put-
ting a ring on a post or putting a plastic block in a 
bucket each time he hears a sound signal. Each cor-
rect performance of the act is reinforced with praise, 

Table 19.2  Methods of hearing assessment  
in infants and children

	•	 	Neonatal screening procedures
	 •	 	ABR/OAEs
	 •	 	Arousal test
	 •	 	Auditory response cradle
	•	 	Behaviour observation audiometry
	 •	 	Moro’s reflex
	 •	 	Cochleopalpebral reflex
	 •	 	Cessation reflex
	•	 	Distraction techniques (6–18 months)
	•	 	Conditioning techniques (7 months – 2 years)
	 •	 	Visual reinforcement audiometry
	 •	 	Play audiometry (2–5 years)
	•	 	Objective tests
	 •	 	ABR
	 •	 	Otoacoustic emissions
	 •	 	Impedance audiometry
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encouragement or reward. Ear specific thresholds can 
be determined by standard audiometric techniques. 
This test can be used in children with developmental 
age of 2–4 or 5 years.

 (c)  Speech audiometry. The child is asked to repeat the names 
of certain objects or to point them out on the pictures. 
The voice can be gradually lowered. In this way, hear-
ing level and speech discrimination can be tested. The 
test can also be used to examine the child’s expressive 
ability when he is asked to name the toys like horse, 
duck or objects like cup, plate, etc.

5. Objective tests

 (a)  Evoked response audiometry.
 (i)  Electrocochleography. It can measure auditory sensitiv-

ity to within 20 dB. But it is an invasive procedure 
requiring placement of electrodes through the 
tympanic membrane.

 (ii)  Auditory brainstem response. It is not a direct test of 
hearing but correlates highly with the pure-tone 
thresholds. Identifiable waveforms in ABR are 
generally present 10–20 dB above behavioural 
threshold. ABR provides an ear-specific informa-
tion as sound stimulus can be presented to each 
ear separately by headphones or ear inserts. It is 
an objective test and can be done under sedation 
as the latter has no effect on ABR. ABR is used 
both as a screening test and as a definitive hear-
ing assessment test in children. In a screening test, 
a response to a click stimulus of less than 40 dB 
nHL or less is the criterion of passing the test. To 
find hearing threshold in an infant, ABR tracing is 
obtained first at higher sound stimulus and then 
gradually lowered till wave V is just identifiable but 
repeatable.

 (b)  Otoacoustic emissions (see p. 27). Transient evoked emis-
sions (TEOAEs) are absent in ears where hearing loss 
exceeds 30 dB. Distortion product emissions (DPOAEs) 
are absent when hearing loss exceeds 50 dB.

 (c)  Impedance audiometry. Normally, stapedius muscle con-
tracts reflexly in response to a sound of 70–100 dB HL 
and this reflex can be recorded. Absence of acoustic 
reflex indicates middle ear disorder, retrocochlear 
hearing loss or severe to profound SNHL. Used with 
behaviour audiometry, acoustic reflexes are useful 
component to cross-check. Absence of acoustic reflex, 
but a normal tympanometry with parental concern for 
hearing loss suggests possibility of SNHL of severe to 
profound degree. Absence of acoustic reflex but an 
abnormal tympanogram generally indicates conductive 
loss. Since ABR and OAEs provide more information, 
use of acoustic reflexes in assessment of paediatric test-
ing has declined.

OAEs and ABR have been used both in screening pro-
grammes and in hearing evaluation in infants and children.

MANAGEMENT

It is essential to know the degree and type of hearing loss, 
and other associated handicaps such as blindness or mental 

retardation and whether hearing loss is prelingual (before 
development of speech) or postlingual. Aetiology of hear-
ing loss remains obscure in about half the cases.

Aims of habilitation of any hearing-impaired child are 
development of speech and language, adjustment in society 
and useful employment in a vocation.

1. Parental guidance. It is a great emotional shock for par-
ents to learn that their child is deaf. They should be dealt 
with sympathetically, so as to accept the child. They should 
be told of child’s disability and how to care for it. Habilita-
tion of the deaf demands a lot from parents: care and peri-
odic replacement of hearing aid, change of ear-moulds as 
child grows, follow-up visits for re-evaluation, education at 
home and the selection of vocation.

2. Hearing aids. Most deaf children have a small but use-
ful portion of residual hearing which can be exploited by 
amplification of sound. Hearing aids should be prescribed 
as early as possible. If necessary, binaural aids, one for 
each ear, can be used. Hearing aids help to develop lip-
reading also.

3. Cochlear implants (see p. 124)

4. Development of speech and language. Communica-
tion is a two way process, depending on the receptive and 
expressive skills. Reception of information is through 
visual, auditory or tactile faculties while expression is 
through oral or written speech or the manual sign lan-
guage. In the  hearing impaired, auditory faculty is poor 
or totally absent (Figure 19.2). Thus, for proper commu-
nication, there is need either to improve hearing through 
amplification of the residual hearing or cochlear implants; 
and in the absence of the feasibility of developing the audi-
tory faculty, one has to develop visual or tactile means of 
communication.

 (a)  Auditory-oral communication. This is the method used 
by a normal person and is the best way of communica-
tion. In the deaf, it can be used in those with moderate 
to severe hearing loss or those who are postlingually 
deaf. Hearing aids are provided to augment auditory 
reception. At the same time, training is also imparted 
in speech reading, i.e. to read movements of lips, face, 
and natural gestures of hand and body. Expressive skill 
is encouraged through oral speech.

 (b)  Manual communication. It makes use of the sign language 
or finger-spelling method but has the disadvantage that 
abstract ideas are difficult to express and general pub-
lic does not understand it.

 (c)  Total communication. It uses all modalities of sensory 
input, i.e. auditory, visual, tactile and kinaesthetic. 
Such children are taught to develop oral speech, lip-
reading and sign language. All children with prelingual 
severe to profound deafness, should undergo training 
in this form of communication. Vibrotactile aids are use-
ful for those who are totally deaf and also blind. These 
aids are attached to the child’s hand or sternum and 
the vibrations of speech are perceived through tactile 
sensation.

5. Education of the deaf. There are residential and day 
schools for the hearing impaired. Some children with 
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moderate hearing loss can be integrated into schools for 
the normal hearing children with preferential seating in 
the class.

Radio hearing aids have revolutionized education of 
the deaf. In this device, the microphone and transmitter 
are worn by the teacher and the receiver and amplifier by  

the child. With this system, the child can hear the teach-
er’s voice better, without being disturbed by environmental 
noises.
6. Vocational guidance. The deaf are sincere and good work-
ers. Given the opportunity, commensurate with their ability, 
they can be usefully employed in several vocations.

Visual
faculty

Tactile
faculty

Oral speech

Sign language or
Finger spelling

Written language
Lip reading

Sign language

• Hearing aid

• Cochlear implant

Vibrotactile aid

Hearing
impaired

Sound signal

Written communication
(letters, electronic media, etc.)

Auditory
faculty

Receptive skills Expressive skills

Figure 19.2 The faculties of a hearing-impaired person which can be utilized for receptive and expressive skills in communication.
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All hearing-impaired individuals need some sort of aural 
rehabilitation for communication. The various means avail-
able to them are:

 1.  Instrumental devices
 (a)  Hearing aids
 (i)  Conventional hearing aids
 (ii)  Bone-anchored hearing aids
 (iii)  Implantable hearing aids (vibrant soundbridge)
 (b)  Implants
 (i)  Cochlear implants
 (ii)  Auditory brainstem implants
 (c)  Assistive devices for the deaf
 2.  Training
 (a)  Speech (lip) reading
 (b)  Auditory training
 (c)  Speech conservation

I. INSTRUMENTAL DEVICES

A. HEARING AIDS

CONVENTIONAL HEARING AIDS
A hearing aid is a device to amplify sounds reaching the ear. 
Essentially, it consists of three parts: (i) a microphone, which 
picks up sounds and converts them into electrical impulses, 
(ii) an amplifier, which magnifies electrical impulses and (iii) 
a receiver, which converts electrical impulses back to sound. 
This amplified sound is then carried through the earmould 
to the tympanic membrane.

Types of Hearing Aids

Air conduction hearing aid. In this, the amplified sound is 
transmitted via the ear canal to the tympanic membrane.

Bone conduction hearing aid. Instead of a receiver, it has a 
bone vibrator which snugly fits on the mastoid and directly 
stimulates the cochlea. This type of aid is especially useful in 
persons with actively draining ears, otitis externa or atresia 
of the ear canal when ear inserts cannot be worn.

Most of the aids are air conduction type. They can be:

 1.  Body-worn types. Most common type (Figure 20.1A); 
microphone and amplifier along with the battery are in 
one case worn at the chest level while receiver is situated at 
the ear level. This type of aid allows high degree of ampli-
fication with minimal feedback. It is useful in severely 
deaf persons or children with congenital deafness.

 2.  Behind-the-ear (BTE) types. Here microphone, ampli-
fier, receiver and battery are all in one unit which is worn 

behind the ear. It is coupled to the ear canal with a tubing 
and an earmould. It is useful for slight to moderate cases 
of hearing loss particularly the high frequency ones.

 3.  Spectacle types. It is a modification of the “behind-the-
ear” type and the unit is housed in the auricular part of 
the spectacle frame. It is useful to persons who need both 
eye glasses for vision and a hearing aid. It is not very pop-
ular now.

 4.  In-the-ear (ITE) types. The entire hearing aid is housed 
in an earmould which can be worn in the ear. It is use-
ful for mild to moderate hearing losses with flat configu-
ration. They are very popular because of their cosmetic 
appeal.

 5.  Canal types (ITC and CIC). The hearing aid is so small 
that the entire aid can be worn in the ear canal with-
out projecting into the concha. For using this aid, it is 
required that the ear canal should be large and wide, and 
patient should have the dexterity to manipulate the min-
ute controls in the aid. It is useful for mild to moderate 
cases of hearing loss of high frequency (1–4 kHz).

Two types are available: in the canal (ITC) and another still 
smaller and invisible type, completely in the canal (CIC).

Indications for Hearing Aid

Any individual who has a hearing problem that cannot be 
helped by medical or surgical means is a candidate for hear-
ing aid.

 1.  Sensorineural hearing loss, which interferes with day-to-
day activities of a person. Hearing aid may not suit all 
such persons because of the intolerable distortion of 
sound in some, particularly in those with recruitment.

 2.  Deaf children should be fitted with hearing aid as early 
as possible for development of speech and learning. In 
severely deaf children, binaural aids (one for each ear 
and individually fitted) are more useful. Training in lip 
reading is given simultaneously.

 3.  Conductive deafness. Most of such persons can be helped 
by surgery but hearing aid is prescribed when surgery is 
refused or not feasible or has failed.

Fitting a Hearing Aid

While fitting a hearing aid, consideration is given to:

 1.  Degree of hearing loss.
 2.  Configuration of hearing loss (type of frequencies 

affected).
 3.  Type of hearing loss (conductive or sensorineural).
 4.  Presence of recruitment.
 5.  Uncomfortable loudness level.

20Rehabilitation of the 
Hearing Impaired
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 6.  Age and dexterity of patient.
 7.  Condition of the outer and middle ear.
 8.  Cosmetic acceptance of the aid.
 9.  Type of earmould.
 10.  The type of fitting, whether it is monoaural (one aid 

only), binaural (one aid for each ear), binaural with 
y-connection (one aid but two receivers, one for each 
ear) or the contralateral routing of signals type.

CROS (contralateral routing of signals). In this type, micro-
phone is fitted on the side of the deaf ear and the sound 
thus picked up is passed to the receiver placed in the better 
ear. This is useful for persons with one ear severely impaired 
and helps in sound localization coming from the side of the 
deaf ear. Now bone-anchored hearing aids (see infra) are 
being preferred for single-sided deafness and have replaced 
the use of CROS aids.

BONE-ANCHORED HEARING AID (BAHA)
Bone-anchored hearing aid is a type of hearing aid which is 
based on the principle of bone conduction. It is primarily 
suited to people who have conductive hearing loss, unilat-
eral hearing loss and those with mixed hearing loss who can-
not otherwise wear “in the ear” or “behind the ear” hearing 
aids.

Bone-anchored hearing aids use a surgically implanted 
abutment to transmit sound by direct conduction through 
bone to the cochlea, bypassing the external auditory canal 
and middle ear (Figure 20.2).

BAHA has three components: (i) titanium fixture (ii) 
titanium abutment and (iii) sound processor (Figure 20.3). 

A B

DC

Figure 20.1 Various types of hearing aids. (A) Body-worn. (B) Behind-the-ear type. (C) Spectacle type. (D) In-the-ear type.

Figure 20.2 Appearances when sound processor is attached to 
abutment.
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The titanium fixture is surgically embedded in the skull 
bone with abutment exposed outside the skin. The titanium 
fixture bonds with the surrounding tissue in a process called 
osseointegration. The sound processor is attached to the abut-
ment once osseointegration is complete which usually takes 
2–6 months after implantation. The BAHA device transmits 
vibrations to the external abutment which further vibrates 
the skull and cochleae.

Candidacy profile. Bone-anchored hearing aids can be used 
in:

 1.  People who have chronic inflammation or infection of 
the ear canal and cannot wear standard “in the ear” air-
conduction hearing aids.

 2.  Children with malformed or absent outer ear and ear 
canals as in microtia or canal atresia.

 3.  Single-sided deafness (see Table 20.1).

In the past, the contralateral routing of signal (CROS) 
hearing aid was the only option available for rehabilitation 
of patients with single-sided deafness. Poor performance 
and aesthetic considerations limited the use of CROS aids. 
The BAHA device can now be implanted on the side of the 
deaf ear, and it transmits the sound by means of bone con-
duction to the contralateral cochlea. The BAHA is fixed on 
the deaf side and collects sound waves to transmit to healthy 
cochlea of the other side. This process eliminates the head-
shadow effect and allows for hearing from both sides of the 
head. The BAHA substantially improves speech recognition 
in quiet and in noise compared with the CROS aids.

Surgery. The surgery is typically performed in a single stage 
in adults. About 3 months are allowed for osseointegration 
before the sound processor can be attached. A two-stage 
procedure is recommended in children in whom the fix-
ture is placed into the bone in the first stage. After about 6 
months to allow for osseointegration, a second-stage opera-
tion is done to connect the abutment through the skin to 
the fixture.

Complications of BAHA are few and may include occa-
sional failure to osseointegrate the implant and local infec-
tions and inflammation at the implant site.

IMPLANTABLE HEARING AIDS
Implantable middle ear hearing aids represent a new cat-
egory of hearing devices that work on a direct drive princi-
ple. Rather than delivering acoustic energy into the external 
auditory canal (as with traditional hearing aid systems), 

direct drive middle ear implant systems use mechanical 
vibrations delivered directly to the ossicular chain, while 
leaving the ear canal completely open.

Implantable middle ear devices are generally available in 
two types:

 1.  Piezoelectric devices. Piezoelectric devices operate by 
passing an electric current into a piezoceramic crystal, 
which changes its volume and thereby produce a vibra-
tory signal. This piezoelectric transducer in turn is 
coupled to the ossicles and drives the ossicular chain by 
vibration.

Examples of such devices are Envoy, middle-ear trans-
ducer (MET or also called otologic device), Rion and 
totally integrated cochlear amplifier (TICA).

 2.  Electromagnetic hearing devices. Electromagnetic hear-
ing devices function by passing an electric current into a 
coil, which creates a magnetic flux that drives an adjacent 
magnet. The small magnet is attached to one of the ossi-
cles of the middle ear to convey vibrations to the cochlea.

An example of such a device is the vibrant soundbridge 
device (previously known as the Symphonix device; now 
being manufactured by MED-EL).

Vibrant soundbridge device. The vibrant soundbridge is 
a semi-implantable device made of two components: an 
internal and an external. The internal component is called 
vibrating ossicular prosthesis (VORP) and is made up of three 
parts: the receiver, floating mass transducer (FMT) and a 
conductor link between the two. FMT is connected to the 
incus (Figures 20.4 and 20.5).

The external component is called the audio processor 
which is worn behind the ear. The audio processor contains 
a microphone that picks up sound from the environment 
and transmits it across the skin by radiofrequency waves to 
the internal receiver.

Candidacy profile. Appropriate candidates for direct drive 
middle ear hearing devices include adults aged 18 years 
and older with moderate-to-severe sensorineural hearing 
loss. Candidates should have experience of using traditional 
hearing aids and should have a desire for an alternative 
hearing system.

Often, patients who are interested in seeking direct drive 
middle ear hearing devices have experienced dissatisfaction 
regarding the sound quality of their current hearing aids. 
Other problems these patients feel with these aids are dis-
comfort due to the occlusion effect of the canal, wax occlud-
ing hearing aid mould and wax impaction of the external 
auditory canal, inability to wear traditional hearing aids 

Sound
processor

Titanium
abutment

Titanium
fixture

Figure 20.3 Bone-anchored hearing aid (BAHA).

Table 20.1 Indications for BAHA

 1.  When air-conduction (AC) hearing aid cannot be used:
	 •	 	Canal atresia, congenital or acquired, not amenable to 

treatment.
	 •	 	Chronic ear discharge, not amenable to treatment.
	 •	 	Excessive feedback and discomfort from air-conduction 

hearing aid.
 2.  Conductive or mixed hearing loss, e.g. otosclerosis and 

tympanosclerosis where surgery is contraindicated.
 3.  Single-sided hearing loss.
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due to sensitive ear canal skin and the inability to overcome 
acoustic feedback issues (see Table 20.2 for disadvantages of 
conventional hearing aids).

Procedure. The internal device is surgically implanted. The 
procedure is conducted under general anaesthesia. The 
receiver of the implant is positioned under the skin over 
the mastoid bone via a standard cortical mastoidectomy 
and posterior tympanotomy approach; the ossicular chain is 
visualized and the FMT is attached to the long process of the 
incus. The middle ear structures are not modified. There-
fore, there is no significant impact on the residual hearing 
of the patient.

Six to eight weeks after the procedure, the patient is fitted 
with the external audio processor that attaches magnetically 
to the back of the ear. The processor is then programmed.

Advantages. A direct drive system provides mechanical 
energy directly to the ossicles, bypassing the ear canal and 
the tympanic membrane. This eliminates many of the inher-
ent issues of conventional hearing aids such as occlusion, 
feedback, discomfort and wax related problems. One major 
advantage of direct drive devices is the ability to provide 

improved sound quality to the hearing-impaired subjects 
particularly in noisy environments.

B. IMPLANTS

COCHLEAR IMPLANTS
A cochlear implant is an electronic device that can provide 
useful hearing and improved communication abilities for 
persons who have severe to profound sensorineural hearing 
loss and who cannot benefit from hearing aids.

A cochlear implant works by producing meaningful electri-
cal stimulation of the auditory nerve where degeneration of 
the hair cells in the cochlea has progressed to a point such that 
amplification provided by hearing aids is no longer effec tive. 
Various cochlear implants are shown in Figures 20.6–20.8.

Components and Functioning of a Cochlear Implant 
(Figure 20.9)

A cochlear implant has an external and internal component.

 1.  External component. It consists of an external speech pro-
cessor and a transmitter. The speech processor may be body 
worn or behind the ear type; the latter being preferred.

 2.  Internal component. It is surgically implanted and com-
prises the receiver/stimulator package with an electrode array.

Sound is picked up by the microphone in the speech pro-
cessor. The speech processor analyses and codes sounds 
into electrical pulses. The processor uses a variety of coding 
strategies to deliver meaningful speech parameters from the 
acoustic stimulus to the nerve. Examples of such strategies 
are simultaneous analogue strategy (SAS), continuous inter-
leaved sampling(CIS), spectral peak (SPEAK) and advanced 
combination encoder (ACE).

Table 20.2  Disadvantages of conventional hearing 
aids

	•	 	Cosmetically unacceptable due to visibility.
	•	 	Acoustic feedback.
	•	 	Spectral distortion.
	•	 	Occlusion of external auditory canal.
	•	 	Collection of wax in the canal and blockage of insert.
	•	 	Sensitivity of canal skin to earmoulds.
	•	 	Problem to use in discharging ears.

EXTERNAL PART IMPLANTED PART

Audio
processor Implanted coil (internal receiver)

Conductor link

Floating mass
transducer

Figure 20.4 Vibrant soundbridge middle ear implant.
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Figure 20.5 Components of the vibrating ossicular prosthesis (VORP).
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The electrical impulses are sent from the processor to the 
transmitting coil which in turn sends the signal to the surgi-
cally implanted receiver/stimulator via radiofrequency. The 
receiver/stimulator decodes the signal and transmits it to 
the electrode array. Current day implants are multichannel 
processors with the electrode having a linear array of elec-
trode contacts used to deliver multiple channels of current 
to different places along the basilar membrane. The elec-
trode array which has been placed in the scala tympani of 
the cochlea stimulates the spiral ganglion cells. The auditory 

nerve is thus stimulated and sends these electrical pulses to 
the brain which are finally interpreted as sound.

Candidacy profile. Cochlear implants may be used both in 
children and adults. The following criteria help define can-
didacy for cochlear implantation:

 1.  Bilateral severe to profound sensorineural hearing loss.
 2.  Little or no benefit from hearing aids.
 3.  No medical contraindication for surgery.
 4.  Realistic expectation.
 5.  Good family and social support toward habilitation.
 6.  Adequate cognitive function to be able to use the device.

Candidates with such hearing impairment may be defined 
as prelingual or postlingual depending on whether they 
were deafened before or after the acquisition of speech and 
language.

In children who have hearing impairment at birth or 
early in childhood, early intervention with hearing aids 
or a cochlear implant is vital for auditory stimulus. Audi-
tory deprivation, i.e. lack of auditory stimulus in the early 
developmental period causes degeneration in the central 
auditory pathways. This will limit the benefit in terms 
of speech and language acquisition following cochlear 
implantation.

Outcomes of Cochlear Implantation

Factors that predict a successful clinical outcome are:

 1.  Previous auditory experience (postlingual patients or 
prior use of hearing aids).

 2.  Younger age at implantation (especially for prelingual 
children).

 3.  Shorter duration of deafness.
 4.  Neural plasticity within the auditory system.

Multichannel implants are the standard today and perform 
much better than single-channel devices. Postlingual chil-
dren or adults achieve very good benefit. They develop the 
ability to recognize speech with no or minimal lip reading 
or visual cues. They eventually can also use the telephone.

Prelingually deafened children also develop good speech 
understanding and language acquisition over a period of time. 
This can take a couple of years and requires constant auditory-
verbal training. Early age at implantation ensures better results 
and children can be implanted at 12 months of age.

Prelingually deafened adults with no or little prior audi-
tory experience obtain very limited benefit from cochlear 
implantation. They will however obtain sound awareness.

Evaluation

Thorough evaluation of the patient is very critical in the 
selection of candidates for a cochlear implant. The main 
purpose is to determine if the patient is medically and audi-
ologically suitable for an implant. It also helps the clinicians 
to predict and counsel the family regarding the expected 
outcomes following the procedure.

Medical evaluation through detailed history and physi-
cal examination is necessary to confirm fitness for a gen-
eral anaesthetic. The necessary preanaesthetic tests will be 
required to be carried out. All candidates must be fully vacci-
nated against meningitis (particularly Haemophilus influenzae 
type B, Pneumococcus and in some areas Meningococcus).

A B
Figure 20.6 MED-EL cochlear implants. (A) MED-EL C-401. (B) Sonata 
model with ear level speech processor.

Figure 20.7 Nucleus cochlear implant (Cochlear Corporation) with 
ear level speech processor.

Figure 20.8 Advanced bionics cochlear implant system.
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Imaging of the temporal bone, cochlea, auditory nerve 
and brain is carried out using CT and MRI. This is required 
to provide an image of the structure of the cochlea and help 
identify any anomalies or pathology that may complicate the 
implantation process.

Audiological evaluation may include some or all of the 
following depending on the age of the patient:

	•	 	Pure	tone	audiogram
	•	 	Speech	discrimination	tests
	•	 	Tympanometry
	•	 	Otoacoustic	emissions	(OAE)
	•	 	Auditory	brainstem	responses	(ABR)
	•	 	Auditory	steady	state	responses	(ASSR)

A hearing aid trial and evaluation is mandatory in deter-
mining the candidacy for cochlear implantation. This may 
include aided free-field sound detection thresholds, as well 
as aided speech perception and discrimination scores.

Speech and language evaluation is required to assess the 
child’s communicative status and to determine any devel-
opmental language or articulation disorders. This will also 
form a baseline for further evaluations postimplantation to 
help assess progress and identify areas of deficit in speech 
perception. This in turn would aid in the programming of 
the patient’s device.

Psychological evaluation is performed where there may be 
concerns regarding the cognitive status or mental function 
of the patient. This is also important to identify children 
who may have disabilities other than hearing loss. This may 
provide information that is important when counselling par-
ents about expectations following cochlear implantation.

Surgery

The principle of cochlear implant surgery is to place the 
electrode array within the scala tympani of the cochlea. This 
allows the electrodes to be in close proximity to the spiral 
ganglion cells and their dendrites (that lie in the modiolus 
and osseous spiral lamina of the cochlea, respectively).

Surgery is carried out under general anaesthesia and is 
similar to mastoid surgery. Once the patient is positioned, 
prepped and draped, the position of the device is marked 
and the incision planned. Flaps are elevated carefully so 

as not to disrupt the blood supply. Usually, a two-layered 
approach is chosen utilizing a flap of skin and subcutane-
ous tissue, followed by a second layer of musculoperiosteal 
flap. A pocket is created under the second flap and a well or 
recess is drilled in the bone to house the receiver/stimulator.

There are broadly two surgical techniques to approach 
the cochlea for implantation: (i) The facial recess approach 
where a simple cortical mastoidectomy is done first and 
the short process of the incus and the lateral semicircular 
canal are identified. The facial recess is opened by perform-
ing a posterior tympanotomy. The stapes, promontory and 
round window niche are identified. Cochleostomy is then 
performed anteroinferior to the round window membrane 
to a diameter of 1.0–1.6 mm depending on the electrode to 
be used. (ii) The pericanal techniques where a tympanomeatal 
flap is elevated to perform a cochleostomy either by end-
aural or postaural approach. In the pericanal techniques a 
bony tunnel is drilled along the external canal towards the 
middle ear. The examples of pericanal techniques include 
the Veria and suprameatal recess approach.

The device is placed in the “well” created and is secured 
with ties. The electrode array is gently and gradually inserted 
through the cochleostomy till complete insertion has been 
achieved. Electrophysiological testing is carried out to check 
that the electrode impedances and telemetry responses are 
satisfactory.

The wound is closed in layers and a mastoid bandage 
applied.

Postoperative Mapping (Programming) of Device 
and Habilitation

Activation of the implant is done 3–4 weeks after implan-
tation. Following this the implant is “programmed” or 
“mapped.” Mapping is done on a regular basis during post-
operative rehabilitation to fine-tune the processor and get 
the best performance as the patient gets used to hearing 
with the implant.

(Re) Habilitation is an essential part for those who have 
undergone cochlear implantation. All patients need auditory-
verbal therapy. In auditory-verbal therapy, the emphasis is 
laid on making the child listen and speak like a normal per-
son rather than use lip reading and visual cues. Learning 

1. External speech processor captures sound
 and converts it to digital signals
2. Processor sends digital signals
 to internal implant
3. Internal implant turns signals
 into electrical energy, sending
 it to an array inside the cochlea
4. Electrodes stimulate hearing
 nerve, bypassing damaged hair
 cells, and the brain perceives
 signals; you hear sound

Speech processor
and transmitter Receiver/stimulator

To brain

Array of electrodes

Figure 20.9 Principle of cochlear implant.
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to listen takes time and requires concerted efforts from the 
patient, the family and the person providing habilitation 
services.

Table 20.3 summarizes the complications of cochlear 
implant surgery.

AUDITORY BRAINSTEM IMPLANT (ABI)
This implant is designed to stimulate the cochlear nuclear 
complex in the brainstem directly by placing the implant in 
the lateral recess of the fourth ventricle. Such an implant is 
needed when CN VIII has been severed in surgery of vestib-
ular schwannoma. In these cases, cochlear implants are obvi-
ously of no use. In unilateral acoustic neuroma, ABI is not 
necessary as hearing is possible from the contralateral side 
but in bilateral acoustic neuromas as in NF2, rehabilitation 
is required by ABI.

Brainstem implant is similar to “Nucleus” multichannel 
cochlear implant except that the multielectrode array is 
attached to a Dacron mesh, which is placed on the brain-
stem. Receiver/stimulator has a removable magnet so that 
MRI can be safely performed in such cases if need arises.

ABIs help in communication, awareness and recognition 
of environmental sounds; however, they are not as efficient 
as multichannel cochlear implants. Only limited numbers 
of such implants have been performed in the world and are 
under constant technological developments.

C. ASSISTIVE DEVICES

Hearing-impaired persons should enjoy life as best as nor-
mally hearing persons do. For this, devices are needed to 
help him to listen in special difficult situations, warn him of 
danger signals and help him to telecommunicate with his 
family and friends who are far away from him. These devices 
can thus be divided into three groups:

1. ASSISTIVE LISTENING DEVICES AND SYSTEMS
They are not hearing aids but devices which help the hearing 
impaired to listen efficiently in the presence of background 
noise, over the telephone, in auditoriums or theatres. They 
may be used by the person individually or are meant for a 
group.

According to the technology used, they are grouped as 
hard-wired system, induction loops, AM (amplitude modu-
lation), FM (frequency modulation) or infrared signals.

2. ALERTING DEVICES
A hearing-impaired person may not hear a telephone or a 
doorbell, a baby crying in another room, an alarm clock or 
the noise of a smoke detector. Alerting devices are useful in 
such situations. They produce an extra loud sound signal or 
relay the signal to an area closer to the individual. A “hearing 
dog” is one such simple device. The dog is trained to bark 
loudly at the sound of a doorbell or cry of a baby to alert his 
master. It is a helpful companion for the hearing impaired.

For people with severe to profound or total deafness, even 
these devices which produce extra loud sound may not be use-
ful. They need assistive signalling devices where the sound (as 
of doorbell, telephone, alarm clock, baby crying) is changed 
into a light signal or vibrations. Alarm clock with flashing 
lights or those devices which produce strong vibrations to 
awaken the individual or even shake his bed are also available.

3. TELECOMMUNICATION DEVICES
A telephone amplifier can be attached to the hand set of a tele-
phone, residential or public, to amplify the sound. A telephone 
coupler is a device that can be connected to the telephone and 
the signal produced is picked up by the hearing aid.

For the profoundly or totally deaf individuals, telecommu-
nication devices for the deaf (TDDs) can be used. They con-
vert typed message into sounds that can be transmitted over 
the standard telephone lines, and at the other end another 
TDD converts these sound signals back into typewritten mes-
sages. Email and short message services (SMS) on mobile 
phones have made life easier for the hearing impaired.

Closed-caption television decoder can be attached to tele-
vision sets to provide them cues to enjoy news, movies and 
other programmes.

II. TRAINING

A. SPEECH READING

Earlier called lip-reading, it is an integrated process to 
understand speech by studying movements of lips, facial 
expression, gestures and the probable context of conversa-
tion. The skill of speech reading is not only useful for the 
totally deaf but also useful for those hearing-impaired indi-
viduals who have high-frequency loss and difficulty in hear-
ing in noisy surroundings.

B. AUDITORY TRAINING

It enhances listening skill and is used with speech reading. 
The patient is exposed to various listening situations with 
different degrees of difficulty and taught selectively to con-
centrate on speech sounds.

Auditory training is useful for those using hearing aids 
and cochlear implants.

C. SPEECH CONSERVATION

In sudden, severe or profound hearing loss, the person 
loses the ability to monitor his own speech production. As 
a result, defects arise in articulation, resonance, pitch and 
the volume of voice. Speech conservation aims to educate 
such a person to use his tactile and proprioceptive feedback 
systems to monitor his speech production.

Table 20.3  Complications of cochlear implant 
surgery

Early complications Late complications

	•	 	Facial paralysis
	•	 	Wound infection
	•	 	Wound dehiscence
	•	 	Flap necrosis
	•	 	Electrode migration
	•	 	Device failure
	•	 	CSF leak
	•	 	Meningitis
	•	 	Postoperative 

dizziness/vertigo

	•	 	Exposure of device and 
extrusion

	•	 	Pain at the site of implant
	•	 	Migration/displacement of 

device
	•	 	Late device failure
	•	 	Otitis media
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Pain in the ear can be due to causes occurring locally in the 
ear or referred to it from remote areas.

I. LOCAL CAUSES

1. External ear. Furuncle, impacted wax, otitis externa, oto-
mycosis, myringitis bullosa, herpes zoster and malignant 
neoplasms.

2. Middle ear. Acute otitis media, eustachian tube obstruc-
tion, mastoiditis, extradural abscess, aero-otitis media and 
carcinoma middle ear.

II. REFERRED CAUSES

As ear receives nerve supply from Vth (auriculotemporal 
branch), IXth (tympanic branch) and Xth (auricular branch) 

cranial nerves; and from C2 (lesser occipital) and C2 and C3 
(greater auricular), pain may be referred from these remote 
areas (Figure 21.1).

1. Via Vth cranial nerve
 (a)  Dental. Caries tooth, apical abscess, impacted molar, 

malocclusion and Costen syndrome.1
 (b)  Oral cavity. Benign or malignant ulcerative lesions of 

oral cavity or tongue.
 (c)  Temporomandibular joint disorders. Bruxism, osteoar-

thritis, recurrent dislocation and ill-fitting denture.

1 Costen syndrome. It is due to abnormality of temporomandibular joint 
(TMJ) with defective bite. It manifests with tinnitus, vertigo and ear-
ache, and also causes blocked feeling in the ear. There is associated 
pain in ipsilateral, frontal, parietal and occipital region. Treatment 
includes analgesics, hot fermentation and slow TMJ exercises. Defec-
tive bite can be corrected by an orthodontist.

21 Otalgia (Earache)

X

IX

V

V

V

C2,3

Figure 21.1 Referred causes of otalgia. Pain is referred via CN V (teeth, oral cavity, TM joint, anterior two-thirds of tongue), C2,3 (cervical spine), 
CN IX (tonsil, base of tongue, elongated styloid process) and CN X (vallecula, pyriform fossa or larynx).
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 (d)  Sphenopalatine neuralgia.

2. Via IXth cranial nerve
 (a)  Oropharynx. Acute tonsillitis, peritonsillar abscess, 

tonsillectomy. Benign or malignant ulcers of soft pal-
ate, tonsil and its pillars.

 (b)  Base of tongue. Tuberculosis or malignancy.
 (c)  Elongated styloid process.

3. Via Xth cranial nerve. Malignancy or ulcerative lesion 
of vallecula, epiglottis, larynx or laryngopharynx and 
oesophagus.

4. Via C2 and C3 spinal nerves. Cervical spondylosis, injuries 
of cervical spine and caries spine.

III. PSYCHOGENIC CAUSES

When no cause has been discovered, pain may be functional 
in origin but the patient should be kept under observation 
with periodic re-evaluation.

Otalgia is a symptom. It is essential to find its cause before 
specific treatment can be instituted.
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Tinnitus is ringing sound or noise in the ear. The charac-
teristic feature is that the origin of this sound is within the 
patient. Usually, it is unilateral but may also affect both ears. 
It may vary in pitch and loudness and has been variously 
described by the patient as roaring, hissing, swishing, rus-
tling or clicking type of noise. Tinnitus is more annoying in 
quiet surroundings, particularly at night, when the masking 
effect of ambient noise from the environment is lost.

TYPES OF TINNITUS

Two types of tinnitus are described:

 1.  Subjective, which can only be heard by the patient.
 2.  Objective, which can even be heard by the examiner with 

the use of a stethoscope.

CAUSES OF TINNITUS (TABLE 22.1)

Subjective tinnitus may have its origin in the external ear, 
middle ear, inner ear, VIIIth nerve or the central nervous 
system. Systemic disorders like anaemia, arteriosclerosis, 
hypertension and certain drugs may act through the inner 
ear or central auditory pathways. In the presence of conduc-
tive hearing loss, the patient may hear abnormal noises in 
the head during eating, speaking or even respiration.

Objective tinnitus is seen less frequently. Vascular lesions, 
e.g. glomus tumour or carotid artery aneurysm cause swish-
ing tinnitus synchronous with pulse. It can be temporar-
ily abolished by pressure on the common carotid artery. 
Venous hum can sometimes be stopped by pressure on the 
neck veins.

Tinnitus synchronous with respiration may occur due to 
abnormally patent eustachian tube. Palatal myoclonus pro-
duces clicking sound due to clonic contraction of the muscles 
of soft palate and can be easily diagnosed. Clonic contraction 
of muscles of middle ear (stapedius and tensor tympani) may 
cause tinnitus which is often difficult to diagnose.

Sometimes, tinnitus is psychogenic and no cause can be 
found in the ear or central nervous system.

Tinnitus should be differentiated from auditory halluci-
nations in which a person hears voices or other organized 
sounds like that of music. It is seen in psychiatric disorders.

TREATMENT OF TINNITUS

Tinnitus is a symptom and not a disease. Where possible, its 
cause should be discovered and treated. Sometimes, even 

the treatment of cause may not alleviate tinnitus. When no 
cause is found, management of tinnitus includes:

 1.  Reassurance and psychotherapy. Many times the patient has 
to learn to live with tinnitus.

 2.  Techniques of relaxation and biofeedback.
 3.  Sedation and tranquillizers. They may be needed in initial 

stages till patient has adjusted to the symptom.
 4.  Masking of tinnitus. Tinnitus is more annoying at bedtime 

when the surroundings are quite. Use of a fan, loudly 

22 Tinnitus

Table 22.1 Causes of tinnitus

Subjective tinnitus Objective tinnitus

	•	 	Otologic
	 •	 	Impacted wax
	 •	 	Fluid in middle ear
	 •	 	Acute otitis media
	 •	 	Chronic otitis media
	 •	 	Ménière’s disease
	 •	 	Presbycusis
	 •	 	Noise-induced hearing loss
	 •	 	Idiopathic sudden SNHL
	 •	 	Acoustic neuroma
	•	 	Metabolic
	 •	 	Hypothyroidism
	 •	 	Hyperthyroidism
	 •	 	Obesity
	 •	 	Hyperlipidaemia
	 •	 	Vitamin deficiency (e.g. B12)
	•	 	Neurologic
	 •	 	Head injury (labyrinthine 

concussion)
	 •	 	Temporal bone fractures
	 •	 	Whiplash injury
	 •	 	Multiple sclerosis
	 •	 	Postmeningitic
	 •	 	Brain haemorrhage
	 •	 	Brain infarct
	•	 	Cardiovascular
	 •	 	Hypertension
	 •	 	Hypotension
	 •	 	Anaemia
	 •	 	Cardiac arrhythmias
	 •	 	Arteriosclerosis
	•	 	Pharmacologic
	 •	 	Certain drugs used by the 

patient
	 •	 	All ototoxic drugs
	•	 	Psychogenic
	 •	 	Anxiety
	 •	 	Depression

	•	 	Vascular
	 •	 	AV shunts
 –  Congenital AV 

malformations
 –  Glomus tumour of 

middle ear
	 •	 	Arterial bruit
 –  Carotid aneurysm
 –  Carotid stenosis
 –  Vascular loop press-

ing on VIIIth nerve 
in internal auditory 
canal

 –  High-riding carotid 
artery

 –  Persistent stapedial 
artery

	 •	 	Venous hum
 –  Dehiscent jugular 

bulb
	•	 	Patulous eustachian tube
	•	 	Palatal myoclonus
	•	 	Idiopathic stapedial 

or tensor tympani 
myoclonus

	•	 	Dental
	•	 	Clicking of TM joint
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clicking clock or a similar device may mask the tinnitus 
and help the patient to go to sleep. Use of a hearing aid, 
in persons with hearing loss, not only improves hearing 
but also provides a masking effect.

Tinnitus maskers can be used in patients who have 
no hearing loss. They are worn like a hearing aid. Use of  
tinnitus masker for a short time may provide, in some indi-
viduals, a symptom-free period for several hours due to the 
phenomenon of residual inhibition.

TINNITUS INSTRUMENT

It is a combination of a hearing aid and a masker in one 
device. Looks like a hearing aid. Both hearing aid and mask-
ing device have independent volume controls.

TINNITUS RETRAINING THERAPY (TRT)

Jastreboff from University of Maryland described a neu-
rophysiologic model for generation of tinnitus and the 
basis for habituation therapy. It presumes that tinnitus 
does not cause as much annoyance as the emotional 
reactions generated from the limbic and autonomic sys-
tems. His therapeutic model aims to attenuate connec-
tions between auditory, limbic and autonomic nervous 
systems and thus create tinnitus habituation. It occurs at 
two levels.

 1.  Habituation of reaction. It is uncoupling of brain and body 
from negative reactions to tinnitus.

 2.  Habituation of tinnitus. It is blocking the tinnitus-related 
neuronal activity to reach level of consciousness. With 
this therapy patients suffering from tinnitus lose aware-
ness of tinnitus and also do not get annoyed even when 
they do have tinnitus.

Therapy consists of two major components: (i) counselling 
and (ii) sound therapy.

Counselling. It is important to educate the patient about 
tinnitus, its mechanism of generations, perception of tin-
nitus at subcortical and cortical levels and the plasticity of 
brain which can habituate any sensory stimuli. Limbic sys-
tem (emotions) and autonomic system (body reactions) are 
the primary sources of negative reactions to tinnitus, i.e. 
sleep disturbance, inability to concentrate, annoyance, anxi-
ety and depression and not the tinnitus per se.

Sound therapy. Patient is exposed to environmental 
sounds, music radio, television, or use of hearing aids (in 
case he suffers from hearing loss). In general, he should 
avoid silent environment. To produce external sound for 
habituation, sound generators are used which produce 
continuous low-level, broad-band noise for at least 8 h a 
day. Sound, here is used not for masking the tinnitus but is 
adjusted to remain at a low level, for habituation.

TRT needs a long period of 18–24 months but gives a sig-
nificant improvement in more than 80% of patients.
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EXTERNAL NOSE

It is pyramidal in shape with its root up and the base directed 
downwards. Various terms used in its description are shown 
in Figure 23.1. Nasal pyramid consists of osteocartilaginous 
framework covered by muscles and skin.

OSTEOCARTILAGINOUS FRAMEWORK

BONY PART
Upper one-third of the external nose is bony while lower two-
thirds are cartilaginous. The bony part consists of two nasal 
bones which meet in the midline and rest on the upper part of 
the nasal process of the frontal bones and are themselves held 
between the frontal processes of the maxillae (Figure 23.2).

CARTILAGINOUS PART
It consists of:

 1.  Upper lateral cartilages. They extend from the undersur-
face of the nasal bones above, to the alar cartilages below. 
They fuse with each other and with the upper border of 
the septal cartilage in the midline anteriorly. The lower 
free edge of upper lateral cartilage is seen intranasally as 
limen vestibuli or nasal valve on each side.

 2.  Lower lateral cartilages (alar cartilages). Each alar cartilage 
is U-shaped. It has a lateral crus which forms the ala and a 
medial crus which runs in the columella. Lateral crus over-
laps lower edge of upper lateral cartilage on each side.

 3.  Lesser alar (or sesamoid) cartilages. Two or more in 
number. They lie above and lateral to alar cartilages. The 
various cartilages are connected with one another and 
with the adjoining bones by perichondrium and peri-
osteum. Most of the free margin of nostril is formed of 
fibrofatty tissue and not the alar cartilage.

 4.  Septal cartilage. Its anterosuperior border runs from 
under the nasal bones to the nasal tip. It supports the 
dorsum of the cartilaginous part of the nose. In septal 
abscess or after excessive removal of septal cartilage as in 
submucosal resection (SMR) operation, support of nasal 
dorsum is lost and a supratip depression results.

NASAL MUSCULATURE

Osteocartilaginous framework of nose is covered by muscles 
which bring about movements of the nasal tip, ala and the 
overlying skin. They are the procerus, nasalis (transverse 
and alar parts), levator labii superioris alaeque nasi, anterior 
and posterior dilator nares and depressor septi.

NASAL SKIN

The skin over the nasal bones and upper lateral cartilages 
is thin and freely mobile while that covering the alar carti-
lages is thick and adherent, and contains many sebaceous 
glands. It is the hypertrophy of these sebaceous glands 
which gives rise to a lobulated tumour called rhinophyma 
(see p. 144).

23 Anatomy of Nose
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Figure 23.1 Various parts of nose and related facial structures.
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Figure 23.2 Osteocartilaginous framework of nose. (A) Lateral view. (B) Basal view.
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Figure 23.3 Structures on lateral wall of nose.

INTERNAL NOSE

It is divided into right and left nasal cavities by nasal septum. 
Each nasal cavity communicates with the exterior through 
naris or nostril and with the nasopharynx through posterior 
nasal aperture or the choana. Each nasal cavity consists of a 
skin-lined portion—the vestibule and a mucosa-lined por-
tion, the nasal cavity proper.

VESTIBULE OF NOSE

Anterior and inferior part of nasal cavity is called vestibule. It 
is lined by skin and contains sebaceous glands, hair follicles 
and the hair called vibrissae. Its upper limit on the lateral 
wall is marked by limen nasi (also called nasal valve).

 1.  Nasal valve. It is bounded laterally by the lower bor-
der of upper lateral cartilage and fibrofatty tissue and 
anterior end of inferior turbinate, medially by the 
cartilaginous nasal septum, and caudally by the floor 
of pyriform aperture. The angle between the nasal 

septum and lower border of upper lateral cartilage is 
nearly 30°.

 2.  Nasal valve area. It is the cross-sectional area bounded 
by the structures forming the valve. It is the least cross-
sectional area of nose and regulates airflow and resistance 
on inspiration.

NASAL CAVITY PROPER

Each nasal cavity has a lateral wall, a medial wall, a roof and 
a floor.

LATERAL NASAL WALL
Three and occasionally four turbinates or conchae mark 
the lateral wall of nose. Conchae or turbinates are scroll-
like bony projections covered by mucous membrane. The 
spaces below the turbinates are called meatuses (Figures 
23.3 and 23.4).

Inferior turbinate. It is a separate bone and below it, into 
the inferior meatus, opens the nasolacrimal duct guarded 
at its terminal end by a mucosal valve called Hasner’s valve.
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Middle turbinate. It is an ethmoturbinal—a part of eth-
moid bone. It is attached to the lateral wall by a bony 
lamella called ground or basal lamella. Its attachment is not 
straight but in an S-shaped manner. In the anterior third, it 
lies in sagittal plane and is attached to lateral edge of crib-
riform plate. In the middle third, it lies in frontal plane 
and is attached to lamina papyracea while in its posterior 
third, it runs horizontally and forms roof of the middle 
meatus and is attached to lamina papyracea and medial 
wall of maxillary sinus.

The ostia of  various sinuses draining anterior to basal 
lamella form anterior group of paranasal sinuses while those 
which open posterior and superior to it form the posterior group.

Middle meatus. It shows several important structures which 
are important in endoscopic surgery of the sinuses (Figure 
23.5).

Uncinate process is a hook-like structure running in from 
anterosuperior to posteroinferior direction. Its posterosu-
perior border is sharp and runs parallel to anterior border 
of bulla ethmoidalis; the gap between the two is called hia-
tus semilunaris (inferior). It is a two-dimensional space of 
1–2 mm width.

The anteroinferior border of uncinate process is 
attached to the lateral wall. Posteroinferior end of unci-
nate process is attached to inferior turbinate divid-
ing the membranous part of lower middle meatus into 

Hiatus semilunaris

Bulla
ethmoidalis

Sphenoethmoid recess with
opening of sphenoid sinus

Opening of post. ethmoid

Opening of middle
ethmoidal sinuses

Accessory opening
of max. sinus

Opening of
nasolacrimal duct

Opening of max. sinus

Opening of frontal sinus

Uncinate process

Figure 23.4 Lateral wall of nose with turbinates removed showing openings of various sinuses.

Frontal sinus

Uncinate process

Inferior turbinate

Accessory ostium

of maxillary sinus

Reflected middle

turbinate

Bulla ethmoidalis

Figure 23.5 Lateral wall of nose. Middle turbinate is reflected upwards to show structures of the middle meatus.
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anterior and posterior fontanelle. The fontanel area is 
devoid of bone and consists of membrane only and leads 
into maxillary sinus when perforated. Upper attach-
ment of uncinate process shows great variation and 
may be inserted into the lateral nasal wall, upwards into 
the base of skull or medially into the middle turbinate  
(Figure 23.6). This also accounts for variations in drainage 
of frontal sinus.

The space limited medially by the uncinate process and 
frontal process of maxilla and sometimes lacrimal bone, and 
laterally by the lamina papyracea is called infundibulum.

Natural ostium of the maxillary sinus is situated in the 
lower part of infundibulum. Accessory ostium or ostia of 
maxillary sinus are sometimes seen in the anterior or poste-
rior fontanel (Figure 23.7).

Bulla ethmoidalis. It is an ethmoidal cell situated behind 
the uncinate process. Anterior surface of the bulla forms 
the posterior boundary of hiatus semilunaris. Depend-
ing on pneumatization, bulla may be a pneumatized cell 
or a solid bony prominence. It may extend superiorly to 
the skull base and posteriorly to fuse with ground lamella. 
When there is a space above or behind the bulla, it is called 
suprabullar or retrobullar recesses, respectively (Figure 23.8). 
The suprabullar and retrobullar recesses together form 
the lateral sinus (sinus lateralis of Grunwald). The lateral 
sinus is thus bounded superiorly by the skull base, laterally 
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Figure 23.6 Upper attachment of uncinate process: (A) into lamina papyracea, (B) into skull base and (C) into middle turbinate thus affecting 
drainage of frontal sinus.
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Figure 23.7 (A) Coronal section through middle meatus. Uncinate process forms the medial wall and floor of the infundibulum. (B) Coronal sec-
tion showing relationships of uncinate process, bulla ethmoidalis, middle turbinate, maxillary sinus, orbit and cribriform plate.

Nasolacrimal duct

Uncinate
process

Bulla
ethmoidalis

Retrobullar
recess
(or sinus lateralis)

Middle
turbinate

Hiatus
semilunaris

Infundibulum

Figure 23.8 Axial view showing middle meatus and its structure. 
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by lamina papyracea, medially by middle turbinate and 
inferiorly by the bulla ethmoidalis. Posteriorly the sinus 
lateralis may extend up to basal lamella of middle turbi-
nate. The cleft-like communication between the bulla and 
skull base and opening into middle meatus is also called 
hiatus semilunaris superior in contrast to hiatus semilunaris 
inferior referred to before.

Atrium of the middle meatus. It is a shallow depression lying 
in front of middle turbinate and above the nasal vestibule.

Agger nasi. It is an elevation just anterior to the attachment 
of middle turbinate. When pneumatized it contains air cells, 
the agger nasi cells, which communicate with the frontal 
recess. An enlarged agger nasi cell may encroach on frontal 
recess area, constricting it and causing mechanical obstruc-
tion to frontal sinus drainage.

Pneumatization of middle turbinate leads to an enlarged 
ballooned out middle turbinate called concha bullosa. It 
drains into frontal recess directly or through agger nasi 
cells. Haller cells are air cells situated in the roof of maxil-
lary sinus. They are pneumatized from anterior or poste-
rior ethmoid cells. Enlargement of Haller cells encroaches 
on ethmoid infundibulum, impeding draining of maxillary 
sinus.

Superior turbinate. It is also an ethmoturbinal and is situ-
ated posterior and superior to middle turbinate. It may also 
get pneumatized by one or more cells. It forms an important 
landmark to identify ostium of sphenoid sinus which lies 
medial to it.

Superior meatus. It is a space below the superior turbinate. 
Posterior ethmoid cells open into it. Number of posterior 
ethmoid cells varies from 1 to 5. Onodi cell is a posterior eth-
moidal cell which may grow posteriorly by the side of sphe-
noid sinus or superior to it for as much distance as 1.5 cm 
from the anterior surface of sphenoid. Onodi cell is surgically 
important as the optic nerve may be related to its lateral wall.

Sphenoethmoidal recess. It is situated above the superior 
turbinate. Sphenoid sinus opens into it.

Supreme turbinate. It is sometimes present above the supe-
rior turbinate and has a narrow meatus beneath it.

The ostium of sphenoid sinus is situated in the spheno-
ethmoidal recess medial to the superior or supreme turbi-
nate. It can be located endoscopically about 1 cm above the 
upper margin of posterior choana close to the posterior bor-
der of the septum.

MEDIAL WALL
Nasal septum forms the medial wall and is described on p. 147.

ROOF
Anterior sloping part of the roof is formed by nasal bones, 
posterior sloping part is formed by the body of sphenoid 
bone and the middle horizontal part is formed by the crib-
riform plate of ethmoid through which the olfactory nerves 
enter the nasal cavity.

FLOOR
It is formed by palatine process of the maxilla in its anterior 
three-fourths and horizontal part of the palatine bone in its 
posterior one-fourth.

LINING MEMBRANE OF INTERNAL NOSE

1. Vestibule. It is lined by skin containing hair, hair follicles 
and sebaceous glands.

2. Olfactory region. Upper one-third of lateral wall (up to 
superior concha), corresponding part of the nasal septum 
and the roof of nasal cavity form the olfactory region. Here, 
mucous membrane is paler in colour.

3. Respiratory region. Lower two-thirds of the nasal cavity 
form the respiratory region. Here mucous membrane shows 
variable thickness being thickest over nasal conchae espe-
cially at their ends, quite thick over the nasal septum but 
very thin in the meatuses and floor of the nose. It is highly 
vascular and also contains erectile tissue. Its surface is lined 
by pseudostratified ciliated columnar epithelium which 
contains plenty of goblet cells. In the submucous layer of 
mucous membrane are situated serous, mucous, both serous 
and mucous secreting glands, the ducts of which open on 
the surface of mucosa.

NERVE SUPPLY

1. Olfactory nerves. They carry sense of smell and supply 
olfactory region of nose. They are the central filaments of 
the olfactory cells and are arranged into 12–20 nerves which 
pass through the cribriform plate and end in the olfactory 
bulb. These nerves can carry sheaths of dura, arachnoid and 
pia with them into the nose. Injury to these nerves can open 
CSF space leading to CSF rhinorrhoea or meningitis (Figure 
23.9).

2. Nerves of common sensation. They are:

 (a)  Anterior ethmoidal nerve.
 (b)  Branches of sphenopalatine ganglion.
 (c)  Branches of infraorbital nerve. They supply vestibule of 

nose both on its medial and lateral side.

Most of the posterior two-thirds of nasal cavity (both sep-
tum and lateral wall) are supplied by branches of sphenopal-
atine ganglion which can be blocked by placing a pledget of 
cotton soaked in anaesthetic solution near the sphenopala-
tine foramen situated at the posterior extremity of middle 
turbinate. Anterior ethmoidal nerve which supplies anterior 
and superior part of the nasal cavity (lateral wall and sep-
tum) can be blocked by placing the pledget high up on the 
inside of nasal bones where the nerve enters.

3. Autonomic nerves. Parasympathetic nerve fibres supply 
the nasal glands and control nasal secretion. They come 
from greater superficial petrosal nerve, travel in the nerve 
of pterygoid canal (vidian nerve) and reach the sphenopal-
atine ganglion where they relay before reaching the nasal 
cavity. They also supply the blood vessels of nose and cause 
vasodilation.

Sympathetic nerve fibres come from upper two thoracic 
segments of spinal cord, pass through superior cervical gan-
glion, travel in deep petrosal nerve and join the parasympa-
thetic fibres of greater petrosal nerve to form the nerve of 
pterygoid canal (vidian nerve). They reach the nasal cavity 
without relay in the sphenopalatine ganglion. Their stimula-
tion causes vasoconstriction. Excessive rhinorrhoea in cases 



139 CHAPTER 23 — ANATOMY OF NOSE

B

Infraorbital
nerve

Nasopalatine
nerve

Greater palatine
nerve

Olfactory nerves

Ant. ethmoidal
nerve

A

Olfactory bulb

Olfactory nerves

Branches of
sphenopalatine
ganglion

Ant. ethmoidal
nerve

Infraorbital
nerve

Figure 23.9 Nerve supply of nose. (A) Lateral wall. Sphenopalatine ganglion situated at the posterior end of middle turbinate supplies most of 
posterior two-thirds of nose. (B) Nerves on the medial wall.

of vasomotor and allergic rhinitis can be controlled by sec-
tion of the vidian nerve.

BLOOD SUPPLY

Both the internal and external carotid systems supply the 
nose. Details of blood supply are given on p. 176.

LYMPHATIC DRAINAGE

Lymphatics from the external nose and anterior part of 
nasal cavity drain into submandibular lymph nodes while 
those from the rest of nasal cavity drain into upper jugular 
nodes either directly or through the retropharyngeal nodes. 
Lymphatics of the upper part of nasal cavity communicate 
with subarachnoid space along the olfactory nerves.
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Functions of the nose are classified as:

 1.  Respiration.
 2.  Air-conditioning of inspired air.
 3.  Protection of lower airway.
 4.  Vocal resonance.
 5.  Nasal reflex functions.
 6.  Olfaction.

RESPIRATION

Nose is the natural pathway for breathing. Mouth breathing 
is an acquired act through learning. So natural is the instinct 
to breath through the nose that a newborn infant with cho-
anal atresia may asphyxiate to death if urgent measures are 
not taken to relieve it. The nose also permits breathing and 
eating to go on simultaneously.

During quiet respiration, inspiratory air current passes 
through middle part of nose between the turbinates and 
nasal septum. Very little air passes through inferior meatus 
or olfactory region of nose (Figure 24.1). Therefore, weak 
odorous substances have to be sniffed before they can reach 
the olfactory area.

During expiration, air current follows the same course as 
during inspiration, but the entire air current is not expelled 
directly through the nares. Friction offered at limen nasi 
converts it into eddies under cover of inferior and middle 
turbinates and this ventilates the sinuses through the ostia.

Anterior end of inferior turbinate undergoes swelling and 
shrinkage thus regulating inflow of air.

Nasal cycle. Nasal mucosa undergoes rhythmic cyclical 
congestion and decongestion, thus controlling the airflow 
through nasal chambers. When one nasal chamber is work-
ing, total nasal respiration, equal to that of both nasal cham-
bers, is carried out by it. Nasal cycle varies every 2½–4 h and 
may be characteristic of an individual.

AIR-CONDITIONING OF INSPIRED AIR

Nose is aptly called the “air-conditioner” for lungs. It filters 
and purifies the inspired air and adjusts its temperature and 
humidity before the air passes to the lungs.

 1.  Filtration and purification. Nasal vibrissae at the entrance 
of nose act as filters to sift larger particles like fluffs of 
cotton. Finer particles like dust, pollen and bacteria 
adhere to the mucus which is spread like a sheet all over 

the surface of the mucous membrane. The front of the 
nose can filter particles up to 3 μm, while nasal mucus 
traps particles as fine as 0.5–3.0 μm. Particles smaller 
than 0.5 μm seem to pass through the nose into lower 
airways without difficulty.

 2.  Temperature control of the inspired air. It is regulated 
by large surface of nasal mucosa which is structurally 
adapted to perform this function. This mucous mem-
brane, particularly in the region of middle and inferior 
turbinates and adjacent parts of the septum, is highly 
vascular with cavernous venous spaces or sinusoids which 
control the blood flow, and this increases or decreases the 
size of turbinates. This also makes an efficient “radiator” 
mechanism to warm up the cold air. Inspired air which 
may be at 20°C or 0°C or even at subzero temperature is 
heated to near body temperature (37°C) in one-fourth 
of second, the time that the air takes to pass from the 
nostril to the nasopharynx. Similarly, hot air is cooled to 
the level of body temperature.

 3.  Humidification. This function goes on simultaneously 
with the temperature control of inspired air. Relative 
humidity of atmospheric air varies depending on cli-
matic conditions. Air is dry in winter and saturated 
with moisture in summer months. Nasal mucous mem-
brane adjusts the relative humidity of the inspired air 
to 75% or more. Water, to saturate the inspired air, is 
provided by the nasal mucous membrane which is rich 
in mucous and serous secreting glands. About 1000 mL 
of water is evaporated from the surface of nasal mucosa 
in 24 h.

Moisture is essential for integrity and function of the cili-
ary epithelium. At 50% relative humidity, ciliary function 
stops in 8–10 min. Thus, dry air predisposes to infections 
of the respiratory tract. Humidification also has a signifi-
cant effect on gas exchange in the lower airways. In nasal 
obstruction, gaseous exchange is affected in the lungs, lead-
ing to rise in pCO2, causing apnoeic spells during sleep; it 
also decreases pO2.

PROTECTION OF LOWER AIRWAY

 1.  Mucociliary mechanism. Nasal mucosa is rich in goblet 
cells, secretory glands both mucous and serous. Their 
secretion forms a continuous sheet called mucous blanket 
spread over the normal mucosa. Mucous blanket consists 
of a superficial mucus layer and a deeper serous layer, 
floating on the top of cilia which are constantly beating 
to carry it like a “conveyer belt” towards the nasopharynx 
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(Figure 24.2). It moves at a speed of 5–10 mm/min and 
the complete sheet of mucus is cleared into the pharynx 
every 10–20 min. The inspired bacteria, viruses and dust 
particles are entrapped on the viscous mucous blanket 
and then carried to the nasopharynx to be swallowed. 
Presence of turbinates almost doubles the surface area to 
perform this function. About 600–700 mL of nasal secre-
tions are produced in 24 h.

In mammals, cilia beat 10–20 times per second at room 
temperature. They have a rapid “effective stroke” and a 
slow “recovery stroke.” In the former, the extended cilia 
reach mucus layer while in the recovery stroke, they 
bend and travel slowly in the reverse direction in the thin 
serous layer, thus moving the mucous blanket in only one 
direction. In immotile cilia syndrome, cilia are defec-
tive and cannot beat effectively, leading to stagnation 
of mucus in the nose and sinuses and bronchi causing 
chronic rhinosinusitis and bronchiectasis. Movements of 
cilia are affected by drying, drugs (adrenaline), excessive 
heat or cold, smoking, infections and noxious fumes like 
sulfur dioxide and carbon dioxide.

 2.  Enzymes and immunoglobulins. Nasal secretions also 
contain an enzyme called muramidase (lysozyme) which 
kills bacteria and viruses. Immunoglobulins IgA and 
IgE, and interferon are also present in nasal secretions 
and provide immunity against upper respiratory tract 
infections.

 3.  Sneezing. It is a protective reflex. Foreign particles which 
irritate nasal mucosa are expelled by sneezing. Copious 

flow of nasal secretions that follows irritation by noxious 
substance helps to wash them out.

The pH of nasal secretion is nearly constant at 7. The cilia 
and the lysozyme act best at this pH. Alteration in nasal pH, 
due to infections or nasal drops, seriously impairs the func-
tions of cilia and lysozyme.

So efficient are the functions of nose that 500 cubic feet 
of air, that we breathe every 24 h, is filtered, humidified, 
adjusted to proper temperature and cleared of all the dust, 
bacteria and viruses before reaching the lungs.

VOCAL RESONANCE

Nose forms a resonating chamber for certain consonants in 
speech. In phonating nasal consonants (M/N/NG), sound 
passes through the nasopharyngeal isthmus and is emitted 
through the nose. When nose (or nasopharynx) is blocked, 
speech becomes denasal, i.e. M/N/NG are uttered as B/D/G, 
respectively. It is to be remembered that in Hindi alpha-
bets, last letter of a “varga” (

) is substituted by its third letter. 
Thus, an affected person utters  for  and  for . 
Reverse is true in velopharyngeal insufficiency where  is 
substituted for .

NASAL REFLEXES

Several reflexes are initiated in the nasal mucosa. Smell of a 
palatable food cause reflex secretion of saliva and gastric juice. 
Irritation of nasal mucosa causes sneezing. Nasal function is 
closely related to pulmonary functions through  nasobronchial 
and nasopulmonary reflexes. It has been observed that nasal 
obstruction leads to increased  pulmonary resistance and is 
reversed when nasal  obstruction is surgically treated. Nasal 
packing in cases of epistaxis or after nasal surgery leads to 
lowering of pO2 which returns to normal after removal of the  
pack. Pulmonary hypertension or  cor pulmonale can develop 
in children with long-standing nasal obstruction due to tonsil 
and adenoid hypertrophy and can be reversed after removal 
of the tonsils and adenoids.

Mucus
layer

Serous
layer

Figure 24.2 “Conveyor belt” mechanism of mucus blanket to entrap 
and carry organisms and dust particles.

A B
Figure 24.1 Physiology of nasal airflow. (A) Inspiration. (B) Expiration.
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OLFACTION

Sense of smell is well-developed in lower animals to give 
warning of the environmental dangers but it is compara-
tively less important in man. Still it is important for pleasure 
and for enjoying the taste of food. When nose is blocked, 
food tastes bland and unpalatable. Vapours of ammonia are 
never used to test the sense of smell as they stimulate fibres 
of the trigeminal nerve and cause irritation in the nose 
rather than stimulate the olfactory receptors.

1. Olfactory pathways. Smell is perceived in the olfactory 
region of nose which is situated high up in the nasal cav-
ity. This area contains millions of olfactory receptor cells. 
Peripheral process of each olfactory cell reaches the muco-
sal surface and is expanded into a ventricle with several 
cilia on it. This acts as a sensory receptor to receive odor-
ous substances. Central processes of the olfactory cells 
are grouped into olfactory nerves which pass through the 
cribriform plate of ethmoid and end in the mitral cells of 
the olfactory bulb. Axons of mitral cells form olfactory 
tract and carry smell to the prepyriform cortex and the 
amygdaloid nucleus where it reaches consciousness. Olfac-
tory system is also associated with autonomic system at the 
hypothalamic level.

2. Disorders of smell. It is essential for the perception of 
smell that the odorous substance be volatile and that it 
should reach the olfactory area unimpeded. Also necessary 
are the healthy state of olfactory mucosa and the integrity 
of neural pathways, i.e. olfactory nerves, olfactory bulb and 
tract and the cortical centre of olfaction.

Anosmia is total loss of sense of smell while hyposmia is par-
tial loss. They can result from nasal obstruction due to nasal 
polypi, enlarged turbinates or oedema of mucous membrane 
as in common cold, allergic or vasomotor rhinitis. Anosmia 
is also seen in atrophic rhinitis, a degenerative disorder of 
nasal mucosa; peripheral neuritis (toxic or influenzal); injury 
to olfactory nerves or olfactory bulb in fractures of anterior 
cranial fossa; and intracranial lesions like abscess, tumour or 
meningitis which cause pressure on olfactory tracts.

Parosmia is perversion of smell; the person interprets the 
odours incorrectly. Often these persons complain of dis-
gusting odours. It is seen in the recovery phase of postinflu-
enzal anosmia and the probable explanation is misdirected 
regeneration of nerve fibres. Intracranial tumour should be 
excluded in all cases of parosmia.

Sense of smell can be tested by asking the patient to smell 
common odours such as lemon, peppermint, rose, garlic 
or cloves from each side of the nose separately, with eyes 
closed. Quantitative estimation (quantitative olfactometry) 
requires special equipment.
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DISEASES OF EXTERNAL NOSE

CELLULITIS

The nasal skin may be invaded by streptococci or staphylo-
cocci leading to a red, swollen and tender nose. Sometimes, 
it is an extension of infection from the nasal vestibule. 
Treatment is systemic antibacterials, hot fomentation and 
analgesics.

NASAL DEFORMITIES

SADDLE NOSE
Depressed nasal dorsum may involve bony, cartilaginous or 
both bony and cartilaginous components of nasal dorsum 
(Figure 25.1). Nasal trauma causing depressed fractures is 
the most common aetiology. It can also result from exces-
sive removal of septum in submucous resection, destruction 
of septal cartilage by haematoma or abscess, sometimes by 
leprosy, tuberculosis or syphilis. The deformity can be cor-
rected by augmentation rhinoplasty by filling the dorsum 
with cartilage, bone or a synthetic implant. If depression is 
only cartilaginous, cartilage is taken from the nasal septum 
or auricle and laid in a single or multiple layers. If deformity 
involves both cartilage and bone, cancellous bone from the 
iliac crest is the best. Autografts (taken from the same indi-
vidual) are preferred to allografts (taken from other indi-
viduals or cadavers). Saddle deformity can also be corrected 
by synthetic implants of silicone or teflon but they are likely 
to be extruded.

HUMP NOSE
This may also involve the bone or cartilage or both bone 
and cartilage. It can be corrected by reduction rhinoplasty 
which consists of exposure of nasal framework by careful 
raising of the nasal skin by a vestibular incision, removal of 
hump and narrowing of the lateral walls by osteotomies to 
reduce the widening left by hump removal.

CROOKED OR A DEVIATED NOSE
In crooked nose, the midline of dorsum from frontonasal 
angle to the tip is curved in a C- or S-shaped manner. In a 
deviated nose, the midline is straight but deviated to one 
side (Figure 25.2).

Usually, these deformities are traumatic in origin. Inju-
ries sustained during birth, neonatal period or childhood, 
but not immediately recognized, will also develop into these 
deformities with the growth of nose. The deviated or crooked 
nose can be corrected by rhinoplasty or septorhinoplasty. 

Aim of these operations is to correct not only the outer 
appearance of nose but also its function.

TUMOURS

They may be congenital, benign or malignant (Table 25.1).

1. CONGENITAL TUMOURS
(a) Dermoid cyst (Figure 25.3). It is of two types:

	•	 	Simple dermoid. It occurs as a midline swelling under the 
skin but in front of the nasal bones. It does not have any 
external opening.

25Diseases of External Nose 
and Nasal Vestibule

Crooked nose Deviated nose

Figure 25.2 Nasal bridge is S-shaped in crooked nose. It is straight 
but deviated to one side in deviated nose.

Normal Saddle
nose

Supratip
depression

Humped
nose

Figure 25.1 Deformities of nose.
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	•	 	Dermoid with a sinus. It is seen in infants and children and 
is represented by a pit or a sinus in the midline of the 
dorsum of nose. Hair may be seen protruding through 
the sinus opening. In these cases, the sinus track may 
lead to a dermoid cyst lying under the nasal bone in front 
of upper part of nasal septum or may have an intracra-
nial dural connection. In those with intracranial exten-
sion, sinus tract passes through the cribriform plate or  
foramen caecum and is attached to dura or has other 
intracranial connection. Meningitis occurs if infection 
travels along this path. Treatment of such cysts may neces-
sitate splitting of the nasal bones to remove any exten-
sion in the upper part of the nasal septum. A combined 
neurosurgical–otolaryngologic approach is required in 
those extending intracranially so as to close simultane-
ously any bony defect through which the fistulous tract 
passed (Figure 25.4).

(b) Encephalocele or meningoencephalocele. It is hernia-
tion of brain tissue along with its meninges through a con-
genital bony defect. An extranasal meningoencephalocele 
presents as a subcutaneous pulsatile swelling in the midline 
at the root of nose (nasofrontal variety), side of nose (naso-
ethmoid variety) or on the anteromedial aspect of the orbit 
(naso-orbital variety).

Swellings show cough impulse and may be reducible. 
Treatment is neurosurgical; severing the tumour stalk from 

the brain and repairing the bony defect through which her-
niation has taken place.

(c) Glioma. It is a nipped off portion of encephalocele 
during embryonic development. Most of them (60%) are 
extranasal and present as firm subcutaneous swellings on 
the bridge, side of nose or near the inner canthus. Some of 
them are purely intranasal (30%), while 10% are both intra- 
and extranasal. Extranasal gliomas are encapsulated and can 
be easily removed by external nasal approach.

2. BENIGN TUMOURS
They arise from the nasal skin and include papilloma (skin 
wart), haemangioma, pigmented naevus, seborrhoeic keratosis, 
neurofibroma or tumour of sweat glands.

Rhinophyma or potato tumour is a slow-growing benign 
tumour due to hypertrophy of the sebaceous glands of the 
tip of nose often seen in cases of long-standing acne rosa-
cea. It presents as a pink, lobulated mass over the nose 
with superficial vascular dilation; mostly affects men past 
middle age (Figure 25.4). Patient seeks advice because of 
the unsightly appearance of the tumour, or obstruction to 
breathing and vision due to large size of the tumour. Treat-
ment consists of paring down the bulk of tumour with sharp 
knife or carbon dioxide laser and the area allowed to re-
epithelialize. Sometimes, tumour is completely excised and 
the raw area skin grafted.

Table 25.1 Tumours of external nose

Congenital Benign Malignant

	•	 	Dermoid cysts
	•	 	Encephalocele
	•	 	Meningoencephalocele
	•	 	Glioma

	•	 	Rhinophyma
	•	 	Haemangioma
	•	 	Pigmented 

naevus
	•	 	Seborrhoeic 

keratosis
	•	 	Neurofibroma
	•	 	Sweat gland 

tumour

	•	 	Basal cell 
cancer

	•	 	Squamous 
cell cancer

	•	 	Melanoma

BA C

Dura

Figure 25.3 Types of dermoids. (A) Simple dermoid beneath the skin. (B) Dermoid with an external pit or sinus. It lies in front of septum and 
deep to nasal bones. (C) Dermoid with an intracranial connection to dura.

Figure 25.4 Rhinophyma.
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3. MALIGNANT TUMOURS
(a) Basal cell carcinoma (rodent ulcer) (Figure 25.5). This 
is the most common malignant tumour involving skin of 
nose (87%), equally affecting males and females in the 
age group of 40–60 years. Common sites on the nose are 
the tip and the ala. It may present as a cyst or papulo-pearly 
nodule or an ulcer with rolled edges. It is very slow growing 
and remains confined to the skin for a long time. Underly-
ing cartilage or bone may get invaded. Nodal metastases 
are extremely rare. Treatment depends on the size, loca-
tion and depth of the tumour. Early lesion can be cured 
by cryosurgery, irradiation or surgical excision with 3–5 
mm of healthy skin around the palpable borders of the 
tumour.

Lesions which are recurrent, extensive or with involve-
ment of cartilage or bone are excised and the surgical defect 
closed by local or distant flaps or a prosthesis.

(b) Squamous cell carcinoma (epithelioma). This is the 
second most common malignant tumour (11%), equally 
affecting both sexes in 40–60 age group. It occurs as an infil-
trating nodule or an ulcer with rolled out edges affecting 
side of nose or columella (Figure 25.6). Nodal metastases 
are seen in 20% of cases.

Early lesions respond to radiotherapy; more advanced 
lesions or those with exposure of bone or cartilage 
require wide surgical excision and plastic repair of the 
defect. Enlarged regional lymph nodes will require block 
dissection.

(c) Melanoma. This is the least common variety. Clinically, 
it is superficially spreading type (slow growing) or nodular 
invasive type. Treatment is surgical excision.

DISEASES OF NASAL VESTIBULE

FURUNCLE OR BOIL (FIGURE 25.7)

It is an acute infection of the hair follicle by Staphylococcus 
aureus. Trauma from picking of the nose or plucking the 
nasal vibrissae is the usual predisposing factor.

The lesion is small but exquisitely painful and tender. 
Inflammation may spread to the skin of nasal tip and dor-
sum which become red and swollen. The furuncle may rup-
ture spontaneously in the nasal vestibule.

Treatment of furuncle consists of warm compresses, anal-
gesics to relieve pain, and topical and systemic antibiotics 
directed against staphylococcus. If a fluctuant area appears, 
incision and drainage can be done. In no case should the 
furuncle be squeezed or prematurely incised because of the 
danger of spread of infection to cavernous sinus through 
venous thrombophlebitis.

A furuncle of nose may complicate into cellulitis of the 
upper lip or septal abscess.

VESTIBULITIS

It is diffuse dermatitis of nasal vestibule. Nasal discharge, 
due to any cause such as rhinitis, sinusitis or nasal allergy, 
coupled with trauma of handkerchief, is the usual predis-
posing factor. The causative organism is S. aureus. Vestibuli-
tis may be acute or chronic.

In acute form, vestibular skin is red, swollen and tender; 
crusts and scales cover an area of skin erosion or excoria-
tion. The upper lip may also be involved (Figure 25.8).

In chronic form, there is induration of vestibular skin with 
painful fissures and crusting.

Figure 25.5 Basal cell carcinoma of the nose.

Figure 25.6 Carcinoma nose. Figure 25.7 Furuncle right nasal vestibule.
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Treatment consists of cleaning the nasal vestibule of all 
crusts and scales with cotton applicator soaked in hydrogen 
peroxide and application of antibiotic-steroid ointment. The 
latter should always be continued for a few more days, even 
after the apparent cure, as the condition is likely to relapse. 
A chronic fissure can be cauterized with silver nitrate. Atten-
tion should be paid to the cause of nasal discharge.

STENOSIS AND ATRESIA OF THE NARES

Accidental or surgical trauma to the nasal tip or vestibule 
can lead to web formation and stenosis of anterior nares. 
In Young’s operation, vestibular skin flaps are raised to cre-
ate deliberate closure of nares in the treatment of atrophic 
rhinitis (see p. 153). Destructive inflammatory lesions of nose 
also cause stenosis. Earlier, several cases of vestibular stenosis 
resulted from smallpox (Figure 25.9).

Congenital atresia of anterior nares due to noncanalization 
of epithelial plug is a rare condition.

Stenosis of nares can be corrected by reconstructive plas-
tic procedures.

TUMOURS

 1.  Nasoalveolar cyst presents a smooth bulge in the lat-
eral wall and floor of nasal vestibule. The cyst can be 

excised by sublabial approach preserving the integrity 
of vestibular skin (Figure 25.10).

 2.  Papilloma or wart may be single or multiple, pedunculated 
or sessile. Treatment is surgical excision under local 
anaesthesia.

 3.  Squamous cell carcinoma arises from the lateral wall of the 
vestibule and may extend into nasal floor, columella and 
upper lip. It can metastasize to the parotid and subman-
dibular nodes. Treatment is surgical excision or irradiation.

Figure 25.9 Stenosis left naris following smallpox.

Figure 25.10 Nasoalveolar cyst as seen during operation.

Figure 25.8 Acute vestibulitis (left side).
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ANATOMY

Nasal septum consists of three parts:

1. Columellar septum. It is formed of columella containing 
the medial crura of alar cartilages united together by fibrous 
tissue and covered on either side by skin.

2. Membranous septum. It consists of double layer of skin 
with no bony or cartilaginous support. It lies between the 
columella and the caudal border of septal cartilage. Both 
columellar and membranous parts are freely movable from 
side to side.

3. Septum proper. It consists of osteocartilaginous frame-
work, covered with nasal mucous membrane.

Its principal constituents are (Figure 26.1):

 (a)  the perpendicular plate of ethmoid,
 (b)  the vomer and
 (c)  a large septal (quadrilateral) cartilage wedged between 

the above two bones anteriorly. Other bones which 
make minor contributions at the periphery are crest 
of nasal bones, nasal spine of frontal bone, rostrum of 
sphenoid, crest of palatine bones and the crest maxilla, 
and the anterior nasal spine of maxilla.

Septal cartilage not only forms a partition between the 
right and left nasal cavities but also provides support 
to the tip and dorsum of cartilaginous part of nose. Its 
destruction, e.g. in septal abscess, injuries, tuberculo-
sis or excessive removal during septal surgery, leads to  

depression of lower part of nose and drooping of the 
nasal tip.

Septal cartilage lies in a groove in the anterior edge of 
vomer and rests anteriorly on anterior nasal spine. During 
trauma, it may get dislocated from anterior nasal spine or 
vomerine groove causing caudal septal deviation or sep-
tal spur, respectively. This compromises the nasal airway. 
Septal cartilage is also intimately related to the upper lat-
eral cartilages of nose and is in fact fused with them in 
the upper third. For this reason septal deviation may be 
associated with deviation of cartilaginous part of external 
nose.

Blood Vessels of Nasal Septum (see Chapter 33).
Nerve Supply of Nasal Septum (see Chapter 23).

Little’s area or Kiesselbach’s plexus. This is the vascular 
area in the anteroinferior part of nasal septum just above 
the vestibule. Anterior ethmoidal, sphenopalatine, greater 
palatine and septal branch of superior labial arteries and 
their corresponding veins form an anastomosis here. This 
is the commonest site for epistaxis. This is also the site for 
origin of the “bleeding polypus” (haemangioma) of nasal 
septum.

FRACTURES OF NASAL SEPTUM

AETIOPATHOGENESIS

Trauma inflicted on the nose from the front, side or below 
can result in injuries to the nasal septum. The septum 
may buckle on itself, fracture vertically, horizontally or be 
crushed to pieces as in a smashed nose. The fractured pieces 
of septum may overlap each other or project into the nasal 
cavity through mucosal tears. Fracture of the septal cartilage 
or its dislocation from the vomerine groove, can result from 
trauma to the lower nose without associated fractures of 
nasal bones. Septal injuries with mucosal tears cause profuse 
epistaxis while those with intact mucosa result in septal hae-
matoma which, if not drained early, will cause absorption of 
the septal cartilage and saddle nose deformity.

“Jarjaway” fracture of nasal septum results from blows 
from the front; it starts just above the anterior nasal spine 
and runs horizontally backwards just above the junction of 
septal cartilage with the vomer (Figure 26.2A).

“Chevallet” fracture of septal cartilage results from blows 
from below; it runs vertically from the anterior nasal spine 
upwards to the junction of bony and cartilaginous dorsum 
of nose (Figure 26.2B).

26Nasal Septum and  
Its Diseases
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Figure 26.1 Anatomy of nasal septum.
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TREATMENT

Early recognition and treatment of septal injuries is essen-
tial. Haematomas should be drained. Dislocated or fractured 
septal fragments should be repositioned and supported 
between mucoperichondrial flaps with mattress sutures and 
nasal packing. Fractures of nasal pyramid are often com-
plicated with fractures of the septum and both should be 
treated concomitantly.

COMPLICATIONS

Septum is important in supporting the lower part of the 
external nose. If its injuries are ignored, they would result 
in deviation of the cartilaginous nose, or asymmetry of nasal 
tip, columella or the nostril.

DEVIATED NASAL SEPTUM (DNS)

This is an important cause of nasal obstruction.

AETIOLOGY

Trauma and errors of development form the two important 
factors in the causation of deviated septum.

1. Trauma. A lateral blow on the nose may cause displacement 
of septal cartilage from the vomerine groove and maxillary 
crest, while a crushing blow from the front may cause buckling, 

twisting, fractures and duplication of nasal septum with tele-
scoping of its fragments. Injuries to the nose commonly occur 
in childhood but are often overlooked. Even the history may 
not be forthcoming. Trauma may also be inflicted at birth dur-
ing difficult labour when nose is pressed during its passage 
through the birth canal. Birth injuries should be immediately 
attended to as they result in septal deviation later in life.

2. Developmental error. Nasal septum is formed by the tecto-
septal process which descends to meet the two halves of the 
developing palate in the midline. During the primary and 
secondary dentition, further development takes place in the 
palate, which descends and widens to accommodate the teeth.

Unequal growth between the palate and the base of skull 
may cause buckling of the nasal septum. In mouth breathers, 
as in adenoid hypertrophy, the palate is often highly arched 
and the septum is deviated (Figure 26.3). Similarly, DNS may 
be seen in cases of cleft lip and palate and in those with dental 
abnormalities.

3. Racial factors. Caucasians are affected more than black 
Americans.

4. Hereditary factors. Several members of the same family 
may have deviated nasal septum.

TYPES OF DNS (FIGURE 26.4)

Deviation may involve only the cartilage, bone or both the 
cartilage and bone.

B

A

Figure 26.2 Septal fracture showing: (A) Jarjaway type. (B) Chevallet 
type.

High arched
palateDNS

Figure 26.3 DNS associated with high-arched palate.

Anterior dislocation C-shaped deflection

Nasal spur impinging
on turbinate

Thickening of nasal
septum

S-shaped deflection

Figure 26.4 Types of deviated nasal septum.
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1. Anterior dislocation. Septal cartilage may be dislocated 
into one of the nasal chambers. This is better appreciated 
by looking at the base of nose when patient’s head is tilted 
backwards (Figure 26.5).

2. C-shaped deformity. Septum is deviated in a simple curve 
to one side. Nasal chamber on the concave side of the nasal 
septum will be wider and may show compensatory hypertro-
phy of turbinates.

3. S-shaped deformity. Either in vertical or anteroposterior 
plane. Such a deformity may cause bilateral nasal obstruction.

4. Spurs. A spur is a shelf-like projection often found at the 
junction of bone and cartilage. A spur may press on the lat-
eral wall and gives rise to headache. It may also predispose 
to repeated epistaxis from the vessels stretched on its convex 
surface.

5. Thickening. It may be due to organized haematoma or 
overriding of dislocated septal fragments.

CLINICAL FEATURES

DNS can involve any age and sex. Males are affected more 
than females.

1. Nasal obstruction. Depending on the type of septal defor-
mity, obstruction may be unilateral or bilateral. Respiratory 
currents pass through upper part of nasal cavity, therefore, 
high septal deviation cause nasal obstruction more than 
lower ones.

When examining a case of nasal obstruction, one should 
ascertain the site of obstruction in the nose. It could be 
(i) vestibular (caudal septal dislocation, synechiae or ste-
nosis), (ii) at the nasal valve (synechiae, usually postrhi-
noplasty), (iii) attic (along the upper part of nasal septum 
due to high septal deviation; (iv) turbinal (hypertrophic 
turbinates or concha bullosa) and (v) choanal (choanal 
atresia or a choanal polyp). Unilateral choanal atresia 
may be missed in infancy and childhood. Choanal polyp 
may be missed on the anterior rhinoscopy unless poste-
rior rhinoscopy or nasal endoscopy is done.

Cottle test. It is used in nasal obstruction due to abnormality 
of the nasal valve. In this test, cheek is drawn laterally while the 

patient breathes quietly. If the nasal airway improves on the 
test side, the test is positive and indicates abnormality of the 
vestibular component of nasal valve (Figure 26.6).

2. Headache. Deviated septum, especially a spur, may press 
on the lateral wall of nose giving rise to pressure headache.

3. Sinusitis. Deviated septum may obstruct sinus ostia result-
ing in poor ventilation of the sinuses. Therefore, it forms an 
important cause to predispose or perpetuate sinus infections.

4. Epistaxis. Mucosa over the deviated part of septum is 
exposed to the drying effects of air currents leading to 
formation of crusts, which when removed causes bleed-
ing. Bleeding may also occur from vessels over a septal 
spur.

5. Anosmia. Failure of the inspired air to reach the olfactory 
region may result in total or partial loss of sense of smell.

6. External deformity. Septal deformities may be associated 
with deviation of the cartilaginous or both the bony and car-
tilaginous dorsum of nose, deformities of the nasal tip or 
columella.

7. Middle ear infection. DNS also predisposes to middle ear 
infection.

TREATMENT

Minor degrees of septal deviation with no symptoms are com-
monly seen in patients and require no treatment. It is only 
when deviated septum produces mechanical nasal obstruction 
or the symptoms given above that an operation is indicated.

SUBMUCOUS RESECTION (SMR) OPERATION
It is generally done in adults under local anaesthesia. It con-
sists of elevating the mucoperichondrial and mucoperios-
teal flaps on either side of the septal framework by a single 
incision made on one side of the septum, removing the 

Figure 26.5 Anterior dislocation. Caudal border of septal cartilage 
projects into right naris.

Figure 26.6 Cottle test: On pulling the cheek away from the midline, 
the nasal valve opens, increasing the airflow from that side of the 
nasal cavity.
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deflected parts of the bony and cartilaginous septum, and 
then repositioning the flaps (see section on Operative Sur-
gery for details).

SEPTOPLASTY
It is a conservative approach to septal surgery. In this opera-
tion, much of the septal framework is retained. Only the 
most deviated parts are removed. Rest of the septal frame-
work is corrected and repositioned by plastic means. Muco-
perichondrial/periosteal flap is generally raised only on one 
side of the septum, retaining the attachment and blood sup-
ply on the other. Septoplasty has now almost replaced SMR 
operation (see Chapter 87).

Septal surgery is usually done after the age of 17 so as 
not to interfere with the growth of nasal skeleton. However, 
if a child has severe septal deviation causing marked nasal 
obstruction, conservative septal surgery (septoplasty) can 
be performed to provide a good airway.

SEPTAL HAEMATOMA

AETIOLOGY

It is collection of blood under the perichondrium or perios-
teum of the nasal septum (Figure 26.7). It often results from 
nasal trauma or septal surgery. In bleeding disorders, it may 
occur spontaneously.

CLINICAL FEATURES

Bilateral nasal obstruction is the commonest presenting 
symptom. This may be associated with frontal headache and 
a sense of pressure over the nasal bridge.

Examination reveals smooth rounded swelling of the sep-
tum in both the nasal fossae. Palpation may show the mass 
to be soft and fluctuant.

TREATMENT

Small haematomas can be aspirated with a wide bore ster-
ile needle. Larger haematomas are incised and drained by 
a small anteroposterior incision parallel to the nasal floor. 
Excision of a small piece of mucosa from the edge of incision 
gives better drainage. Following drainage, nose is packed on 
both sides to prevent reaccumulation. Systemic antibiotics 
should be given to prevent septal abscess.

COMPLICATIONS

Septal haematoma, if not drained, may organize into fibrous 
tissue leading to a permanently thickened septum. If sec-
ondary infection supervenes, it results in septal abscess with 
necrosis of cartilage and depression of nasal dorsum.

SEPTAL ABSCESS

AETIOLOGY

Mostly, it results from secondary infection of septal haema-
toma. Occasionally, it follows furuncle of the nose or upper lip. 
It may also follow acute infection such as typhoid or measles.

CLINICAL FEATURES

There is severe bilateral nasal obstruction with pain and 
tenderness over the bridge of nose. Patient may also com-
plain of fever with chills and frontal headache. Skin over 
the nose may be red and swollen. Internal examination of 
nose reveals smooth bilateral swelling of the nasal septum 
(Figure 26.8). Fluctuation can be elicited in this swelling. 
Septal mucosa is often congested. Submandibular lymph 
nodes may also be enlarged and tender.

TREATMENT

Abscess should be drained as early as possible. Incision is 
made in the most dependent part of the abscess and a piece 
of septal mucosa excised. Pus and necrosed pieces of car-
tilage are removed by suction. Incision may require to be 
reopened daily for 2–3 days to drain any pus or to remove 
any necrosed pieces of cartilage. Systemic antibiotics are 
started as soon as diagnosis has been made and continued 
at least for a period of 10 days.

COMPLICATIONS

Necrosis of septal cartilage often results in depression of the 
cartilaginous dorsum in the supratip area and may require 
augmentation rhinoplasty 2–3 months later. Necrosis of 

Blood

Figure 26.7 Septal haematoma.

Figure 26.8 Septal abscess.
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septal flaps may lead to septal perforation. Meningitis 
and cavernous sinus thrombosis following septal abscess, 
though rare these days, can be a serious complication.

PERFORATION OF NASAL SEPTUM  
(FIGURE 26.9)

AETIOLOGY

1. Traumatic perforations. Trauma is the most common 
cause. Injury to mucosal flaps during SMR, cauterization of 
septum with chemicals or galvanocautery for epistaxis and 
habitual nose picking are the common forms of trauma. Occa-
sionally, septum is deliberately perforated to put ornaments.

2. Pathological perforations. They can be caused by:

 (a)  Septal abscess.
 (b)  Nasal myiasis.
 (c)  Rhinolith or neglected foreign body causing pressure 

necrosis.
 (d)  Chronic granulomatous conditions like lupus, tubercu-

losis and leprosy cause perforation in the cartilaginous 
part while syphilis involves the bony part. In these cases, 
evidence of the causative disease may also be seen in 
other systems of the body.

 (e)  Wegener’s granuloma is a midline destructive lesion 
which may cause total septal destruction.

3. Drugs and chemicals

 (a)  Prolonged use of steroid sprays in nasal allergy.
 (b)  Cocaine addicts.
 (c)  Workers in certain occupations, e.g. chromium plating, 

dichromate or soda ash (sodium carbonate) manufac-
ture or those exposed to arsenic or its compounds.

4. Idiopathic. In many cases, there is no history of trauma or 
previous disease and the patient may even be unaware of the 
existence of a perforation.

CLINICAL FEATURES

Small anterior perforations cause whistling sound during inspi-
ration or expiration. Larger perforations develop crusts which 
obstruct the nose or cause severe epistaxis when removed.

TREATMENT

An attempt should always be made to find out the cause 
before treatment of perforation. This may require biopsy 
from the granulations or biopsy of the edge of the perfora-
tion. Inactive small perforations can be surgically closed by 
plastic flaps. Larger perforations are difficult to close. Their 
treatment is aimed to keep the nose crust-free by alkaline 
nasal douches and application of a bland ointment. Some-
times, a thin silastic button can be worn to get relief from 
the symptoms (Figure 26.10).

Figure 26.9 Septal perforation.
Figure 26.10 Septal button for closure of perforation.
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ACUTE RHINITIS

Acute rhinitis can be viral, bacterial or irritative type.

VIRAL RHINITIS

1. Common cold (coryza)

	•	 	Aetiology. It is caused by a virus. The infection is usually 
contracted through airborne droplets. Several viruses 
(adenovirus, picornavirus and its subgroups such as rhi-
novirus, coxsackie virus and enteric cytopathic human 
orphan virus) are responsible. Incubation period is  
1–4 days and illness lasts for 2–3 weeks.

	•	 	Clinical features. To begin with, there is burning sensa-
tion at the back of nose soon followed by nasal stuffi-
ness, rhinorrhoea and sneezing. Patient feels chilly and 
there is low-grade fever. Initially, nasal discharge is watery 
and profuse but may become mucopurulent due to sec-
ondary bacterial invasion. Secondary invaders include 
Streptococcus haemolyticus, pneumococcus, Staphylococcus, 
Haemophilus influenzae, Klebsiella pneumoniae and Moraxella 
catarrhalis.

	•	 	Treatment. Bed rest is essential to cut down the course of 
illness. Plenty of fluids are encouraged. Symptoms can be 
easily controlled with antihistaminics and nasal deconges-
tants. Analgesics are useful to relieve headache, fever and 
myalgia. Nonaspirin containing analgesics are preferable 
as aspirin causes increased shedding of virus. Antibiotics 
are required when secondary infection supervenes.

	•	 	Complications. The disease is usually self-limiting and 
resolves spontaneously after 2–3 weeks, but occasionally, 
complications such as sinusitis, pharyngitis, tonsillitis, 
bronchitis, pneumonia and otitis media may result.

2. Influenzal rhinitis. Influenza viruses A, B or C are respon-
sible. Symptoms and signs are similar to those of common 
cold. Complications due to bacterial invasion are common.

3. Rhinitis associated with exanthemas. Measles, rubella 
and chickenpox are often associated with rhinitis which 
precedes exanthemas by 2–3 days. Secondary infection and 
complications are more frequent and severe.

BACTERIAL RHINITIS

Nonspecific infections. It may be primary or secondary. 
Primary bacterial rhinitis is seen in children and is usually 
the result of infection with pneumococcus, streptococcus or 
staphylococcus. A greyish white tenacious membrane may 

form in the nose, which with attempted removal causes 
bleeding.

Secondary bacterial rhinitis is the result of bacterial infec-
tion supervening acute viral rhinitis.

Diphtheritic rhinitis. Diphtheria of nose is rare these days. It 
may be primary or secondary to faucial diphtheria and may 
occur in acute or chronic form. A greyish membrane is seen 
covering the inferior turbinate and the floor of nose; mem-
brane is tenacious and its removal causes bleeding. Excoria-
tion of anterior nares and upper lip may be seen. Treatment 
is isolation of the patient, systemic penicillin and diphtheria 
antitoxin.

IRRITATIVE RHINITIS

This form of acute rhinitis is caused by exposure to dust, 
smoke or irritating gases such as ammonia, formaline, acid 
fumes, etc. or it may result from trauma inflicted on the 
nasal mucosa during intranasal manipulation, e.g. removal 
of a foreign body. There is an immediate catarrhal reac-
tion with sneezing, rhinorrhoea and nasal congestion. The 
symptoms may pass off rapidly with removal of the offend-
ing agent or may persist for some days if nasal epithelium 
has been damaged. Recovery will depend on the amount of 
epithelial damage and the infection that supervenes.

CHRONIC RHINITIS

Chronic nonspecific inflammations of nose include:

 1.  Chronic simple rhinitis.
 2.  Hypertrophic rhinitis.
 3.  Atrophic rhinitis.
 4.  Rhinitis sicca.
 5.  Rhinitis caseosa.

CHRONIC SIMPLE RHINITIS

AETIOLOGY
Recurrent attacks of acute rhinitis in the presence of predis-
posing factors leads to chronicity. The predisposing factors 
are:

 1.  Persistence of nasal infection due to sinusitis, tonsillitis 
and adenoids.

 2.  Chronic irritation from dust, smoke, cigarette smoking, 
snuff, etc.

 3.  Nasal obstruction due to deviated nasal septum, synechia 
leading to persistence of discharge in the nose.

27 Acute and Chronic Rhinitis
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 4.  Vasomotor rhinitis.
 5.  Endocrinal or metabolic factors, e.g. hypothyroidism, 

excessive intake of carbohydrates and lack of exercise.

PATHOLOGY
Simple chronic rhinitis is an early stage of hypertrophic 
rhinitis. There is hyperaemia and oedema of mucous 
membrane with hypertrophy of seromucinous glands and 
increase in goblet cells. Blood sinusoids particularly those 
over the turbinates are distended.

CLINICAL FEATURES
 1.  Nasal obstruction. Usually worse on lying and affects the 

dependent side of nose.
 2.  Nasal discharge. It may be mucoid or mucopurulent, 

thick and viscid and often trickles into the throat as post-
nasal drip. Patient has a constant desire to blow the nose 
or clear the throat.

 3.  Headache. It is due to swollen turbinates impinging on 
the nasal septum.

 4.  Swollen turbinates. Nasal mucosa is dull red in colour. 
Turbinates are swollen; they pit on pressure and shrink 
with application of vasoconstrictor drops (this differen-
tiates the condition from hypertrophic rhinitis). Mid-
dle turbinate may also be swollen and impinge on the 
septum.

 5.  Postnasal discharge. Mucoid or mucopurulent discharge 
is seen on the posterior pharyngeal wall.

TREATMENT
 1.  Treat the cause with particular attention to sinuses, ton-

sils, adenoids, allergy, personal habits (smoking or alco-
hol indulgence), environment or work situation (smoky 
or dusty surroundings).

 2.  Nasal irrigations with alkaline solution help to keep the 
nose free from viscid secretions and also remove superfi-
cial infection.

 3.  Nasal decongestants help to relieve nasal obstruction and 
improve sinus ventilation. Excessive use of nasal drops 
and sprays should be avoided because it may lead to rhi-
nitis medicamentosa. A short course of systemic steroids 
helps to wean the patients already addicted to excessive 
use of decongestant drops or sprays.

 4.  Antibiotics help to clear nasal infection and concomitant 
sinusitis.

HYPERTROPHIC RHINITIS

It is characterized by thickening of mucosa, submucosa, 
seromucinous glands, periosteum and bone. Changes are 
more marked on the turbinates.

AETIOLOGY
Common causes are recurrent nasal infections, chronic 
sinusitis, chronic irritation of nasal mucosa due to smoking, 
industrial irritants, prolonged use of nasal drops and vaso-
motor and allergic rhinitis.

SYMPTOMS
Nasal obstruction is the predominant symptom. Nasal dis-
charge is thick and sticky. Some complain of headache, 
heaviness of head or transient anosmia.

SIGNS
Examination shows hypertrophy of turbinates. Turbinal 
mucosa is thick and does not pit on pressure. It shows little 
shrinkage with vasoconstrictor drugs due to presence of 
underlying fibrosis.

Maximum changes are seen in the inferior turbinate. It 
may be hypertrophied in its entirety or only at the anterior 
end, posterior end or along the inferior border giving it a 
mulberry appearance.

TREATMENT
Attempt should be made to discover the cause and remove 
it. Nasal obstruction can be relieved by reduction in size of 
turbinates. The various methods are:

 1.  Linear cauterization.
 2.  Submucosal diathermy.
 3.  Cryosurgery of turbinates.
 4.  Partial or total turbinectomy. Hypertrophied inferior 

turbinate can be partially removed at its anterior end, 
inferior border or posterior end. Middle turbinate, if 
hypertrophied, can also be removed partially or totally. 
Excessive removal of turbinates should be avoided as it 
leads to persistent crusting.

 5.  Submucous resection of turbinate bone. This removes 
bony obstruction but preserves turbinal mucosa for its 
function.

 6.  Lasers have also been used to reduce the size of turbinates.

COMPENSATORY HYPERTROPHIC RHINITIS
This is seen in cases of marked deviation of septum to one 
side. The roomier side of the nose shows hypertrophy of  
inferior and middle turbinates. This is an attempt on the 
part of nature to reduce the wide space to overcome the ill 
effects of drying and crusting that always attend wider nasal 
space. Hypertrophic changes in these cases are not revers-
ible with the correction of nasal septum and often require 
reduction of turbinates at the time of septal surgery.

ATROPHIC RHINITIS (OZAENA)

It is a chronic inflammation of nose characterized by atro-
phy of nasal mucosa and turbinate bones. The nasal cavities 
are roomy and full of foul-smelling crusts. Atrophic rhinitis 
is of two types: primary and secondary.

PRIMARY ATROPHIC RHINITIS
Aetiology (Remember Mnemonic HERNIA)

The exact cause is not known. Various theories advanced 
regarding its causation are:

 1.  Hereditary factors. Disease is known to involve more 
than one member in the same family.

 2.  Endocrinal disturbance. Disease usually starts at puberty, 
involves females more than males, the crusting and foe-
tor associated with disease tends to cease after meno-
pause; these factors have raised the possibility of disease 
being an endocrinal disorder.

 3.  Racial factors. White and yellow races are more suscep-
tible than natives of equatorial Africa.

 4.  Nutritional deficiency. Disease may be due to deficiency 
of vitamin A, D or iron or some other dietary factors. 
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The fact that incidence of disease is decreasing in west-
ern countries and is rarely seen in well-to-do families 
raises the possibility of some nutritional deficiency.

 5.  Infective. Various organisms have been cultured from 
cases of atrophic rhinitis such as Klebsiella ozaenae, (Perez 
bacillus), diphtheroids, Proteus vulgaris, Escherichia coli, 
staphylococci and streptococci but they are all consid-
ered to be secondary invaders responsible for foul smell 
rather than the primary causative organisms of the 
disease.

 6.  Autoimmune process. The body reacts by a destructive 
process to the antigens released from the nasal mucosa. 
Viral infection or some other unspecified agents may 
trigger antigenicity of nasal mucosa.

Pathology

Ciliated columnar epithelium is lost and is replaced by 
stratified squamous type. There is atrophy of seromucinous 
glands, venous blood sinusoids and nerve elements. Arter-
ies in the mucosa, periosteum and bone show obliterative 
endarteritis. The bone of turbinates undergoes resorption 
causing widening of nasal chambers. Paranasal sinuses are 
small due to their arrested development.

Clinical Features

Disease is commonly seen in females and starts around 
puberty. There is foul smell from the nose making the 
patient a social outcast though patient himself is unaware of 
the smell due to marked anosmia (merciful anosmia) which 
accompanies these degenerative changes. Patient may com-
plain of nasal obstruction in spite of unduly wide nasal 
chambers. This is due to large crusts filling the nose. Epi-
staxis may occur when the crusts are removed.

Examination shows nasal cavity to be full of greenish or 
greyish black dry crusts covering the turbinates and sep-
tum. Attempts to remove them may cause bleeding. When 
the crusts have been removed, nasal cavities appear roomy 
with atrophy of turbinates so much so that the posterior wall 
of nasopharynx can be easily seen. Nasal turbinates may be 
reduced to mere ridges. Nasal mucosa appears pale. Septal 
perforation and dermatitis of nasal vestibule may be pres-
ent. Nose may show a saddle deformity.

Atrophic changes may also be seen in the pharyngeal 
mucosa which may appear dry and glazed with crusts (atro-
phic pharyngitis, p. 256).

Similar changes may occur in the larynx with cough and 
hoarseness of voice (atrophic laryngitis).

Hearing impairment may be noticed because of obstruc-
tion to eustachian tube and middle ear effusion.

Paranasal sinuses are usually small and underdeveloped 
with thick walls. They appear opaque on X-ray. Antral wash 
is difficult to perform due to thick walls of the sinuses.

Prognosis

The disease persists for years but there is a tendency to 
recover spontaneously in middle age.

Treatment

It may be medical or surgical.

1. Medical. Complete cure of the disease is not yet possible. 
Treatment aims at maintaining nasal hygiene by removal of 

crusts and the associated putrefying smell, and to further 
check crust formation.

 (a)  Nasal irrigation and removal of crusts. Warm normal saline 
or an alkaline solution made by dissolving a teaspoonful 
of powder containing soda bicarbonate 1 part, sodium 
biborate 1 part, sodium chloride 2 parts in 280 mL of 
water is used to irrigate the nasal cavities. The solution 
is run through one nostril and comes out from the 
other. It loosens the crusts and removes thick tenacious 
discharge. Care should be taken to avoid pushing the 
fluid into the sinuses and eustachian tube. Initially, 
irrigations are done two or three times a day but later 
once in every 2 or 3 days is sufficient. Hard crusts may 
be difficult to remove by irrigation. They are first loos-
ened and then mechanically removed with forceps or 
suction.

 (b)  25% glucose in glycerine. After crusts are removed, nose 
is painted with 25% glucose in glycerine. This inhibits 
the growth of proteolytic organisms which are respon-
sible for foul smell.

 (c)  Local antibiotics. Spraying or painting the nose with 
appropriate antibiotics help to eliminate secondary 
infection. Kemicetine™ antiozaena solution contains 
chloromycetin, oestradiol and vitamin D2 and may be 
found useful.

 (d)  Oestradiol spray. Helps to increase vascularity of nasal 
mucosa and regeneration of seromucinous glands.

 (e)  Placental extract injected submucosally in the nose may 
provide some relief.

 (f)  Systemic use of streptomycin. 1 g/day for 10 days has given 
good results in reducing crusting and odour. It is effec-
tive against Klebsiella organisms.

 (g)  Potassium iodide given by the mouth promotes and liq-
uefies nasal secretion.

2. Surgical. It includes:

 (a)  Young’s operation. Both the nostrils are closed com-
pletely just within the nasal vestibule by raising flaps. 
They are opened after 6 months or later. In these cases, 
mucosa may revert to normal and crusting reduced.

Modified Young’s operation. To avoid the discomfort of 
bilateral nasal obstruction, modified Young’s operation 
aims to partially close the nostrils. It is also claimed to 
give the same benefit as Young’s.

 (b)  Narrowing the nasal cavities. Nasal chambers are very 
wide in atrophic rhinitis and air currents dry up secre-
tions leading to crusting. Narrowing the size of the 
nasal airway helps to relieve the symptoms. Among the 
techniques followed, some are:

 (i)  Submucosal injection of teflon paste.
 (ii)  Insertion of fat, cartilage, bone or teflon strips 

under the mucoperiosteum of the floor and lat-
eral wall of nose and the mucoperichondrium of 
the septum.

 (iii)  Section and medial displacement of lateral wall of 
nose.

SECONDARY ATROPHIC RHINITIS
Specific infections like syphilis, lupus, leprosy and rhinoscle-
roma may cause destruction of the nasal structures leading 
to atrophic changes. Atrophic rhinitis can also result from 
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long-standing purulent sinusitis, radiotherapy to nose or 
excessive surgical removal of turbinates.

Unilateral atrophic rhinitis. Extreme deviation of nasal sep-
tum may be accompanied by atrophic rhinitis on the wider 
side.

RHINITIS SICCA

It is also a crust-forming disease seen in patients who work in 
hot, dry and dusty surroundings, e.g. bakers, iron- and gold-
smiths. Condition is confined to the anterior third of nose 
particularly of the nasal septum. Here, the ciliated columnar 
epithelium undergoes squamous metaplasia with atrophy of 
seromucinous glands. Crusts form on the anterior part of 
septum and their removal causes ulceration and epistaxis, 
and may lead to septal perforation.

Treatment consists of correction of the occupational sur-
roundings and application of bland ointment or one with an 
antibiotic and steroid to the affected part. Nose pricking and 
forcible removal of crusts should be avoided. Nasal douche, 
like the one used in cases of atrophic rhinitis, is useful.

RHINITIS CASEOSA

It is an uncommon condition, usually unilateral and mostly 
affecting males.

Nose is filled with offensive purulent discharge and 
cheesy material. The disease possibly arises from chronic 
sinusitis with collection of inspissated cheesy material. Sinus 
mucosa becomes granulomatous. Bony walls of sinus may be 
destroyed, requiring differentiation from malignancy. Treat-
ment is removal of debris and granulation tissue and free 
drainage of the affected sinus. Prognosis is good.
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Various granulomatous lesions involving the nose are listed 
in Table 28.1. They are the result of bacterial or fungal infec-
tions or due to causes not yet clear. Many of these lesions 
may be manifestations of systemic diseases, which should 
always be looked for while making the diagnosis. Biopsy of 
the lesion is also essential, not only to establish the  correct 
diagnosis of granulomatous disease but also to exclude a 
neoplasm, in which many of these diseases may clinically 
simulate.

BACTERIAL INFECTIONS

RHINOSCLEROMA

It is a chronic granulomatous disease caused by Gram-
negative bacillus called Klebsiella rhinoscleromatis or Frisch 
bacillus. The disease is endemic in several parts of the 
world. In India, it is seen more often in the northern than 
in the southern parts.

PATHOLOGY
The disease starts in the nose and extends to nasopharynx, 
oropharynx, larynx (mostly subglottic region), trachea and 
bronchi. Mode of infection is unknown. Both sexes of any 
age may be affected.

CLINICAL FEATURES
The disease runs through the following stages:

 1.  Atrophic stage. It resembles atrophic rhinitis and is char-
acterized by foul-smelling purulent nasal discharge and 
crusting.

 2.  Granulomatous stage. Granulomatous nodules form 
in nasal mucosa. There is also subdermal infiltration 
of lower part of external nose and upper lip giving a 
“woody” feel (Figure 28.1). Nodules are painless and 
nonulcerative.

 3.  Cicatricial stage. This causes stenosis of nares, distortion 
of upper lip, adhesions in the nose, nasopharynx and 
oropharynx. There may be subglottic stenosis with respi-
ratory distress.

DIAGNOSIS
Biopsy shows infiltration of submucosa with plasma cells, 
lymphocytes, eosinophils, Mikulicz cells and Russell bod-
ies. The latter two are diagnostic features of the disease 
(Figure 28.2). Mikulicz cells are large foam cells with a 
central nucleus and vacuolated cytoplasm containing caus-
ative bacilli. Russell bodies are homogenous eosinophilic 

inclusion bodies found in the plasma cells. They occur 
due to accumulation of immunoglobulins secreted by the 
plasma cells. The causative organisms can be cultured from 
the biopsy material.

TREATMENT
Both streptomycin (1 g/day) and tetracycline (2 g/day) 
are given together for a minimum period of 4–6 weeks and 
repeated, if necessary, after 1 month. Treatment is stopped 

28 Granulomatous Diseases  
of Nose

Figure 28.1 Rhinoscleroma nose.

Figure 28.2 Rhinoscleroma showing foamy Mikulicz cells (arrow) 
and lymphocytic infiltration (arrowheads) (H&E, x400). Mikulicz cells 
contain Gram-negative bacteria which can be better appreciated in 
sections stained with Giemsa stain and examined under oil immer-
sion lens.
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only when two consecutive cultures from the biopsy material 
are negative. Steroids can be combined to reduce fibrosis.

Surgical treatment may be required to establish the  airway 
and correct nasal deformity.

SYPHILIS

Nasal syphilis is of two types: acquired and congenital.

1. Acquired. It occurs as:

 (a)  Primary. It manifests as primary chancre of the vestibule 
of nose. It is rare.

 (b)  Secondary. Rarely recognized. It manifests as simple 
rhinitis with crusting and fissuring in the nasal ves-
tibule. Diagnosis is suggested by the presence of 
mucous patches in the pharynx, skin rash, fever and 
generalized lymphadenitis.

 (c)  Tertiary. This is the stage in which nose is commonly 
involved. Typical manifestation is the formation of 
a gumma on the nasal septum. Later, the septum is 
destroyed both in its bony and cartilaginous parts. 
Perforation may also appear in the hard palate. There 
is offensive nasal discharge with crusts. Bony or car-
tilaginous sequestra may be seen. Bridge of the nose 
collapses causing a saddle nose deformity.

2. Congenital. It occurs in two forms: early and late.

 (a)  Early form. It is seen in the first 3 months of life and 
manifests as “snuffles.” Soon the nasal discharge 
becomes purulent. This is associated with fissuring and 
excoriation of the nasal vestibule and of the upper lip.

 (b)  Late form. Usually manifests around puberty. Clinical pic-
ture is similar to that seen in tertiary stage of acquired 
syphilis. Gummatous lesions destroy the nasal structures. 
Other stigmata of syphilis such as corneal opacities, 
 deafness and Hutchinson’s teeth are also present.

DIAGNOSIS
It is made on serological tests (VDRL) and biopsy of the 
tissue with special stains to demonstrate Treponema pallidum.

TREATMENT
Penicillin is the drug of choice: benzathine penicillin  
2.4 million units i.m. every week for 3 weeks with a total dose 
of 7.2 million units. Nasal crusts are removed by irrigation 
with alkaline solution. Bony and cartilaginous sequestra 
should also be removed. Cosmetic deformity is corrected 
after disease becomes inactive.

COMPLICATIONS
Syphilis can lead to vestibular stenosis, perforations of nasal 
septum and hard palate, secondary atrophic rhinitis and 
saddle nose deformity.

TUBERCULOSIS

Primary tuberculosis of nose is rare. More often it is second-
ary to lung tuberculosis. Anterior part of nasal septum and 
anterior end of inferior turbinate are the sites commonly 
involved. First, there is nodular infiltration followed later by 
ulceration and perforation of nasal septum in its cartilagi-
nous part.

Diagnosis can be made on biopsy and special staining of 
sections for acid fast bacilli and culture of organisms.

Treatment is antitubercular drugs.

LUPUS VULGARIS

It is a low-grade tuberculous infection commonly affecting 
nasal vestibule or the skin of nose and face. The skin lesions 
manifest characteristically as brown, gelatinous nodules 
called “apple-jelly” nodules. In the vestibule, it presents as 
chronic vestibulitis. Perforation may occur in the cartilagi-
nous part of nasal septum.

It is difficult to isolate tubercle bacilli by culture, however, 
biopsy of the lesion is useful to make the diagnosis.

Treatment is the same as for tuberculosis of nose.

LEPROSY

Leprosy is very common in the tropics and is widely preva-
lent in India. It is caused by Mycobacterium leprae. The nose 
is involved as a part of systemic disease, more often in the 
lepromatous than tuberculoid or dimorphous forms of 
disease.

Infection starts in the anterior part of nasal septum and 
anterior end of inferior turbinate. Initially, there is exces-
sive nasal discharge with red and swollen mucosa. Later, 
crusting and bleeding supervene. Nodular lesions on the 
septum may ulcerate and cause perforation. Late sequelae 
of disease are atrophic rhinitis, depression of bridge of nose 
and destruction of anterior nasal spine with retrusion of the 
columella (Figure 28.3).

Table 28.1 Granulomatous disease of nose

Bacterial Fungal Unspecified cause

Rhinoscleroma Rhinosporidiosis Wegener’s 
granulomatosis

Syphilis Aspergillosis Nonhealing midline  
granuloma

Tuberculosis Mucormycosis
Lupus Candidiasis Sarcoidosis
Leprosy Histoplasmosis

Blastomycosis
Rare

Figure 28.3 Leprosy nose.
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Diagnosis can be made from the scrapings of nasal mucosa 
and biopsy. Acid-fast lepra bacilli can be seen in the foamy 
appearing histiocytes called lepra cells.

Treatment is with dapsone, rifampin and isoniazid. Recon-
struction procedures are required when disease is inactive.

FUNGAL INFECTIONS

RHINOSPORIDIOSIS (FIGURE 28.4)

It is a chronic granulomatous disease caused by Rhinospo-
ridium seeberi and affects both man and animals.

EPIDEMIOLOGY
Most of the cases come from India, Sri Lanka and Pakistan 
though cases have been reported from Africa (Kenya, Tanza-
nia, Rwanda, Burkinafaso, Chad and Egypt), South America 
(Argentina, Brazil), North America, Europe and Canada. 
No case is reported from Australia.

In India, disease is more common in the southern 
states. It is prevalent in the states of Tamil Nadu, Kerala, 
Madhya Pradesh, Chhattisgarh, Puducherry and Andhra 
Pradesh. A few cases are also reported from Punjab and 
Haryana.

Disease is also seen to involve animals such as cows, bulls, 
horses, mules and dogs where men and animals share the 
same infected ponds.

AETIOLOGIC AGENT (FIGURE 28.5)
It has long been considered to be a fungus but it has been 
difficult to classify this organism. It has not been cultured 
so far. Some consider it to be a protozoa or a fish parasite 
belonging to DRIP clade (Dermocystidium, Rosette agent, 
Ichthyophonus and Psorospermum).

LIFE CYCLE
Three stages have been recognized in the life cycle of the 
organism: trophic stage, development of sporangia and pro-
duction of endospores (Figure 28.6).

BA

Figure 28.4 Rhinosporidiosis presenting as (A) a polypoidal mass protruding through the naris and (B) multiple sites of involvement, viz. nose, 
conjunctiva and tongue.

A B

Figure 28.5 (A) Histologic section showing rhinosporidiosis (blue arrow) evoking mixed inflammatory response (H&E, x40). (B) Histologic 
section showing sporangium (blue arrow) which is fully packed with immature sporoblasts at the periphery and mature ones at the centre 
(H&E, x200).
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 1.  Trophic stage. The endospore is oval or rounded, 6–8 μm 
in size, clear cytoplasm, vesicular nucleus with a nucleo-
lus and a covering of chitin. It gradually increases in size, 
begins to divide cytoplasm and nucleus forming small 
endospores by several divisions. Trophocyte becomes 
large filled with young endospores.

 2.  Development of sporangium. The mature trophocyte 
then develops into sporangium. A sporangium is 200–
250 μm in diameter, contains 12,000–16,000 endospores. 
It has a thick wall consisting of two layers: outer chitinous 
and inner cellulose layer.

Endospores mature with the formation of mucoid 
and chitinous wall. Sporangium filled with thousands of 
endospores develops a germinal pore ready to burst and 
liberate the endospores.

 3.  Production of endospores. Sporangium filled with endo-
spores develops high internal pressure and ruptures 
liberating endospores into the surrounding tissue. If 
internal pressure is not high, spores are liberated one 
by one without breaking the wall. After liberation endo-
spores start their life as trophic stage. Some endospores 
are carried by lymphatic channels to the blood stream to 
cause disseminated form of disease.

CLINICAL FEATURES
The disease mostly affects nose and nasopharynx; other sites 
such as lip, palate, conjunctiva, epiglottis, larynx, trachea, 
bronchi, skin, vulva and vagina may also be affected.

The disease is acquired through contaminated water of 
ponds also frequented by animals. In the nose, the disease 
presents as a leafy, polypoidal mass, pink to purple in colour 
and attached to nasal septum or lateral wall. Sometimes, it 
extends into the nasopharynx and may hang behind the soft 
palate. The mass is very vascular and bleeds easily on touch. 
Its surface is studded with white dots representing the spo-
rangia of fungus.

In early stages, the patient may complain of nasal dis-
charge which is often blood tinged and nasal stuffiness. 
Sometimes, frank epistaxis is the only presenting complaint.

DIAGNOSIS
This is made on biopsy. It shows several sporangia, oval or round 
in shape and filled with spores which may be seen bursting 
through its chitinous wall. It has not been possible to culture  
the organism or transfer the disease to experimental animals.

TREATMENT
Complete excision of the mass with diathermy knife and 
cauterization of its base. Recurrence may occur after sur-
gical excision. Not many drugs are effective against the 
disease. Dapsone has been tried with some success.

ASPERGILLOSIS

The usual causative organisms are Aspergillus niger,  
A. fumigatus or A. flavus. They invade nasal tissues when 
host’s defence mechanisms are compromised due to 
immunosuppressive drugs.

CLINICAL FEATURES
Clinical features are those of acute or subacute rhinitis or 
sinusitis. A black or greyish membrane is seen in the nasal 
mucosa. Exploration of maxillary sinus reveals a fungus ball 
containing semisolid cheesy-white or blackish material. The 
organisms can be seen on special staining for fungus.

TREATMENT
Surgical debridement of the involved tissues and antifun-
gal drugs, e.g. Amphotericin B. Repeated irrigation of the 
involved area with application of 1% solution of gentian 
violet is also useful.

MUCORMYCOSIS

It is fungal infection of nose and paranasal sinuses which 
may prove rapidly fatal. It is seen in uncontrolled diabetics 
or in those taking immunosuppressive drugs. From the nose 
and sinuses, infection can spread to orbit, cribriform plate, 
meninges and brain. The rapid destruction associated with 
the disease is due to affinity of the fungus to invade the arter-
ies and cause endothelial damage and thrombosis. Typical 
finding is the presence of a black necrotic mass filling the 
nasal cavity and eroding the septum and hard palate. Special 
stains help to identify the fungus in tissue sections.

Treatment is by amphotericin B and surgical debride-
ment of the affected tissues and control of underlying 
 predisposing cause.

OTHER FUNGAL INFECTIONS

Other fungal infections of nose such as candidiasis, histoplas-
mosis, blastomycosis, etc. are rare.

GRANULOMAS OF UNSPECIFIED 
AETIOLOGY

WEGENER’S GRANULOMATOSIS

AETIOLOGY
It is a systemic disorder of unknown aetiology involving 
mainly the upper airways, lungs, kidneys and the skin.  

Chitinous wall
Clear cytoplasm
Vesicular nucleus
with a nucleolus

Chitinous layer

Cellulose layer 

Pore
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} Wall
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Figure 28.6 Life cycle of rhinosporidiosis.
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It should be differentiated from nonhealing midline granu-
loma because the treatment of the two is quite differ ent.

CLINICAL FEATURES
Early symptoms of Wegener’s granulomatosis include clear 
or blood-stained nasal discharge which later becomes puru-
lent. The patient often complains of “persistent cold” or 
“sinus.” Nasal findings include crusting, granulations, septal 
perforation and a saddle nose. Destruction may also involve 
eyes, orbit, palate, oral cavity or oropharynx. Middle ear can 
also be involved.

General systemic symptoms include anaemia, fatigue, 
night sweats and migratory arthralgias.

Involvement of lung is manifested by cough and some-
times haemoptysis. X-ray chest may show a single or multiple 
cavity lesions.

Sooner or later, kidneys are also involved. Urine examina-
tion will show red cells, casts and albumin. Serum creatinine 
level is raised. Renal failure is the usual cause of death in 
these patients.

DIAGNOSIS
Biopsy from the nose is diagnostic. It shows necrosis and 
ulceration of mucosa, epithelioid granuloma and necrotiz-
ing vasculitis involving small arteries or veins. Erythrocyte 
sedimentation rate is raised.

TREATMENT
It consists of systemic steroids and cytotoxic drugs. Cyclo-
phosphamide and azathioprine, both are found effective.

T-CELL LYMPHOMA

Earlier terms used to describe this lesion were midline malig-
nant lesion and polymorphic reticulosis.

It is a destructive lesion usually starting on one side of nose 
involving the upper lip, oral cavity, maxilla and sometimes even 
extending to orbit. Histologically polymorphic lymphoid tis-
sue with angiocentric and angioinvasive features is seen. There 
is no vasculitis—a feature typical of Wegener’s granulomato-
sis. Unlike Wegener’s granulomatosis, it is rapidly destructive 
and usually devoid of systemic involvement; there is absence 
of involvement of lung and kidneys. Immunohistochemical 
studies of biopsy material are necessary to establish diagnosis 
of T-cell lymphoma. Localized T-cell lymphoma is treated by 
radiation while a disseminated disease requires chemotherapy.

SARCOIDOSIS

It is a granulomatous disease of unknown aetiology resem-
bling tuberculosis on histology but with the absence of case-
ation. It is a systemic disorder and the symptoms may refer to 
involvement of lungs, lymph nodes, eyes or skin.

In the nose, it presents with submucosal nodules involving 
septum or the inferior turbinate with nasal obstruction, nasal 
pain and sometimes epistaxis. Nodules may also form in the 
nasal vestibule or skin of face.

X-ray chest shows diffuse pulmonary infiltrate with hilar 
adenopathy. Serum and urinary calcium levels are raised. 
Biopsy of the lesions helps to establish the diagnosis.

Treatment is with systemic steroids. For nasal symptoms, 
steroids can be used locally as nasal spray.
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FOREIGN BODIES

AETIOLOGY

They are mostly seen in children and may be organic or 
inorganic. Pieces of paper, chalk, button, pebbles and seeds 
are the common objects. Pledgets of cotton or swabs may be 
accidentally left in the nose.

CLINICAL FEATURES

Patient may present immediately if the history of foreign 
body is known. If overlooked, the child presents with unilat-
eral nasal discharge which is often foul smelling and occa-
sionally bloodstained. It is a dictum that “If a child presents 
with unilateral, foul-smelling nasal discharge, foreign body must 
be excluded.” Occasionally, a radiograph of the nose is useful 
to confirm and localize a foreign body if it is radio-opaque. 
In addition to overlooked foreign body in the nose, other 
important causes for unilateral blood-stained discharge in a 
child are rhinolith, nasal diphtheria, nasal myiasis and acute 
or chronic unilateral sinusitis.

TREATMENT

Pieces of paper or cotton swabs can be easily removed with 
a pair of forceps. Rounded foreign bodies can be removed 
by passing a blunt hook (a eustachian catheter is a good 
instrument) past the foreign body and gently dragging it 
forward along the floor. In babies and uncooperative chil-
dren, general anaesthesia with cuffed endotracheal tube is 
used. Patient is placed in Rose’s position, a pack is inserted 
into the nasopharynx and the foreign body retrieved with a 
forceps or a hook. Foreign bodies lodged far behind in the 
nose may need to be pushed into the nasopharynx before 
removal. A nasal endoscope is very useful to locate the for-
eign body and carefully remove it.

COMPLICATIONS

A foreign body left in the nose may result in:

 1.  nasal infection and sinusitis.
 2.  rhinolith formation.
 3.  inhalation into the tracheobronchial tree.

RHINOLITH

AETIOLOGY

It is stone formation in the nasal cavity. A rhinolith usually 
forms around the nucleus of a small exogenous foreign 
body, blood clot or inspissated secretions by slow deposition 
of calcium and magnesium salts. Over a period of time, it 
grows into a large, irregular mass which fills the nasal cavity 
and then may cause pressure necrosis of the septum and/or 
lateral wall of nose.

CLINICAL FEATURES

Rhinoliths are more common in adults. Its common pre-
sentation is unilateral nasal obstruction and foul-smelling 
discharge which is very often bloodstained. Frank epistaxis 
and neuralgic pain may result from ulceration of the sur-
rounding mucosa.

On examination, a grey brown or greenish-black mass 
with irregular surface and stony hard feel is seen in the nasal 
cavity between the septum and turbinates. It is often brittle 
and a portion of it may break off while manipulating. Some-
times it is surrounded by granulations.

TREATMENT

They are removed under general anaesthesia. Most of them 
can be removed through anterior nares. Large ones need 
to be broken into pieces before removal. Some particularly 
hard and irregular ones require lateral rhinotomy.

NASAL MYIASIS (MAGGOTS IN NOSE)

Maggots are larval forms of flies. They are seen to infest 
nose, nasopharynx and paranasal sinuses causing exten-
sive destruction (Figures 29.1 A, B, C and 29.2). Flies, 
particularly of the genus Chrysomyia, are attracted by the 
foul- smelling discharge emanating from cases of atrophic 
rhinitis, syphilis, leprosy or infected wounds and lay eggs, 
about 200 at a time, which within 24 h hatch into larvae. 
In India, they are mostly seen from the month of August to  
October.

29Miscellaneous Disorders of 
Nasal Cavity
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CLINICAL FEATURES

In the first 3 or 4 days maggots produce intense irritation, 
sneezing, lacrimation and headache. Thin blood-stained 
discharge oozes from the nostrils. The eyelids and lips 
become puffy. Till this time patient is not aware of mag-
gots. He may present simply as a case of epistaxis. It is only 
on the third or fourth day that the maggots may crawl 
out of the nose. Patient has foul smell surrounding him. 
Maggots cause extensive destruction to nose, sinuses, soft 
tissue of face, palate and the eyeball. Fistulae may form 
in the palate or around the nose. Death may occur from 
meningitis.

TREATMENT

All visible maggots should be picked up with forceps. Many 
of them try to retreat into darker cavities when light falls 
on them. Instillation of chloroform water and oil kills 
them. Nasal douche with warm saline is used to remove 

slough, crusts and dead maggots. A patient with mag-
gots should be isolated with a mosquito net to avoid con-
tact with flies which can perpetuate this cycle. All patients 
should receive instruction for nasal hygiene before leaving  
the hospital.

NASAL SYNECHIA

Adhesion formation between the nasal septum and turbi-
nates by scar tissue is often the result of injury to opposing 
surfaces of nasal mucosa. It can result from intranasal opera-
tions such as septal surgery, polypectomy, removal of foreign 
bodies, reduction of nasal fractures, endoscopic sinus sur-
gery or even intranasal packing. Severe infections which 
cause ulcerative lesions in the nose can also lead to synechia 
formation.

Nasal synechia (Figure 29.3) often cause nasal obstruction 
or may impede drainage from the sinuses resulting in sinusitis, 
headache and nasal discharge.

A B C

Figure 29.1 Maggots nose. (A) Swelling of nose and puffy eyelids with serosanguinous nasal discharge. (B) Maggots have practically destroyed 
the cheek and eye in this old and neglected lady. (C) Perforation of palate (arrow).

A B

Figure 29.2 (A) The maggot. (B) The fly responsible for maggots.
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Treatment is removal of synechia and prevention of the 
opposing raw surfaces to come into contact with each other 
by placing a thin silastic or a cellophane sheet between 
them. This is changed every two or three days till healing 
is complete.

CHOANAL ATRESIA

It is due to persistence of bucconasal membrane and may 
be unilateral or bilateral, complete or incomplete, bony 
(90%) or membranous (10%). Unilateral atresia is more 
common and may remain undiagnosed until adult life. 
Bilateral atresia presents with respiratory obstruction as the 
newborn, being a natural nose breather, does not breathe 
from mouth. Diagnosis of choanal atresia can be made by 
(i) presence of mucoid discharge in the nose, (ii) absence 
of air bubbles in the nasal discharge, (iii) failure to pass a 
catheter from nose to pharynx, (iv) putting a few drops of 
a dye (methylene blue) into the nose and seeing its pas-
sage into the pharynx, or (v) flexible nasal endoscopy, (vi) 
installing radio-opaque dye into the nose and taking a lat-
eral film, and (vii) computed tomography (CT) scan in 
axial plane is more useful.

Emergency management may be required in bilateral 
choanal atresia to provide an airway. A feeding nipple with 
a large hole provides a good oral airway (McGovern’s tech-
nique) and obviates the need for tracheostomy. Definitive 
treatment consists of correction of atresia by transnasal or 
transpalatal approach. The latter is usually done at one 
and a half years. Choanal atresia can be corrected by using 
nasal endoscopes and drill. Removal of a part of posterior 
nasal septum transnasally is another option to treat such 
cases.

CSF RHINORRHOEA

DEFINITION

Leakage of CSF into the nose is called CSF rhinorrhoea. 
It may be clear fluid or mixed with blood as in acute head 
injuries.

PHYSIOLOGY

CSF forms a jacket of fluid round the brain and spinal cord 
acting as a buffer against sudden jerks. It is secreted by cho-
roid plexuses in the lateral, third and fourth ventricles and 
is absorbed into the dural venous sinuses by arachnoid villi. 
Villi have one-way valve mechanism allowing CSF of the 
subarachnoid space to be absorbed into the blood but not 
vice versa. Total volume of CSF varies from 90 to 150 mL. 
It is secreted at the rate of about 20 mL/h (350–500 mL/
day). Thus total CSF is replaced three to five times every 
day. Normal CSF pressure at lumbar puncture is 50–150 mm 
H2O. CSF pressure rises on coughing, sneezing, nose blow-
ing, straining on stools or lifting heavy weight―activities 
which should be avoided in cases of CSF leak or after its  
repair.

AETIOLOGY

	•	 	Trauma. Most of the cases follow trauma. It can be 
accidental or surgical. Surgical trauma includes endo-
scopic sinus surgery, trans-sphenoidal hypophysectomy, 
nasal polypectomy or skull base surgery. In endoscopic 
sinus surgery, CSF leak may be immediate or delayed in 
onset.

	•	 	Inflammations. Mucoceles of sinuses, sinunasal polyposis, 
fungal infection of sinuses and osteomyelitis, can all erode 
the bone and dura.

	•	 	Neoplasms. Tumours, both benign and malignant, invading 
the skull base.

	•	 	Congenital lesions. Meningocele, meningoencephaloceles 
and gliomas can have associated skull base defect.

	•	 	Idiopathic. Where cause is unknown and patient has 
spontaneous leak.

SITES OF LEAKAGE

CSF from anterior cranial fossa reaches the nose via (i) crib-
riform plate, (ii) roof of ethmoid air cells or (iii) frontal  
sinus. CSF from middle cranial fossa follows injuries to sphe-
noid sinus. In fractures of temporal bone, CSF reaches the 
middle ear and then escapes through the eustachian tube 
into the nose (CSF otorhinorrhoea) (Figure 29.4).

Figure 29.3 Nasal synechia left.

a
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c

d

Figure 29.4 Sites of leakage: (a) frontal sinus, (b) ethmoid sinus,  
(c) sphenoid sinus, and (d) eustachian tube (temporal bone fracture).
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DIAGNOSIS

There is history of clear watery discharge from the nose on 
bending the head or straining. It may be seen on rising in the 
morning when patient bends his head (reservoir sign—fluid 
which had collected in the sinuses, particularly sphenoid, 
empties into the nose). CSF rhinorrhoea should be differ-
entiated from nasal discharge of allergic or vasomotor rhi-
nitis as the former is sudden, gushes in drops when bending 
and cannot be sniffed back. Nasal discharge, because of its 
mucus content, also stiffens the handkerchief (Table 29.1).

CSF rhinorrhoea after head trauma is mixed with blood 
and shows double target sign when collected on a piece of fil-
ter paper. It shows central red spot (blood) and peripheral 
lighter halo.

Nasal endoscopy can help to localize CSF leak in some 
cases. Otoscopic/microscopic examination of the ear may 
reveal fluid in the middle ear in cases of otorhinorrhoea.

LABORATORY TESTS

Beta-2 transferrin is a protein seen in CSF and not in the 
nasal discharge. Its presence is a specific and sensitive test 
and requires only a few drops of CSF. The specimen of nasal 
discharge is tested for this protein. Perilymph and aqueous 
humour are the only other fluids which contain this protein.

Another protein called beta trace protein is also specific for 
CSF and is widely used in Europe. It is secreted by menin-
ges and choroid plexus. Facilities to test these proteins are 
not easily available everywhere. Glucose testing by oxidase 
 peroxidase or biochemical estimation are no longer used.

LOCALIZATION OF SITE

 1.  High-resolution CT scan. Cuts are taken at 1–2 mm. Both 
coronal and axial cuts are important to see the bony 
defects. Axial cuts show any defects of frontal or sphe-
noid sinus.

 2.  MRI. T2-weighted image MRI is useful in depicting the 
site of leak. It requires that CSF leak is active at the time 
of scan. It is a noninvasive test. It is indicated also if 
encephalocele or intracranial pathology is suspected.

 3.  Intrathecal fluorescein study. It can be done preopera-
tively to diagnose the site or intraoperatively at the time 
of repair. It is an invasive procedure. Only 0.25–0.5 mL 
of 5% fluorescein diluted with 10 mL of CSF is injected. 

Patient lies in 10° head down position for sometime. Dye 
can be detected intranasally with the help of endoscope. 
Dye appears bright yellow but when seen with a blue filter 
it appears fluorescent green. One should examine olfac-
tory cleft (cribriform plate), middle meatus (frontal and 
ethmoidal sinuses), sphenoethmoidal recess (sphenoid 
sinus) and area of torus tubarius (temporal bone frac-
ture) to localize the lesion.

Use of intrathecal radioactive substances has been 
abandoned.

 4.  CT cisternogram. It requires intrathaecal injection of 
iohexol and a CT scan to localize the site in cases when 
beta-2 transferrin cannot be done. Now it is not favoured 
by many.

TREATMENT

Early cases of post-traumatic CSF rhinorrhoea can be man-
aged by conservative measures such as bed rest, elevating 
the head of the bed, stool softeners, and avoidance of nose 
blowing, sneezing and straining. Prophylactic antibiotics 
can be used to prevent meningitis. Acetazolamide decreases 
CSF formation. These measures can be combined with lum-
bar drain if indicated.

Surgical repair can be done by the following:

 1.  Neurosurgical intracranial approach.
 2.  Extradural approaches such as external ethmoidec-

tomy for cribriform plate and ethmoid area, trans-septal 
sphenoidal approach for sphenoid and osteoplastic flap 
approach for frontal sinus leak.

 3.  Transnasal endoscopic approach. With the advent of 
endoscopic surgery for nose and sinuses, most of the 
leaks from the anterior cranial fossa and sphenoid sinus 
can be managed endoscopically with a success rate of 
90% with first attempt. Principles of repair include:

 (a)  Defining the sites of bony defect (Figure 29.5). It can be
 (i)  Cribriform plate
 (ii)  Lateral lamina close to anterior ethmoid artery
 (iii)  Roof of ethmoid
 (iv)  Frontal sinus leak
 (v)  Sphenoid sinus
 (b)  Preparation of graft site.
 (c)  Underlay grafting of the fascia extradurally followed 

by placement of mucosa (as a free graft or pedicled 
flap) (Figure 29.6).

Table 29.1 Differences between CSF and nasal secretions

Features CSF fluid Nasal secretion

History Nasal or sinus surgery, head injury or intracranial tumour Sneezing, nasal stuffiness, itching in the 
nose or lacrimation

Flow of discharge A few drops or a stream of fluid gushes down when 
bending forward or straining; cannot be sniffed back

Continuous, no effect of bending forward 
or straining. Can be sniffed back

Character of discharge Thin, watery and clear Slimy (mucus) or clear (tears)
Taste Sweet Salty
Sugar content More than 30 mg/dL (Compare with sugar in CSF after 

lumbar puncture as sugar is less in CSF in meningitis.)
Less than 10 mg/dL

Presence of β2 transferrin Always present. It is specific for CSF Always absent
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 (d)  If bony defect is larger than 2 cm, it is repaired with 
cartilage (from nasal septum or auricular concha) 
followed by placement of mucosa.

 (e)  Placement of surgicel and gelfoam further strength-
ens the area. This is followed by a high antibiotic 
smeared nasal pack.

Sometimes fat from the thigh or abdomen is used to 
plug the defect in place of fascia graft.

 (f)  Lumbar drain if CSF pressure is high.
 (g)  Antibiotics

CSF leak from frontal sinus often requires osteoplastic flap, 
operation and obliteration of the sinus with fat.

(a) Cribriform plate

Orbit

(b) Ethmoid roof

Middle turbinate

Septum

Figure 29.5 Sites of bony defect: (a) cribriform plate and (b) ethmoid 
roof.
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Figure 29.6 Repair of CSF rhinorrhoea.
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It is an IgE-mediated immunologic response of nasal 
mucosa to airborne allergens and is characterized by watery 
nasal discharge, nasal obstruction, sneezing and itching in 
the nose. This may also be associated with symptoms of itch-
ing in the eyes, palate and pharynx. Two clinical types have 
been recognized:

 1.  Seasonal. Symptoms appear in or around a particular 
season when the pollens of a particular plant, to which 
the patient is sensitive, are present in the air.

 2.  Perennial. Symptoms are present throughout the year.

AETIOLOGY

Inhalant allergens. They may be seasonal or perennial. 
Seasonal allergens include pollens from trees, grasses and 
weeds. They vary geographically. The knowledge of pol-
len appearing in a particular area and the season in which 
they occur is important. Their knowledge also helps in 
skin tests. Perennial allergens are present throughout 
the year regardless of the season. They include molds, 
dust mites, cockroaches and dander from animals. Dust 
includes dust mite, insect parts, fibres and animal dan-
ders. Dust mites live on skin scales and other debris and 
are found in the beddings, mattresses, pillows, carpets 
and upholstery.

Genetic predisposition plays an important part. 
Chances of children developing allergy are 20 and 47%, 
respectively, if one or both parents suffer from allergic 
diathesis.

PATHOGENESIS

Inhaled allergens produce specific IgE antibody in the geneti-
cally predisposed individuals. This antibody becomes fixed to 
the blood basophils or tissue mast cells by its Fc end (Figure 
30.1). On subsequent exposure, antigen combines with IgE 
antibody at its Fab end. This reaction produces degranulation 
of the mast cells with release of several chemical mediators, 
some of which already exist in the preformed state while oth-
ers are synthesized afresh. These mediators (Figure 30.2) are 
responsible for symptomatology of allergic disease. Depend-
ing on the tissues involved, there may be vasodilation, muco-
sal oedema, infiltration with eosinophils, excessive secretion 
from nasal glands or smooth muscle contraction. A “priming 
affect” has also been described, i.e. mucosa earlier sensitized 
to an allergen will react to smaller doses of subsequent specific 
allergen. It also gets “primed” to other nonspecific antigens 
to which patient was not exposed (Figure 30.3). Nonspecific 
nasal hyper-reactivity is seen in patients of allergic rhinitis. 
There is increased nasal response to normal stimuli result-
ing in sneezing, rhinorrhoea and nasal congestion. Clinically, 
allergic response occurs in two phases:

 1.  Acute or early phase. It occurs immediately within  
5–30 min, after exposure to the specific allergen and 
consists of sneezing, rhinorrhoea nasal blockage and/or 
bronchospasm. It is due to release of vasoactive amines 
like histamine.

 2.  Late or delayed phase. It occurs 2–8 h after exposure 
to allergen without additional exposure. It is due to 

30 Allergic Rhinitis
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Figure 30.1 (A) Structure of IgE antibody. Fc end is attached to the mast cell or blood basophil while Fab end is the antigen binding site. (B) Release 
of mediator substances from mast cell producing symptoms of nasal allergy. One antigen bridges two adjacent molecules of IgE antibody.
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infiltration of inflammatory cells—eosinophils, neutro-
phils, basophil, monocytes and CD4 + T cells at the site 
of antigen deposition causing swelling, congestion and 
thick secretion. In the event of repeated or continuous 
exposure to allergen, acute phase symptomatology over-
laps the late phase.

CLINICAL FEATURES

There is no age or sex predilection. It may start in infants as 
young as 6 months or older people. Usually the onset is at 
12–16 years of age.

The cardinal symptoms of seasonal nasal allergy include par-
oxysmal sneezing, 10–20 sneezes at a time, nasal obstruc-
tion, watery nasal discharge and itching in the nose. Itching 
may also involve eyes, palate or pharynx. Some may get 
bronchospasm. The duration and severity of symptoms may 
vary with the season.

Symptoms of perennial allergy are not so severe as that of 
the seasonal type. They include frequent colds, persistently 
stuffy nose, loss of sense of smell due to mucosal oedema, 
postnasal drip, chronic cough and hearing impairment due 
to eustachian tube blockage or fluid in the middle ear.

Signs of allergy may be seen in the nose, eyes, ears, phar-
ynx or larynx.

	•	 	Nasal signs include transverse nasal crease—a black line 
across the middle of dorsum of nose due to constant 
upward rubbing of nose simulating a salute (allergic 

salute), pale and oedematous nasal mucosa which may 
appear bluish. Turbinates are swollen. Thin, watery or 
mucoid discharge is usually present.

	•	 	Ocular signs include oedema of lids, congestion and cobble- 
stone appearance of the conjunctiva, and dark circles under 
the eyes (allergic shiners).

	•	 	Otologic signs include retracted tympanic membrane or 
serous otitis media as a result of eustachian tube blockage.

	•	 	Pharyngeal signs include granular pharyngitis due to 
hyperplasia of submucosal lymphoid tissue. A child with 
perennial allergic rhinitis may show all the features of pro-
longed mouth breathing as seen in adenoid hyperplasia.

	•	 	Laryngeal signs include hoarseness and oedema of the 
vocal cords.

DIAGNOSIS

New Allergic Rhinitis and Its Impact on Asthma (ARIA) clas-
sification (Table 30.1). It is based on duration and symp-
toms of disease. Duration of symptoms is subdivided into 
intermittent or persistent and severity of disease into mild, 
moderate or severe.

This new system of classification helps in treatment 
guidelines.

A detailed history and physical examination is helpful, 
and also gives clues to the possible allergen. Other causes of 
nasal stuffiness should be excluded.

INVESTIGATIONS

 1.  Total and differential count. Peripheral eosinophilia may 
be seen but this is an inconsistent finding.

Sensitized
mast cell

Release of mediators

Preformed Newly synthesized
• Histamine
• ECF-A
• NCF-A
• Heparin
• Others

• Prostaglandins,
 e.g. PGD2
• Leukotrienes,
 e.g. SRS-A
• PAF
• Thromboxane A
• TNF�

Histamine Vasodilatation, bronchospasm

ECF-A Eosinophil chemotactic factor of anaphylaxis—
attracts eosinophils to the site of reaction

NCF-A Neutrophil chemotactic factor—attracts
neutrophils

Heparin Enhances phagocytosis

Prostaglandins Vasoactive and bronchospastic

Leukotriene Vasoactive and bronchospastic

PAF Platelet aggregating factor. Histamine and
serotonin are released from platelets. Causes
chemotaxis of neutrophils and eosinophils

Thromboxane A Spasmogenic

TNF� Tumour necrosis factor. Helps transmigration
of neutrophils and eosinophils and attracts
them to the site of reaction

Antigen

Figure 30.2 Release of mediators from mast cell when challenged 
by allergic or nonspecific stimuli.

Specific allergic stimulus
(IgE-mediated)

Nonspecific stimuli
• Weather changes
 (Temp-humidity)
• Emotional stimuli
• Salicylates
• Viral infections
• Air pollution

Mast cell or blood basophil

Drop in cAMP/cGMP ratio

Release of preformed and
newly formed mediators

Increased vascular
permeability and

vasodilatation

Change in smooth
muscle tone

Hyperactivity
of glands

Tissue oedema Increased secretion

Nasal blockage Bronchospasm Rhinorrhoea

Figure 30.3 Both allergic and nonspecific stimuli act on mast cells 
or blood basophils releasing several mediator substances responsible 
for symptomatology of allergy.
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 2.  Nasal smear. It shows large number of eosinophils in 
allergic rhinitis. Nasal smear should be taken at the time 
of clinically active disease or after nasal challenge test. 
Nasal eosinophilia is also seen in certain nonallergic rhi-
nitis, e.g. NARES (nonallergic rhinitis with eosinophilia 
syndrome).

 3.  Skin tests. These tests help to identify specific allergen. 
They are prick, scratch and intradermal tests.

 (a)  Skin prick test. This is an excellent method to demon-
strate the allergen. A drop of concentrated allergen 
solution is placed on the volar surface of the forearm 
or back and a sharp needle pricked into the dermis 
through the drop. It introduces the allergen into the 
dermis. A positive reaction is manifested by the for-
mation of a central wheal and a surrounding zone of 
erythema (flare) within 10–15 min.

Simultaneously a control test is performed with 
histamine and the diluent used in allergen solution.

 (b)  Specific IgE measurements. It is an in vitro test to find 
the specific allergen. There is a good correlation 
between the skin tests and specific IgE measure-
ments. However both false positive and false nega-
tive results can occur. It is therefore recommended 
to correlate the two tests with clinical symptoms.

 4.  Radioallergosorbent test (RAST). It is an in vitro test 
and measures specific IgE antibody concentration in the 
patient’s serum.

 5.  Nasal provocation test. A crude method is to challenge the 
nasal mucosa with a small amount of allergen placed at 
the end of a toothpick and asking the patient to sniff into 
each nostril and to observe if allergic symptoms are repro-
duced. More sophisticated techniques are available now.

COMPLICATIONS

Nasal allergy may cause:

 1.  Recurrent sinusitis because of obstruction to the sinus 
ostia.

 2.  Formation of nasal polypi in about 2%.
 3.  Serous otitis media.
 4.  Orthodontic problems and other ill-effects of prolonged 

mouth breathing especially in children.

 5.  Bronchial asthma. Patients of nasal allergy have four 
times more risk of developing bronchial asthma. Twenty 
to thirty per cent of patients with rhinitis have asthma.

TREATMENT

Treatment can be divided into:

 1.  Avoidance of allergen.
 2.  Treatment with drugs.
 3.  Immunotherapy.

1. Avoidance of allergen. This is most successful if the anti-
gen involved is single. Removal of a pet from the house, 
encasing the pillow or mattress with plastic sheet, change of 
place of work or sometimes change of job may be required. 
A particular food article to which the patient is found aller-
gic can be eliminated from the diet.

2. Treatment with drugs

 (a)  Antihistaminics. They control rhinorrhoea, sneezing 
and nasal itch. All antihistaminics have the side effect 
of drowsiness; some more than the other. The dose 
and type of the antihistaminic has to be individualized. 
If one antihistaminic is not effective, another may be 
tried from a different class.

 (b)  Sympathomimetic drugs (oral or topical). Alpha-adrenergic 
drugs constrict blood vessels and reduce nasal conges-
tion and oedema. They also cause central nervous sys-
tem stimulation and are often given in combination 
with antihistaminics to counteract drowsiness. Pseu-
doephedrine and phenylephrine are often combined 
with antihistaminics for oral administration.

Topical use of sympathomimetic drugs causes nasal 
decongestion. Phenylephrine, oxymetazoline and xylo-
metazoline are often used to relieve nasal obstruction, 
but are notorious to cause severe rebound congestion. 
Patient resorts to using more and more of them to 
relieve nasal obstruction. This vicious cycle leads to rhi-
nitis medicamentosa.

 (c)  Corticosteroids. Oral corticosteroids are very effective in 
controlling the symptoms of allergic rhinitis but their 
use should be limited to acute episodes which have not 
been controlled by other measures. They have several 
systemic side effects.

Topical steroids such as beclomethasone dipropio-
nate, budesonide, flunisolide acetate, fluticasone and 
mometasone inhibit recruitment of inflammatory cells 
into the nasal mucosa and suppress late-phase allergic 
reaction, are used as aerosols and are very effective in 
the control of symptoms. They have also been used 
in rhinitis medicamentosa while withdrawing topical 
use of decongestant nasal drops. Topical steroids have 
fewer systemic side effects but their continuous use may 
cause mucosal atrophy and even septal perforation. It is 
wise to break their use for 1–2 weeks every 2–3 months. 
They may also promote growth of fungus.

 (d)  Sodium cromoglycate. It stabilizes the mast cells and pre-
vents them from degranulation despite the formation 
of IgE-antigen complex. It is used as 2% solution for 
nasal drops or spray or as an aerosol powder. It is useful 
both in seasonal and perennial allergic rhinitis.

Table 30.1  Classification of allergic rhinitis (ARIA)

	•	 	Duration of disease
	 •	 	Intermittent: Symptoms are present
 –  Less than 4 days a week or
 –  For less than 4 weeks
	 •	 	Persistent: Symptoms are present
 –  More than 4 days a week or
 –  For more than 4 weeks
	•	 	Severity of disease
	 •	 	Mild: None of the following symptoms are present
 –  Sleep disturbance
 –  Impairment of daily activities, leisure and sport
 –  Impairment of school or work
 –  Troublesome symptoms
	 •	 	Moderate to severe: One or more of the above symptoms 

are present
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 (e)  Anticholinergics. They block rhinorrhoea both of the 
allergic and nonallergic rhinitis. Ipratropium bromide 
has been used as nasal spray to control rhinorrhoea. 
There are no systemic side effects.

 (f)  Leukotriene receptor antagonists. They include montelu-
kast, pranlukast and zafirlukast. They block cysteinyl 
leukotriene type receptors. They are well-tolerated and 
have few side effects.

 (g)  Anti-IgE. It reduces the IgE level and has an anti-
inflammatory effect. Omalizumab is such a drug. It is 
indicated in children above 12 years who have moder-
ate to severe asthma. It is not yet approved for allergic 
rhinitis.

3. Immunotherapy. Immunotherapy or hyposensitization 
is used when drug treatment fails to control symptoms or 
produces intolerable side effects. Allergen is given in gradu-
ally increasing doses till the maintenance dose is reached. 
Immunotherapy suppresses the formation of IgE. It also 
raises the titre of specific IgG antibody. Immunotherapy has 
to be given for a year or so before significant improvement 
of symptoms can be noticed. It is discontinued if uninter-
rupted treatment for 3 years shows no clinical improvement.

Subcutaneous immunotherapy is often used but now sub-
lingual and nasal routes are also being employed. The latter 
can be used with doses 20–100 times greater than used by 
the subcutaneous route.

A step care approach is recommended by ARIA for aller-
gic rhinitis treatment.

	•	 	Oral	antihistamines	or	intranasal	cromolyn	sodium	is	rec-
ommended for mild intermittent disease.

	•	 	For	 allergic	 symptoms	 of	 moderate	 severity	 or	 for	 per-
sistent disease intranasal corticosteroids can be used as 
monotherapy.

	•	 	For	severe	symptoms,	combination	therapy	with	oral	non-
sedating antihistamines and intranasal steroids is used.

	•	 	For	severe	and	persistent	symptoms	in	spite	of	the	above	
treatment a short course of oral steroids and immuno-
therapy is recommended.

	•	 	If	nasal	 obstruction	 persists	 a	 short	 course	 of	 intranasal	
decongestant can be used. Oral decongestant can be com-
bined with antihistamines.

	•	 	Avoid	allergen	and	irritants	in	all	forms	of	disease.	Nonal-
lergic rhinitis can coexist with allergic rhinitis. Nonspe-
cific stimuli produce allergic rhinitis-like symptoms due to 
hyper-reactivity of nasal mucosa.
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VASOMOTOR RHINITIS (VMR)

It is nonallergic rhinitis but clinically simulating nasal allergy 
with symptoms of nasal obstruction, rhinorrhoea and sneez-
ing. One or the other of these symptoms may predominate. 
The condition usually persists throughout the year and all 
the tests of nasal allergy are negative.

PATHOGENESIS

Nasal mucosa has rich blood supply. Its vasculature is similar 
to the erectile tissue in having venous sinusoids or “lakes” 
which are surrounded by fibres of smooth muscle which act 
as sphincters and control the filling or emptying of these 
sinusoids. Sympathetic stimulation causes vasoconstriction 
and shrinkage of mucosa, while parasympathetic stimula-
tion causes vasodilation and engorgement. Overactivity of 
parasympathetic system also causes excessive secretion from 
the nasal glands.

Autonomic nervous system is under the control of hypothal-
amus and therefore emotions play a great role in vasomotor 
rhinitis. Autonomic system is unstable in cases of vasomotor 
rhinitis. Nasal mucosa is also hyper-reactive and responds 
to several nonspecific stimuli, e.g. change in temperature, 
humidity, blasts of air, small amounts of dust or smoke.

SYMPTOMS

 1.  Paroxysmal sneezing. Bouts of sneezing start just after 
getting out of the bed in the morning.

 2.  Excessive rhinorrhoea. This accompanies sneezing or this 
may be the only predominant symptom. It is profuse and 
watery and may even wet several handkerchiefs. The nose 
may drip when the patient leans forward and this may need 
to be differentiated from CSF rhinorrhoea (see p. 163).

 3.  Nasal obstruction. This alternates from side to side. Usu-
ally more marked at night. It is the dependent side of 
nose which is often blocked when lying on one side.

 4.  Postnasal drip.

SIGNS

Nasal mucosa over the turbinates is generally congested and 
hypertrophic. In some, it may be normal.

COMPLICATIONS

Long-standing cases or VMR develop nasal polypi, hypertro-
phic rhinitis and sinusitis.

TREATMENT

MEDICAL
 1.  Avoidance of physical factors which provoke symptoms, 

e.g. sudden change in temperature, humidity, blasts of 
air or dust.

 2.  Antihistaminics and oral nasal decongestants are helpful 
in relieving nasal obstruction, sneezing and rhinorrhoea.

 3.  Topical steroids (e.g. beclomethasone dipropionate, 
budesonide or fluticasone), used as spray or aerosol, are 
useful to control symptoms.

 4.  Systemic steroids can be given for a short time in very 
severe cases.

 5.  Psychological factors should be removed. Tranquillizers 
may be needed in some patients.

SURGICAL
 1.  Nasal obstruction can be relieved by measures which 

reduce the size of nasal turbinates (see hypertrophic rhini-
tis). Other associated causes of nasal obstruction, e.g. polyp, 
deviated nasal septum, should also be corrected.

 2.  Excessive rhinorrhoea, not corrected by medical therapy 
and bothersome to the patient, can be relieved by sec-
tioning the parasympathetic secretomotor fibres to nose 
(vidian neurectomy).

OTHER FORMS OF NONALLERGIC RHINITIS

Nasal mucosa responds to several different stimuli produc-
ing symptoms of rhinitis. Some of these conditions have 
acquired specific eponyms. Some authorities categorize 
them under the catch-all term of vasomotor rhinitis.

1. Drug-induced rhinitis. Several antihypertensive drugs 
such as reserpine, guanethidine, methyl dopa and propran-
olol are sympathetic blocking agents and cause nasal stuffi-
ness. Some anticholinesterase drugs, e.g. neostigmine, used 
in the treatment of myasthenia gravis, have acetylcholine 
like action and cause nasal obstruction. Contraceptive pills 
also cause nasal obstruction because of oestrogens.

2. Rhinitis medicamentosa. Topical decongestant nasal 
drops are notorious to cause rebound phenomenon. Their 
excessive use causes rhinitis. It is treated by withdrawal of 
nasal drops, short course of systemic steroid therapy and 
in some cases, surgical reduction of turbinates, if they have 
become hypertrophied.

3. Rhinitis of pregnancy. Pregnant women may develop 
persistent rhinitis due to hormonal changes. Nasal mucosa 

31 Vasomotor and Other Forms 
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becomes oedematous and blocks the airway. Some may 
develop secondary infection and even sinusitis. In such 
cases, care should be taken while prescribing drugs. Gener-
ally, local measures such as limited use of nasal drops, topi-
cal steroids and limited surgery (cryosurgery) to turbinates 
are sufficient to relieve the symptoms. Safety of the devel-
oping fetus is not established for newer antihistaminics and 
they should be avoided.

4. Honeymoon rhinitis. This usually follows sexual excite-
ment leading to nasal stuffiness.

5. Emotional rhinitis. Nose may react to several emotional 
stimuli. Psychological states like anxiety, tension, hostility, 
humiliation, resentment and grief are all known to cause 
rhinitis. Treatment is proper counselling for psychological 
adjustment. Imipramine, which has both antidepressant 
and anticholinergic effects, has been found useful.

6. Rhinitis due to hypothyroidism. Hypothyroidism leads to 
hypoactivity of the sympathetic system with predominance of 

parasympathetic activity causing nasal stuffiness and “colds.” 
Replacement of thyroid hormone relieves the condition.

7. Gustatory rhinitis. Spicy and pungent food may in some 
people produce rhinorrhoea, nasal stuffiness, lacrimation, 
sweating and even flushing of face. This is a cholinergic 
response to stimulation of sensory receptors on the palate. 
Spicy food, particularly the red pepper, contains capsaicin 
which is known to stimulate sensory nerves. It can be relieved 
by ipratropium bromide nasal spray (an anticholinergic), 
a few minutes before meals.

8. Nonairflow rhinitis. It is seen in patients of laryngectomy 
and tracheostomy. Nose is not used for airflow and the tur-
binates become swollen due to loss of vasomotor control. 
Similar changes are also seen in nasopharyngeal obstruc-
tion due to choanal atresia or adenoidal hyperplasia, the 
latter having the additional factor of infection due to stagna-
tion of discharge in the nasal cavity which should otherwise 
drain freely into the nasopharynx.
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Nasal polypi are non-neoplastic masses of oedematous nasal 
or sinus mucosa.They are divided into two main varieties:

 1.  Bilateral ethmoidal polypi.
 2.  Antrochoanal polyp.

BILATERAL ETHMOIDAL POLYPI

AETIOLOGY

Aetiology of nasal polypi is very complex and not well-
understood. They may arise in inflammatory conditions of 
nasal mucosa (rhinosinusitis), disorders of ciliary motility or 
abnormal composition of nasal mucus (cystic fibrosis). Vari-
ous diseases associated with the formation of nasal polypi 
are:

 1.  Chronic rhinosinusitis. Polypi are seen in chronic rhino-
sinusitis of both allergic and nonallergic origin. Nonal-
lergic rhinitis with eosinophilia syndrome (NARES) is a 
form of chronic rhinitis associated with polypi.

 2.  Asthma. Seven per cent of the patients with asthma of 
atopic or nonatopic origin show nasal polypi.

 3.  Aspirin intolerance. Thirty-six per cent of the patients 
with aspirin intolerance may show polypi. Samter’s triad 
consists of nasal polypi, asthma and aspirin intolerance.

 4.  Cystic fibrosis. Twenty per cent of patients with cystic 
fibrosis form polypi. It is due to abnormal mucus.

 5.  Allergic fungal sinusitis. Almost all cases of fungal sinus-
itis form nasal polypi.

 6.  Kartagener syndrome. This consists of bronchiectasis 
sinusitis, situs inversus and ciliary dyskinesis.

 7.  Young syndrome. It consists of sinopulmonary disease 
and azoospermia.

 8.  Churg–Strauss syndrome. Consists of asthma, fever, 
eosinophilia, vasculitis and granuloma.

 9.  Nasal mastocytosis. It is a form of chronic rhinitis in 
which nasal mucosa is infiltrated with mast cells but 
few eosinophils. Skin tests for allergy and IgE levels are 
normal.

PATHOGENESIS

Nasal mucosa, particularly in the region of middle meatus 
and turbinate, becomes oedematous due to collection of 
extracellular fluid causing polypoidal change. Polypi which 
are sessile in the beginning become pedunculated due to 
gravity and excessive sneezing.

PATHOLOGY

In early stages, surface of nasal polypi is covered by ciliated 
columnar epithelium like that of normal nasal mucosa but 
later it undergoes a metaplastic change to transitional and 
squamous type on exposure to atmospheric irritation. Submu-
cosa shows large intercellular spaces filled with serous fluid. 
There is also infiltration with eosinophils and round cells.

SITE OF ORIGIN

Multiple nasal polypi always arise from the lateral wall of 
nose, usually from the middle meatus. Common sites are 
uncinate process, bulla ethmoidalis, ostia of sinuses, medial 
surface and edge of middle turbinate. Allergic nasal polypi 
almost never arise from the septum or the floor of nose.

SYMPTOMS

 1.  Multiple polypi can occur at any age but are mostly seen 
in adults.

 2.  Nasal stuffiness leading to total nasal obstruction may be 
the presenting symptom.

 3.  Partial or total loss of sense of smell.
 4.  Headache due to associated sinusitis.
 5.  Sneezing and watery nasal discharge due to associated 

allergy.
 6.  Mass protruding from the nostril.

SIGNS

On anterior rhinoscopy, polypi appear as smooth, glistening, 
grape-like masses often pale in colour. They may be sessile 
or pedunculated, insensitive to probing and do not bleed on 
touch. Often they are multiple and bilateral. Long-standing 
cases present with broadening of nose and increased inter-
canthal distance. A polyp may protrude from the nostril 
and appear pink and vascular simulating neoplasm (Figure 
32.1). Nasal cavity may show purulent discharge due to asso-
ciated sinusitis.

Probing of a solitary ethmoidal polyp may be necessary to 
differentiate it from hypertrophy of the turbinate or cystic 
middle turbinate.

DIAGNOSIS

Diagnosis can be easily made on clinical examination. Com-
puted tomography (CT) scan of paranasal sinuses is essen-
tial to exclude the bony erosion and expansion suggestive of 
neoplasia. Simple nasal polypi may sometimes be associated 
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with malignancy underneath, especially in people above 
40 years and this must be excluded by histological exami-
nation of the suspected tissue. CT scan also helps to plan  
surgery.

TREATMENT

CONSERVATIVE
 1.  Early polypoidal changes with oedematous mucosa may 

revert to normal with antihistaminics and control of 
allergy.

 2.  A short course of steroids may prove useful in case of peo-
ple who cannot tolerate antihistaminics and/or in those 
with asthma and polypoidal nasal mucosa. They may also 
be used to prevent recurrence after surgery. Contrain-
dications to use of steroids, e.g. hypertension, peptic 
ulcer, diabetes, pregnancy and tuberculosis should be 
excluded.

SURGICAL
 1.  Polypectomy. One or two polyps which are pedunculated 

can be removed with snare. Multiple and sessile polypi 
require special forceps.

 2.  Intranasal ethmoidectomy. When polypi are multiple 
and sessile, they require uncapping of the ethmoidal air 
cells by intranasal route, a procedure called intranasal 
ethmoidectomy.

 3.  Extranasal ethmoidectomy. This is indicated when polypi 
recur after intranasal procedures and surgical landmarks 
are ill-defined due to previous surgery. Approach is 
through the medial wall of the orbit by an external inci-
sion, medial to medial canthus.

 4.  Transantral ethmoidectomy. This is indicated when infec-
tion and polypoidal changes are also seen in the maxillary 
antrum. In this case, antrum is opened by Caldwell–Luc 
approach and the ethmoid air cell approached through 
the medial wall of the antrum. This procedure is also 
superceded by endoscopic sinus surgery.

 5.  Endoscopic sinus surgery. These days, ethmoidal polypi 
are removed by endoscopic sinus surgery more popularly 
called functional endoscopic sinus surgery (FESS). It is done 
with various endoscopes of 0°, 30° and 70° angulation. 
Polypi can be removed more accurately when ethmoid 
cells are removed, and drainage and ventilation provided 
to the other involved sinuses such as maxillary, sphenoi-
dal or frontal.

ANTROCHOANAL POLYP (SYN. KILLIAN’S 
POLYP)

This polyp arises from the mucosa of maxillary antrum near 
its accessory ostium, comes out of it and grows in the choana 
and nasal cavity. Thus it has three parts.

 1.  Antral, which is a thin stalk.
 2.  Choanal, which is round and globular.
 3.  Nasal, which is flat from side to side.

AETIOLOGY

Exact cause is unknown. Nasal allergy coupled with sinus 
infection is incriminated. Antrochoanal polypi are seen 
in children and young adults. Usually they are single and 
unilateral.

SYMPTOMS

Unilateral nasal obstruction is the presenting symptom. 
Obstruction may become bilateral when polyp grows into 
the nasopharynx and starts obstructing the opposite choana 
(Tables 32.1 and 32.2). Voice may become thick and dull 
due to hyponasality. Nasal discharge, mostly mucoid, may be 
seen on one or both sides.

SIGNS

As the antrochoanal polyp grows posteriorly, it may be 
missed on anterior rhinoscopy. When large, a smooth grey-
ish mass covered with nasal discharge may be seen. It is soft 
and can be moved up and down with a probe. A large polyp 
may protrude from the nostril and show a pink congested 
look on its exposed part (Figure 32.2).

Figure 32.1 A polyp protruding from the left nostril in a patient with 
bilateral ethmoidal polypi.

Table 32.1  Common causes of unilateral nasal 
obstruction

	•	 	Vestibule
	 •	 	Furuncle
	 •	 	Vestibulitis
	 •	 	Stenosis of nares
	 •	 	Atresia
	 •	 	Nasoalveolar cyst
	 •	 	Papilloma
	 •	 	Squamous cell carcinoma
	•	 	Nasal cavity
	 •	 	Foreign body
	 •	 	Deviated nasal septum (DNS)
	 •	 	Hypertrophic turbinates
	 •	 	Concha bullosa
	 •	 	Antrochoanal polyp
	 •	 	Synechia
	 •	 	Rhinolith
	 •	 	Bleeding polypus of septum
	 •	 	Benign and malignant tumours of nose and paranasal 

sinuses
	 •	 	Sinusitis, unilateral
	•	 	Nasopharynx
	 •	 	Unilateral choanal atresia
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Posterior rhinoscopy may reveal a globular mass filling 
the choana or the nasopharynx. A large polyp may hang 
down behind the soft palate and present in the oropharynx 
(Figure 32.3 A,B).

Examination of the nose with an endoscope may reveal 
a choanal or antrochoanal polyp hidden posteriorly in the 
nasal cavity (Figure 32.4).

See Table 32.3 for differences between antrochoanal and 
ethmoidal polypi.

DIFFERENTIAL DIAGNOSIS

 1.  A blob of mucus often looks like a polypus but it would 
disappear on blowing the nose.

 2.  Hypertrophied middle turbinate is differentiated by 
its pink appearance and hard feel of bone on probe 
testing.

 3.  Angiofibroma has history of profuse recurrent epistaxis. 
It is firm in consistency and easily bleeds on probing.

 4.  Other neoplasms may be differentiated by their fleshy 
pink appearance, friable nature and their tendency to 
bleed.

Table 32.2  Common causes of bilateral nasal 
obstruction

	•	 	Vestibule
	 •	 	Bilateral vestibulitis
	 •	 	Collapsing nasal alae
	 •	 	Stenosis of nares
	 •	 	Congenital atresia of nares
	•	 	Nasal cavity
	 •	 	Acute rhinitis (viral and bacterial)
	 •	 	Chronic rhinitis and sinusitis
	 •	 	Rhinitis medicamentosa
	 •	 	Allergic rhinitis
	 •	 	Hypertrophic turbinates
	 •	 	DNS
	 •	 	Nasal polypi
	 •	 	Atrophic rhinitis
	 •	 	Rhinitis sicca
	 •	 	Septal haematoma
	 •	 	Septal abscess
	 •	 	Bilateral choanal atresia
	•	 	Nasopharynx
	 •	 	Adenoid hyperplasia
	 •	 	Large choanal polyp
	 •	 	Thornwaldt’s cyst
	 •	 	Adhesions between soft palate and posterior  

pharyngeal wall
	 •	 	Large benign and malignant tumours

Figure 32.2 Antrochoanal polyp projecting through the left nostril in 
a 14-year-old patient.

Figure 32.3 (A) Antrochoanal 
polyp seen hanging in the orophar-
ynx from behind the soft palate on 
the right side of uvula. (B) Polyp 
after removal.

A B

Figure 32.4 Endoscopic view of a choanal polyp right side.
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X-rays of paranasal sinuses may show opacity of the involved 
antrum. X-ray (lateral view), soft tissue nasopharynx, reveals 
a globular swelling in the postnasal space. It is differenti-
ated from angiofibroma by the presence of a column of air 
behind the polyp.

TREATMENT

An antrochoanal polyp is easily removed by avulsion either 
through the nasal or oral route. Recurrence is uncommon 
after complete removal. In cases which do recur, Caldwell–
Luc operation may be required to remove the polyp com-
pletely from the site of its origin and to deal with coexistent 
maxillary sinusitis. These days, endoscopic sinus surgery has 
superceded other modes of polyp removal. Caldwell–Luc 
operation is avoided.

SOME IMPORTANT POINTS TO REMEMBER 
IN A CASE OF NASAL POLYPI

 1.  If a polypus is red and fleshy, friable and has granular 
surface, especially in older patients, think of malignancy.

 2.  Simple nasal polyp may masquerade a malignancy under-
neath. Hence all polypi should be subjected to histology.

 3.  A simple polyp in a child may be a glioma, an encepha-
locele or a meningoencephalocele. It should always be 
aspirated and fluid examined for CSF. Careless removal 
of such polyp would result in CSF rhinorrhoea and 
meningitis.

 4.  Multiple nasal polypi in children may be associated with 
mucoviscidosis.

 5.  Epistaxis and orbital symptoms associated with a polyp 
should always arouse the suspicion of malignancy.

Table 32.3  Differences between antrochoanal and ethmoidal polypi

Antrochoanal polypi Ethmoidal polypi

Age Common in children Common in adults
Aetiology Infection Allergy or multifactorial
Number Solitary Multiple
Laterality Unilateral Bilateral
Origin Maxillary sinus near the ostium Ethmoidal sinuses, uncinate process, middle turbinate 

and middle meatus
Growth Grows backwards to the choana; may hang down 

behind the soft palate
Mostly grow anteriorly and may present at the nares

Size and 
shape

Trilobed with antral, nasal and choanal parts.  
Choanal part may protrude through the choana and fill 
the nasopharynx obstructing both sides

Usually small and grape-like masses

Recurrence Uncommon, if removed completely Common
Treatment Polypectomy; endoscopic removal or Caldwell–Luc 

operation if recurrent
Polypectomy. Endoscopic surgery or ethmoidectomy 

(which may be intranasal, extranasal or transantral)
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Bleeding from inside the nose is called epistaxis. It is fairly 
common and is seen in all age groups—children, adults and 
older people. It often presents as an emergency. Epistaxis is 
a sign and not a disease per se and an attempt should always 
be made to find any local or constitutional cause.

BLOOD SUPPLY OF NOSE  
(FIGURES 33.1 AND 33.2)

Nose is richly supplied by both the external and internal 
carotid systems, both on the septum and the lateral walls.

NASAL SEPTUM

INTERNAL CAROTID SYSTEM
 1.  Anterior ethmoidal artery
 2.  Posterior ethmoidal artery } Branches of ophthalmic 

artery

EXTERNAL CAROTID SYSTEM
 1.  Sphenopalatine artery (branch of maxillary artery) gives 

nasopalatine and posterior medial nasal branches.
 2.  Septal branch of greater palatine artery (branch of max-

illary artery).
 3.  Septal branch of superior labial artery (branch of facial 

artery).

LATERAL WALL

INTERNAL CAROTID SYSTEM
 1.  Anterior ethmoidal
 2.  Posterior ethmoidal } Branches of ophthalmic artery

EXTERNAL CAROTID SYSTEM
 1.  Posterior lateral nasal  

branches
→ From sphenopalatine 

artery
 2.  Greater palatine artery → From maxillary artery
 3.  Nasal branch of anterior 

superior dental
→ From infraorbital 

branch of maxillary 
artery

 4.  Branches of facial artery  
to nasal vestibule

LITTLE’S AREA

It is situated in the anterior inferior part of nasal sep-
tum, just above the vestibule. Four arteries—anterior eth-
moidal, septal branch of superior labial, septal branch of 

sphenopalatine and the greater palatine, anastomose here 
to form a vascular plexus called “Kiesselbach’s plexus.” This 
area is exposed to the drying effect of inspiratory current 
and to finger nail trauma, and is the usual site for epistaxis 
in children and young adults.

Retrocolumellar vein. This vein runs vertically downwards 
just behind the columella, crosses the floor of nose and joins 
venous plexus on the lateral nasal wall. This is a common 
site of venous bleeding in young people.

WOODRUFF’S PLEXUS

It is a plexus of veins situated inferior to posterior end of 
inferior turbinate. It is a site of posterior epistaxis in adults.

CAUSES OF EPISTAXIS

They may be divided into:

 1.  Local, in the nose or nasopharynx.
 2.  General.
 3.  Idiopathic.

A. LOCAL CAUSES

NOSE
 1.  Trauma. Finger nail trauma, injuries of nose, intranasal 

surgery, fractures of middle third of face and base of 
skull, hard-blowing of nose, violent sneeze.

 2.  Infections
 (a)  Acute: Viral rhinitis, nasal diphtheria, acute sinusitis.
 (b)  Chronic: All crust-forming diseases, e.g. atrophic rhini-

tis, rhinitis sicca, tuberculosis, syphilis septal perforation, 
granulomatous lesion of the nose, e.g. rhinosporidiosis.

 3.  Foreign bodies
 (a)  Nonliving: Any neglected foreign body, rhinolith.
 (b)  Living: Maggots, leeches.
 4.  Neoplasms of nose and paranasal sinuses.
 (a)  Benign: Haemangioma, papilloma.
 (b)  Malignant: Carcinoma or sarcoma.
 5.  Atmospheric changes. High altitudes, sudden decom-

pression (Caisson disease).
 6.  Deviated nasal septum.

NASOPHARYNX
 1.  Adenoiditis.
 2.  Juvenile angiofibroma.
 3.  Malignant tumours.

33 Epistaxis
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B. GENERAL CAUSES

 1.  Cardiovascular system. Hypertension, arterioscle-
rosis, mitral stenosis, pregnancy (hypertension and 
hormonal).

 2.  Disorders of blood and blood vessels. Aplastic anaemia, 
leukaemia, thrombocytopenic and vascular purpura, 
haemophilia, Christmas disease, scurvy, vitamin K defi-
ciency and hereditary haemorrhagic telangectasia.

 3.  Liver disease. Hepatic cirrhosis (deficiency of factor II, 
VII, IX and X).

 4.  Kidney disease. Chronic nephritis.
 5.  Drugs. Excessive use of salicylates and other analgesics 

(as for joint pains or headaches), anticoagulant therapy 
(for heart disease).

 6.  Mediastinal compression. Tumours of mediastinum 
(raised venous pressure in the nose).

 7.  Acute general infection. Influenza, measles, chick-
enpox, whooping cough, rheumatic fever, infectious 
mononucleosis, typhoid, pneumonia, malaria and den-
gue fever.

 8.  Vicarious menstruation (epistaxis occurring at the time 
of menstruation).

C. IDIOPATHIC

Many times the cause of epistaxis is not clear.

SITES OF EPISTAXIS

 1.  Little’s area. In 90% cases of epistaxis, bleeding occurs 
from this site.

 2.  Above the level of middle turbinate. Bleeding from above 
the middle turbinate and corresponding area on the sep-
tum is often from the anterior and posterior ethmoidal 
vessels (internal carotid system).

 3.  Below the level of middle turbinate. Here bleeding is 
from the branches of sphenopalatine artery. It may be hid-
den, lying lateral to middle or inferior turbinate and may 
require infrastructure of these turbinates for localization 
of the bleeding site and placement of packing to control it.

 4.  Posterior part of nasal cavity. Here blood flows directly 
into the pharynx.

 5.  Diffuse. Both from septum and lateral nasal wall. This is 
often seen in general systemic disorders and blood dyscrasias.

 6.  Nasopharynx.

Little’s area

Septal branch
Branches of

sphenopalatine
artery

Greater palatine
artery

Maxillary artery

Superior labial
artery

Facial artery

External carotid
artery

Anterior
ethmoidal artery

Posterior
ethmoidal artery

Ophthalmic artery

Internal carotid artery

Figure 33.1 Blood supply of nasal septum.
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CLASSIFICATION OF EPISTAXIS

ANTERIOR EPISTAXIS
When blood flows out from the front of nose with the patient 
in sitting position.

POSTERIOR EPISTAXIS
Mainly the blood flows back into the throat. Patient may 
swallow it and later have a “coffee-coloured” vomitus. This 
may erroneously be diagnosed as haematemesis.

The differences between the two types of epistaxis are 
tabulated herewith (Table 33.1).

MANAGEMENT

In any case of epistaxis, it is important to know:

 1.  Mode of onset. Spontaneous or finger nail trauma.
 2.  Duration and frequency of bleeding.
 3.  Amount of blood loss.
 4.  Side of nose from where bleeding is occurring.
 5.  Whether bleeding is of anterior or posterior type.
 6.  Any known bleeding tendency in the patient or family.

Branches of
sphenopalatine

artery

Branches of
facial artery

Greater

palatine

artery

Lesser palatine
artery

Sphenopalatine
artery

Maxillary arteryFacial artery

External carotid
artery

Anterior
ethmoidal artery

Posterior
ethmoidal artery

Ophthalmic artery

Internal carotid artery

Figure 33.2 Blood supply of lateral wall of nose.

Table 33.1  Differences between anterior  
and posterior epistaxis

Anterior epistaxis Posterior epistaxis

Incidence More common Less common
Site Mostly from Little’s 

area or anterior 
part of lateral wall

Mostly from posterosu-
perior part of nasal 
cavity; often difficult 
to localize the  
bleeding point

Age Mostly occurs in 
children or young 
adults

After 40 years of age

Cause Mostly trauma Spontaneous; often 
due to hypertension 
or arteriosclerosis

Bleeding Usually mild, can be 
easily controlled 
by local pressure 
or anterior pack

Bleeding is severe, 
requires hospitaliza-
tion; postnasal pack 
often required
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 7.  History of known medical ailment (hypertension, leukae-
mia, mitral valve disease, cirrhosis and nephritis).

 8.  History of drug intake (analgesics, anticoagulants, etc.).

FIRST AID

Most of the time, bleeding occurs from the Little’s area and 
can be easily controlled by pinching the nose with thumb 
and index finger for about 5 min. This compresses the vessels 
of the Little’s area. In Trotter’s method patient is made to 
sit, leaning a little forward over a basin to spit any blood and 
breathe quietly from the mouth. Cold compresses should be 
applied to the nose to cause reflex vasoconstriction.

CAUTERIZATION

This is useful in anterior epistaxis when bleeding point has 
been located. The area is first topically anaesthetized and 
the bleeding point cauterized with a bead of silver nitrate or 
coagulated with electrocautery.

ANTERIOR NASAL PACKING

In cases of active anterior epistaxis, nose is cleared of blood 
clots by suction and attempt is made to localize the bleed-
ing site. In minor bleeds, from the accessible sites, cauteriza-
tion of the bleeding area can be done. If bleeding is profuse 
and/or the site of bleeding is difficult to localize, anterior 
packing should be done. For this, use a ribbon gauze soaked 
with liquid paraffin. About 1 m gauze (2.5 cm wide in adults 
and 12 mm in children) is required for each nasal cavity. 
First, few centimetres of gauze are folded upon itself and 
inserted along the floor and then the whole nasal cavity is 
packed tightly by layering the gauze from floor to the roof 
and from before backwards. Packing can also be done in 
vertical layers from back to the front (Figure 33.3). One or 
both cavities may need to be packed. Pack can be removed 
after 24 h, if bleeding has stopped. Sometimes, it has to be 
kept for 2–3 days; in that case, systemic antibiotics should be 
given to prevent sinus infection and toxic shock syndrome.

POSTERIOR NASAL PACKING

It is required for patients bleeding posteriorly into the 
throat. A postnasal pack is first prepared by tying three silk 

ties to a piece of gauze rolled into the shape of a cone. A rub-
ber catheter is passed through the nose and its end brought 
out from the mouth (Figure 33.4). Ends of the silk threads 
are tied to it and catheter withdrawn from nose. Pack, which 
follows the silk thread, is now guided into the nasopharynx 
with the index finger. Anterior nasal cavity is now packed 
and silk threads tied over a dental roll. The third silk thread 
is cut short and allowed to hang in the oropharynx. It helps 
in easy removal of the pack later. Patients requiring post-
nasal pack should always be hospitalized. Instead of postna-
sal pack, a Foley’s catheter size 12–14 F can also be used. 
After insertion balloon is inflated with 5–10 mL of saline. 
The bulb is inflated with saline and pulled forward so that 
choana is blocked and then an anterior nasal pack is kept in 
the usual manner. These days nasal balloons are also avail-
able (Figure 33.5). A nasal balloon has two bulbs, one for 
the postnasal space and the other for nasal cavity.

ENDOSCOPIC CAUTERIZATION

Using topical or general anaesthesia, bleeding point is local-
ized with a rigid endoscope. It is then cauterized with a mal-
leable unipolar suction cautery or a bipolar cautery. The 
procedure is effective with less morbidity and decreased 
hospital stay. The procedure has a limitation when profuse 
bleeding does not permit localization of the bleeding point.

ELEVATION OF MUCOPERICHONDRIAL FLAP  
AND SUBMUCOUS RESECTION (SMR) OPERATION

In case of persistent or recurrent bleeds from the septum, 
just elevation of mucoperichondrial flap and then reposi-
tioning it back helps to cause fibrosis and constrict blood 
vessels. SMR operation can be done to achieve the same 
result or remove any septal spur which is sometimes the 
cause of epistaxis.

LIGATION OF VESSELS

 1.  External carotid. When bleeding is from the exter-
nal carotid system and the conservative measures have 
failed, ligation of external carotid artery above the origin 
of superior thyroid artery should be done. It is avoided 
these days in favour of embolization or ligation of more 
peripheral branches of sphenopalatine artery.

A B
Figure 33.3 Methods of anterior nasal packing. (A) Packing in vertical layers. (B) Packing in horizontal layers.
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 2.  Maxillary artery. Ligation of this artery is done in uncon-
trollable posterior epistaxis. Approach is via Caldwell–Luc 
operation. Posterior wall of maxillary sinus is removed 
and the maxillary artery or its branches are blocked by 
applying clips. This procedure is now superceded by 
transnasal endoscopic sphenopalatine artery ligation.

 3.  Ethmoidal arteries. In anterosuperior bleeding above 
the middle turbinate, not controlled by packing, anterior 
and posterior ethmoidal arteries, which supply this area, 
can be ligated. The vessels are exposed in the medial wall 
of the orbit by an external ethmoid (Lynch) incision.

TRANSNASAL ENDOSCOPIC SPHENOPALATINE 
ARTERY LIGATION (TESPAL)
The procedure can be done with rigid endoscopes under 
topical anaesthesia with sedation or under a general anaes-
thesia. A mucosal flap is lifted in posterior part of lateral 
nasal wall, sphenopalatine artery (SPA)is localized as it exits 
the foramen and closed with a vascular clip. Distal branches 
of the artery can be additionally cauterized and the flap then 
reposited. Anterior ethmoidal artery can also be ligated by 
Lynch incision as an adjunctive procedure. SPA ligation 
gives high success in control of refractory posterior bleed.

EMBOLIZATION
It is done by an interventional radiologist through femoral 
artery catheterization. Internal maxillary artery is localized and 
the embolization is performed with absorbable gelfoam and/
or polyvinyl alcohol or coils. Both ipsilateral or bilateral emboli-
zations may be required for unilateral epistaxis because of cross 
circulation. Embolization is generally a safe procedure but may 
have potential risks like cerebral thromboembolism, haema-
toma at local site. Ethmoidal arteries cannot be embolized.

GENERAL MEASURES IN EPISTAXIS

 1.  Make the patient sit up with a back rest and record any 
blood loss taking place through spitting or vomiting.

 2.  Reassure the patient. Mild sedation should be given.
 3.  Keep check on pulse, BP and respiration.
 4.  Maintain haemodynamics. Blood transfusion may be 

required.
 5.  Antibiotics may be given to prevent sinusitis, if pack is to 

be kept beyond 24 h.
 6.  Intermittent oxygen may be required in patients with 

bilateral packs because of increased pulmonary resis-
tance from nasopulmonary reflex.

 7.  Investigate and treat the patient for any underlying local 
or general cause.

Hereditary haemorrhagic telangiectasia. It occurs on the 
anterior part of nasal septum and is the cause of recurrent 
bleeding. It can be treated by using Argon, KTP or Nd: YAG 
laser. The procedure may require to be repeated several times 
in a year as telangectasia recurs in the surrounding mucosa. 
Some cases require septodermoplasty where anterior part of 
septal mucosa is excised and replaced by a split-skin graft.

Figure 33.4 Technique of postnasal pack.

B

A

Figure 33.5 Epistaxis balloon for posterior epistaxis. Posterior bal-
loon (A) is inflated with 10 mL and anterior balloon (B) with 30 mL. 
Catheter provides nasal airway.
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Injuries of face may involve soft tissues, bones or both. The 
majority of facial injuries are caused by automobile acci-
dents. Others result from sports, personal accidents, assaults 
and fights. The management of facial trauma can be divided 
into:

 1.  General management.
 2.  Soft tissue injuries and their management.
 3.  Bone injuries and their management.

GENERAL MANAGEMENT

 1.  Airway. Maintenance of airway should receive the highest 
priority. Airway is obstructed by loss of skeletal support, 
aspiration of foreign bodies, blood or gastric contents or 
swelling of tissues. Airway is secured by intubation or the 
tracheostomy.

 2.  Haemorrhage. Injuries of face may bleed profusely. 
Bleeding should be stopped by pressure or ligation of 
vessels.

 3.  Associated injuries. Facial injuries may be associated with 
injuries of head, chest, abdomen, neck, larynx, cervical 
spine or limbs and should be attended too.

SOFT TISSUE INJURIES AND THEIR 
MANAGEMENT

FACIAL LACERATIONS

Wound is thoroughly cleaned of any dirt, grease or foreign 
matter. The lacerations are closed by accurate approxima-
tion of each layer.

PAROTID GLAND AND DUCT

Parotid tissue, if exposed, is repaired by suturing. Injuries 
of parotid duct are more serious. Both ends of the duct are 
identified and sutured over a polyethylene tube with fine 
suture. The tube is left for 3 days to 2 weeks.

FACIAL NERVE

If severed, the facial nerve is exposed by superficial paroti-
dectomy and cut ends are approximated with 8–0 or 10–0 
silk under magnification.

BONE INJURIES AND THEIR MANAGEMENT

The face can be divided into three regions:

 1.  Upper third. Above the level of supraorbital ridge.
 2.  Middle third. Between the supraorbital ridge and the 

upper teeth.
 3.  Lower third. Mandible and the lower teeth.

The various fractures encountered in these regions are 
listed in Table 34.1.

I. FRACTURES OF UPPER THIRD OF FACE

A. FRONTAL SINUS

Frontal sinus fractures may involve anterior wall, posterior 
wall or the nasofrontal duct.

 1.  Anterior wall fractures may be depressed or comminuted. 
Defect is mainly cosmetic. Sinus is approached through 
a wound in the skin if that is present, or through a brow 
incision. The bone fragments are elevated, taking care 
not to strip them from the periosteum. The interior of 
the sinus is always inspected to rule out fracture of the 
posterior wall.

 2.  Posterior wall fractures may be accompanied by dural tears, 
brain injury and CSF rhinorrhoea. They may require 
neurosurgical consultation. Dural tears can be covered 
by temporalis fascia. Small sinuses can be obliterated with 
fat.

 3.  Injury to nasofrontal duct causes obstruction to sinus drain-
age and may later be complicated by a mucocele. In such 
cases, make a large communication between the sinus 
and the nose. Small sinuses can be obliterated with fat 
after removing the sinus mucosa completely.

B. SUPRAORBITAL RIDGE

Ridge fractures often cause periorbital ecchymosis, flatten-
ing of the eyebrow, proptosis or downward displacement of 
eye. Fragment of bone may also be pushed into the orbit 
and get impacted. Ridge fractures require open reduction 
through an incision in the brow or transverse skin line of 
the forehead.

34Trauma to the Face
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C. FRACTURES OF FRONTAL BONE

They may be depressed or linear, with or without separa-
tion. They often extend into the orbit. Brain injury and 
cerebral oedema are commonly associated with each other 
and require neurosurgical consultation.

II. FRACTURES OF MIDDLE THIRD OF FACE

A. NASAL BONES AND SEPTUM

Fractures of nasal bones are the most common because of 
the projection of nose on the face. Traumatic forces may act 
from the front or side. Magnitude of force will determine 
the depth of injury.

TYPES OF NASAL FRACTURES (FIGURE 34.1)
1. Depressed. They are due to frontal blow. Lower part of 
nasal bones which is thinner, easily gives way. A severe fron-
tal blow will cause “open-book fracture” in which nasal sep-
tum is collapsed and nasal bones splayed out. Still, greater 
forces will cause comminution of nasal bones and even the 
frontal processes of maxillae with flattening and widening 
of nasal dorsum.

2. Angulated. A lateral blow may cause unilateral depression 
of nasal bone on the same side or may fracture both the 
nasal bones and the septum with deviation of nasal bridge.

Nasal fractures are often accompanied by injuries of nasal 
septum which may be simply buckled, dislocated or frac-
tured into several pieces. Septal haematoma may form.

CLINICAL FEATURES
 1.  Swelling of nose. Appears within few hours and may 

obscure details of examination.
 2.  Periorbital ecchymosis.
 3.  Tenderness.
 4.  Nasal deformity. Nose may be depressed from the front 

or side, or the whole of the nasal pyramid deviated to one 
side.

 5.  Crepitus and mobility of fractured fragments.
 6.  Epistaxis.
 7.  Nasal obstruction due to septal injury or haematoma.
 8.  Lacerations of the nasal skin with exposure of nasal bones 

and cartilage may be seen in compound fractures.

DIAGNOSIS
Diagnosis is best made on physical examination. X-rays may or 
may not show fracture (Figure 34.2). Patient should not be dis-
missed as having no fracture because X-rays did not reveal it.

X-rays should include Waters’ view, right and left lateral 
views and occlusal view.

TREATMENT
Simple fractures without displacement need no treatment; 
others may require closed or open reduction. Presence of 
oedema interferes with accurate reduction by closed meth-
ods. Therefore, the best time to reduce a fracture is before 
the appearance of oedema, or after it has subsided, which is 
usually in 5–7 days. It is difficult to reduce a nasal fracture 
after 2 weeks because it heals by that time. Healing is faster 
in children and therefore earlier reduction is imperative.

1. Closed reduction. Depressed fractures of nasal bones sus-
tained by either frontal or lateral blow can be reduced by a 
straight blunt elevator guided by digital manipulation from 
outside.

Laterally, displaced nasal bridge can be reduced by firm 
digital pressure in the opposite direction. Impacted frag-
ments sometimes require disimpaction with Walsham or 
Asch’s forceps before realignment. Septal fractures are also 
reduced by Asch’s forceps. Septal haematoma, if present, 
must be drained.

Simple fractures may not require intranasal packing. 
Unstable fractures require intranasal packing and external 
splintage.

A

B

C
Figure 34.1 Types of fractures. (A) Normal. (B) Frontal blow causing 
depressed fracture or open-book fracture. (C) Lateral blow causing 
deviation of nasal bridge or depression of one nasal bone.

Table 34.1  Fractures of the face

Upper third Middle third Lower third

Frontal 
sinuses

Nasal bones and septum Alveolar process

Supraorbital 
ridge

Naso-orbital area Symphysis

Frontal 
bone

	•	 	Zygoma
	•	 	Zygomatic arch
	•	 	Orbital floor
	•	 	Maxilla
	 •	 	Le Fort I (transverse)
	 •	 	Le Fort II (pyramidal)
	 •	 	Le Fort III (craniofa-

cial dysjunction)

	•	 	Body
	•	 	Angle
	•	 	Ascending 

ramus
	•	 	Condyle
	•	 	Temporoman-

dibular joint
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2. Open reduction. Early open reduction in nasal frac-
tures is rarely required. This is indicated when closed 
methods fail. Certain septal injuries can be better reduced 
by open methods. Healed nasal deformities resulting 
from nasal trauma can be corrected by rhinoplasty or 
septorhinoplasty.

B. NASO-ORBITAL FRACTURES

Direct force over the nasion fractures nasal bones and dis-
places them posteriorly. Perpendicular plate of ethmoid, 
ethmoidal air cells and medial orbital wall are fractured 
and driven posteriorly. Injury may involve cribriform plate, 
frontal sinus, frontonasal duct, extraocular muscles, eyeball 
and the lacrimal apparatus. Medial canthal ligament may be 
avulsed.

CLINICAL FEATURES
 1.  Telecanthus, due to lateral displacement of medial 

orbital wall.
 2.  Pug nose. Bridge of nose is depressed and tip turned up.
 3.  Periorbital ecchymosis.
 4.  Orbital haematoma due to bleeding from anterior and 

posterior ethmoidal arteries.
 5.  CSF leakage due to fracture of cribriform plate and dura.
 6.  Displacement of eyeball.

DIAGNOSIS
Various facial films will be required to assess the extent of 
fracture and injury to other facial bones. Computed tomog-
raphy (CT) scans are more useful.

TREATMENT
1. Closed reduction. In uncomplicated cases, fracture is 
reduced with Asch’s forceps and stabilized by a wire passed 
through fractured bony fragments and septum and then 
tied over the lead plates. Intranasal packing is given. Splint-
ing is kept for 10 days or so.

2. Open reduction. This is required in cases with extensive 
comminution of nasal and orbital bones, and those compli-
cated by other injuries to lacrimal apparatus, medial canthal 
ligaments, frontal sinus, etc.

An H-type incision gives adequate exposure of the frac-
tured area. This can be extended to the eyebrows if access to 
frontal sinuses is also required.

Nasal bones are reduced under vision and bridge height 
is achieved. Medial orbital walls can be reduced. Medial can-
thal ligaments, if avulsed, are restored with a through and 
through wire. Intranasal packing may be required to restore 
the contour. When bone comminution is severe, restoration 
of medial canthal ligaments and lacrimal apparatus should 
receive preference over reconstruction of nasal contour.

C. FRACTURES OF ZYGOMA (TRIPOD FRACTURE)

After nasal bones, zygoma is the second most frequently frac-
tured bone. Usually, the cause is direct trauma. Lower seg-
ment of zygoma is pushed medially and posteriorly resulting 
in flattening of the malar prominence and a step deformity at 
the infraorbital margin. Zygoma is separated at its three pro-
cesses (Figure 34.3). Fracture line passes through zygomatico-
frontal suture, orbital floor, infraorbital margin and foramen, 
anterior wall of maxillary sinus and the zygomaticotemporal 
suture. Orbital contents may herniate into the maxillary sinus.

CLINICAL FEATURES
 1.  Flattening of malar prominence.
 2.  Step deformity of infraorbital margin.
 3.  Anaesthesia in the distribution of infraorbital nerve.
 4.  Trismus, due to depression of zygoma on the underlying 

coronoid process.
 5.  Oblique palpebral fissure, due to the displacement of lat-

eral palpebral ligament.
 6.  Restricted ocular movements, due to entrapment of infe-

rior rectus muscle. It may cause diplopia.
 7.  Periorbital emphysema, due to escape of air from the 

maxillary sinus on nose blowing.

Figure 34.2 Fractured nasal bone (arrow) as seen in radiograph.

Zygomaticofrontal fracture

Infraorbital fracture

Zygomaticotemporal fracture

Figure 34.3 Fracture zygoma left.
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DIAGNOSIS
Waters’ or exaggerated Waters’ view shows the fracture and 
displacement the best. Maxillary sinus may show clouding 
due to the presence of blood. Comminution with depres-
sion of orbital floor and herniation of orbital contents can-
not be seen on plain X-rays. CT scan of the orbital will be 
more useful.

TREATMENT
Only displaced fractures require treatment. Open reduc-
tion and internal wire fixation gives best results. Fracture 
is exposed at the frontozygomatic suture through lateral 
brow incision and reduced by passing an elevator behind 
the zygoma. Wire fixation is done at frontozygomatic suture 
and infraorbital margin. The latter is exposed by a separate 
incision in the lower lid. Fracture of orbital floor can also be 
repaired through this incision.

Transantral approach is less favourable. Antrum is 
exposed as in Caldwell–Luc operation, blood is aspirated, 
fracture reduced and then stabilized by a pack in the antrum. 
Fractures of orbital floor can also be reduced. Antral pack 
is removed in about 10 days through the buccal incision, 
which is left open at the end of operation, or through the 
intranasal antrostomy route.

D. FRACTURES OF ZYGOMATIC ARCH

Zygomatic arch generally breaks into two fragments which 
get depressed. There are three fracture lines, one at each 
end and third in the centre of the arch.

CLINICAL FEATURES
Characteristic features are depression in the area of zygo-
matic arch, local pain aggravated by talking and chewing, 
trismus or limitation of the movements of mandible due 
to impingement of fragments on the condyle or coronoid 
process.

DIAGNOSIS
Arch fractures are best seen on submentovertical view of the 
skull. Waters’ view is also taken.

TREATMENT
A vertical incision is made in the hair-bearing area above 
or in front of the ear, cutting through temporal fascia. An 
elevator is passed deep to temporal fascia and carried under 
the depressed bony fragments which are then reduced. Fixa-
tion is usually not required as the fragments remain stable.

E. FRACTURES OF ORBITAL FLOOR

Zygomatic and Le Fort II maxillary fractures are always 
accompanied by fractures of orbital floor. Isolated fractures 
of orbital floor, when a large blunt object strikes the globes, 
are called “blow out fractures.” Orbital contents may herniate 
into the antrum (Figure 34.4).

CLINICAL FEATURES
 1.  Ecchymosis of lid, conjunctiva and sclera.
 2.  Enophthalmos with inferior displacement of the eyeball. 

This becomes apparent when oedema subsides.

 3.  Diplopia, which may be due to displacement of the eye-
ball or entrapment of inferior rectus and inferior oblique 
muscles.

 4.  Hypoaesthesia or anaesthesia of cheek and upper lip, if 
infraorbital nerve is involved.

DIAGNOSIS
Waters’ view shows a convex opacity bulging into the antrum 
from above (tear-drop opacity). CT scans may confirm the 
diagnosis (Figure 34.5). Entrapment of inferior rectus and 
inferior oblique muscles is diagnosed by asking the patient 
to look up and down, or by the traction test. The latter is 
performed by grasping the globe and passively rotating it to 
check for restriction of its movements.

TREATMENT
Indications for surgery include enophthalmos and persis-
tent diplopia due to entrapment of muscle. Orbital floor 
fractures can be satisfactorily reduced by a finger passed 
into the antrum through a transantral approach. A pack can 
be kept in the antrum to support the fragments. Infraor-
bital approach, through a skin crease of the lower lid, can 
also be used either alone or in combination with transan-
tral approach. Badly comminuted fractures of orbital floor 
can be repaired by a bone graft from the iliac crest, nasal 
septum or the anterior wall of the antrum. Silicon or teflon 
sheets have also been used to reconstruct the orbital floor 
but autogenous grafts are preferable.

Figure 34.4 Blow out fracture with herniation of orbital contents into 
the maxillary sinus.

Figure 34.5 CT scan showing blow out fracture of right orbital floor.
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F. FRACTURES OF MAXILLA (FIGURE 34.6)

They are classified into three types:

 1.  Le Fort I (transverse) fracture runs above and parallel to 
the palate. It crosses lower part of nasal septum, maxil-
lary antra and the pterygoid plates.

 2.  Le Fort II (pyramidal) fracture passes through the root of 
nose, lacrimal bone, floor of orbit, upper part of maxil-
lary sinus and pterygoid plates. This fracture has some 
features common with the zygomatic fractures.

 3.  Le Fort III (craniofacial dysjunction). There is complete 
separation of facial bones from the cranial bones. The 
fracture line passes through root of nose, ethmofrontal 
junction, superior orbital fissure, lateral wall of orbit, 
frontozygomatic and temporozygomatic sutures and the 
upper part of pterygoid plates.

CLINICAL FEATURES
 1.  Malocclusion of teeth with anterior open bite.
 2.  Elongation of midface.
 3.  Mobility in the maxilla.
 4.  CSF rhinorrhoea. Cribriform plate is injured in Le Fort II 

and Le Fort III fractures.

DIAGNOSIS
X-rays, helpful in diagnosis of maxillary fractures are Waters’ 
view, posteroanterior view, lateral view and the CT scans. 

They help to delineate fracture lines and the displacement 
of fragments.

TREATMENT
Treatment of maxillary fractures is complex. Immediate 
attention is paid to restore the airway and stop severe haem-
orrhage from maxillary artery or its branches. For good 
cosmetic and functional results, fractures should be treated 
as early as the patient’s condition permits. Associated 
intracranial and cervical spine injuries may delay specific  
treatment.

Fixation of maxillary fractures can be achieved by:

 1.  Interdental wiring.
 2.  Intermaxillary wiring using arch bars.
 3.  Open reduction and interosseous wiring as in zygomatic 

fractures.
 4.  Wire slings from frontal bone, zygoma or infraorbital rim 

to the teeth or arch bars.

III. FRACTURES OF LOWER THIRD

FRACTURES OF MANDIBLE

Fractures of mandible have been classified according to their 
location (Figure 34.7). Condylar fractures are the most com-
mon. They are followed, in frequency, by fractures of the 
angle, body and symphysis (mnemonic CABS). Fractures of 
the ramus, coronoid and alveolar processes are uncommon.

Multiple fractures are seen as frequently as single ones. 
Most of the mandibular fractures are the result of direct 
trauma; however, condylar fractures are caused by indirect 
trauma to the chin or opposite side of the body of mandi-
ble. Displacement of mandibular fractures is determined by  
(i) the pull of muscles attached to the fragments, (ii) direction 
of fracture line and (iii) bevel of the fracture.

CLINICAL FEATURES
In fractures of condyle, if fragments are not displaced, pain 
and trismus are the main features and tenderness is elicited 
at the site of fracture. If fragments are displaced, there is in 
addition, malocclusion of teeth and deviation of jaw to the 
opposite side on opening the mouth.

Most of the fractures of angle, body and symphysis can be diag-
nosed by intraoral and extraoral palpation. Step deformity, 
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Figure 34.6 Fractures of maxilla: (A) Le Fort I, (B) Le Fort II and  
(C) Le Fort III.
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Figure 34.7 Fractures of mandible (Dingman’s classification). Condylar fractures are the most common, followed by those of the angle, body 
and symphysis of mandible. Remember CABS.
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malocclusion of teeth, ecchymosis of oral mucosa, tender-
ness at the site of fracture and crepitus may be seen.

DIAGNOSIS
X-rays useful in mandibular fractures are PA view of the skull 
(for condyle), right and left oblique views of mandible and 
the panorex view.

TREATMENT
Both closed and open methods are used for reduction and 
fixation of the mandibular fractures.

In closed methods, interdental wiring and intermaxillary 
fixation are useful. External pin fixation can also be used.

In open methods, fracture site is exposed and fragments 
fixed by direct interosseous wiring. This is further strength-
ened by a wire tied in a figure of eight manner. These days, 
compression plates are available to fix the fragments. With 
their use, prolonged immobilization and intermaxillary fix-
ation can be avoided.

Condylar fractures are also treated by intermaxillary fix-
ation with arch bars and rubber bands. Sometimes, open 
reduction and interosseous wiring may be required in adult 
edentulous patients with bilateral condylar fractures or in 
fractures of children.

Immobilization of mandible beyond 3 weeks, in con-
dylar fractures, can cause ankylosis of temporomandibu-
lar joints. Therefore, intermaxillary wires are removed 
and jaw exercises started. If occlusion is still disturbed, 
intermaxillary wires are reapplied for another week and 
the process repeated till the bite and jaw movements are 
normal.

OROANTRAL FISTULA

It is a communication between the antrum and oral cavity. 
The fistulous opening may be situated on the alveolus or 
gingivolabial sulcus.

AETIOLOGY
 1.  Dental extraction is the most important cause. Roots 

of second premolar and upper molars (first and some-
times second and third) are closely related to the 
antral cavity and their extraction may lead to fistula 

formation. Presence of apical tooth abscess predis-
poses to it.

 2.  Failure of sublabial incision to heal after Caldwell–Luc 
operation.

 3.  Erosion of antrum by carcinoma.
 4.  Fractures or penetrating injuries of maxilla.
 5.  Osteitis of maxilla, syphilis or malignant granuloma.

CLINICAL FEATURES
 1.  Regurgitation of food. Food or fluids pass from oral cav-

ity into the antrum and thence into the nose.
 2.  Discharge. Antrum is always infected. Foul-smelling dis-

charge is seen, filling the nose or exuding from the fistu-
lous opening into the mouth.

 3.  Inability to build positive or negative pressure in the 
mouth. Patient will have difficulty to blow the wind instru-
ments or drink through a straw. To drink through a straw, 
negative pressure has to be created in the oral cavity. This 
cannot be done in the presence of an oroantral fistula as 
air gets drawn from nose to antrum to oral cavity. Reverse 
is true when blowing wind instruments; instead of build-
ing a positive pressure in the oral cavity, air is blown out 
from the oral cavity to antrum and out through the nose.

DIAGNOSIS
A probe can be passed from the fistulous opening in the oral 
cavity into the antrum.

TREATMENT
Recent fistula. When fistula is discovered immediately after 
tooth extraction and there is no infection or a retained 
tooth in the antrum, conservative treatment with suturing 
of gum margins and a course of antibiotics is effective.

Chronic fistula or a large fistula. It requires surgical repair 
by a palatal or a buccal flap. Maxillary sinusitis is first treated 
by repeated irrigations and antibiotics. Squamous-lined fis-
tulous track is excised, bony edges of the fistula are smooth-
ened and prepared for the flaps to sit properly. Caldwell–Luc 
operation may be required to remove a retained tooth root 
or a foreign body, clear the antrum of diseased mucosa and 
to provide a nasoantral window for free drainage. Some fis-
tulas are better closed by a dental obturator. The latter also 
permits observation of antral cavity particularly in those 
treated for cancer.
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ANATOMY OF PARANASAL SINUSES

Paranasal sinuses are air-containing cavities in certain bones 
of skull. They are four on each side. Clinically, paranasal 
sinuses have been divided into two groups:

 1.  Anterior group. This includes maxillary, frontal and 
anterior ethmoidal. They all open in the middle meatus 
and their ostia lie anterior to basal lamella of middle 
turbinate.

 2.  Posterior group. This includes posterior ethmoidal 
sinuses which open in the superior meatus and the sphe-
noid sinus which opens in sphenoethmoidal recess.

MAXILLARY SINUS (ANTRUM OF HIGHMORE)
It is the largest of paranasal sinuses and occupies the body 
of maxilla. It is pyramidal in shape with base towards lateral 
wall of nose and apex directed laterally into the zygomatic 
process of maxilla and sometimes in the zygomatic bone 
itself (Figure 35.1). On an average, maxillary sinus has a 
capacity of 15 mL in an adult. It is 33 mm high, 35 mm deep 
and 25 mm wide.

Relations

	•	 	Anterior wall is formed by facial surface of maxilla and is 
related to the soft tissues of cheek.

	•	 	Posterior wall is related to infratemporal and pterygopala-
tine fossae.

	•	 	Medial wall is related to the middle and inferior meatuses. 
At places, this wall is thin and membranous. It is related to 
uncinate process, anterior and posterior fontanelle, and 
inferior turbinate and meatus.

	•	 	Floor is formed by alveolar and palatine processes of the 
maxilla and is situated about 1 cm below the level of floor 
of nose (Figure 35.1). Usually it is related to the roots of 
second premolar and first molar teeth. Depending on 
the age of the person and pneumatization of the sinus, 
the roots of all the molars, sometimes the premolars and 
canine, are in close relation to the floor of maxillary sinus 
separated from it by a thin lamina of bone or even no 
bone at all. Oroantral fistulae can result from extraction 
of any of these teeth. Dental infection is also an important 
cause of maxillary sinusitis.

    Ostium of the maxillary sinus is situated high up in medial 
wall and opens in the posteroinferior part of ethmoidal 
infundibulum into the middle meatus. It is unfavourably 
situated for natural drainage. An accessory ostium is also 
present behind the main ostium in 30% of cases.

	•	 	Roof of the maxillary sinus is formed by the floor of the 
orbit. It is traversed by infraorbital nerve and vessels.

FRONTAL SINUS
Each frontal sinus is situated between the inner and outer 
tables of frontal bone, above and deep to the supraorbital 
margin. It varies in shape and size and is often loculated by 
incomplete septa. The two frontal sinuses are often asym-
metric and the intervening bony septum is thin and often 
obliquely placed or may even be deficient. Frontal sinus 
may be absent on one or both sides or it may be very large 
extending into orbital plate in the roof of the orbit. Its aver-
age dimensions are: height 32 mm, breadth 24 mm and 
depth 16 mm (remember code 8, i.e. 8 × 4, 8 × 3 and 8 × 2).

Anterior wall of the sinus is related to the skin over the 
forehead; inferior wall, to the orbit and its contents; and pos-
terior wall to the meninges and frontal lobe of the brain.

Drainage of the frontal sinus is through its ostium into the 
frontal recess. In fact frontal sinus, its ostium and the frontal 
recess form an hour glass structure. Frontal recess is situated 
in the anterior part of middle meatus and is bounded by the 
middle turbinate (medially), lamina papyracea (laterally), 
agger nasi cells (anteriorly) and bulla ethmoidalis (poste-
riorly). It may be encroached by several anterior ethmoidal 
cells, which may obstruct its ventilation and drainage and 
lead to sinusitis. Frontal recess drains into the infundibulum 
or medial to it, depending on the superior attachment of 
the uncinate process (refer to Figure 23.6).

35Anatomy and Physiology of  
Paranasal Sinuses
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Figure 35.1 Coronal section showing relationship of maxillary and 
ethmoidal sinuses to orbit and the nasal cavity. Floor of maxillary 
sinus is about 1 cm below the floor of nose.
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Due to encroachment of small air cells in the frontal 
recess, the drainage pathway may be reduced to a straight or 
more often tortuous pathway which was earlier called naso-
frontal duct. It is an erroneous term as no true duct exists.

ETHMOIDAL SINUSES (ETHMOID AIR CELLS)
Ethmoidal sinuses are thin-walled air cavities in the lateral 
masses of ethmoid bone. Their number varies from 3 to 18.  
They occupy the space between upper third of lateral nasal 
wall and the medial wall of orbit. Clinically, ethmoidal cells 
are divided by the basal lamina into an anterior ethmoid 
group which opens into the middle meatus and posterior eth-
moid group which opens into the superior meatus and into 
supreme meatus, if that be present.

Roof of the ethmoid is formed by medial extension of the 
orbital plate of the frontal bone, which shows depressions on 
its undersurface, called fovea ethmoidalis. The lateral wall is 
formed by a thin plate of bone called lamina papyracea.

Anterior Group

Important ethmoid cells in the anterior group include:

 1.  Agger nasi cells – present in the agger nasi ridge.
 2.  Ethmoid bulla – forms the posterior boundary of the hia-

tus semilunaris.
 3.  Supraorbital cells.
 4.  Frontoethmoid cells – situated in the area of the frontal 

recess and may encroach the frontal sinus.
 5.  Haller cells – situated in the floor of the orbit.

Posterior Group

The posterior group of ethmoid sinuses lies posterior to the 
basal lamina of middle concha. They are 1–7 in number and 
open into superior meatus or in the supreme meatus, when 
present. One important cell of this group is sphenoethmoid 
cell, also called the Onodi cell. It is the most posterior cell of 
this group and extends along the lamina papyracea, lateral 
or superior to the sphenoid and may extend 1.5 cm behind 
the anterior face of sphenoid. Optic nerve and sometimes 
the carotid artery are related to it laterally and are in danger 
during endoscopic surgery.

At birth anterior ethmoids are 5 × 2 × 2 mm and posterior 
ethmoids are 5 × 4 × 2 mm. They attain their adult size by 
the 12th year.

SPHENOID SINUS
It occupies the body of sphenoid. The two, right and left 
sinuses, are rarely symmetrical and are separated by a thin 
bony septum which is often obliquely placed and may even 
be deficient (compare frontal sinus) (Figures 35.2 and 35.3). 
Ostium of the sphenoid sinus is situated high up in the ante-
rior wall and opens into the sphenoethmoidal recess, medial 
to the superior or supreme turbinate. It may be slit like, oval 
or round and can be seen endoscopically. In adults, it is situ-
ated about 1.5 cm from the upper border of choana. The 
average distance from the anterior nasal spine to the ostium 
is about 7 cm.

An adult sphenoid sinus is about 2 cm high, 2 cm deep 
and 2 cm wide, but its pneumatization varies. In some cases 
pneumatization may extend into greater or lesser wing of 
sphenoid, pterygoid or clivus, i.e. basilar part of occipital 
bone.

Relations of the Sphenoid Sinus

Lateral wall of the sphenoid is related to the optic nerve and 
carotid artery. The opticocarotid recess can be seen in between  
the two. It may extend laterally when the anterior clinoid pro-
cesses are also pneumatized. Maxillary nerve may be related 
to lower part of the lateral wall of sphenoid. The optic nerve 
and internal carotid artery are usually covered by a thin bone, 
but sometimes this bony covering may be dehiscent, and then 
these structures lie exposed, covered only by mucosa.

Floor of the sinus is related to the Vidian nerve. Relation 
of the roof can be divided into two parts. Anterior part of 
the roof is related to the olfactory tract, optic chiasma and 
frontal lobe, while posterior part is related to the pituitary 
gland in the sella turcica and laterally to the cavernous sinus. 
Posterior wall of the sphenoid forms the clivus.

Relations of the sphenoid sinus are important in endo-
scopic skull base surgery.

MUCOUS MEMBRANE OF PARANASAL SINUSES

Paranasal sinuses are lined by mucous membrane which is 
continuous with that of the nasal cavity through the ostia 
of sinuses. It is thinner and less vascular compared to that 
of the nasal cavity. Histologically, it is ciliated columnar 
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Figure 35.2 Coronal section of sphenoid sinuses. Note the reliefs 
made by various structures in the cavity of sphenoid sinus. Optic 
nerve forms the superolateral ridge.
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Figure 35.3 Relations of sphenoid sinus.
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epithelium with goblet cells which secrete mucus. Cilia are 
more marked near the ostia of sinuses and help in drainage 
of mucus into the nasal cavity.

DEVELOPMENT OF PARANASAL SINUSES

Paranasal sinuses develop as outpouchings from the mucous 
membrane of lateral wall of nose. At birth, only the maxil-
lary and ethmoidal sinuses are present and are large enough 
to be clinically significant.

Growth of sinuses continues during childhood and early 
adult life. Radiologically, maxillary sinuses can be identified 
at 4–5 months, ethmoids at 1 year, frontals at 6 years and 
sphenoids at 4 years (Table 35.1).

LYMPHATIC DRAINAGE

The lymphatics of maxillary, ethmoid, frontal and sphe-
noid sinuses form a capillary network in their lining 
mucosa and collect with lymphatics of nasal cavity. Then 

Table 35.1  Development and growth of paranasal sinuses

Status at birth Growth First radiologic evidence

Maxillary Present at birth
Volume 6–8 mL

Rapid growth from birth to 3 years and from 7–12 
years. Adult size – 15 years

4–5 months after birth

Ethmoid 	•	 	Present at birth
	•	 	Anterior group: 5 × 2 × 2 mm
	•	 	Posterior group: 5 × 4 × 2 mm

Reach adult size by 12 years 1 year

Frontal Not present Invades frontal bone at the age of 4 years. Size 
increases until teens and complete development 
by 20 years

6 years

Sphenoid Not present Reaches sella turcica by the age of 7 years, dorsum 
sellae by late teens and basisphenoid by adult age 
Reaches full size between 15 years to adult age

4 years
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Figure 35.4 Mucociliary clearance of paranasal sinuses. (A) Maxillary sinus. (B) Frontal sinus. (C) Anterior and posterior group of sinuses.  
See text for details.
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they drain into lateral retropharyngeal and/or jugulodi-
gastric nodes.

PHYSIOLOGY OF PARANASAL SINUSES

VENTILATION OF SINUSES

Ventilation of paranasal sinuses takes place through their 
ostia. During inspiration, air current causes negative pres-
sure in the nose. This varies from −6 mm to −200 mm H2O, 
depending on the force of inspiration. During expira-
tion, positive pressure is created in the nose and this sets 
up eddies which ventilate the sinuses. Thus, ventilation of 
sinuses is paradoxical; they are emptied of air during inspi-
ration and filled with air during expiration. This is just the 
reverse of what takes place in lungs which fill during inspira-
tion and empty during expiration.

MUCOCILIARY CLEARANCE OF SINUSES

Maxillary sinus. Mucus from all the walls of the maxillary 
sinus—anterior, medial, posterior, lateral and roof—is trans-
ported by the cilia to the natural ostium and then through it 
into the middle meatus (Figure 35.4A). Mucus always drains 
from the natural ostium, even though accessory ostia be pres-
ent in the fontanelle. It is also observed that inferior meatal 
antrostomy made in Caldwell–Luc operation provides ven-
tilation to the sinuses, but it does not help in mucociliary 
clearance which still takes place through the natural ostium.

Frontal sinus. Mucociliary clearance of the frontal sinus 
is unique (see Figure 35.4B). Mucus travels up along the 
interfrontal septum, along the roof of the lateral wall, along 
the floor and then exits through the natural ostium. At two 
points, one just above the ostium and other in the frontal 
recess, part of the mucus recycles through the sinus and this 

may carry infection of the frontal recess and sinuses drain-
ing into it, towards the frontal sinus. Circulation is anticlock-
wise in the right and clockwise in the left frontal sinus.

Sphenoid sinus. Mucociliary clearance is towards its ostium 
into the sphenoethmoidal recess.

Ethmoid sinus. Mucus from anterior group of ethmoid 
sinuses joins that from the frontal and maxillary sinuses and 
travels towards eustachian tube, passing in front of torus 
tubarius into the nasopharynx. Mucus from posterior eth-
moids drains into superior or supreme meatus and then 
joins the mucus from the sphenoid sinus in the sphenoeth-
moidal recess, passes above and behind the torus tubarius 
into the nasopharynx (Figure 35.4C).

It is noted that infected discharge from the anterior group 
of sinuses, passes behind the posterior pillars and causes hyper-
trophy of lateral pharyngeal bands. Discharge from posterior 
group of sinuses spreads over the posterior pharyngeal wall.

FUNCTIONS OF PARANASAL SINUSES

It is not clear why nature provided paranasal sinuses. Prob-
able functions are:

 1.  Air-conditioning of the inspired air by providing large 
surface area over which the air is humidified and warmed.

 2.  To provide resonance to voice.
 3.  To act as thermal insulators to protect the delicate struc-

tures in the orbit and the cranium from variations of 
intranasal temperature.

 4.  To lighten the skull bones.
 5.  To provide extended surface for olfaction; olfactory 

mucosa is situated in the upper part of nasal cavity and 
extends over ethmoid as well.

 6.  To provide local immunologic defence against microbes.
 7.  To act as buffers against trauma and thus protect brain 

against injury, e.g. frontal, ethmoid and sphenoid sinuses.
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Acute inflammation of sinus mucosa is called acute sinusitis. 
The sinus most commonly involved is the maxillary followed 
in turn by ethmoid, frontal and sphenoid. Very often, more 
than one sinus is infected (multisinusitis). Sometimes, all 
the sinuses of one or both sides are involved simultaneously 
(pansinusitis unilateral or bilateral).

Sinusitis may be “open” or “closed ” type depending on 
whether the inflammatory products of sinus cavity can drain 
freely into the nasal cavity through the natural ostia or not. 
A “closed” sinusitis causes more severe symptoms and is also 
likely to cause complications.

AETIOLOGY OF SINUSITIS IN GENERAL

A. EXCITING CAUSES

 1.  Nasal infections. Sinus mucosa is a continuation of nasal 
mucosa and infections from nose can travel directly by 
continuity or by way of submucosal lymphatics. Most 
common cause of acute sinusitis is viral rhinitis followed 
by bacterial invasion.

 2.  Swimming and diving. Infected water can enter the sinuses 
through their ostia. High content of chlorine gas in swim-
ming pools can also set up chemical inflammation.

 3.  Trauma. Compound fractures or penetrating injuries of 
sinuses—frontal, maxillary and ethmoid—may permit 
direct infection of sinus mucosa. Similarly, barotrauma 
may be followed by infection.

 4.  Dental infections. This applies to maxillary sinus. Infection 
from the molar or premolar teeth or their extraction may 
be followed by acute sinusitis.

B. PREDISPOSING CAUSES

LOCAL
 1.  Obstruction to sinus ventilation and drainage. Normally, 

sinuses are well-ventilated. They also secrete small amount 
of mucus, which by ciliary movement, is directed towards 
the sinus ostia from where it drains into the nasal cavity. 
Any factor(s) which interfere with this function can cause 
sinusitis due to stasis of secretions in the sinus. They are:

 (a)  Nasal packing
 (b)  Deviated septum
 (c)  Hypertrophic turbinates
 (d)  Oedema of sinus ostia due to allergy or vasomotor 

rhinitis

 (e)  Nasal polypi
 (f)  Structural abnormality of ethmoidal air cells
 (g)  Benign or malignant neoplasm.
 2.  Stasis of secretions in the nasal cavity. Normal secretions 

of nose may not drain into the nasopharynx because of 
their viscosity (cystic fibrosis) or obstruction (enlarged 
adenoids, choanal atresia) and get infected.

 3.  Previous attacks of sinusitis. Local defences of sinus 
mucosa are already damaged.

GENERAL
	•	  Environment. Sinusitis is common in cold and wet cli-

mate. Atmospheric pollution, smoke, dust and overcrowd-
ing also predispose to sinus infection.

	•	 	Poor general health. Recent attack of exanthematous 
fever (measles, chickenpox, whooping cough), nutritional 
 deficiencies and systemic disorders (diabetes, immune 
deficiency syndromes).

BACTERIOLOGY

Most cases of acute sinusitis start as viral infections fol-
lowed soon by bacterial invasion. The bacteria most often 
responsible for acute suppurative sinusitis are Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, 
Streptococcus pyogenes, Staphylococcus aureus and Klebsiella pneu-
moniae. Anaerobic organisms and mixed infections are seen 
in sinusitis of dental origin.

PATHOLOGY OF SINUSITIS

Acute inflammation of sinus mucosa causes hyperaemia, exu-
dation of fluid, outpouring of polymorphonuclear cells and 
increased activity of serous and mucous glands. Depending on 
the virulence of organisms, defences of the host and capabil-
ity of the sinus ostium to drain the exudates, the disease may 
be mild (nonsuppurative) or severe (suppurative). Initially, 
the exudate is serous; later it may become mucopurulent 
or purulent. Severe infections cause destruction of mucosal 
lining. Failure of ostium to drain results in empyema of the 
sinus and destruction of its bony walls leading to complica-
tions. Dental infections are very fulminating and soon result 
in suppurative sinusitis.

Infections of individual sinuses are dealt within this 
chapter.

36Acute Sinusitis
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ACUTE MAXILLARY SINUSITIS

AETIOLOGY

 1.  Most commonly, it is viral rhinitis which spreads to involve 
the sinus mucosa. This is followed by bacterial invasion.

 2.  Diving and swimming in contaminated water.
 3.  Dental infections are important source of maxillary 

sinusitis. Roots of premolar and molar teeth are related 
to the floor of sinus and may be separated only by a thin 
layer of mucosal covering. Periapical dental abscess may 
burst into the sinus; or the root of a tooth, during extrac-
tion, may be pushed into the sinus. In case of oroantral 
fistula, following tooth extraction, bacteria from oral 
cavity enter the maxillary sinus.

 4.  Trauma to the sinus such as compound fractures, pen-
etrating injuries or gunshot wounds may be followed by 
sinusitis.

PREDISPOSING FACTORS
One or more of the predisposing factors enumerated for 
sinusitis in general may be responsible for acute or recur-
rent infection.

CLINICAL FEATURES

Clinical features depend on (i) severity of inflammatory 
process and (ii) efficiency of ostium to drain the exudates. 
Closed ostium sinusitis is of greater severity and leads more 
often to complications.

 1.  Constitutional symptoms. It consist of fever, general mal-
aise and body ache. They are the result of toxaemia.

 2.  Headache. Usually, this is confined to forehead and may 
thus be confused with frontal sinusitis.

 3.  Pain. Typically, it is situated over the upper jaw, but may 
be referred to the gums or teeth. For this reason patient 
may primarily consult a dentist. Pain is aggravated by 
stooping, coughing or chewing. Occasionally, pain is 
referred to the ipsilateral supraorbital region and thus 
may simulate frontal sinus infection.

 4.  Tenderness. Pressure or tapping over the anterior wall of 
antrum produces pain.

 5.  Redness and oedema of cheek. Commonly seen in chil-
dren. The lower eyelid may become puffy.

 6.  Nasal discharge. Anterior rhinoscopy/nasal endoscopy 
shows pus or mucopus in the middle meatus. Mucosa of the 
middle meatus and turbinate may appear red and swollen.

Postural test. If no pus seen in the middle meatus, it is 
decongested with a pledget of cotton soaked with a vaso-
constrictor and the patient is made to sit with the affected 
sinus turned up. Examination after 10–15 min may show 
discharge in the middle meatus.

 7.  Postnasal discharge. Pus may be seen on the upper soft 
palate on posterior rhinoscopy or nasal endoscopy.

DIAGNOSIS

	•	 	Transillumination test. Affected sinus will be found opaque.
	•	 	X-rays. Waters’ view will show either an opacity or a fluid level 

in the involved sinus. Computed tomography (CT) scan is 
the preferred imaging modality to investigate the sinuses.

TREATMENT

MEDICAL
 1.  Antimicrobial drugs. Ampicillin and amoxicillin are quite 

effective and cover a wide range of organisms. Eryth-
romycin or doxycycline or cotrimoxazole are equally 
effective and can be given to those who are sensitive to 
penicillin. β-lactamase-producing strains of H. influenzae 
and M. catarrhalis may necessitate the use of amoxicillin/
clavulanic acid or cefuroxime axetil. Sparfloxacin is also 
effective, and has the advantage of single daily dose.

 2.  Nasal decongestant drops. One per cent ephedrine or 
0.1% xylo- or oxymetazoline are used as nasal drops or 
sprays to decongest sinus ostium and encourage drainage.

 3.  Steam inhalation. Steam alone or medicated with men-
thol or Tr. Benzoin Co. provides symptomatic relief and 
encourages sinus drainage. Inhalation should be given 
15–20 min after nasal decongestion for better penetration.

 4.  Analgesics. Paracetamol or any other suitable analgesic 
should be given for relief of pain and headache.

 5.  Hot fomentation. Local heat to the affected sinus is often 
soothing and helps in the resolution of inflammation.

SURGICAL
Antral lavage. Most cases of acute maxillary sinusitis respond 
to medical treatment. Lavage is rarely necessary. It is done 
only when medical treatment has failed and that too only 
under cover of antibiotics.

COMPLICATIONS

 1.  Acute maxillary sinusitis may change to subacute or chronic 
sinusitis.

 2.  Frontal sinusitis. Due to obstruction of frontal sinus 
drainage pathway because of oedema.

 3.  Osteitis or osteomyelitis of the maxilla.
 4.  Orbital cellulitis or abscess. Infection spreads to the 

orbit because of oedema either directly from the roof 
of  maxillary sinus or indirectly, after involvement of 
 ethmoid sinuses.

ACUTE FRONTAL SINUSITIS

AETIOLOGY

 1.  Usually follows viral infections of upper respiratory tract 
followed later by bacterial invasion.

 2.  Entry of water into the sinus during diving or swimming.
 3.  External trauma to the sinus, e.g. fractures or penetrat-

ing injuries.
 4.  Oedema of middle meatus, secondary to associated ipsi-

lateral maxillary or ethmoid sinus infection.

Predisposing factors, pathology and bacteriology are the 
same as in acute sinusitis in general.

CLINICAL FEATURES

 1.  Frontal headache. Usually severe and localized over the 
affected sinus. It shows characteristic periodicity, i.e. 
comes up on waking, gradually increases and reaches its 
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peak by about mid day and then starts subsiding. It is also 
called “office headache” because of its presence only dur-
ing the office hours.

 2.  Tenderness. Pressure upwards on the floor of frontal 
sinus, just above the medial canthus, causes exquisite 
pain. It can also be elicited by tapping over the anterior 
wall of frontal sinus in the medial part of supraorbital 
region.

 3.  Oedema of upper eyelid with suffused conjunctiva and 
photophobia.

 4.  Nasal discharge. A vertical streak of mucopus is seen high 
up in the anterior part of the middle meatus. This may 
be absent if the ostium is closed with no drainage. Nasal 
mucosa is inflamed in the middle meatus.

X-rays. Opacity of the affected sinus or fluid level can be 
seen. Both Waters’ and lateral views should be taken. CT 
scan is the preferred modality.

TREATMENT

MEDICAL

This is same as for acute maxillary sinusitis, i.e. antimicrobials, 
decongestion of the sinus ostium for drainage and analgesics. 
A combination of antihistaminic with an oral nasal deconges-
tant (pseudoephedrine or phenylephrine hydrochloride) is 
useful. Placing a pledget of cotton soaked in a vasoconstric-
tor in the middle meatus, once or twice daily, helps to relieve 
ostial oedema and promotes sinus drainage and ventilation. 
If patient shows response to medical treatment and pain is 
relieved, treatment is continued for full 10 days to 2 weeks.

SURGICAL
Trephination of frontal sinus. If there is persistence or 
exacerbation of pain or pyrexia in spite of medical treat-
ment for 48 h, or if the lid swelling is increasing and threat-
ening orbital cellulitis, frontal sinus is drained externally. A 
2 cm long horizontal incision is made in the superomedial 
aspect of the orbit below the eyebrow (Figure 36.1). Floor 
of frontal sinus is exposed and a hole drilled with a burr. 
Pus is taken for culture and sensitivity, and a plastic tube 
inserted and fixed. Sinus can now be irrigated with nor-
mal saline two or three times daily until frontonasal duct 

becomes patent. This can be determined by adding a few 
drops of methylene blue to the irrigating fluid and its exit 
seen through the nose. Drainage tube is removed when 
frontonasal duct becomes patent.

COMPLICATIONS

 1.  Orbital cellulitis.
 2.  Osteomyelitis of frontal bone and fistula formation.
 3.  Meningitis, extradural abscess or frontal lobe abscess, if 

infection breaks through the posterior wall of the sinus.
 4.  Chronic frontal sinusitis, if the acute infection is 

neglected or improperly treated.

ACUTE ETHMOID SINUSITIS

AETIOLOGY

Acute ethmoiditis is often associated with infection of other 
sinuses. Ethmoid sinuses are more often involved in infants 
and young children.

CLINICAL FEATURES

 1.  Pain. It is localized over the bridge of the nose, medial 
and deep to the eye. It is aggravated by movements of the 
eye ball.

 2.  Oedema of lids. Both eyelids become puffy and swollen. 
There is increased lacrimation. Orbital cellulitis is an 
early complication in such cases.

 3.  Nasal discharge. On anterior rhinoscopy, pus may be 
seen in middle or superior meatus depending on the 
involvement of anterior or posterior group of ethmoid 
sinuses.

 4.  Swelling of the middle turbinate.

TREATMENT

Medical treatment is the same as for acute maxillary sinusitis.
Visual deterioration and exophthalmos indicate abscess 

in the posterior orbit and may require drainage of the eth-
moid sinuses into the nose through an external ethmoidec-
tomy incision.

COMPLICATIONS

 1.  Orbital cellulitis and abscess.
 2.  Visual deterioration and blindness due to involvement of 

optic nerve.
 3.  Cavernous sinus thrombosis.
 4.  Extradural abscess, meningitis or brain abscess.

ACUTE SPHENOID SINUSITIS

AETIOLOGY

Isolated involvement of sphenoid sinus is rare. It is often a 
part of pansinusitis or is associated with infection of poste-
rior ethmoid sinuses.Figure 36.1 Trephination of right frontal sinus.
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CLINICAL FEATURES

 1.  Headache. Usually localized to the occiput or vertex. 
Pain may also be referred to the mastoid region.

 2.  Postnasal discharge. It can only be seen on posterior rhi-
noscopy. A streak of pus may be seen on the roof and 
posterior wall of nasopharynx or above the posterior end 
of middle turbinate.

X-rays. Opacity or fluid level may be seen in the sphenoid 
sinus. Lateral view of the sphenoid sinus is taken in supine or 
prone position and is helpful to demonstrate the fluid level. 
CT scan is more useful.

DIFFERENTIAL DIAGNOSIS

Mucocele of the sphenoid sinus or its neoplasms may clinically 
simulate features of acute infection of sphenoid sinus and 
should always be excluded in any case of isolated sphenoid 
sinus involvement.

TREATMENT

Treatment is the same as for acute infection of other 
sinuses.
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CHRONIC SINUSITIS IN GENERAL

Sinus infection lasting for months or years is called chronic 
sinusitis. Most important cause of chronic sinusitis is failure 
of acute infection to resolve.

PATHOPHYSIOLOGY

Acute infection destroys normal ciliated epithelium impairing 
drainage from the sinus. Pooling and stagnation of secretions 
in the sinus invites infection. Persistence of infection causes 
mucosal changes, such as loss of cilia, oedema and polyp for-
mation, thus continuing the vicious cycle (Figure 37.1).

PATHOLOGY

In chronic infections, process of destruction and attempts 
at healing proceed simultaneously. Sinus mucosa becomes 
thick and polypoidal (hypertrophic sinusitis) or under-
goes atrophy (atrophic sinusitis). Surface epithelium may 
show desquamation, regeneration or metaplasia. Submu-
cosa is infiltrated with lymphocytes and plasma cells and 
may show microabscesses, granulations, fibrosis or polyp 
formation.

BACTERIOLOGY

Mixed aerobic and anaerobic organisms are often present.

CLINICAL FEATURES

Clinical features are often vague and similar to those of 
acute sinusitis but of lesser severity. Purulent nasal discharge 
is the commonest complaint. Foul-smelling discharge sug-
gests anaerobic infection. Local pain and headache are 
often not marked except in acute exacerbations. Some 
patients complain of nasal stuffiness and anosmia.

DIAGNOSIS

 1.  X-ray of the involved sinus may show mucosal thickening 
or opacity.

 2.  X-rays after injection of contrast material may show soft 
tissue changes in the sinus mucosa.

 3.  Computed tomography (CT) scan is particularly useful in 
ethmoid and sphenoid sinus infections and has replaced 
studies with contrast materials.

 4.  Aspiration and irrigation: Finding of pus in the sinus is 
confirmatory.

TREATMENT

It is essential to search for underlying aetiological factors 
which obstruct sinus drainage and ventilation. A work-up for 
nasal allergy may be required. Culture and sensitivity of sinus 
discharge helps in the proper selection of an antibiotic.

Initial treatment of chronic sinusitis is conservative, includ-
ing antibiotics, decongestants, antihistaminics and sinus 
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Figure 37.1 Causative factors and pathophysiology of chronic sinusitis.
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irrigations. More often, some form of surgery is required 
either to provide free drainage and ventilation or radical 
surgery to remove all irreversible diseases so as to provide 
wide drainage or to obliterate the sinus.

Recently, endoscopic sinus surgery is replacing radical 
operations on the sinuses and provides good drainage and 
ventilation. It also avoids external incisions.

SURGERY FOR CHRONIC SINUSITIS

CHRONIC MAXILLARY SINUSITIS

 1.  Antral puncture and irrigation. Sinus cavity is irrigated 
with a cannula passed through the inferior meatus. 
Removal of pus and exudates helps the sinus mucosa to 
revert to normal.

 2.  Intranasal antrostomy. It is indicated if sinus irrigations 
fail to resolve infection. A window is created in the infe-
rior meatus to provide aeration to the sinus and its free 
drainage.

 3.  Caldwell–Luc operation. In this operation, antrum is 
entered through its anterior wall by a sublabial incision. 
All irreversible diseases are removed and a window is cre-
ated between the antrum and inferior meatus.

Details of the above operations are described in the section 
on Operative Surgery.

CHRONIC FRONTAL SINUSITIS

 1.  Intranasal drainage operations. Correction of deviated 
septum, removal of a polyp or anterior portion of middle 
turbinate, or intranasal ethmoidectomy provide drainage 
through the frontonasal duct. Treatment of associated max-
illary sinusitis also helps to resolve chronic frontal sinusitis.

 2.  Trephination of frontal sinus (see p. 193).
 3.  External frontoethmoidectomy (Howarth’s or Lynch 

operation). The frontal sinus is entered through its floor 
by a curvilinear incision round the inner margin of the 
orbit. Diseased mucosa is removed, ethmoid cells exen-
terated and a new frontonasal duct created.

 4.  Osteoplastic flap operation. It may be unilateral or bilat-
eral. A coronal or a brow incision is used. The anterior wall 
of frontal sinus is reflected as an osteoplastic flap, based 
inferiorly. The diseased tissues are removed and the sinus 
drained through a new frontonasal duct. If it is desired to 
obliterate the sinus, all diseased as well as healthy mucosa 
are stripped off and the sinus obliterated with fat.

CHRONIC ETHMOID SINUSITIS

 1.  Intranasal ethmoidectomy. This operation is done for 
chronic ethmoiditis with polyp formation. The ethmoid 
air cells and the diseased tissue are removed between 
the middle turbinate and the medial wall of orbit by the 
intranasal route. The frontal and sphenoid sinuses can 
also be drained by this operation.

 2.  External ethmoidectomy. In this operation, ethmoid 
sinuses are approached through medial orbital incision. 
Access can also be obtained to sphenoid and frontal sinuses 
and the operation is called fronto-spheno-ethmoidectomy.

CHRONIC SPHENOIDITIS

Sphenoidotomy. Access to the sphenoid sinus can be 
obtained by removal of its anterior wall. This is accomplished 
by external ethmoidectomy or trans-septal approach, usu-
ally the former, because of the coexistence of ethmoid dis-
ease with chronic sphenoiditis.

FUNGAL INFECTIONS OF SINUSES

Many different species of fungi are found to involve the 
paranasal sinuses; the more common being the Aspergillus, 
Alternaria, Mucor or Rhizopus. They may involve single or 
multiple sinuses. Four different varieties of fungal infection 
of sinuses are seen:

 1.  Fungal ball. It is due to implantation of fungus into an 
otherwise healthy sinus which on CT shows a hyperdense 
area with no evidence of bone erosion or expansion. 
Maxillary sinus is the most commonly involved followed 
by sphenoid, ethmoid and the frontal in that order. Treat-
ment is surgical removal of the fungal ball and adequate 
drainage of the sinus. No antifungal therapy is required.

 2.  Allergic fungal sinusitis. It is an allergic reaction to the 
causative fungus and presents with sinunasal polyposis 
and mucin. The latter contains eosinophils, Charcot-
Leyden crystals and fungal hyphae. There is no invasion 
of the sinus mucosa with fungus. Usually more than one 
sinus are involved on one or both sides. CT scan shows 
mucosal thickening with hyperdense areas. There may be 
expansion of the sinus or bone erosion due to pressure, 
but no fungal invasion. Treatment is endoscopic surgical 
clearance of the sinuses with provision of drainage and 
ventilation. This is combined with pre and postoperative 
systemic steroids.

 3.  Chronic invasive sinusitis. Here the fungus invades into 
the sinus mucosa. There is bone erosion by fungus. Patient 
presents with chronic rhinosinusitis. CT scan shows thick-
ened mucosa with opacification of sinus and bone erosion. 
Patient may have intracranial or intraorbital invasion. 
Histopathology shows fungal invasion of submucosa and 
granulomatous reaction with multinucleated giant cells.

Treatment consists of surgical removal of the involved 
mucosa, bone and soft tissues followed by antifungal ther-
apy with i.v. amphotericin B. Up to a total of 2–3 g of the 
drug is given. This is followed by itraconazole therapy for 
12 months or more monitored by serial CT or MRI scans.

 4.  Fulminant fungal sinusitis. It is an acute presentation 
and is mostly seen in immunocompromised or dia-
betic  individuals. Common fungal species are Mucor or 
 Aspergillus (Figure 37.2).

	 •	 	Mucor causes rhinocerebral disease. Due to invasion of 
the blood vessels, mucor fungus causes ischaemic necro-
sis presenting as a black eschar, involving inferior turbi-
nate, palate or the sinus. It spreads to the face, eye, skull 
base and the brain. Treatment is surgical debridement 
of necrotic tissue and i.v. amphotericin B.

	 •	 	Aspergillus infection can also cause acute fulminant 
sinusitis with tissue invasion. Such patients present with 
acute sinusitis and develop sepsis and other sinus com-
plications. Unlike Mucor infection, there is no black 
eschar. Treatment is antifungal therapy and surgery.
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FUNCTIONAL ENDOSCOPIC SURGERY  
OF SINUSES (FIGURES 37.3 AND 37.4)

Better understanding of the pathophysiology of recurrent 
and chronic sinusitis and the fact that most of the changes are 
reversible, if proper drainage and ventilation is provided to 
the sinuses has, in more recent years, led to the development 
of endoscopic surgery of sinuses. This has further been made 
possible by advances in technology, such as development of:

 1.  Rigid endoscopes, which provide better illumination and 
magnification and permit visualization of structures situ-
ated at different angles.

 2.  Microsurgical instruments, which permit precise and lim-
ited surgery, directed at specific sites, to remove obstruc-
tion to the sinus ostia.

Endoscopes can also be passed through a cannula into the 
maxillary sinus to visualize its interior and take accurate 
biopsies or deal with certain pathological conditions such as 
small cysts and polyps.

With endoscopic surgery, it is now possible to cure selected 
cases of chronic and recurrent infections of the frontal, 
maxillary, ethmoid and sphenoid sinuses without resort to 
external operations (see section on Operative Surgery).

A BB

Figure 37.2 Aspergillus fungus. Note septate hyphae with acute angle branching (arrow). (A) H&E stain, x200. (B) Gomori methenamine silver 
stain, x200.

Figure 37.3 Functional endoscopic surgery of paranasal sinuses 
without monitor and camera. Figure 37.4 Endoscopic surgery in progress. Endoscope and other 

surgical instruments are passed through the nose and surgery per-
formed by looking at the monitor.
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As long as infection is confined only to the sinus mucosa, it 
is called sinusitis. Complications are said to arise when infec-
tion spreads into or beyond the bony wall of the sinus (see 
Table 38.1 and Figure 38.1).

I. LOCAL COMPLICATIONS

A. MUCOCELE OF PARANASAL SINUSES AND 
MUCOUS RETENTION CYSTS

The sinuses commonly affected by mucocele in the order of 
frequency are the frontal, ethmoidal, maxillary and sphe-
noidal. There are two views in the genesis of a mucocele:

 1.  Chronic obstruction to sinus ostium resulting in accumu-
lation of secretions which slowly expand the sinus and 
destroy its bony walls.

 2.  Cystic dilatation of mucous gland of the sinus mucosa due 
to obstruction of its duct. In this case, wall of mucocele 
is surrounded by normal sinus mucosa. The contents of 
mucocele are sterile.

Mucocele of the frontal sinus (Figure 38.2) usually presents in 
the superomedial quadrant of the orbit (90%) and displaces 
the eyeball forward, downward and laterally. The swelling 
is cystic and nontender; egg-shell crackling may be elicited. 
Sometimes, it presents as a cystic swelling in the forehead 
(10%). Patient’s complaints are usually mild and may include 
headache, diplopia and proptosis. Imaging of the frontal 
sinus usually reveals clouding of the sinus with loss of scal-
loped outline which is so typical of the normal frontal sinus 
(see Figure 38.3). Treatment is frontoethmoidectomy with 
free drainage of frontal sinus into the middle meatus.

Mucocele of ethmoid sinuses causes expansion of the medial 
wall of the orbit, displacing the eyeball forward and laterally. 
In addition, it may cause a bulge in the middle meatus of 
nose. A mucocele of the ethmoid can be drained by an 
intranasal operation, uncapping the ethmoidal bulge and 
establishing free drainage. Sometimes, it may require external 
ethmoid operation.

Mucous retention cyst of the maxillary sinus presents as a 
retention cyst due to obstruction of the duct of seromuci-
nous gland and usually does not cause bone erosion. It is 
asymptomatic and is observed as an incidental finding on 
radiographs. No treatment is generally required for asymp-
tomatic retention cysts as most of them regress spontane-
ously over a period of time.

Mucocele of the maxillary sinus can occur as a complica-
tion of chronic sinus inflammation when its ostium is 

blocked. The sinus fills with mucus and its bony walls get 
expanded due to expansile process. CT scan and MRI 
can help in the diagnosis. A polyp, tumour or trauma in 
the middle meatus may also obstruct the sinus ostium to 
cause a mucocele.

Mucocele of sphenoid sinus or sphenoethmoidal mucocele arises 
from slow expansion and destruction of sphenoid and poste-
rior ethmoid sinuses. Clinical features are those of superior 
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Figure 38.1 Complications of sinusitis.

Table 38.1  Complications of paranasal sinus 
infection

 A.  Local 	•	 	Mucocele/Mucopyocele
	•	 	Mucous retention cyst
	•	 	Osteomyelitis
	 •	 	Frontal bone (more common)
	 •	 	Maxilla

 B.  Orbital 	•	 	Preseptal inflammatory oedema of 
lids

	•	 	Subperiosteal abscess
	•	 	Orbital cellulitis
	•	 	Orbital abscess
	•	 	Superior orbital fissure syndrome
	•	 	Orbital apex syndrome

 C.  Intracranial 	•	 	Meningitis
	•	 	Extradural abscess
	•	 	Subdural abscess
	•	 	Brain abscess
	•	 	Cavernous sinus thrombosis

 D.  Descending 
infections

 E.  Focal infections
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orbital fissure syndrome (involvement of CN III, IV, VI and 
ophthalmic division of V) or orbital apex syndrome which 
is superior orbital fissure syndrome with additional involve-
ment of optic and maxillary division of trigeminal nerve. 
Exophthalmos is always present and the pain is localized 
to the orbit or forehead. Some may complain of headache 
in the occiput or vertex. Treatment is external ethmoidec-
tomy with sphenoidotomy. Anterior wall of the sphenoid 
sinus is removed, cyst wall uncapped and its fluid contents 
evacuated.

Pyocele or mucopyocele is similar to mucocele but its contents 
are purulent. It can result from infection of a mucocele of 
any of the sinuses.

Endoscopic surgery has replaced external operation of 
the sinuses for treatment of all mucocele or mucopyoceles 
of various sinuses.

B. OSTEOMYELITIS

Osteomyelitis is infection of bone marrow and should be dif-
ferentiated from osteitis which is infection of the compact 
bone. Osteomyelitis, following sinus infection, involves either 
the maxilla or the frontal bone.

 1.  Osteomyelitis of the maxilla. It is more often seen in 
infants and children than adults because of the pres-
ence of spongy bone in the anterior wall of the maxilla. 
Infection may start in the dental sac and then spread to 
the maxilla, but less often, it is primary infection of the 
maxillary sinus. Clinical features are erythema, swelling 
of cheek, oedema of lower lid, purulent nasal discharge 
and fever. Subperiosteal abscess followed by fistulae may 
form in infraorbital region (Figure 38.4), alveolus or 
palate, or in zygoma. Sequestration of bone may occur. 
Treatment consists of large doses of antibiotics, drainage 
of any abscess and removal of the sequestra.

Osteomyelitis of maxilla may cause damage to tempo-
rary or permanent tooth-buds, maldevelopment of maxilla, 
oroantral fistula, persistently draining sinus or epiphora.

 2.  Osteomyelitis of frontal bone (Figure 38.5). It is more 
often seen in adults as frontal sinus is not developed in 
infants and children. Osteomyelitis of frontal bone results 
from acute infection of frontal sinus either directly or 
through the venous spread. It can also follow trauma or 
surgery of frontal sinus in the presence of acute infec-
tion. Pus may form externally under the periosteum as 
soft doughy swelling (Pott’s puffy tumour), or internally as 
an extradural abscess. Treatment consists of large doses 
of antibiotics, drainage of abscess and trephining of fron-
tal sinus through its floor. Sometimes, it requires removal Figure 38.2 Mucocele of frontal sinus. Note swelling above the 

medial canthus of left eye (arrow).

Figure 38.3 CT scan of mucocele of the left frontoethmoid region. 
Note the left eyeball has been displaced downwards and laterally 
(arrows) (different patient).

Figure 38.4 Osteomyelitis of maxilla with fistula formation in infra-
orbital region (arrow).
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of sequestra and necrotic bone by raising a scalp flap 
through a coronal incision (Figure 38.5).

II. ORBITAL COMPLICATIONS

Orbit and its contents are closely related to the ethmoid, 
frontal and maxillary sinuses, but most of the complica-
tions, however, follow infection of ethmoids as they are 
separated from the orbit only by a thin lamina of bone—
lamina papyracea. Infection travels from these sinuses 
either by osteitis or as thrombophlebitic process of eth-
moidal veins.

Orbital complications include:

 1.  Inflammatory oedema of lids. This is only reactionary. 
There is no erythema or tenderness of the lids which 
characterises lid abscess. It involves only preseptal space, 
i.e. lies in front of orbital septum. Eyeball movements 
and vision are normal. Generally, upper lid is swollen in 
frontal, lower lid in maxillary, and both upper and lower 
lids in ethmoid sinusitis.

 2.  Subperiosteal abscess. Pus collects outside the bone 
under the periosteum. A subperiosteal abscess from 

ethmoids forms on the medial wall of orbit and displaces 
the eyeball forward, downward and laterally; from the 
frontal sinus, abscess is situated just above and behind the 
medial canthus and displaces the eyeball downwards and 
laterally; from the maxillary sinus, abscess forms in the 
floor of the orbit and displaces the eyeball upwards and 
forwards.

 3.  Orbital cellulitis. When pus breaks through the perios-
teum and finds its way into the orbit, it spreads between 
the orbital fat, extraocular muscles, vessels and nerves. 
Clinical features will include oedema of lids, exophthal-
mos, chemosis of conjunctiva and restricted movements 
of the eye ball. Vision is affected causing partial or total 
loss which is sometimes permanent. Patient may run high 
fever. Orbital cellulitis is potentially dangerous because 
of the risk of meningitis and cavernous sinus thrombosis.

 4.  Orbital abscess. Intraorbital abscess usually forms along 
lamina papyracea or the floor of frontal sinus. Clinical 
picture is similar to that of orbital cellulitis. Diagnosis 
can be easily made by CT scan or ultrasound of the orbit. 
Treatment is i.v. antibiotics and drainage of the abscess 
and that of the sinus (ethmoidectomy or trephination of 
frontal sinus).

 5.  Superior orbital fissure syndrome. Infection of sphenoid 
sinus can rarely affect structures of superior orbital fis-
sure. Symptoms consist of deep orbital pain, frontal 
headache and progressive paralysis of CN VI, III and IV, 
in that order.

 6.  Orbital apex syndrome. It is superior orbital fissure syn-
drome with additional involvement of the optic nerve and 
maxillary division of the trigeminal (V2) (Figure 38.6).

III. INTRACRANIAL COMPLICATIONS

Frontal, ethmoid and sphenoid sinuses are closely related 
to anterior cranial fossa and infection from these can cause:

 1.  Meningitis and encephalitis
 2.  Extradural abscess
 3.  Subdural abscess
 4.  Brain abscess
 5.  Cavernous sinus thrombosis.

Figure 38.5 Case of chronic frontal sinusitis presenting with a fistula 
in the floor of the sinus.

Lamina
papyracea

Orbital
periosteum
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Figure 38.6 Orbital complications of sinusitis. (A) Normal. (B) Subperiosteal abscess. (C) Orbital abscess.
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CAVERNOUS SINUS THROMBOSIS

Aetiology. Infection of paranasal sinuses, particularly those 
of ethmoid and sphenoid and less commonly the frontal, 

and orbital complications from these sinus infections can 
cause thrombophlebitis of the cavernous sinus(es). Other 
sources of infection are listed in Table 38.2. The valveless 
nature of the veins connecting the cavernous sinus causes 
easy spread of infection.

Clinical features. Onset of cavernous sinus thrombophle-
bitis is abrupt with chills and rigors. Patient is acutely ill. 
Eyelids get swollen with chemosis and proptosis of eyeball. 
Cranial nerves III, IV and VI which are related to the sinus 
get involved individually and sequentially causing total oph-
thalmoplegia. Pupil becomes dilated and fixed, optic disc 
shows congestion and oedema with diminution of vision. 
Sensation in the distribution of V1 (ophthalmic division of 
CN V) is diminished. CSF is usually normal. Condition needs 
to be differentiated from orbital cellulitis (Table 38.3). CT 
scan is useful for this.

Treatment. It consists of i.v. antibiotics and attention 
to the focus of infection, drainage of infected ethmoid 
or sphenoid sinus. Blood culture should be taken before 
starting antibiotic therapy. Role of anticoagulants is not 
clear.

IV. DESCENDING INFECTIONS

In suppurative sinusitis, discharge constantly flows into the 
pharynx and can cause or aggravate:

 1.  Otitis media (acute or chronic).
 2.  Pharyngitis and tonsillitis. Hypertrophy of lateral lym-

phoid bands behind the posterior pillars (lateral phar-
yngitis) is indicative of chronic sinusitis. It may be 
unilateral and affect the side of the involved sinus. Chronic 
sinusitis may also cause recurrent tonsillitis or granular 
pharyngitis.

 3.  Persistent laryngitis and tracheobronchitis. Sinusitis may 
be associated with recurrent laryngitis, bronchiectasis 
and asthma but the latter are not necessarily caused by 
sinusitis.

V. FOCAL INFECTIONS

The role of sinus infection to act as focus of infection is 
doubtful. A few conditions such as polyarthritis, tenosy-
novitis, fibrositis and certain skin diseases may respond 
to elimination of infection in the sinuses. However, sinus 
infection, if present in these cases, is treated on its own 
merit.

Table 38.2  Source and route of infection in 
cavernous sinus thrombosis

Source Disease Route

Nose and danger 
area of face

Furuncle and 
septal abscess

Pharyngeal plexus

Ethmoid sinuses Orbital cellulites 
or abscess

Ophthalmic veins

Sphenoid sinus Sinusitis Direct
Frontal sinus Sinusitis and 

osteomyelitis 
of frontal bone

Supraorbital and 
ophthalmic 
veins

Orbit Cellulitis and 
abscess

Ophthalmic veins

Upper lid Abscess Angular vein and 
ophthalmic 
veins

Pharynx Acute tonsillitis 
or peritonsillar 
abscess

Pharyngeal plexus

Ear Petrositis Petrosal venous 
sinuses

Table 38.3  Differences between orbital cellulitis  
and cavernous sinus thrombosis

Orbital cellulitis
Cavernous sinus 
thrombosis

Source Commonly ethmoid 
sinuses

Nose, sinuses, 
orbit, ear or 
pharynx

Onset Slow; starts with 
oedema of eyelids  
the inner canthus 
→ chemosis → 
proptosis

	•	 	Abrupt with high 
fever and chills 
with near signs of 
toxaemia

	•	 	Oedema of 
eyelids, chemosis 
and proptosis

Cranial nerve 
involvement

Involved concurrently  
with complete 
ophthalmoplegia

Involved individually 
and sequentially

Laterality Often involves one eye Involves both eyes
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Both benign and malignant tumours of the nasal cavity 
(Table 39.1) per se are uncommon. Very often their separa-
tion from tumours of paranasal sinuses is difficult except in 
early stages. In addition to primary tumours, nasal cavity can 
be invaded by growths from paranasal sinuses, nasopharynx, 
cranial or buccal cavity.

Benign lesions are usually smooth, localized and covered 
with mucous membrane. Malignant ones are usually friable, 
have a granular surface and tend to bleed easily.

BENIGN NEOPLASMS

1. Squamous papilloma. Verrucous lesions similar to skin 
warts can arise from the nasal vestibule or lower part of nasal 
septum. They may be single or multiple, pedunculated or 
sessile (Figure 39.1). Treatment is local excision with cauter-
ization of the base to prevent recurrence. They can also be 
treated by cryosurgery or laser.

2. Inverted papilloma (Transitional cell papilloma or Ring-
ertz tumour or Schneiderian papilloma). It is a tumour of the 
nonolfactory mucosa of nose (Schneiderian membrane) and 
paranasal sinuses. Most common site of origin is lateral wall 
of nose in the middle meatus; less commonly it arises from 
the maxillary, frontal or sphenoid sinus (Figure 39.2). It is so 
named because hyperplastic papillomatous tissue grows into 
the stroma rather than in exophytic manner (Figure 39.3).  
Human papilloma virus is thought to be responsible for its 
aetiology. Clinically, men are affected more than women in 
the age group of 40–70. It is almost always unilateral and pres-
ents with nasal obstruction, nasal discharge and epistaxis. It 
can invade sinuses or orbit. Orbital involvement causes pro-
ptosis, diplopia and lacrimation.

On examination of nose or endoscopy, it presents as a pale 
polypoidal mass resembling a simple nasal polypus or polypi.

Computed tomography (CT) and magnetic resonance 
imaging (MRI) show the location and extent of the lesion. 
MRI also helps to differentiate associated secretions in sinus 
from the actual tumour mass. Biopsy is essential for diagnosis.

Care should be taken as simple nasal polypi may be associ-
ated with it or even the patient might have been operated 
for their removal.

Treatment. Medial maxillectomy is the treatment of choice. 
It can be performed by lateral rhinotomy or sublabial deglov-
ing approach. These days endoscopic approach is preferred. 
In 10–15% of cases, it is associated with malignancy.

Wider external surgical approaches may be required for 
tumour extending to the frontal sinus or orbit. Recurrence can 
occur. Radiotherapy is not advised as it may induce malignancy.

3. Pleomorphic adenoma. Rare tumour, usually arises from 
the nasal septum. Treatment is wide surgical excision.

4. Schwannoma. Schwannoma is an uncommon benign 
tumour arising from the nose or paranasal sinuses. The 
latter include ethmoid, maxillary and sphenoid sinuses. It 
arises from the Schwann cells of nerve sheath.

Clinically it presents a rounded mass, firm in consistency, 
yellowish in colour and may show blood vessels running on 
its surface. It can cause pressure necrosis of the surrounding 
bones. Imaging techniques, CT and MRI, are useful to show 
the extent. Diagnosis is made on biopsy. Treatment is surgi-
cal excision. They can be removed by endoscopic surgery or 
by external approaches.

39 Benign and Malignant 
Neoplasms of Nasal Cavity

Figure 39.1 Squamous papilloma nose, left side.

Table 39.1  Tumours of nasal cavity

Benign Malignant

	•	 	Squamous papilloma
	•	 	Inverted papilloma
	•	 	Pleomorphic adenoma
	•	 	Schwannoma
	•	 	Meningioma
	•	 	Haemangioma
	•	 	Chondroma
	•	 	Angiofibroma
	•	 	Encephalocele
	•	 	Glioma
	•	 	Dermoid

	•	 	Carcinoma
	 •	 	Squamous cell carcinoma
	 •	 	Adenocarcinoma
	•	 	Malignant melanoma
	•	 	Esthesioneuroblastoma
	•	 	Haemangiopericytoma
	•	 	Lymphoma
	•	 	Solitary plasmacytoma
	•	 	Various types of sarcoma



203 CHAPTER 39 — BENIGN AND MALIGNANT NEOPLASMS OF NASAL CAVITY

5. Meningioma. It is an uncommon tumour found intrana-
sally. Treatment is surgical excision by lateral rhinotomy.

6. Haemangioma. It may be:

 (a)  Capillary haemangioma (bleeding polypus of the septum). It is 
a soft, dark red, pedunculated or sessile tumour arising 
from the anterior part of nasal septum (Figure 39.4). 
Usually it is smooth but may become ulcerated and 
present with recurrent epistaxis and nasal obstruction. 
Treatment is local excision with a cuff of surrounding 
mucoperichondrium.

 (b)  Cavernous haemangioma. It arises from the turbinates on 
the lateral wall of nose. It is treated by surgical excision 
with preliminary cryotherapy. Extensive lesions may 
require radiotherapy and surgical excision.

7. Chondroma. It can arise from the ethmoid, nasal cavity or 
nasal septum. Pure chondromas are smooth, firm and lobu-
lated. Others may be mixed type fibro-, osteo- or angiochon-
dromas. Treatment is surgical excision. For recurrent or large 
tumours, wide excision should be done because of their ten-
dency to malignant transformation after repeated interference.

8. Angiofibroma. It is included in nasal tumours because its 
primary site of origin is supposed to be posterior part of 
nasal cavity near the sphenopalatine foramen (see p. 246).

9. Intranasal meningoencephalocele. It is herniation of 
brain tissues and meninges through foramen caecum or 
cribriform plate. It presents as a smooth polyp in the upper 
part of nose between the septum and middle turbinate, usu-
ally in infants and young children. The mass increases in size 
on crying or straining. Unless care is taken, it may be misdi-
agnosed as a simple polyp and mistakenly avulsed, resulting 
in cerebrospinal fluid rhinorrhoea or meningitis. For the 
same reason biopsy should not be taken. CT scan is essential 
to demonstrate a defect in the base of skull. Treatment is 
frontal craniotomy, severing the stalk from the brain, and 
repair of dural and bony defect. Intranasal mass is removed 
as secondary procedure after cranial defect has sealed.

10. Gliomas. Of all the gliomas, 60% are extranasal, 30% 
are intranasal and 10% both intra and extranasal. They are 
seen in infants and children. An intranasal glioma pres-
ents as a firm polyp sometimes protruding at the anterior 
nares.

A B

Figure 39.2 (A) Inverted papilloma in a 79-year-old male (right side). (B) CT scan of the same.

Figure 39.3 Histological section of a Schneiderian papilloma show-
ing ribbons of thickened epithelial proliferations growing downwards 
into the stroma (H&E, x40).

Figure 39.4 Bleeding polypus arising from right side of nasal 
septum.
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11. Nasal dermoid. It presents as widening of upper part 
of nasal septum with splaying of nasal bones and hyper-
telorism. A pit or a sinus may be seen in the midline of nasal 
dorsum with hair protruding from the opening.

MALIGNANT NEOPLASMS

1. Carcinoma of nasal cavity. Primary carcinoma per se is 
rare. It may be an extension of maxillary or ethmoid carci-
noma. Squamous cell variety is the most common, seen in 
about 80% of cases. Rest may be adenoid cystic carcinoma 
or an adenocarcinoma.

 (a)  Squamous cell carcinoma. It may arise from the vestibule, 
anterior part of nasal septum or the lateral wall of nasal 
cavity. Most of them are seen in men past 50 years of age.

 (i)  Vestibular. It arises from the lateral wall of nasal 
vestibule and may extend into the columella, nasal 
floor and upper lip with metastases to parotid 
nodes.

 (ii)  Septal. Mostly arises from mucocutaneous junc-
tion and causes burning and soreness in the nose. 
It has often been termed “nose-picker’s cancer.”  
Usually, it is of low-grade malignancy.

 (iii)  Lateral wall. This is the site most commonly 
involved. Easily extends into ethmoid or maxillary 
sinuses. Grossly, it presents as a polypoid mass in 
the lateral wall of nose. Metastases are rare. Treat-
ment is combination of radiotherapy and surgery.

 (b)  Adenocarcinoma and adenoid cystic carcinoma. They arise 
from the glands of mucous membrane or minor sali-
vary glands and mostly involve upper part of the lateral 
wall of nasal cavity.

2. Malignant melanoma. Usually seen in persons about 50 
years of age. Both sexes are equally affected. Grossly, it pres-
ents as a slaty-grey or bluish-black polypoid mass. Within the 
nasal cavity, most frequent site is anterior part of nasal septum 
followed by middle and inferior turbinate. Amelanotic vari-
eties are nonpigmented. Tumour spreads by lymphatics and 
blood stream. Cervical nodal metastases may be present at the 
time of initial examination. Treatment is wide surgical exci-
sion. Immunological defences of the patient play a great role 
in the control of this disease. Radiotherapy and chemotherapy 
suppress the immune processes and are avoided. A 5-year sur-
vival rate of 30% can be expected after wide surgical excision.

3. Esthesioneuroblastoma (Syn. olfactory neuroblastoma). 
Also called olfactory placode tumour as it arises from the 
olfactory epithelium in the upper third of nose. Bimodal 
peaks of incidence at 10–20 and 50–60 years are seen. 
Most common symptoms are unilateral nasal obstruction 
and epistaxis. When tumour invades orbit and the sur-
rounding structures, other symptoms like proptosis, head-
ache, epiphora, diplopia and blurred vision can also arise. 
Lymph node metastases in the neck can occur in 10–15%.

Intranasal or endoscopic examination of nose reveals a fri-
able cherry-red, polypoidal mass in the upper third of nasal 
cavity. It is a vascular tumour and biopsy should not be imme-
diately attempted unless imaging studies have been done.

High-resolution CT scan shows the extent of lesion. It 
may show destruction or erosion of the cribriform plate or 

orbital wall. MRI with enhancement will reveal extension 
into the orbit or intracranially.

Biopsy of tumour reveals true nature of the tumour. It 
may be low grade with formation of pseudorosettes or high 
grade with nuclear pleomorphism but no rosette formation. 
It may require special staining to differentiate from other 
tumours.

It should be differentiated from lymphoma, melanoma, 
plasmacytoma, rhabdomyosarcoma, undifferentiated carci-
noma and neuroendocrine carcinoma.

Treatment. Treatment protocols differ between institu-
tions. They are:

 (a)  Craniofacial resection with adjuvant radiation.
 (b)  Preoperative radiation followed by craniofacial resection.
 (c)  Preoperative chemotherapy and radiation followed 

by craniofacial resection for advanced lesions extend-
ing to orbit, cribriform plate and intracranially. Neck 
nodes if present are also radiated.

Craniofacial resection is done by osteoplastic flap expos-
ing the anterior cranial fossa while facial approach is 
through lateral rhinotomy or midfacial degloving. En-block 
removal of tumour can thus be accomplished. Defect in the 
base of skull is repaired by pericranial flap.

4. Haemangiopericytoma. It is a rare tumour of vascular 
origin. It arises from the pericyte—a cell surrounding the 
capillaries. It is usually seen in the age group of 60–70 and 
presents with epistaxis. Brisk bleeding may occur on biopsy. 
The tumour may be benign or malignant but it cannot be dis-
tinguished histologically. Treatment is wide surgical excision. 
Radiotherapy is used for inoperable or recurrent lesions.

5. Lymphoma. Rarely a non-Hodgkin lymphoma presents 
on the septum.

6. Plasmacytoma. Solitary plasmacytoma without gener-
alized osseous disease may be seen in the nasal cavity. It 
predominantly affects males over 40 years. Treatment is 
by radiotherapy followed 3 months later by surgery if total 
regression does not occur. Long-term follow-up is essential 
to exclude development of multiple myeloma.

7. Sarcomas. Osteogenic sarcoma, chondrosarcoma, rhab-
domyosarcoma (Figure 39.5), angiosarcoma, malignant his-
tiocytoma are other rare tumours affecting the nose.

Figure 39.5 Rhabdomyosarcoma of the nose in a 2½-years-old 
male child.
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Paranasal sinuses may be affected by both benign and malig-
nant neoplasms but the latter are much more common.

BENIGN NEOPLASMS

1. Osteomas. They are most commonly seen in the frontal 
sinus followed in turn by those of ethmoid and maxillary. 
They may remain asymptomatic, being discovered inciden-
tally on X-rays (Figure 40.1). Treatment is indicated when 
they become symptomatic, causing obstruction to the sinus 
ostium, formation of mucocele, pressure symptoms due to 
their growth in the orbit, nose or cranium.

2. Fibrous dysplasia. In this condition, bone is replaced 
by fibrous tissue; mostly involves maxillary but sometimes 
the ethmoid and frontal sinuses. Patient seeks advice for 
disfigurement of the face, nasal obstruction and displace-
ment of the eye. Treatment is surgical resculpturing of the 
involved bone to achieve a good cosmetic and functional 
result (Figure 40.2).

3. Ossifying fibroma. Seen in young adults. The tumour can 
be shelled out easily.

4. Ameloblastoma (adamantinoma). It is a locally aggressive 
tumour that arises from the odontogenic tissue and invades 
the maxillary sinus. Treatment is surgical excision.

Other rare tumours include inverted papilloma, meningioma 
and haemangioma (see Chapter 39).

MALIGNANT NEOPLASMS

1. Incidence. Cancer of nose and paranasal sinuses consti-
tutes 0.44% of all body cancers in India (0.57% in males 
and 0.44% in females). Most frequently involved are the 
maxillary sinuses followed in turn by ethmoids, frontal and 
sphenoid.

2. Aetiology. Cause of sinus malignancy is largely unknown. 
People working in hardwood furniture industry, nickel 
refining, leather work and manufacture of mustard gas have 
shown higher incidence of sinunasal cancer. Cancer of the 
maxillary sinus is common in Bantus of South Africa where 
locally made snuff is used, which is found rich in nickel and 
chromium.

Workers of furniture industry develop adenocarci-
noma of the ethmoids and upper nasal cavity, while those 
engaged in nickel refining get squamous cell and anaplastic 
carcinoma.

3. Histology. More than 80% of the malignant tumours are 
of squamous cell variety. Rest are adenocarcinoma, adenoid 
cystic carcinoma, melanoma and various types of sarcomas 
(Figures 40.3 and 40.4).

CARCINOMA OF MAXILLARY SINUS

It arises from the sinus lining and may remain silent for a 
long time giving only vague symptoms of “sinusitis.” It then 
spreads to destroy the bony confines of the maxillary sinus 
and invades the surrounding structures.

CLINICAL FEATURES (FIGURE 40.5)
Disease is common in 40–60 age group with preponderance 
in males.

 1.  Early features of maxillary sinus malignancy are nasal 
stuffiness, blood-stained nasal discharge, facial paraes-
thesias or pain and epiphora. These symptoms may be 
missed or simply treated as sinusitis.

 2.  Late features will depend on the direction of spread and 
extent of growth.

40Neoplasms of  
Paranasal Sinuses

Figure 40.1 Osteoma right frontal sinus (arrow).
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A B

Figure 40.2 Fibrous dysplasia of maxilla in a 13-year-old girl. (A) As seen externally. (B) After retraction of the lip.

Figure 40.3 Photomicrograph showing adenocarcinoma having 
glandular pattern with neoplastic epithelial cells lining them. The cells 
contain intracytoplasmic mucin (black arrow) (H&E, x200).

Fat spaces

Keratin pearl

Figure 40.4 Photomicrograph showing well-differentiated squa-
mous cell carcinoma with pearl formation (H&E, x200).

A B

Figure 40.5 Antroethmoidal carcinoma left side. Note (A) swelling of left cheek and (B) expansion of alveolus and palate.
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 3.  Medial spread to nasal cavity gives rise to nasal obstruc-
tion, discharge and epistaxis. It may also spread into 
anterior and posterior ethmoid sinuses and that is 
why most antral malignancies are antroethmoidal in 
nature.

 4.  Anterior spread causes swelling of the cheek and later 
invasion of the facial skin.

 5.  Inferior spread causes expansion of alveolus with dental 
pain, loosening of teeth, poor fitting of dentures, ulcer-
ation of gingiva and swelling in the hard palate.

 6.  Superior spread invades the orbit causing proptosis, diplo-
pia, ocular pain and epiphora.

 7.  Posterior spread is into pterygomaxillary fossa, pterygoid 
plates and the muscles causing trismus. Growth may also 
spread to the nasopharynx, sphenoid sinus and base of 
skull.

 8.  Intracranial spread can occur through ethmoids, cribriform 
plate or foramen lacerum.

 9.  Lymphatic spread. Nodal metastases are uncommon and 
occur only in the late stages of disease. Submandibular 
and upper jugular nodes are enlarged. Maxillary and 
ethmoid sinuses drain primarily into retropharyngeal 
nodes, but these nodes are inaccessible to palpation.

 10.  Systemic metastases are rare. May be seen in the lungs 
(most commonly) and occasionally in bone.

DIAGNOSIS
 1.  Radiograph of sinuses. Opacity of the involved sinus with 

expansion and destruction of the bony walls.
 2.  Computed tomography (CT) scan. If available, this is the 

best noninvasive method to find the extent of disease. CT 
scan should be done both in axial and coronal planes. It 
also helps in the staging of disease.

 3.  Biopsy. If growth presents in the nose or mouth, biopsy 
can be easily taken. In early cases, with suspicion of malig-
nancy, sinus should be explored by Caldwell–Luc opera-
tion. Direct visualization of the site of tumour in the sinus 
also helps in staging of the tumour.

Endoscopy of the nose and maxillary sinus will provide 
detailed examination. An accurate biopsy can also be taken. 
This route is preferred to Caldwell-Luc approach.

CLASSIFICATION
There is no universally accepted classification for maxillary 
carcinoma.

 1.  Ohngren’s classification. An imaginary plane is drawn, 
extending between medial canthus of eye and the angle 
of mandible (Figure 40.6). Growths situated above this 
plane (suprastructural) have a poorer prognosis than 
those below it (intrastructural).

 2.  AJCC (American Joint Committee on Cancer) classifica-
tion (Tables 40.1–40.3). AJCC classification is only for 
squamous cell carcinoma and does not include nonepi-
thelial tumours of lymphoid tissue, soft tissue, cartilage 
and bone. Histopathologically, squamous cell carcinoma 
is further graded into:

 (a)  Well-differentiated,
 (b)  Moderately differentiated and
 (c)  Poorly differentiated.

In histopathology, note should also be made of vascular 
or perineural invasion.

 3.  Lederman’s classification (Figure 40.7). It uses two hori-
zontal lines of Sebileau; one passing through the floors 
of orbits and the other through floors of antra, thus 
dividing the area into:

 (a)  Suprastructure. Ethmoid, sphenoid and frontal sinuses 
and the olfactory area of nose.

 (b)  Mesostructure. Maxillary sinus and the respiratory 
part of nose.

 (c)  Infrastructure. Containing alveolar process. This clas-
sification further uses vertical lines, extending down 
the medial walls of orbit to separate ethmoid sinuses 
and nasal fossa from the maxillary sinuses.

The student may note here that suprastructure and infra-
structure of Lederman’s classification is not the same as in 
Ohngren’s classification.

TREATMENT
Histologically, nature of malignancy is important in decid-
ing the line of treatment as is the location and extent of 
disease.

Ohngren’s
line

Suprastructure

Infrastructure

Figure 40.6 Ohngren’s line extends from medial canthus of eye 
to the angle of mandible. Growths anteroinferior to this plane (infra-
structural) have a better prognosis than those posterosuperior to it 
(suprastructural).

Suprastructure Orbit

Meso-
structure

Infrastructure

Figure 40.7 Lederman’s classification.
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Early cases with Stage I and II squamous cell carcinomas 
are treated with surgery (Figures 40.8 and 40.9) or radiation 
with equal results. T3 and T4 lesions are treated by combined 
modalities of radiation and surgery. Radiation in such cases 
may be given preoperatively or postoperatively. Preoperative 
dose of radiation is 5500 cGy. Similarly postoperative dose 
of radiation used is 5000–5500 cGy. Now three-dimensional 
conformal radiotherapy and intensity-modulated techniques 
of radiotherapy cover larger tumour volumes and help to 
reduce side effects of radiation to optic nerves and lens by 
providing accurate and homogenous radiation dose.

Chemoradiation, i.e. chemotherapy and radiation con-
comitantly has also been used for large and inoperable 

tumours by different workers with 5 year survival of more 
than 60%. Intra-arterial infusion of 5-Fu or cisplatin and 
5-Fu with concomitant radiation has also been used with 
good results in preference to deformities created by exten-
sive surgery associated with advanced malignancy.

PROGNOSIS
Survival diminishes with the stage of tumour. Overall  
5 year survival is about 40–50%. However, advances are being 
made in the multimodal therapy with improved techniques 

Table 40.3  Classification of cancer of nasal cavity 
and ethmoid sinuses (AJCC, 2002)

T1 Tumour restricted to any one subsite, with or without 
bony invasion

T2 Tumour invading two subsites in a single region or 
extending to involve an adjacent region within the 
nasoethmoidal complex, with or without bony invasion

T3 Tumour extends to invade the medial wall or floor of the 
orbit, maxillary sinus, palate or cribriform plate

T4a Tumour invades any of the following: anterior orbital 
contents, skin of nose or cheek, minimal extension to 
anterior cranial fossa, pterygoid plates, sphenoid or 
frontal sinuses

T4b Tumour invades any of the following: orbital apex, dura, 
brain, middle cranial nerves other than (V2), nasophar-
ynx or clivus

Table 40.2  Stage grouping of cancer of maxillary  
and ethmoid sinuses

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage III T3 N0 M0

T1 or T2 or T3 with N1 M0

Stage IV A T4 N0 M0

T4 N1 M0

Stage IV B Any T N2 M0

Any T N3 M0

Stage IV C Any T Any N M1

 

Regional lymph nodes and distant metastasis. They are divided in 
the usual manner into N0, N1, N2 & N3 (see p. 228) and M0, M1.

Table 40.1  TNM classification and staging system of cancer of maxillary sinus

Maxillary sinus

T1 Tumour limited to maxillary sinus mucosa with no erosion or destruction of bone.
T2 Tumour causing bone erosion or destruction including extension into the hard palate and/or middle nasal meatus, except exten-

sion to posterior wall of maxillary sinus and pterygoid plates.
T3 Tumour invades any of the following: bone of the posterior wall of maxillary sinus, subcutaneous tissues, floor or medial wall of 

orbit, pterygoid fossa and ethmoid sinuses.
T4a Tumour invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal fossa, cribriform plate, sphenoid or 

frontal sinuses.
T4b Tumour invades any of the following: orbital apex, dura, brain, middle cranial fossa, cranial nerves other than maxillary division 

of trigeminal nerve (V2), nasopharynx or clivus.

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed.
N0 No regional lymph node metastasis.
N1 Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension.
N2 Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm in greatest dimension; or in multiple ipsi-

lateral lymph nodes, none more than 6 cm in greatest dimension; or in bilateral or contralateral lymph nodes, none more than 
6 cm in greatest dimension.

N2a Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm in greatest dimension.
N2b Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest dimension.
N2c Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in greatest dimension.
N3 Metastasis in a lymph node, more than 6 cm in greatest dimension.

Distant metastasis (M)

Mx Distant metastasis cannot be assessed.
M0 No distant metastasis.
M1 Distant metastasis.
 

Source: AJCC, Cancer Staging Manual, fifth ed. Chicago, 2002.
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of radiation delivery with the hope to improve results and 
protect injury to lens and optic nerve.

ETHMOID SINUS MALIGNANCY

Ethmoid sinuses are often involved from extension of the 
primary growth of the maxillary sinus. Primary growth of 
ethmoid sinuses per se is not common.

CLINICAL FEATURES
 1.  Early features include nasal obstruction, blood-stained 

nasal discharge and retro-orbital pain.
 2.  Late features are broadening of the nasal root, lateral dis-

placement of eyeball and diplopia (Figure 40.10). Exten-
sion through cribriform plate may cause meningitis.

 3.  Nodal involvement is not common. Upper nodes may be 
involved.

TREATMENT
CT scan is essential to know the extent of disease and intra-
cranial spread. In early cases, treatment is preoperative 
radiation, followed by lateral rhinotomy and total ethmoid-
ectomy. If cribriform plate is involved, anterior cranial fossa 
is exposed by a neurosurgeon and total exenteration of the 
growth in one piece is accomplished by what is called cranio-
facial resection.

PROGNOSIS
Five-year-cure rate of about 30% can be expected.

FRONTAL SINUS MALIGNANCY

Frontal sinus malignancies are uncommon and are seen in 
the age group of 40–50 years with male predominance (5:1).

Figure 40.8 Weber–Fergusson’s incision used in maxillectomy.

Figure 40.9 (A) Maxillectomy with orbital 
exenteration on the right side. (B) Same 
patient after rehabilitation with a maxillary 
prosthesis and an artificial eye.

A B

Figure 40.10 Carcinoma ethmoid.
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CLINICAL FEATURES
Pain and swelling of the frontal region are the presenting 
features. Growths may erode through the floor of frontal 
sinus and present as a swelling above the medial canthus. 
Growths of frontal sinus may extend through the ethmoids 
into the orbit. Dura of anterior cranial fossa may be involved 
if growth penetrates the posterior wall of the sinus.

TREATMENT
Frontal sinus malignancy is treated by preoperative radiation 
followed by surgery. Surgery includes frontal sinusotomy 

with ethmoid and orbital exenteration. Neurosurgical 
approach may be required to resect the dura of anterior 
cranial fossa, if involved.

SPHENOID SINUS MALIGNANCY

Primary malignancy of the sinus is rare. It has to be differ-
entiated from the inflammatory lesions in this area. Plain 
X-rays, CT scan and biopsy through sphenoidotomy are 
essential to know the nature and extent of disease. Radio-
therapy is the mainstay of treatment.
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Orbit has rigid walls; any space occupying lesion of the orbit 
causes eyeball to protrude forward or also displace in some 
other direction, i.e. medial, lateral, up or down depending 
on location in the orbit. Proptosis should be differentiated 
from pseudoproptosis, i.e. apparently proptosed eyeball 
though it is normal in position. This happens with enoph-
thalmos of the contralateral eye due to previous forgotten 
trauma such as orbital blowout fractures. Lid retraction and 
high myopia can also make the eyeball look proptosed. Pro-
ptosis can be measured by exophthalmometer.

AETIOLOGY

Table 41.1 shows the various conditions causing proptosis 
and can be remembered by the acronym of VEIN.

Various conditions of concern to the ENT surgeon 
include orbital cellulitis or orbital abscess, subperiosteal 
abscess, fungal infections of sinuses, Graves ophthalmopa-
thy, benign and malignant neoplasms of nose and paranasal 
sinuses, such as angiofibroma, inverted papilloma, nasal pol-
yposis, mucoceles, esthesioneuroblastoma, paranasal sinus 
malignancies and trauma following endoscopic surgery.

Some important diseases are described below.

 1.  Idiopathic orbital inflammation. As the name indicates, 
cause is uncertain. It may be diffused or localized to 
specific structures in the orbit, e.g. muscles (myositis), 
lacrimal gland, sclera (scleritis) or optic nerve (perineu-
ritis). Patient complains of dull orbital pain especially on 
eye movements. Proptosis is seen in 70–80% of patients. 
CT scan with enhancement shows enlargement of the 

affected structures. An important feature is involvement 
of muscle and its tendon attached to the globe and differ-
entiates it from thyroid-related disease where only muscle 
belly is involved but not its tendon. Biopsy shows nonspe-
cific inflammation without evidence of vasculitis. Treat-
ment is oral steroids. In some cases, immunosuppression 
with cyclophosphamide, cyclosporine or radiotherapy 
may be required.

 2.  Graves ophthalmopathy. This is the most common cause 
of bilateral and sometimes unilateral proptosis. Patient is 
hyperthyroid but sometimes he is euthyroid or even hypo-
thyroid. Lid retraction and lid lag may be present with 
chemosis and lid oedema. CT scan is useful to differenti-
ate it from idiopathic orbital inflammation (vide supra). 
Visual loss can occur. Extreme proptosis causes corneal 
ulceration and may require orbital decompression which 
nowadays can be done endoscopically through the nose.

 3.  Haemangioma of orbit. It can be cavernous or capillary. 
Cavernous haemangioma is the most common benign tumour 
in adult. It is more common in females in the age group 
of 18–67 years. It manifests as painless, progressive, uni-
lateral proptosis. CT/MRI reveals a round or oval mass 
without associated inflammation or infiltration around 
it. It is an encapsulated mass. Intraconal in location and 
enhances on i.v. contrast. Treatment is complete excision 
with its capsule by lateral orbitotomy.

 4.  Capillary haemangioma. Most common tumour of orbit 
in infants and children. May be isolated or associated 
with a lesion on the upper lid or elsewhere on the skin. 
Most of them involute by age 7. CT/MRI with contrast 

41Proptosis

Table 41.1  Causes of proptosis (Remember the mnemonic VEIN)

Vascular. Venous varix, cavernous haemangioma, carotid-cavernous fistula
Endocrinal. Graves’ disease which may cause bilateral or sometimes even unilateral proptosis
Inflammations and infections. Idiopathic orbital inflammation (pseudotumour of orbit), orbital cellulitis or abscess, mucormycosis or 

aspergillosis of sinuses, Wegener’s granulomatosis, inflammations of lacrimal gland.
Neoplastic. Tumours (both benign and malignant) or tumour-like conditions arising from the orbital contents or its adjoining structures. 

Orbit contains eyeball, optic nerve, muscles, nerves, blood vessels and lacrimal gland and tumour and tumour-like conditions can arise 
from them. They also arise from paranasal sinuses and cranial cavity and invade the orbit.

 (a)  Primary tumours of orbit, its walls or adnexa (lid, lacrimal gland and conjunctiva). Dermoid cyst, cavernous or capillary haemangioma, 
schwannoma, glioma, retinoblastoma, fibrous dysplasia, osteoma, histiocytosis X, orbital meningioma, pleomorphic adenoma of lac-
rimal gland. Malignant tumours include rhabdomyosarcoma, lymphoma, leukaemic deposits, malignant tumours of lacrimal gland and 
melanoma of choroid.

 (b)  Tumours of paranasal sinuses. Mucocele of frontal or ethmoidal sinuses, inverted papilloma, angiofibroma, malignant tumours of 
sinuses.
Tumours from cranial cavity. Meningioma of the sphenoid ridge.

 (c)  Metastatic tumours. Carcinoma breast (most common), lung, prostate, kidney, thyroid, gastrointestinal tract.
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is diagnostic. Tumour is nonencapsulated and infiltrates 
the surrounding structures. Local or systemic steroids 
help to involute the mass. Total excision is not possible.

 5.  Venous varix of the orbit. It presents with positional pro-
ptosis and congestion. Proptosis can also be induced by 
Valsalva manoeuvre. A carotid-cavernous fistula is either 
spontaneous or traumatic; it presents with pulsatile pro-
ptosis, bruit, visual loss, dilated and arterialized blood 
vessels in the conjunctiva or limbus.

 6.  Lymphoma. It is the most common malignant tumour of 
adults. It may be isolated or associated with systemic dis-
ease. Most of the patients are between 50 and 70 years with 
female preponderance. It presents as painless progressive 
exophthalmos. Usually lesions are located anteriorly and 
can be palpated or seen under the conjunctiva. Most of 
them are extraconal. CT shows a homogenous tumour  
without bone involvement. Biopsy is necessary to differ-
entiate it from the benign lymphoid or other tumours. 
Isolated lymphoma can be treated by radiation alone 
while systemic ones require chemotherapy in addition to 
orbital radiation.

 7.  Rhabdomyosarcoma. It is the most common primary malig-
nant tumour of orbit in children and is usually seen at  
6–7 years of age. It can occur even in the newborn. It pres-
ents as painless but progressive proptosis and can spread 
to the adjoining paranasal sinuses. It may be intraconal 
or extraconal. CT is helpful in diagnosis. Biopsy should 
be taken. Treatment is radiation and chemotherapy. Five-
year survival of 90% can be achieved in localized disease.

 8.  Dermoid cyst. It is the most common benign tumour of 
orbit in children. It is due to the trapped ectoderm and 
occurs at suture lines. Deep dermoids of orbit arise from 
the sphenoethmoid or sphenozygomatic sutures. They may 
remain asymptomatic till adult age. They present with pain-
less, progressive proptosis with globe displacement. CT orbit 

may show a cyst with pressure effects (Figure 41.1). Large 
cysts may communicate with temporal fossa, paranasal 
sinuses or the cranial cavity. Treatment is surgical excision.

 9.  Tumours of optic nerve. Glioma of optic nerve is usually 
seen in children and may be associated with neurofibro-
matosis. It causes progressive proptosis and visual loss.

    Meningioma of optic nerve (from arachnoid sheath) 
occurs mostly in the middle-aged women leading to pro-
ptosis and visual loss.

EVALUATION OF PROPTOSIS

A case of proptosis requires a detailed history including 
onset, duration and progression. Associated illnesses (thy-
roid disease, tumours of nose or paranasal sinuses, systemic 
disorders such as leukaemia, lymphoma, Wegener’s granu-
lomatosis) should be looked for. Pain is a feature of inflam-
mation or infection. Visual loss may be present and should 
be documented.

Physical examination should include type of proptosis 
(straight forward or with globe displacement), condition of 
the conjunctiva (swelling, chemosis), scleral appearance, ocu-
lar movements and vision. Note should also be made if the 
proptosis is pulsatile or associated with change in position of 
the head or appears on performing Valsalva (venous varix).

CT and MRI are important and give clue to the type of 
tumour (intraconal/extraconal), smooth or infiltrative, 
location in the orbit and its extent, any changes in the 
adjoining bone or extension to sinuses or cranial cavity. 
They can help to differentiate thyroid orbitopathy from the 
idiopathic orbital inflammation.

Ultrasonography may be required to find abscess or cystic 
lesions.

FNAC or biopsy of the lesion may be required for histo-
logic diagnosis.

A B

Figure 41.1 Dermoid cyst of the right orbit: (A) axial view and (B) coronal view (arrows). Patient presented with a mild proptosis.
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Systemic diseases causing orbital lesions should be investi-
gated as mandated by history and clinical examination and 
relevant investigation.

MANAGEMENT

Imaging techniques help to make a diagnosis. Biopsy of the 
lesion can be taken depending on its location in the orbit. 
Anteriorly located lesions can be approached by lid or con-
junctival incision. Excisional biopsy is useful in encapsulated 
and well-circumscribed lesions such as dermoid, cavernous 
haemangioma and pleomorphic adenoma of the lacrimal 
gland. All cases causing proptosis do not require surgery. 
Medical treatment includes antibiotics in orbital cellulitis, 
steroids in pseudotumour, chemotherapy for lymphoma, 

radiation for malignancies and sometimes pseudotumour. 
Surgery of orbit includes debulking of lymphangioma or 
plexiform neurofibroma to relieve pressure on the optic 
nerve orbital exenteration for mucormycosis and malignan-
cies. Endoscopic orbital decompression may be required 
in Graves ophthalmopathy. Lateral orbitotomy is required 
for lesions of lacrimal gland or those situated intraconally. 
Transcranial approach is used for lesions at the orbital apex 
or those invading intracranially from the orbit or vice versa.

Remember

In children, dermoid cyst of the orbit is the most common 
benign tumour and rhabdomyosarcoma the malignant one.

In adults, cavernous haemangioma is the most common 
benign tumour of orbit and lymphoma the malignant one.
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APPLIED ANATOMY

The oral cavity extends from the lips to the oropharyngeal 
isthmus, i.e. up to the level of anterior pillar of tonsils. It is 
divided into the following sites (Figure 42.1):

 1.  Lips. They form anterior boundary of the oral vestibule.
 2.  Buccal or cheek mucosa. It lines the inner surface of 

cheeks and lips, and extends up to pterygomandibular 
raphe. Anteriorly, it extends to the meeting line of lips.

 3.  Gums (gingivae). They surround the teeth and cover the 
upper and lower alveolar ridges.

 4.  Retromolar trigone. It is a triangular area of mucosa cov-
ering anterior surface of the ascending ramus of man-
dible. Its base is posterior to the last molar while its apex 
is adjacent to the tuberosity of maxilla.

 5.  Hard palate. It forms roof of the oral cavity.
 6.  Oral tongue. Only anterior two-thirds of tongue are 

included in the oral cavity. Posterior one-third or base 
of tongue is situated behind the circumvallate papillae 
and forms part of the oropharynx. Oral tongue is divided 
into tip, lateral borders, dorsum and the undersurface.

 7.  Floor of mouth. It is a crescent-shaped area between 
the gingivae and undersurface of tongue. Anterior por-
tion of the floor is best seen when patient raises the tip 
of tongue to touch the hard palate. Frenulum and sub-
lingual papillae with openings of submandibular ducts 
can be easily seen. Lateral portion of floor of mouth is 

best seen by displacing the lateral surface of tongue in 
medial direction with the help of a tongue depressor.

LYMPHATIC DRAINAGE OF ORAL CAVITY

 1.  Lips. Lower: Medial portion of lower lip drains into sub-
mental and lateral portion to submandibular nodes. 
Upper: Drain into preauricular, infraparotid and subman-
dibular nodes.

 2.  Buccal mucosa. Submental and submandibular nodes.
 3.  Upper and lower alveolar ridges. Buccal aspect of mucosa 

drains into submental and submandibular nodes.
    Lingual aspect of upper alveolus drains into upper deep 

cervical and lateral retropharyngeal nodes.
    Lingual aspect of lower alveolus drains into submandibu-

lar nodes.
 4.  Hard palate. Upper deep cervical and lateral retropha-

ryngeal nodes. Anterior part of palate drains into sub-
mandibular nodes.

 5.  Floor of mouth. Anterior portion of floor of mouth 
drains into submandibular nodes. Lymphatics from this 
area also cross the midline.
Posterior portion drains into upper deep cervical nodes.

 6.  Tongue. Tip of tongue drains into submental and jugulo-
omohyoid nodes, lateral portion drains into ipsilateral, 
submandibular and deep cervical nodes. Central portion 
and base drain into deep cervical nodes of both sides.

42 Anatomy of Oral Cavity

Hard palate

Lip

Buccal mucosa

Retromolar
trigone

Gingiva
Floor of
mouth

Oral tongue
(anterior 2/3)

Figure 42.1 Various sites in oral cavity.
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ULCERS OF ORAL CAVITY

Some of the common ulcers are described in this chapter. 
The causes of the ulcers of oral cavity are listed in Table 43.1.

A. INFECTION

VIRAL
1. Herpangina. It is a coxsackie viral infection mostly affect-
ing children. To begin with, multiple small vesicles appear 
on the faucial pillars, tonsils, soft palate and uvula. They 
rupture to form ulcers which are usually 2–4 mm in size, 
have a yellow base and red areola around them. They sel-
dom persist beyond 1 week.

2. Herpetic gingivostomatitis. Also known as orolabial her-
pes. It is caused by herpes simplex virus and is of two types: 
primary and secondary.

 (a)  The primary infection affects children and is character-
ized by clusters of multiple vesicles which soon rup-
ture to form ulcers. Any part of the oral cavity may 
be affected. Constitutional symptoms like fever, mal-
aise and headache may accompany sore throat and 
lymphadenopathy.

 (b)  Secondary or recurrent herpes chiefly affects adults. It is 
milder in form as adults have some immunity to this 
virus. Most commonly, it involves the vermilion bor-
der of the lip (herpes labialis) but less often lesions 
appear intraorally on the hard palate and gingiva. 
In recurrent herpes, it is presumed that virus lies 
dormant in the trigeminal ganglion and, when reac-
tivated, travels along peripheral sensory nerves to 
involve oropharyngeal mucosa. Precipitating factors 
include emotional stress, fatigue, fever, pregnancy or 
immune deficiency states. Treatment is mostly symp-
tomatic. Acyclovir, 200 mg, five times a day for 5 days 
helps to cut down the course of recurrent herpes 
labialis.

3. Hand, foot and mouth disease. It is also a viral infec-
tion affecting children. Oral lesions are seen on the palate, 
tongue and buccal mucosa. Vesicles also develop on the skin 
of hands, feet and sometimes buttocks.

BACTERIAL
1. Vincent infection (Acute necrotizing ulcerative gingivitis). 
It is similar to Vincent’s angina. Causative organisms are 
the same (a fusiform bacillus and a spirochaete—Borrelia 
vincentii). More often the disease affects young adults and 
middle-aged persons. It starts at the interdental papillae 
and then spreads to free margins of the gingivae which 
get covered with necrotic slough. Gingivae also become 
red and oedematous. Similar ulcer and necrotic mem-
brane may also form over the tonsil (Vincent’s angina). 
Diagnosis is made by smear from the affected area. Treat-
ment is systemic antibiotics (penicillin or erythromy-
cin and metronidazole), frequent mouth washes (with 
sodium bicarbonate solution) and attention to dental 
hygiene.

2. Specific bacterial infections. Tuberculosis, syphilis and 
actinomycosis may present as chronic ulcers.

FUNGAL
Moniliasis (candidiasis). It is caused by Candida albicans and 
occurs in two forms:

 1.  Thrush. It appears as white grey patches on the oral 
mucosa and tongue. When wiped off, they leave an ery-
thematous mucosa. The condition is seen in infants and 
children. Adults are also affected when they are suffer-
ing from systemic malignancy and diabetes or taking 
broad-spectrum antibiotics, cytotoxic drugs, steroids or 
radiation.

43Common Disorders  
of Oral Cavity

Table 43.1  Causes of ulcers of the oral cavity

 1.  Infections
 (a)  Viral. Herpangina, herpes simplex (primary and secondary), 

hand, foot and mouth disease
 (b)  Bacterial. Vincent infection, TB, syphilis
 (c)  Fungal. Candidiasis
 2.  Immune disorders. Aphthous ulcer, Behçet syndrome
 3.  Trauma
 (a)  Physical. Cheek bite, jagged tooth, ill-fitting denture
 (b)  Chemical. Silver nitrate, phenol, aspirin burns
 (c)  Thermal. Hot food or fluid, reverse smoking
 4.  Neoplasms
 5.  Skin disorders. Erythema multiforme, lichen planus, benign 

mucous membrane pemphigoid, bullous pemphigoid, lupus 
erythematosus

 6.  Blood disorders. Leukaemia, agranulocytosis, pancytope-
nia, cyclic neutropenia, sickle cell anaemia

 7.  Drug allergy. Mouth washes, toothpaste, etc. Reactions to 
systemic drugs

 8.  Vitamin deficiencies
 9.  Miscellaneous. Radiation mucositis, cancer chemotherapy, 

diabetes mellitus, uraemia
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 2.  Chronic hypertrophic candidiasis. Also called candidal leuko-
plakia. The lesion appears as white patch which cannot 
be wiped off. Mostly affects anterior buccal mucosa just 
behind the angle of mouth.

Thrush can be treated by topical application of nystatin or 
clotrimazole. Hypertrophic form usually requires excisional 
surgery.

B. IMMUNE DISORDERS

1. Aphthous ulcers. They are recurrent and superficial, usu-
ally involving movable mucosa, i.e. inner surfaces of lips, 
buccal mucosa, tongue, floor of mouth and soft palate, 
while sparing mucosa of the hard palate and gingivae. In 
the minor form, which is more common, ulcers are 2–10 mm  
in size and multiple with a central necrotic area and a 
red halo (Figure 43.1). They heal in about 2 weeks with-
out leaving a scar. In the major form, ulcer is very big,  
2–4 cm in size and heals with a scar but is soon followed by 
another ulcer.

Aetiology of aphthous ulcers is unknown. It may be an 
autoimmune process, nutritional deficiency (vitamin B12, 
folic acid and iron), viral or bacterial infection, food aller-
gies or due to hormonal changes or stress.

Aphthous ulcers can be differentiated from viral ulcers 
by their frequent recurrence, involvement of movable 
mucosa as on the soft palate or cheek, and the absence of 
constitutional symptoms like fever, malaise and enlarge-
ment of cervical nodes.

Treatment consists of topical application of steroids and 
cauterization with 10% silver nitrate. In severe cases, 250 mg 
of tetracycline dissolved in 50 mL of water is given as mouth 
rinse and then to be swallowed, four times a day. Local pain 
can be relieved with lignocaine viscous.

2. Behçet syndrome (Oculo-oro-genital syndrome). It is charac-
terized by a triad of (i) aphthous-like ulcers in the oral cav-
ity, (ii) genital ulcerations and (iii) uveitis. The edge of the 
ulcer is characteristically punched out. There may also be 
lesions of the skin, joints and central nervous system.

C. TRAUMA

Traumatic ulcer. A traumatic ulcer on the lateral border of 
tongue may be due to jagged tooth or ill-fitting denture, on 
the buccal mucosa due to cheek bite and on the palate due 
to injury with a foreign object such as pencil or toothbrush 
(Figures 43.2 and 43.3).

Similarly, acute ulcerative lesions of oral and oropharyn-
geal mucosa can result from accidental ingestion of acids or 
alkalies or hot fluids.

Aspirin burn is seen in the buccal sulcus when a tablet 
of aspirin is kept against a painful tooth to get relief from 
toothache.

D. NEOPLASMS

Malignancies of the oral cavity or oropharynx may present 
as chronic ulcers. Though most commonly it is squamous 
cell carcinoma, it could be carcinoma of minor salivary 
glands or non-Hodgkin lymphoma.

E. SKIN DISORDERS

1. Erythema multiforme. It is a disease of rapid onset involv-
ing the skin and mucous membranes, either of which may 
be involved alone. The aetiology is unknown but may be 
associated with drug allergy (sulfonamides) or recent her-
pes simplex infection. Oral mucosal lesions consist of ves-
icles or bullae which soon rupture to form ulcers covered 
with pseudomembrane. Any area of oral mucosa is involved 
but the common sites are lips, buccal mucosa and tongue. 
The lesions bleed easily. The distinctive feature is to form 
haemorrhagic crusts on the lips. Skin lesions consist of ery-
thematous patches on the palms, soles and extensor sur-
faces of the extremities. Oral lesions may occur without skin 
involvement in 25% of patients. The disease is self-limiting 
and management is mainly supportive. Steroids are used to 
treat the severe form.

2. Pemphigus vulgaris. It is an autoimmune disorder affect-
ing older age group (50–70 years). Oral lesions are seen in 
50% of the cases and may precede skin lesions.

Figure 43.1 Multiple aphthous ulcers on the uvula and faucial pillars 
(arrowheads).

Figure 43.2 A large exophytic mass with ulceration at the top on 
the left side of tongue in a 58-year-old male, habituated to chew-
ing tobacco and “pan.” It was due to sharp gagged teeth; healed on 
extraction of teeth.
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Oral ulcerations are superficial and involve palate, buccal 
mucosa and tongue. Treatment consists of systemic steroids 
and cytotoxic drugs.

3. Benign mucous membrane pemphigoid (BMMP). It is also 
an autoimmune disorder. Mucosal lesions involve cheek, 
gingivae and palate. Conjunctiva is the next important site. 
Lesion starts as a bulla filled with clear or haemorrhagic 
fluid which ruptures to form superficial ulceration covered 
with shaggy collapsed mucosa. Skin lesions may be absent. 
Treatment consists of steroids.

4. Lichen planus. Oral lesions are seen with or without skin 
lesions. Skin lesions are pruritic, purple, polygonal papules. 
They are seen on the forearms and medial side of thigh. 
Oral lesions occurs in two forms:

 (a)  Reticular. White striae forming lace-like pattern are 
seen on the buccal mucosa on both sides. They are 
asymptomatic and require no treatment.

 (b)  Erosive. It is characterized by painful ulceration on the 
buccal mucosa, gingiva or lateral tongue. Each ulcer is 
surrounded by a keratotic periphery. Treatment con-
sists of topical steroids.

5. Chronic discoid lupus erythematosus. Oral lesions are 
almost always associated with skin lesions. Oral lesions are 
similar to those of erosive form of lichen planus.

F. BLOOD DISORDERS

Blood dyscrasias cause ulcerations in the oral cavity and 
pharynx. Due to lack of defence mechanism, e.g. granu-
locytes, infections quickly supervene causing ulcers. Acute 
leukaemia is mainly of two types—acute lymphoblastic type, 
which occurs in young children and acute myeloid type, 
occurring in the middle aged or the elderly. Both cause 
hypertrophy of gums with ulceration and bleeding. Agran-
ulocytosis is characterized by ulcerations in throat with 
severe neutropenia (Figure 43.4). Cyclical neutropenia is a 

condition with periodic falls in neutrophil count when the 
person becomes prone to infections and oral ulceration. In 
pancytopenia, there is a drop in RBC count, white cell count 
and platelets.

When suspected, blood dyscrasias are investigated by 
peripheral blood film, blood counts and bone marrow 
aspiration.

G. DRUG ALLERGY

Systemic administration of drugs like penicillin, tetracycline, 
sulfa drugs, barbiturates, phenytoin, etc. may cause erosive, 
vesicular or bullous lesions in the oral cavity. Contact sto-
matitis may occur due to local reaction to mouth washes, 
lozenges, chewing gum, toothpastes or to prosthetic dental 
materials. Oral lesions may vary from erythema to vesicles 
and bullae formation.

BA

Figure 43.3 Ulcer on lateral border of tongue simulating carcinoma (arrowheads). It was caused by a sharp jagged tooth (A) and healed com-
pletely following tooth extraction (B).

Figure 43.4 A 58-year-old man developed ulcerations on the palate 
when white cell count fell to 2500 per cubic mm on cancer chemo-
therapy with cisplatin and 5-fluorouracil.
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H. VITAMIN DEFICIENCIES

Vitamin B12 and folic acid deficiency may cause ulcers.

I. MISCELLANEOUS

Radiation mucositis. It follows radiation of oral cavity or oro-
pharynx for cancer. At first, the mucosa becomes red and 
then forms spotty areas of mucositis which coalesce to form 
large ulcerated areas covered by slough.

Mucositis of cancer chemotherapy can be caused by drugs 
like methotrexate, 5-FU and bleomycin. It manifests as ery-
thema, oedema and ulceration.

MISCELLANEOUS LESIONS OF TONGUE 
AND ORAL CAVITY

1. Median rhomboid glossitis. It is red rhomboid area, 
devoid of papillae, seen on the dorsum of tongue in front 
of foramen caecum. It is a developmental anomaly that 
occurs due to persistence of tuberculum impar, which fails 
to invaginate. Recent studies reveal this condition to be due 
to chronic candida infection. The condition is asymptomatic 
and no treatment is necessary.

2. Geographical tongue. It is characterized by erythematous 
areas, devoid of papillae, surrounded by an irregular kera-
totic white outline (Figure 43.5). The lesions keep changing 
their shape and hence the condition is also called “migra-
tory glossitis.” The condition is asymptomatic and may not 
require any treatment.

3. Hairy tongue. Due to excessive formation of keratin, the 
filiform papillae on the dorsum of the tongue become elon-
gated. They get coloured, brown or black, due to chromo-
genic bacteria and look like hair. Smoking seems to be one 
of the factors. Treatment consists of scraping the lesions 
with a tongue cleaner, application of half-strength hydrogen 
peroxide and improving the general nutritional status of the 
patient by vitamins. Causative factors, if known, should be 
removed.

4. Fissured tongue. It may be congenital or seen in cases of 
syphilis, deficiency of vitamin B complex or anaemia. Con-
genital fissuring associated facial palsy is seen in Melkersson–
Rosenthal syndrome.

5. Ankyloglossia (tongue tie) (Figure 43.6). True tongue tie 
which produces symptoms is uncommon. If tongue can be 
protruded beyond the lower incisors, it is unlikely to cause 
speech defects. A mobile tongue is important to maintain 
orodental hygiene—to clean the debris and prevent forma-
tion of dental plaques. Treatment of any significant tongue 
tie is transverse release and vertical closure. Thin mucosal 
folds can be simply incised.

6. Fordyce spots. They are aberrant sebaceous glands pres-
ent under the buccal or labial mucosa and shine through it as 
yellowish or yellow-brown spots. They are seen with equal fre-
quency in both males and females and are considered normal.

7. Nicotine stomatitis. This disorder is seen in smokers 
particularly those in the habit of reverse smoking. Palatal 
mucosa shows pin-point red spots in the centre of umbili-
cated papular lesions. They are due to inflammation of the 

minor salivary glands and their duct openings as a reaction 
to the heat of the smoke. The nicotine stomatitis is a misno-
mer as nicotine is not the cause. Management is elimination 
of smoking.

SUBMUCOUS FIBROSIS

Oral submucous fibrosis (OSF) is a chronic insidious pro-
cess characterized by juxtaepithelial deposition of fibrous 
tissue in the oral cavity and pharynx. The condition was 
first described in India by Joshi in 1953. The disease is 
widely seen in India, Pakistan, Taiwan, Sri Lanka, Nepal and 
Thailand due to habit of betel-nut chewing.

AETIOLOGY

 1.  Socioeconomic status. In India, poor socioeconomic sta-
tus has been associated with higher risk of precancerous 
lesions like leukoplakia, erythroplakia and submucous 
fibrosis. This is related to education, diet, lifestyle and 
access to medical care.

 2.  Tobacco chewing. It is a major risk factor in submucous 
fibrosis as it is in lesions of leukoplakia and erythroplakia.

Figure 43.5 Geographical tongue.

Figure 43.6 Tongue tie.
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 3.  Areca nuts. Areca nuts are chewed alone, with tobacco or 
in the form of pan (containing lime, catechu and other 
ingredients on a betel leaf). Betel quid without tobacco 
also increases the risk of oral precancerous lesions, but 
causes higher risk for oral submucous fibrosis relative 
to leukoplakia, erythroplakia or multiple precancerous 
lesions. International agency for research on cancer has 
classified betel quid without tobacco also as a carcinogen 
for humans.

 4.  Alcohol. It is observed that drinking increases the risk of 
leukoplakia by 1.5-fold, OSF by 2-fold and that of eryth-
roplakia by 3-fold.

 5.  Nutritional. Deficiency of vitamins and micronutrients 
has been suggested. Therapy of OSF with vitamin A, 
zinc and antioxidants has shown some beneficial effect. 
Lesser intake of fruits and vegetables has been associated 
with oral premalignant lesions.

 6.  Immune process. OSF is considered a cell-mediated 
immune reaction to arecoline in areca nuts. It may also 
reflect a localized collagen disorder or an autoimmune 
process in the oral cavity.

 7.  Multifactorial. Several factors may operate together in 
the causation of OSF. Habit of betel-nut chewing, drink-
ing or smoking tobacco coupled with dietary deficiencies 
may have synergistic effect.

PATHOGENESIS

Histopathology in early cases of OSF shows presence of poly-
morphonuclear leukocytes, eosinophils and a few lympho-
cytes while advanced cases show lymphocytes and plasma 
cells. Immunochemistry of inflammatory cells showed 
higher population of activated T-lymphocytes especially the 
T-helper/inducer lymphocytes but minor population of 
B-cells and macrophages. Later studies also showed signifi-
cant increase in number of T-lymphocytes, macrophages and 
high CD4+ to CD8+ lymphocyte ratio in the subepithelial 
connective tissue suggesting that OSF is a cellular immune 
response. Small number of B-lymphocytes suggests minor 
role of humoral immunity in OSF. In advanced stages, there 
was severe fibrosis and loss of vascularity in the lamina pro-
pria and submucosa. The process may extend deeper into 
muscle layers also. Activated macrophages and T-lymphocytes 
produce fibrogenic cytokines which act on mesenchymal 
cells to produce fibrosis. Also certain cytokines liberated by 
T-lymphocytes upregulate synthesis of collagen but downreg-
ulate collagenase production further promoting fibrosis. It is 
thus believed that OSF is due to increased production of col-
lagen and its decreased degradation in subepithelial layers of 
the oral mucosa (Figure 43.7).

PATHOLOGY

The basic change is fibroelastotic transformation of con-
nective tissues in lamina propria associated with epithelial 
atrophy, sometimes preceded by vesicle formation. In later 
stages, when fibrosis is marked, there is progressive trismus 
and difficulty to protrude the tongue.

Leukoplakia and squamous cell carcinoma may be associ-
ated with submucous fibrosis possibly because of common 
aetiological factors involved.

It is a premalignant condition and malignant transforma-
tion has been seen in 3–7.6% of cases.

CLINICAL FEATURES

1. Age and sex. No age or sex is immune but the disease 
mostly affects age group of 20–40 years.

2. Symptoms. Patient often presents with:

 (a)  Intolerance to chillies and spicy food.
 (b)  Soreness of mouth with constant burning sensation; wors-

ened during meals particularly of pungent spicy type.
 (c)  Repeated vesicular eruption on the palate and pillars.
 (d)  Difficulty to open the mouth fully.
 (e)  Difficulty to protrude the tongue.

3. Findings. Changes of submucous fibrosis are most 
marked over (i) soft palate, (ii) faucial pillars and (iii) buc-
cal mucosa (Figure 43.8). In initial stages, there is patchy 
redness of mucous membrane with formation of vesicles 
which rupture to form superficial ulcers.

In later stages, when fibrosis develops in the submucosal 
layers, there is blanching of mucosa with loss of suppleness. 
Fibrotic bands can be seen and felt in the affected areas. Fibro-
sis and scarring has also been demonstrated in the underly-
ing muscle leading to further restrictive mobility of soft palate, 
tongue and jaw. Trismus is progressive, so much so that patient 
may not be able to put his finger in the mouth or brush his 
teeth. Orodental hygiene is affected badly and teeth become 
carious. Examination of oral cavity is difficult particularly to 
rule out other associated premalignant lesions or malignancy.

TREATMENT

MEDICAL
 1.  Steroids. Topical injection of steroids into the affected 

area is more effective than their systemic use as it also has 
the advantage of fewer side effects. It may be combined 

Areca nut chewing

Collection of activated T-lymphocytes
and macrophages in subepithelial

layers of oral mucosa

Activated T-lymphocytes Macrophages

Reduced production of
antifibrotic cytokines

Increased production of
fibrinogenic cytokines 

Less collagenase

Increased production of collagen

Mesenchymal cells

Proliferation of fibroblasts

Act on

Figure 43.7 Cellular immune response to areca nuts in oral submu-
cous fibrosis and possible pathogenesis. (Based on CP Chiang et al. in 
Oral Oncology 2002;38:56–63.)



222 SECTION III — DISEASES OF ORAL CAVITY AND SALIVARY GLANDS

with hylase. Dexamethasone 4 mg (1 mL) combined with 
hylase, 1500 IU in 1 mL is injected into the affected area 
biweekly for 8–10 weeks. This brings marked improve-
ment in symptoms and relieves trismus.

 2.  Avoid irritant factors, e.g. areca nuts, pan, tobacco, pun-
gent foods, etc.

 3.  Treat existent anaemia or vitamin deficiencies.
 4.  Encourage jaw opening exercises.

SURGICAL
It is indicated in advanced cases to relieve trismus. Various 
surgical techniques used are:

 1.  Simple release of fibrosis and skin grafting. There is high 
recurrence rate due to graft contracture.

 2.  Bilateral tongue flaps. Requires flap division at a second 
stage.

 3.  Nasolabial flaps. They are small to cover the defect com-
pletely, cause facial scar and require division of flaps at sec-
ond stage.

 4.  Island palatal mucoperiosteal flap. It is based on greater 
palatine artery. Possible only in selected cases. Requires 
extraction of second molar for the flap to sit without ten-
sion. Not suitable for bilateral cases.

 5.  Bilateral radial forearm free flap. It is bulky and hair 
bearing. May require debulking procedure, third molar 
may require extraction.

 6.  Surgical excision and buccal fat pad graft.
 7.  Superficial temporal fascia flap and split-skin graft.
 8.  Coronoidectomy and temporal muscle myotomy.

A B

Figure 43.8 Submucous fibrosis. (A) Note the blanched appearance of the soft palate and faucial pillars. (B) Marked trismus due to submucous 
fibrosis.
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CLASSIFICATION

The tumours of oral cavity can be classified as follows:

 1.  Benign tumours
 (a)  Solid
 (b)  Cystic
 2.  Premalignant lesions
 3.  Malignant lesions
 (a)  Carcinoma
 (b)  Nonsquamous malignant lesions

I. BENIGN TUMOURS

SOLID TUMOURS

1. Papilloma. Papillomas are common in the oral cavity. 
Peak incidence is in the third to fifth decades. Most of them 
appear on the soft and hard palate, uvula, tongue and lips. 
Mostly they are less than 1 cm in size, pedunculated and 
white in colour. Their surface is irregular but sometimes 
smooth. Treatment is excisional biopsy. Recurrence is rare.

2. Fibroma (fibroepithelial polyp). It is a smooth, mucosa-
covered pedunculated tumour, usually about 1 cm in size 
and soft to firm in consistency. It can occur anywhere in 
the oral or oropharyngeal mucosa (Figure 44.1). The usual 
cause is chronic irritation. It is easily treated by conservative 
surgical excision.

3. Haemangioma. Mucosal haemangiomas can occur in the 
oral cavity or oropharynx (Figure 44.2). They are mostly 
seen in children. Three types of haemangiomas are known: 
capillary, cavernous and mixed. When haemangiomas are pres-
ent at birth or in young children, they should be observed 
for some period as spontaneous regression can occur.

In patients of 40–50 years, haemangioma-like dilated veins 
(phlebostasis) may occur on the oral or lingual mucosa.

An infected haemangioma may be difficult to differenti-
ate from a pyogenic granuloma. Haemangiomas that are 
large and persistent or those which continue to grow are 
problematic. Use of cryosurgery or laser is not possible in 
large diffuse lesions. Sclerotherapy has also not been found 
effective. However, microembolization alone or as a preop-
erative adjunct to surgery has been found very useful.

4. Lymphangioma. Lymphangiomas mostly involve anterior 
two-thirds of tongue. They may involve the tongue diffusely 
and cause macroglossia or may present as localized soft 

swelling which is compressible. They do not involute spon-
taneously. Small lesions can be excised surgically. Symptom-
atic large lesions can be partially excised to reduce the bulk. 
Total excision of these lesions is not possible.

5. Torus. It is a submucosal bony outgrowth. It may involve 
the hard palate or mandible. Palatine torus is more com-
mon and presents as a narrow ridge, solitary nodule or a 
lobulated mass in the midline of the hard palate.

Mandibular tori project from the lingual aspect of the 
gingiva, near the bicuspid area and are bilateral. Tori are 
innocuous and resection is indicated only when they inter-
fere with speech, mastication or fitting of dentures.

6. Pyogenic granuloma (Figure 44.3). It is a reactive granu-
loma usually occurs in response to trauma or chronic irrita-
tion. It mostly involves anterior gingivae but sometimes the 
other sites such as tongue, buccal mucosa or lips. Usually 
it is soft, smooth, reddish to purple mass which bleeds on 
touch. Treatment is surgical excision. Recurrence is unlikely 
after complete excision.

7. Pregnancy granuloma. It is clinically and histologically 
similar to pyogenic granuloma. It usually starts in the first 
trimester of pregnancy and regresses once pregnancy has 
ended. It is excised only if it persists after pregnancy. It is 
likely to recur if operated during pregnancy.

8. Granular cell myoblastoma or granular cell tumour. Most 
of these tumours occur in the oral cavity and the site of pre-
dilection is tongue. Earlier they were thought to arise from 
the muscle (hence called myoblastoma) but are now consid-
ered to be derived from Schwann cells. The tumour pres-
ents as a firm submucosal nodule. Treatment is conservative 
surgical excision. Recurrence is uncommon.

Congenital epulis is also a granular cell tumour involving 
the gums of future incisors in female infants.

9. Minor salivary gland neoplasms. Pleomorphic adenoma 
is the most common. Site of predilection is soft or hard pal-
ate but can occur anywhere in the oral cavity. It presents 
as a painless submucosal nodule. Treatment is wide surgical 
excision because of the high incidence of recurrence.

10. Solitary fibrous tumour. Though most common in the 
pleura, this tumour has been seen in the oral tongue and 
buccal mucosa, and rarely also in the nasopharynx, sinona-
sal tract, soft palate, retromolar trigone, salivary gland and 
thyroid. It is a benign tumour.

Clinically it presents as a painless, slow-growing, well-
demarcated, mobile, submucosal tumour. Mean age at pre-
sentation is 49 years with female preponderance.

44Tumours of Oral Cavity
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It arises from the mesenchyme and is histologically com-
posed of spindle cells arranged in haphazard manner with 
thick collagen bundles between the cells. It may show capil-
lary proliferation and pericystic pattern and thus need to 
be differentiated from haemangiopericytoma. Immunohis-
tochemistry helps to differentiate them from neurofibroma, 
leiomyoma and other spindle cell tumours.

Treatment is complete surgical excision.

CYSTIC LESIONS

1. Mucocele. Most common site is the lower lip (Figure 
44.4). It is a retention cyst of minor salivary glands of the lip. 
The lesion appears as a soft and cystic mass of bluish colour. 
Treatment is surgical excision.

2. Ranula (Figure 44.5). It is a cystic translucent lesion seen 
in the floor of mouth on one side of the frenulum and push-
ing the tongue up. It arises from the sublingual salivary 
gland due to obstruction of its ducts. Some ranulae extend 
into the neck (plunging type).

Treatment is complete surgical excision if small, or mar-
supialization, if large. Often it is not possible to excise the 
ranula completely because of its thin wall or ramifications in 
various tissue planes.

Dermoid. A sublingual dermoid is median or lateral, situated 
above the mylohyoid. It shines through the mucosa as a 
white mass in contrast to the translucent nature of the ran-
ula. A submental dermoid develops below the mylohyoid and 
presents as a submental swelling behind the chin.

II. PREMALIGNANT LESIONS

 1.  Leukoplakia. WHO defined leukoplakia as a clinical white 
patch that cannot be characterized clinically or pathologi-
cally as any other disease. It is a clinical definition and does 
not take pathology into consideration. Other white lesions 
of oral mucosa, i.e. lichen planus, discoid lupus erythema-
tosus, white spongy nevus and candidiasis are excluded.

 (a)  Aetiological factors include smoking, tobacco chewing, 
alcohol abuse particularly, if combined with smok-
ing. Chronic trauma can also occur due to ill-fitting 
dentures or cheek bites. It may also be associated 
with submucous fibrosis, hyperplastic candidiasis or 
Plummer–Vinson syndrome.

 (b)  Sites involved. Buccal mucosa and oral commissures 
are the most common sites. It may however involve 
floor of mouth, tongue, gingivobuccal sulcus and the 
mucosal surface of lip. Buccal mucosa is the most 
common site in India (Figure 44.6).

 (c)  Age and sex. Mostly, it is seen in the fourth decade, 
males are affected two to three times more often.

 (d)  Clinical types. (i) Homogenous variety presents with 
a smooth or wrinkled white patch. It is less often 

A B

Figure 44.2 (A) Haemangioma on the lateral border of tongue. (B) Multiple haemangioma involving both lips, buccal mucosa and tongue in a 
32-year-old man. He complained of bleeding when haemangioma was traumatized during chewing food.

Figure 44.3 Pyogenic granuloma.Figure 44.1 Fibroepithelial polyp left cheek.
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associated with malignancy. (ii) Nodular (speckled) 
variety presents as white patches or nodules on ery-
thematous base. (iii) Erosive (erythroleukoplakia) variety 
where leukoplakia is interspersed with erythroplakia 
and has erosions and fissures. The latter two varieties 
have higher incidence of malignant transformation.

 (e)  Histology. About 25% of leukoplakias may show some 
form of epithelial dysplasia from mild to severe. 
Higher the grade of dysplasia more are the chances 
of its going into malignant change.

 (f)  Malignant potential. The chances of leukoplakia 
becoming malignant are cited from 1 to 17.5%. On 
an average about 5% become malignant. Malignant 
potential varies according to the site and type of leu-
koplakia, and the duration of follow-up.

 (g)  Management
 (i)  Many of the lesions will disappear spontaneously 

if causative agent is removed.
 (ii)  In lesions with higher potential for malignant 

change, a biopsy is taken to rule out malignancy.
 (iii)  In suspicious small lesions, surgical excision or 

ablation with laser or cryotherapy can be done.
 2.  Erythroplakia. Similar to leukoplakia, which is a white 

patch, erythroplakia is a red patch or plaque on the 
mucosal surface. Red colour is due to decreased kerati-
nization and as a result the red vascular connective tissue 
of the submucosa shines through. There is no sex predi-
lection. Most common sites are lower alveolar mucosa, 
gingivobuccal sulcus and the floor of the mouth. Most 
of lesions of erythroplakia show severe dysplasia, carci-
noma in situ or a frank invasive carcinoma when first 
seen. Malignant potential is 17 times higher than in leu-
koplakia. Grossly, the lesion may be of three varieties—
homogenous, speckled or granular, and erythroplakia, 
interspersed with areas of leukoplakia (often indistin-
guishable from erythroleukoplakia, type of leukoplakia). 
Treatment is excision biopsy and follow-up.

 3.  Melanosis and mucosal hyperpigmentation. Benign pig-
mented lesions of oral mucosa may transform into malig-
nant melanomas; however, the incidence of this change 
is not known. About one-fourth of mucosal melanomas 
may resemble benign lesions and hence biopsy may 
become mandatory.

III. MALIGNANT LESIONS

CARCINOMA ORAL CAVITY

AETIOLOGY
Compared to western countries, India has high incidence 
of oral cancers. Age adjusted incidence rate in India is 44.8 
and 23.7 in males and females, respectively, compared to 
11.2/100,000 in USA. Several aetiological factors are respon-
sible. (6-S aetiology, i.e. smoking, spirits, sharp jagged tooth, 
sepsis, syndrome of Plummer–Vinson and syphilitic glossitis.)

 1.  Smoking. Incidence of oral cancer is six times more in  
smokers than in nonsmokers. In certain parts of India, there 
is an unusual habit of reverse smoking where burning end 
of the “churat” (rolled tobacco leaf) is put in the mouth. 
This gives high incidence of cancer of the hard palate.

Figure 44.4 Mucocele of the lower lip.

Figure 44.5 Ranula. Note a translucent swelling under the tongue.

Figure 44.6 Leukoplakia on lateral border of tongue.
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 2.  Tobacco chewing. Powdered tobacco, mixed with lime, is 
placed in some part of the vestibule of the mouth. Carci-
noma develops at the site of the quid. Chewing “pan” and 
keeping the quid in the vestibule is largely responsible 
for oral cancer in India.

 3.  Alcohol. Cancer of upper aerodigestive tract occurs six 
times more in heavy drinkers as compared to nondrinkers.

 4.  Dietary deficiencies. Their role in genesis of cancer has 
not been definitely established. Riboflavin deficiency may 
be responsible for cancer in alcoholics. Paterson–Brown–
Kelly syndrome also called Plummer–Vinson syndrome (iron 
deficiency anaemia) is responsible for cancer of the oral 
cavity and hypopharynx.

 5.  Dental sepsis, jagged sharp teeth and ill-fitting dentures. 
All these cause chronic irritation and may lead to devel-
opment of cancer.

SITES OF CANCER IN THE LIP AND ORAL CAVITY  
(AJCC, 2002)
 1.  Mucosal lip (from junction of skin—vermilion border to 

line of contact of upper and lower lip).
 2.  Buccal mucosa (includes mucosa of cheek and inner sur-

face of lips up to line of contact of opposing lip).
 3.  Anterior two-thirds of tongue (oral tongue).
 4.  Hard palate.
 5.  Lower alveolar ridge.
 6.  Upper alveolar ridge.
 7.  Floor of mouth.
 8.  Retromolar trigone.

Clinical presentation and treatment of cancer of the oral 
cavity at different sites are described below:

1. Carcinoma Lip (Figure 44.7)

Mostly, it is squamous cell carcinoma, often seen in males 
in the age group of 40–70 years. Lower lip is more often 
involved. Site of predilection is between the midline and 
commissure of the lip. Lesion is of exophytic or ulcerative 
type. Lymph node metastases develop late. Submental and 
submandibular nodes are the first to be involved; other 
deep cervical nodes may also get involved later.

Treatment is surgical excision with adequate safety margin 
of healthy tissue and plastic repair of the defect. Lymph 
node metastases require block dissection.

Radiotherapy also gives good results in early cases.

2. Carcinoma Buccal Mucosa (Figure 44.8)

Buccal mucosa covers a large area. It extends from the 
meeting point of lips in front to the pterygomandibular 
raphe behind and from upper gingivobuccal sulcus to the 
lower one.

Carcinoma of buccal mucosa is very common. Its inci-
dence is next only to tongue cancer. Equally seen in both 
sexes.

Site of origin. Most common site is the angle of mouth or 
the line of occlusion of upper and lower teeth. It may also 
arise from the buccal sulcus where “pan” or tobacco quid is 
kept. As the whole of buccal mucosa is “condemned,” carci-
noma may be multicentric.

Gross appearance. Lesion may be exophytic or ulceroinfil-
trative; the latter may infiltrate deeply. Exophytic type may 
be associated with erythroleukoplakia. Buccal mucosa is also 

the most common site for verrucous carcinoma which is a 
white papillary growth with considerable keratinization.

Local spread. From its site of origin, the lesion may spread 
deeply involving submucosa → muscle → subcutaneous fat 
→ skin. Involvement of buccinator muscle or anterior mas-
seter causes trismus.

Tumour may spread radially from its site of origin and 
involve angle of the mouth and lip anteriorly, retromolar 
trigone and medial pterygoid posteriorly, upper gingivobuc-
cal sulcus and maxilla superiorly, lower gingivobuccal sulcus 
and alveolar ridge and gums inferiorly.

Lymphatic spread. Nodal involvement occurs in about 50% 
of cases. Submandibular and later the upper jugular nodes 
may get involved. Upper jugular nodes may also be involved, 
directly skipping the submandibular group.

Clinical features. Early lesions are asymptomatic. Pain 
and bleeding are seen when lesions are ulcerative and 
invade deeply. Involvement of the buccinator, masseter or 
the pterygoid muscles causes trismus. Fungating mass over 
the cheek, or a foul-smelling bleeding mass in the oral cavity 
are late features.

Figure 44.7 Carcinoma upper lip and oral commissure. Note associ-
ated leukoplakia.

Figure 44.8 Carcinoma buccal mucosa.



227 CHAPTER 44 — TUMOURS OF ORAL CAVITY

Histological type: Squamous cell carcinoma is the most 
common. Tumours can also arise from minor salivary glands 
with histology as in salivary gland tumours.

Investigations. Biopsy of the lesion for histological type of 
the growth. Computed tomography scan for involvement of 
bone (mandible or maxilla) and extension into infratemporal 
fossa.

Treatment

 (a)  Stage I (T1 N0). Surgical excision.
 (b)  Stage II (T2 N0). (i) Radiotherapy to primary lesion and 

also nodes if bone is not involved. (ii) If bone (maxilla/
mandible) is involved or growth infiltrates the muscle, 
surgery is the treatment of choice. It involves excision 
of the growth, marginal or segmental mandibulectomy 
(or partial maxillectomy) and reconstruction of the 
area with skin or mucosal flaps.

 (c)  Stage III and IV. Surgical resection, reconstruction with 
skin and/or myocutaneous flaps and postoperative 
radiotherapy to the site of lesion and nodes. Surgical 
resection is combined with neck dissection if nodes are 
clinically palpable.

3. Carcinoma Oral Tongue (Table. 44.1)

Carcinoma involving anterior two-thirds of tongue is com-
monly seen in men in the age group of 50–70 years. It may 
also occur in younger age group and in females. It may also 
develop on a pre-existing leukoplakia, long-standing dental 
ulcer or syphilitic glossitis (Figure 44.9). Vast majority are 
squamous cell type.

Site. Most common site is middle of the lateral border or 
the ventral aspect of the tongue. Uncommonly, the tip or 
the dorsum may be involved.

Spread. Locally, it may infiltrate deeply into the lingual 
musculature causing ankyloglossia or may spread to the 
floor of mouth, alveolus and mandible. Lymph node metas-
tases go to the submandibular and upper jugular nodes 
(from the lateral border of tongue) and to the submental 
and jugulo-omohyoid group (from the tip). Bilateral or con-
tralateral nodal involvement can also occur.

Clinically, cancer of the oral tongue presents as:

 (a)  An exophytic lesion like a papilloma (Figure 44.10).
 (b)  A nonhealing ulcer with rolled edges, greyish white 

shaggy base and induration (Figure 44.11).
 (c)  A submucous nodule with induration of the surround-

ing tissue.

Table 44.1  Incidence of cancer per 10,000  
population in India in year 2000a

Males Females Average

Proportion  
relative to all 
body cancers

Lip 0.25 0.12 0.18 0.32%
Mouth 3.42 2.97 3.19 4.46%
Tongue 3.23 1.15 2.19 3.13%
 
aNational Cancer Registry Programme (Indian Council of Medical 

Research), Bangalore, published, April 2005.

Figure 44.9 Carcinoma lateral border of the tongue (arrow). Note 
associated leukoplakia of floor of mouth (double arrows).

Figure 44.10 Exophytic growth on the right lateral border of tongue 
in a 60-year-old male. It was squamous cell carcinoma.

Figure 44.11 Ulcerative type of squamous cell carcinoma of tongue 
in a 40-year-old female.
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Symptomatology

 (a)  Early lesions are painless and remain asymptomatic for 
a long time.

 (b)  Pain in the tongue locally at the site of ulcer.
 (c)  Pain in the ipsilateral ear; it is due to common nerve 

supply of the tongue (lingual nerve) and ear (auriculo 
temporal) from the mandibular division of the trigemi-
nal nerve.

 (d)  A lump in the mouth.
 (e)  Enlarged lymph node mass in the neck.
 (f)  Dysphagia, difficulty to protrude the tongue, slurred 

speech and bleeding from the mouth are late features.

For staging, see TNM classification (Tables 44.2 and 44.3).
Treatment. Aim of treatment is to treat primary tumour 

in the tongue, control neck disease (nodal metastasis) and 
preserve function of the tongue as much as possible.

Small tumours (T1N0) give equal results if treated with 
radiotherapy or surgery.

T2N0 tumours can also be treated by radiotherapy includ-
ing the neck nodes to eliminate micrometastases. They can 
also be treated by surgical excision with prophylactic neck 
dissection.

Stage III or IV tumours require combined treatment 
with surgery and postoperative radiotherapy. It gives better 
results than either modality alone. Block dissection neck is 
always done.

Depending on the size and extent of the primary lesion of 
the tongue, surgery may consist of hemiglossectomy includ-
ing a portion of the floor of mouth, segmental or hemi-
mandibulectomy and block dissection of neck nodes—the 
so-called “commando operation.”

4. Carcinoma Hard Palate

It is either squamous cell or glandular variety; the latter being 
more common. Glandular variety arises from minor salivary 
glands of the palate and may be adenoid cystic, mucoepider-
moid or adenocarcinoma. It is common in India especially 
in people who have the habit of reverse smoking, i.e. keep-
ing the burning end of bidi or cigar in the mouth. Both men 
and women are affected.

Cancer starts as a superficial ulcer with rolled out edges 
and gives no symptoms except painless irregularity on the 
palate felt by the tongue. It may spread to the gingiva, 
lip, soft palate or invade the bone of hard palate, floor of 
the nasal cavity or the antrum. Lymphatic metastases may 
spread to the submandibular and upper jugular nodes. Can-
cer palate should be differentiated from cancer of maxillary 
antrum or nose which has spread to the palate.

Treatment. Small tumours are resected along with the 
underlying bone, larger ones require partial maxillectomy. 
If nodes are enlarged, block dissection is also combined. Sur-
gical defect in the palate, left after excision of the growth, is 
closed by a suitable prosthesis.

5. Carcinoma of Alveolar Ridges

It is also called gingival carcinoma; it is mostly seen in 
men. Usual site of involvement is lower jaw behind the first 
molar. Tumour may spread to the cheek, floor of mouth, 
retromolar trigone or the hard palate. Gingival cancer may 
invade the underlying bone and then spread rapidly along 

the neurovascular bundle. Nodal metastases go to subman-
dibular and upper jugular nodes.

Treatment. Radiotherapy is avoided because of the risk 
of radio-osteonecrosis. Surgery is the treatment of choice. 
Early mucosal lesion on the lower alveolus is treated by local 
excision with marginal resection of the mandible. Extensive 
lesions require wide excision which may necessitate seg-
mental or hemimandibulectomy. Block dissection may be 

Table 44.2  TNM classification (AJCC, 2002)  
of cancers of lip and oral cavity

Primary tumour (T)

T1

T2

T3

T4 (lip)

T4a (oral 
cavity)

Tumour 2 cm or less in greatest dimension
Tumour > 2 cm but not more than 4 cm in greatest 

dimension
Tumour > 4 cm in greatest dimension
Tumour invades adjacent structures (e.g. cortical 

bone, inferior alveolar nerve, floor of mouth, 
skin of face).

Tumour invades adjacent structures (e.g. cortical 
bone, deep (extrinsic) muscles of tongue, 
maxillary sinus, skin. Superficial erosion alone 
of bone/tooth socket by gingival primary is not 
sufficient to classify as T4.

Regional lymph nodes (N)

N1

N2

N3

Metastasis in a single ipsilateral lymph node  
3 cm or less in greatest diameter.

Metastasis in a single ipsilateral lymph node 
> 3 cm but not more than 6 cm in greatest 
dimension (N2a); or multiple ipsilateral lymph 
nodes none more than 6 cm in greatest 
dimension (N2b) or bilateral or contralateral 
lymph nodes none more than 6 cm in greatest 
dimension (N2c).

Metastasis in lymph node more than 6 cm in 
greatest dimension.

Distant metastasis (M)

M0

M1

No distant metastasis
Distant metastasis

 

Source: AJCC, Cancer Staging Manual, Chicago, 2002.

Table 44.3  Staging of carcinoma lip and oral cavity

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage III T3

T1

T2

T3

N0

N1

M0

0

Stage IV A T4

T4

Any T

N0

N1

N2

M0

M0

M0

Stage IV B Any T N3 M0

Stage IV C Any T Any N M1
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combined if nodes are also palpable. Upper alveolar lesions 
may require partial maxillectomy.

6. Cancer Floor of Mouth

Squamous cell carcinoma is the most common. It affects 
males more than females in ratio of 4:1. Typically, lesions 
start anteriorly near the opening of submandibular duct 
which may get obstructed, leading to enlargement of sub-
mandibular gland (Figure 44.12).

Usually, the lesion is ulcerative or infiltrative type and 
spreads locally into the adjoining areas such as ventral aspect 
of the tongue, lingual gingiva, mandibular periosteum or 
deeply into the floor of mouth and submental space. Lym-
phatic metastases go to submandibular nodes. Lesions of 
the floor of mouth remain asymptomatic for a long time or 
cause soreness or irregularity in the floor of the mouth. A 
swelling in the submandibular region may be either due to 
obstructive enlargement of submandibular salivary gland or 
lymph node metastases and this may require differentiation.

Treatment. Small lesions without involvement of tongue, 
lingual gingiva or nodes can be treated by surgical excision 
or radiotherapy with equal results. Larger lesions with exten-
sion to the tongue, gingiva or mandible require wide exci-
sion including marginal or segmental mandibular resection. 
Block dissection is indicated when cervical nodes show clini-
cal evidence of metastases. Prophylactic neck dissection or 
irradiation is advised for N0 neck in stage II cancer because 
of high incidence of micrometastases (40%), stage III and 
IV cancers require surgery and radiotherapy.

7. Carcinoma Retromolar Trigone

Involvement of retromolar trigone may be primary or sec-
ondary to extension of growths from the gingiva, floor of 
mouth, buccal mucosa or the palatine arch.

Treatment depends on the extent of lesion. Wide surgical 
excision often combined with block dissection is required.

MULTIPLE PRIMARY CANCERS
About 15% of patients with carcinoma of the oral cavity have 
multiple primary cancers affecting the upper aerodiges-
tive tract. This is because of the common risk factors such 

as smoking and alcohol simultaneously operating at various 
sites.

NONSQUAMOUS MALIGNANT LESIONS

In addition to carcinoma, other malignant lesions that 
involve the oral cavity are:

1. Minor salivary gland tumours. In one series, 80–90% of all 
minor salivary gland tumours were malignant. Palate is the 
most common site but can involve tongue, cheek, lip, gums 
and floor of mouth (Figure 44.13).

Adenoid cystic variety is the most common (40%). Next in 
frequency are the adenocarcinoma (30%) and mucoepider-
moid carcinoma (20%). Treatment is wide surgical excision 
along with block dissection, if the neck nodes are positive.

2. Melanoma. Mucosal melanomas of oral cavity and oro-
pharynx are rare. Peak age incidence is the sixth decade; 
males are affected more (2:1). Palate and gingiva are the 
most common sites. They appear as areas of higher pigmen-
tation and later may ulcerate and bleed. Amelanotic variety 
is also seen. Both cervical nodal and distant metastases are 
seen. Treatment of choice is wide surgical excision includ-
ing underlying bone. Local recurrence is common. Progno-
sis is poor with 5-year cure rate of only 15%.

3. Lymphoma. Lymphomas can involve oral cavity or oro-
pharynx, majority of them occurring in the palatine ton-
sils. Males are affected more. Usual presentation is that 
of a smooth, submucosal bulky mass which is occasionally 
ulcerated. They are mostly of non-Hodgkin variety. Cervical 
nodes may be involved in 40–70% of the patients. Treatment 
is radiation, alone or in combination with chemotherapy.

4. Kaposi sarcoma. It is a vascular tumour, multifocal in ori-
gin, primarily affecting skin but may occur in the oral cavity. 
Its incidence is high in AIDS (acquired immune deficiency 
syndrome) patients. The lesion appears as a reddish purple 
nodule or a plaque mostly on the palate. Microscopically, it 

Figure 44.12 Ulcerative squamous cell carcinoma in the floor of oral 
cavity (arrow) in a 55-year-old male.

Figure 44.13 Mixed salivary tumour palate.
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consists of spindle cells with haemorrhagic cleft-like spaces. 
Treatment is not satisfactory. Kaposi sarcoma in non-AIDS 
patients may respond to chemotherapy but its response in 
patients suffering from AIDS is poor (see also p. 371).

CHEMOPREVENTION

It is the use of certain pharmacological agents to halt, delay 
or reverse the process of carcinogenesis. It has been used to 
prevent oral premalignant lesions to develop into cancer 
or to prevent the development of second primary cancers 
after the main primary cancer has been treated. Agents used 

have been vitamin A, beta carotene, alpha tocopherol (vita-
min E), selenium and natural or synthetic retinoids such as 
13-cis retinoic acid. Beta carotene and vitamin A induced 
remission of oral leukoplakia is seen in 25–50% of patients. 
Similarly, in a controlled trial, 13-cis retinoic acid reduced 
the incidence of second primary lesions in the aerodigestive 
tract. The beneficial effect of these agents may be limited to 
the duration of treatment only.

In addition to their use in head and neck, retinoids have 
shown significant chemopreventive activity in cancers of 
lung, skin, cervix, bladder and ovary. Trials are also being 
conducted in Cox-2 inhibitors (e.g. celecoxib) in the pre-
vention of oral premalignant lesions.
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MUMPS (VIRAL PAROTITIS)

It is a viral infection caused by paramyxovirus. Disease is con-
tracted by droplet infection and fomites. Children are most 
often affected but adults can also contract the disease. Incu-
bation period is 2–3 weeks (7–23 days). Patient is infective 
even before the appearance of clinical manifestations and 
remains so 7–10 days after parotid swelling subsides. Virus 
is excreted through salivary, nasal and urinary excretions.

CLINICAL FEATURES

Initial period of viraemia causes fever (up to 103°F), malaise, 
anorexia and muscular pain. Parotid swelling may appear 
only on one side. Other parotid gland may be enlarged 
simultaneously or after some time. Submandibular and 
sublingual salivary glands may also be enlarged but isolated 
involvement of submandibular gland is rare. Swelling sub-
sides in about a week.

COMPLICATIONS

	•	 	Orchitis with painful and tender testis, on one but uncom-
monly both sides, may occur. Sterility following mumps is 
rare.

	•	 	Ophritis causes lower abdominal pain. Female sterility is 
almost never seen.

	•	 	Pancreatitis causes pain in abdomen.
	•	 	Aseptic meningitis or meningoencephalitis may occur with 

or without the salivary gland involvement. Headaches, 
neck stiffness and drowsiness may occur.

	•	 	Unilateral sensorineural hearing loss can occur due to 
involvement of the labyrinth. Sudden deafness has been 
noticed.

	•	 	Other	 complications	 include	 thyroiditis,	 myocarditis,	
nephritis and arthritis.

DIAGNOSIS

Usually clinical; difficulties arise when parotids are not 
enlarged.

 1.  Serum and urinary amylase are raised during the first 
week of parotitis.

 2.  Serology. Serum IgG and IgM are measured as early as pos-
sible and after 10–14 days of illness. Presence of IgG indi-
cates past exposure and possible immunity. However rise 
in IgG titre more than four times from acute to convales-
cent serum indicates recent infection. Similarly presence 

of IgM also indicates recent infection. IgM is present in 
100% patients by day 5.

TREATMENT

Parotitis is treated by proper hydration, rest, analgesics and 
cold or hot compresses over the parotid to relieve pain. 
Food which encourages salivary flow should be avoided as 
they cause pain. Parotid swelling persists for about 1 week.

Orchitis is treated by cold compresses and support to the 
scrotum, and administration of analgesics. Steroids have not 
been found useful.

PREVENTION

An infant has maternal immunity for 1 year. After that immu-
nization can be given by MMR (Mumps, Measles, Rubella) 
vaccine at the age of 15 months. Older children, adolescents 
and adults who were not protected by MMR and have not 
had mumps, and are in contact with children should receive 
monoclonal mumps or MMR vaccine.

Mumps immunoglobulin is of no value as a prophylaxis or 
in established disease.

ACUTE SUPPURATIVE PAROTITIS

It is most commonly seen in the elderly, debilitated and 
dehydrated patients. Dry mouth due to any cause is a pre-
disposing factor. Staphylococcus aureus is the usual causative 
organism though other Gram-positive and anaerobic organ-
isms have also been observed. Usual route of infection is 
from the mouth through the Stensen’s duct.

CLINICAL FEATURES

The onset is sudden with severe pain and enlargement of 
gland (Figure 45.1). Movements of jaw aggravate the pain. 
Opening of the Stensen’s duct is swollen and red and may 
be discharging pus or the latter can also be expressed by 
gentle pressure over the gland. Patient is usually febrile and 
toxaemic.

INVESTIGATIONS

White cell count shows leukocytosis with increase in poly-
morphs. Causative organisms should be identified and their 
sensitivity established by culture of blood and the pus col-
lected from the opening of the parotid duct.

45Non-neoplastic Disorders of 
Salivary Glands
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TREATMENT

It consists of appropriate antibiotics, preferably adminis-
tered through i.v. route, adequate hydration, measures to 
promote salivary flow and attention to oral hygiene. If tem-
perature does not subside and there is progressive indura-
tion of the gland, in spite of adequate medical management, 
surgical drainage should be done.

CHRONIC RECURRENT SIALADENITIS

This usually involves parotid gland which shows recurrent 
bacterial infection. During acute exacerbation, parotid is 
enlarged and tender, and pus can be expressed from its 

duct. Between the acute episodes, gland is firm and slightly 
enlarged. Culture of pus from the duct reveals staphylococci 
or streptococci. Sialography shows normal duct system. 
Treatment of acute episode is similar to that of acute bacte-
rial sialadenitis. Between the attacks, patient is instructed to 
keep good oral hygiene, avoid drugs which dry oral mucosa 
and use sialogogues to promote salivation.

SIALECTASIS

As the name implies, there is dilatation of the ductal sys-
tem, leading to stasis of secretions, which predisposes to 
infection. Clinically, sialectasis resembles chronic recur-
rent sialadenitis, but can be differentiated from it by sia-
lography. Different degrees of dilatation of the ductal 
system—punctuate, globular or cavitary types—may be 
seen. Sialectasis may be congenital, associated with granu-
lomatous disease or autoimmune disease such as Sjogren's 
syndrome.

GRANULOMATOUS DISEASES

Tuberculosis, sarcoidosis and actinomycosis may involve the 
salivary glands.

Tubercular infection may involve parenchyma or lymph 
nodes of the parotid and present as a nontender mass. 
Sometimes, overlying skin undergoes necrosis leading 
to a fistula formation. Surgical excision of the involved 
tissue and antitubercular treatment usually control the 
disease.

Uveoparotid fever is due to sarcoidosis of the parotid. It 
is characterized by fever, enlargement of the parotid and 
lacrimal glands, chorioretinitis, and cranial nerve palsies.

Figure 45.1 Acute suppurative parotitis on left side in a 58-year-old 
female.

A B

Figure 45.2 (A) An adult having submandibular sialadenitis. (B) X-ray lateral view shows a radio-opaque stone in the submandibular gland.
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Actinomycosis of parotid is uncommon. It may present as 
an acute abscess with sinus formation discharging sulfur-like 
granules, or as an indolent swelling in the parotid. Treat-
ment is surgical drainage and large doses of penicillin or 
tetracycline.

SALIVARY CALCULI

Calculi may form in the ducts of submandibular or parotid 
glands. They are formed by the deposition of calcium phos-
phate on the organic matrix of mucin or cellular debris. 
About 90% of the stones are seen in submandibular and 
10% in the parotid. Stones may form in the duct or paren-
chyma of the gland.

The presenting feature is intermittent swelling of the 
involved gland, and pain due to obstruction to outflow of 
saliva. Sometimes, stone is visible at the duct opening or can 
be palpated. About 80% of the stones are radio-opaque and 
can be seen on appropriate X-rays (Figures 45.2 and 45.3). 
Sialography may be required for radiolucent stones.

Stones in peripheral part of submandibular or parotid 
ducts can be removed intraorally, while those at the hilum 
or in the parenchyma require excision of the gland.

SJOGREN'S SYNDROME (SICCA SYNDROME)

It is an autoimmune disorder involving exocrine glands of 
the body. It may be primary or secondary.

 1.  Primary Sjogren's syndrome consists of xerostomia and xer -
ophthalmia and is due to involvement of salivary and lac-
rimal glands. Parotid is the most often involved gland. 
It has also been known as benign lymphoepithelial lesion 
of parotid or Mikulicz's disease. Both sexes are equally 
involved.

 2.  Secondary Sjogren's syndrome consists of three major compo-
nents: (i) keratoconjunctivitis sicca (due to involvement 
of lacrimal gland); (ii) xerostomia (due to involvement of 

salivary glands and minor mucous glands of the oral cav-
ity); (iii) autoimmune connective tissue disorder, usually 
the rheumatoid arthritis, sometimes the systemic lupus 
erythematosus (SLE). Often there is bilateral swelling of 
the salivary glands. It is also more common in females 
(90%).

Diagnosis depends on history and physical examination of 
keratoconjunctivitis and xerostomia. Schirmer’s test may be 
done to prove decreased tear formation. Biopsy of lower lip 
for evidence of involvement of minor salivary glands. SS-A 
an SS-B antibodies are necessary for diagnosis. Raised eryth-
rocyte sedimentation rate, positive rheumatoid factor and 
positive antinuclear antibodies tests help to exclude associ-
ated rheumatoid arthritis or SLE.

Figure 45.3 A radio-opaque stone seen in the right submandibular 
duct (arrow).
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The tumours of major or minor salivary glands are either 
from epithelial or mesenchymal tissues. Larger the size of 
salivary gland, more are the chances of a tumour being 
benign. Eighty per cent of parotid, 50–60% of subman-
dibular and only about 25% of other minor salivary gland 
tumours are benign. In other words, chances of malignant 
tumours in minor salivary glands are higher.

Rapid growth, restricted mobility, fixity of overlying skin, pain 
and facial nerve involvement indicate the possibility of tumour 
being malignant.

Table 46.1 shows benign and malignant tumours of sali-
vary glands.

BENIGN TUMOURS

PLEOMORPHIC ADENOMA

It is the most common benign tumour of salivary glands. It 
can arise from the parotid, submandibular or other minor 
salivary glands. In the parotid it usually arises from its tail. It 
can also arise from the deep lobe of the parotid and present 
as a parapharyngeal tumour in the oropharynx.

Pleomorphic adenomas are slow-growing tumours and 
may be quite large at initial presentation. They are usu-
ally seen in the third or fourth decade, with propensity for 
females. They are called “mixed tumours” because both epi-
thelial and mesenchymal elements are seen in histology. 
The stroma of the tumour may be mucoid, fibroid, vascular, 

myxochondroid or chondroid and its proportion to the epi-
thelial element may vary.

Though tumour is encapsulated, it sends pseudopods 
into the surrounding gland which are left behind if the 
tumour is simply shelled out. It is therefore essential that 
surgical excision of the tumour should include normal 
gland tissue around it. In the parotid, it amounts to superfi-
cial parotidectomy.

ADENOLYMPHOMA (PAPILLARY CYSTADENOMA 
LYMPHOMATOSUM, WARTHIN TUMOUR)

They are commonly seen between fifth and seventh decade 
with preponderance in males (5:1). They mostly involve the 
tail of the parotid and are bilateral in 10% of the patients. 
They may be multiple. Adenolymphoma is a rounded, 
encapsulated tumour, at times cystic, with mucoid or brown-
ish fluid. Histologically, epithelial and lymphoid elements 
are seen. Treatment is superficial parotidectomy though 
they can be enucleated without danger of recurrence.

ONCOCYTOMA (OXYPHIL ADENOMA)

They arise from acidophilic cells called oncocytes and com-
prise less than 1% of all salivary gland tumours. Mostly seen 
in the elderly, they usually do not grow larger than 5 cm and 
involve the superficial lobe of parotid. Benign oncocytomas 
are cystic rather than solid. Malignant oncocytomas are also 
seen. Oncocytomas show increased uptake of technetium-99.

Treatment for parotid oncocytomas is also superficial 
parotidectomy.

HAEMANGIOMAS

Haemangiomas are the most common benign tumours of 
the parotid in children, predominantly affecting females. 
Most of them are discovered at birth, grow rapidly in the 
neonatal period and then involute spontaneously. Cutane-
ous haemangioma may coexist in 50% of the patients. They 
are soft and painless and increase in size with crying or strain-
ing. Overlying skin may show bluish discoloration. Surgical 
excision is indicated if they do not regress spontaneously.

LYMPHANGIOMAS

They are less common and may involve parotid and subman-
dibular glands. On palpation, they feel soft and cystic. They 
do not regress spontaneously and are surgically excised.

Lipoma and neurofibroma are rare.

46 Neoplasms of  
Salivary Glands

Table 46.1  Tumours of salivary glands

Benign Malignant

Epithelial
	•	 	Pleomorphic adenoma
	•	 	Adenolymphoma (Warthin 

tumour)
	•	 	Oncocytoma
	•	 	Other adenomas

Mesenchymal
	•	 	Haemangioma
	•	 	Lymphangioma
	•	 	Lipoma
	•	 	Neurofibroma

Epithelial
	•	 	Mucoepidermoid carcinoma
	 •	 	Low grade
	 •	 	High grade
	•	 	Adenoid cystic carcinoma 

(cylindroma)
	•	 	Acinic cell carcinoma
	•	 	Adenocarcinoma
	•	 	Malignant mixed tumour
	•	 	Squamous cell carcinoma
	•	 	Undifferentiated carcinoma

Mesenchymal
	•	 	Lymphoma
	•	 	Sarcoma
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MALIGNANT TUMOURS

MUCOEPIDERMOID CARCINOMA

Some pathologists do not consider it to be malignant and 
call it mucoepidermoid tumour and not cancer, but it is 
known to metastasize and kill. Generally, it is slow-growing 
but can invade the facial nerve. Histologically, there are 
areas of mucin-producing cells and the squamous cells, and 
hence the name. Greater the epidermoid element, more 
malignant is the behaviour of the tumour. The tumours have 
been further classified as low grade and high grade. Low-grade 
tumours have good prognosis (90%, 5 years survival rate), 
high-grade tumours are more aggressive and have poor 
prognosis (30%, 5 years survival rate). Low-grade tumours 
are more common in children.

Behaviour of mucoepidermoid tumours of minor salivary 
glands is more aggressive and akin to adenoid cystic carci-
noma, but in the major salivary glands they behave like pleo-
morphic adenoma.

Low-grade tumours of the parotid are treated by super-
ficial or total parotidectomy, depending on the location of 
the tumour. Facial nerve is preserved.

High-grade tumours being more aggressive are treated 
by total parotidectomy. Facial nerve may be sacrificed if 
invaded by the tumour. Some surgeons also combine radical 
neck dissection because of high incidence of microscopic 
spread of the tumour.

ADENOID CYSTIC CARCINOMA (CYLINDROMA)

It is a slow-growing tumour but infiltrates widely into the 
tissue planes and muscles. It also invades perineural spaces 
and lymphatics and thus causes pain and VIIth nerve paral-
ysis. It can metastasize to lymph nodes. Local recurrences 
after surgical excision are common and can occur as late as 
10–20 years after surgery. Distant metastases go to the lung, 
brain and bone.

Treatment is radical parotidectomy with largest cuff of 
grossly normal tissue around the boundaries of the tumour. 

Radical neck is not done unless nodal metastases are pres-
ent. Postoperative radiation is given if margins of the 
resected specimen are not free of tumour.

ACINIC CELL CARCINOMA

It is a low-grade tumour which appears similar to a benign 
mixed tumour. It presents as a small, firm, movable and 
encapsulated tumour, sometimes bilateral. Metastases are 
rare. A conservative approach of superficial or total paroti-
dectomy is adopted.

ADENOCARCINOMA

More often it arises in minor salivary glands. It is highly 
aggressive locally and sends distant metastasis.

MALIGNANT MIXED TUMOUR

There are two varieties of this tumour:

 1.  Carcinoma developing in pre-existing benign mixed 
tumour and

 2.  A“de novo” tumour.

The latter has much shorter history. Rapid growth and pain 
developing in a benign tumour should always arouse a suspi-
cion of malignant change. Treatment of malignant tumour 
is radical parotidectomy. Facial nerve sacrificed during 
operation is grafted immediately.

SQUAMOUS CELL CARCINOMA (FIGURE 46.1)

It is a rapidly growing tumour that infiltrates, causes 
pain and ulcerates through the skin. It can metastasize 
to neck nodes. Treatment is radical parotidectomy which 
may include cuff of muscle or even a portion of mandi-
ble, temporal bone and the involved skin. Radical neck 
is combined if nodal metastases are present. Surgery is 
followed by postoperative radiation to primary site and 
the neck.

A B

Figure 46.1 Squamous cell carcinoma of the right parotid. Patient presented with a parotid swelling (A) and facial palsy (B).
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UNDIFFERENTIATED CARCINOMA

It is a rare, but aggressive tumour. It has a tendency to 
spread rapidly, causes pain, becomes fixed to skin and ulcer-
ates. It causes facial paralysis and cervical nodal metastasis. 
Treatment is wide excision, radical neck and postoperative 
radiation.

LYMPHOMA

It is a rare tumour usually associated with systemic disease, 
but may occasionally be a primary tumour. Treatment is 
same as for other lymphomas.

SARCOMA

Rarely other sarcomas, e.g. rhabdomyosarcoma may arise 
from the parotid.

FREY’S SYNDROME (GUSTATORY SWEATING)

Frey’s syndrome arises as a complication of parotid surgery 
usually manifesting several months after the operation. It is 
characterized by sweating and flushing of the preauricular 
skin during mastication causing nuisance to the person or 
social embarrassment. It is the result of aberrant innerva-
tion of sweat glands by parasympathetic secretomotor fibres 
which were destined for the parotid. Now instead of caus-
ing salivary secretion from the parotid, they cause secretion 
from the sweat glands. The condition can be treated by tym-
panic neurectomy which intercepts these parasympathetic 
fibres at the level of middle ear. Some people like to place a 
sheet of fascia lata between the skin and the underlying fat 
to prevent secretomotor fibres reaching the sweat glands. 
Subcutaneous infiltration of botulinum toxin has also been 
used to alleviate the symptoms. Generally, no treatment 
other than reassurance is required in most of these patients.
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SECTION IVDISEASES OF PHARYNX
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48.  Adenoids and Other  
Inflammations of Nasopharynx 

49.  Tumours of Nasopharynx 
50.  Acute and Chronic Pharyngitis 

51.  Acute and Chronic Tonsillitis 
52.  Head and Neck Space Infections
53.  Tumours of Oropharynx
54.  Tumours of the Hypopharynx and 

Pharyngeal Pouch
55.  Snoring and Sleep Apnoea

SECTION OUTLINE
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PHARYNX IN GENERAL

Pharynx is a conical fibromuscular tube forming upper part 
of the air and food passages. It is 12–14 cm long, extending 
from base of the skull (basiocciput and basisphenoid) to the 
lower border of cricoid cartilage where it becomes continu-
ous with the oesophagus. The width of pharynx is 3.5 cm at 
its base and this narrows to 1.5 cm at pharyngo-oesophageal 
junction, which is the narrowest part of digestive tract apart 
from the appendix.

STRUCTURE OF PHARYNGEAL WALL (FIGURE 47.1)

From within outwards it consists of four layers:

 1.  Mucous membrane
 2.  Pharyngeal aponeurosis (pharyngobasilar fascia)
 3.  Muscular coat
 4.  Buccopharyngeal fascia

1. Mucous membrane. It lines the pharyngeal cavity and is 
continuous with mucous membrane of eustachian tubes, 
nasal cavities, mouth, larynx and oesophagus. The epithe-
lium is ciliated columnar in the nasopharynx and stratified 
squamous elsewhere. There are numerous mucous glands 
scattered in it.

2. Pharyngeal aponeurosis (pharyngobasilar fascia). It is a 
fibrous layer which lines the muscular coat and is particu-
larly thick near the base of skull but is thin and indistinct 
inferiorly. It fills up the gap left in the muscular coat near 
the base of skull.

3. Muscular coat. It consists of two layers of muscles with 
three muscles in each layer.

 (a)  External layer. It contains superior, middle and inferior 
constrictor muscles.

 (b)  Internal layer. It contains stylopharyngeus, salpingopha-
ryngeus and palatopharyngeus muscles.

4. Buccopharyngeal fascia. It covers outer surface of the 
constrictor muscles and in the upper part, it is also pro-
longed forwards to cover the buccinator muscles. Above the 
upper border of superior constrictor, it blends with pharyn-
geal aponeurosis.

KILLIAN’S DEHISCENCE

Inferior constrictor muscle has two parts: thyropharyngeus 
with oblique fibres and cricopharyngeus with transverse 

fibres. Between these two parts exists a potential gap called 
Killian’s dehiscence. It is also called “gateway of tears” as per-
foration can occur at this site during oesophagoscopy. This 
is also the site for herniation of pharyngeal mucosa in cases 
of pharyngeal pouch.

WALDEYER’S RING (FIGURE 47.2)

Scattered throughout the pharynx in its subepithelial layer is 
the lymphoid tissue which is aggregated at places to form 
masses, collectively called Waldeyer’s ring. The masses are:

 1.  Nasopharyngeal tonsil or the adenoids
 2.  Palatine tonsils or simply the tonsils
 3.  Lingual tonsil
 4.  Tubal tonsils (in fossa of Rosenmüller)
 5.  Lateral pharyngeal bands
 6.  Nodules (in posterior pharyngeal wall).

PHARYNGEAL SPACES

There are two potential spaces in relation to the pharynx 
where abscesses can form.

 1.  Retropharyngeal space, situated behind the pharynx and 
extending from the base of skull to the bifurcation of tra-
chea (see p. 265).

 2.  Parapharyngeal space, situated on the side of pharynx. 
It contains carotid vessels, jugular vein, last four cranial 
nerves and cervical sympathetic chain (see p. 267).

DIVISIONS OF PHARYNX

Anatomically, pharynx is divided into three parts  
(Figure 47.3):

 1.  Nasopharynx
 2.  Oropharynx
 3.  Hypopharynx or laryngopharynx.

NASOPHARYNX (EPIPHARYNX)

APPLIED ANATOMY
Nasopharynx is the uppermost part of the pharynx and 
therefore, also called epipharynx. It lies behind the nasal cavi-
ties and extends from the base of skull to the soft palate or 
the level of the horizontal plane passing through the hard 
palate (Figure 47.4).

 1.  Roof of the nasopharynx is formed by basisphenoid and 
basiocciput.

47 Anatomy and Physiology 
of Pharynx
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 2.  Posterior wall is formed by arch of the atlas vertebra cov-
ered by prevertebral muscles and fascia. Both the roof and 
the posterior wall imperceptibly merge with each other.

 3.  Floor is formed by the soft palate anteriorly but is defi-
cient posteriorly. It is through this space, the nasopharyngeal 
isthmus, that the nasopharynx communicates with the 
oropharynx.

 4.  Anterior wall is formed by posterior nasal apertures or cho-
anae, separated from each other by the posterior border 
of the nasal septum. Posterior ends of nasal turbinates 
and meatuses are seen in this wall.

 5.  Lateral wall. Each lateral wall presents the pharyngeal 
opening of eustachian tube situated 1.25 cm behind the 
posterior end of inferior turbinate. It is bounded above 
and behind by an elevation called torus tubarius raised 
by the cartilage of the tube. Above and behind the tubal 
elevation is a recess called fossa of Rosenmüller, which is the 
commonest site for origin of carcinoma (Figure 47.5).  
A ridge extends from the lower end of torus tubarius to 
the lateral pharyngeal wall and is called salpingopharyngeal 
fold (Figure 47.9). It is raised by the corresponding muscle.

NASOPHARYNGEAL TONSIL (ADENOIDS)
It is a subepithelial collection of lymphoid tissue at the junc-
tion of roof and posterior wall of nasopharynx and causes 
the overlying mucous membrane to be thrown into radiat-
ing folds. It increases in size up to the age of 6 years and 
then gradually atrophies.

NASOPHARYNGEAL BURSA (FIGURE 47.4)
It is an epithelial-lined median recess found within the ade-
noid mass and extends from pharyngeal mucosa to the peri-
osteum of the basiocciput. It represents the attachment of 
notochord to the pharyngeal endoderm during embryonic 
life. When infected, it may be the cause of persistent postna-
sal discharge or crusting. Sometimes an abscess can form in 
the bursa (Thornwaldt’s disease).

RATHKE’S POUCH
It is represented clinically by a dimple above the adenoids 
and is reminiscent of the buccal mucosal invagination,  
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Morgagni

Base of skull

Eust. tube

(a)

(b)

(c)

(d)

Figure 47.1 Structure of pharyngeal wall. From within outwards 
it consists of (a) mucous membrane, (b) pharyngobasilar fascia,  
(c) muscular coat and (d) buccopharyngeal fascia.
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Figure 47.2 Waldeyer’s ring.
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Figure 47.3 Divisions of pharynx and the vertebrae related to their 
posterior wall.

Rathke’s pouch

Nasopharyngeal
bursa
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Figure 47.4 Rathke’s pouch is represented by a dimple, high in 
nasopharynx. Inferior to this, within the adenoid mass, is the naso-
pharyngeal bursa.
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to form the anterior lobe of pituitary. A craniopharyngioma 
may arise from it.

TUBAL TONSIL
It is collection of subepithelial lymphoid tissue situated at 
the tubal elevation. It is continuous with adenoid tissue and 
forms a part of the Waldeyer’s ring. When enlarged due to 
infection, it causes eustachian tube occlusion.

SINUS OF MORGAGNI
It is a space between the base of the skull and upper free 
border of superior constrictor muscle. Through it enters  
(i) the eustachian tube, (ii) the levator veli palatini, (iii) ten-
sor veli palatini and (iv) ascending palatine artery—branch 
of the facial artery (Figure 47.1).

PASSAVANT’S RIDGE
It is a mucosal ridge raised by fibres of palatopharyngeus. 
It encircles the posterior and lateral walls of nasopharyn-
geal isthmus. Soft palate, during its contraction, makes firm 
contact with this ridge to cut off nasopharynx from the oro-
pharynx during the deglutition or speech.

EPITHELIAL LINING OF NASOPHARYNX
Functionally, nasopharynx is the posterior extension of 
nasal cavity. It is lined by pseudostratified ciliated columnar 
epithelium.

LYMPHATIC DRAINAGE
Lymphatics of the nasopharynx, including those of the ade-
noids and pharyngeal end of eustachian tube, drain into upper 
deep cervical nodes either directly or indirectly through 
retropharyngeal and parapharyngeal lymph nodes. They  
also drain into spinal accessory chain of nodes in the posterior 
triangle of the neck. Lymphatics of the nasopharynx may also 
cross midline to drain into contralateral lymph nodes.

FUNCTIONS OF NASOPHARYNX
 1.  Acts as a conduit for air, which has been warmed and 

humidified in the nose, in its passage to the larynx and 
trachea.

 2.  Through the eustachian tube, it ventilates the middle 
ear and equalizes air pressure on both sides of tympanic 
membrane. This function is important for hearing.

 3.  Elevation of the soft palate against posterior pharyngeal 
wall and the Passavant’s ridge helps to cut off nasophar-
ynx from oropharynx. This function is important during 
swallowing, vomiting, gagging and speech.

 4.  Acts as a resonating chamber during voice production. 
Voice disorders are seen in nasopharyngeal obstruction 
and velopharyngeal incompetence (see Chapter 63).

 5.  Acts as a drainage channel for the mucus secreted by 
nasal and nasopharyngeal glands.

OROPHARYNX

APPLIED ANATOMY
Oropharynx extends from the plane of hard palate above to 
the plane of hyoid bone below. It lies opposite the oral cavity 
with which it communicates through oropharyngeal isthmus. 
The latter is bounded above, by the soft palate; below, by the 
upper surface of tongue; and on either side, by palatoglossal 
arch (anterior pillar).

BOUNDARIES OF OROPHARYNX
1. Posterior wall. It is related to retropharyngeal space and 
lies opposite the second and upper part of the third cervical 
vertebrae.

2. Anterior wall. It is deficient above, where oropharynx 
communicates with the oral cavity, but below it presents:

 (a)  Base of tongue, posterior to circumvallate papillae.
 (b)  Lingual tonsils, one on either side, situated in the base 

of tongue. They may show compensatory enlargement 
following tonsillectomy or may be the seat of infection.

 (c)  Valleculae. They are cup-shaped depressions lying 
between the base of tongue and anterior surface of epi-
glottis. Each is bounded medially by the median glosso-
epiglottic fold and laterally by pharyngoepiglottic fold 
(Figure 47.6). They are the seat of retention cysts.

3. Lateral wall. It presents:

 (a)  Palatine (faucial) tonsil (for details, see p. 257).
 (b)  Anterior pillar (palatoglossal arch) formed by the palato-

glossus muscle.
 (c)  Posterior pillar (palatopharyngeal arch) formed by the 

palatopharyngeus muscle.

Both anterior and posterior pillars diverge from the soft 
palate and enclose a triangular depression called tonsillar 
fossa in which is situated the palatine tonsil (Figure 47.7).

Boundary between oropharynx above and the hypophar-
ynx below is formed by upper border of epiglottis and the 
pharyngoepiglottic folds.

LYMPHATIC DRAINAGE
Lymphatics from the oropharynx drain into upper jugular 
chain particularly the jugulodigastric (tonsillar) node. The 
soft palate, lateral and posterior pharyngeal walls and the 
base of tongue also drain into retropharyngeal and para-
pharyngeal nodes and from there to the jugulodigastric 
and posterior cervical group. The base of tongue may drain 
bilaterally.

Fossa of Rosenmüller
Torus tubarius

Figure 47.5 Endoscopic view of nasopharynx showing torus 
tubarius in the lateral wall of nasopharynx. Note also the fossa of 
Rosenmüller which lies behind it. Fossa of Rosenmüller is the com-
monest site for the origin of carcinoma nasopharynx.
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FUNCTIONS OF OROPHARYNX
 1.  As a conduit for passage of air and food.
 2.  Helps in the pharyngeal phase of deglutition.
 3.  Forms part of vocal tract for certain speech sounds.
 4.  Helps in appreciation of the taste. Taste buds are pres-

ent in the base of tongue, soft palate, anterior pillars and 
posterior pharyngeal wall.

 5.  Provides local defence and immunity against harmful 
intruders into the air and food passages. This function 
is subserved by subepithelial masses of lymphoid tissues 
scattered as Waldeyer’s ring. They are strategically placed 
at the portals of air and food entry and act as protec-
tive sentinels. B-lymphocytes in the germinal centres of 
the follicles produce secretory antibodies of IgA class 
whereas T-lymphocytes in parafollicular region produce 
cell-mediated immunity against various viruses, bacteria 
and fungi. Pathogens which happen to enter into these 
lymphoid masses are dealt by IgM and IgG antibodies 
secreted by plasma cells.

HYPOPHARYNX (LARYNGOPHARYNX)

APPLIED ANATOMY
Hypopharynx is the lowest part of the pharynx and lies 
behind and partly on the sides of the larynx. Its superior 
limit is the plane passing from the body of hyoid bone to the 
posterior pharyngeal wall, while the inferior limit is lower 
border of cricoid cartilage where hypopharynx becomes 
continuous with oesophagus. Hypopharynx lies opposite 
the third, fourth, fifth, sixth cervical vertebrae. Clinically, it 
is subdivided into three regions—the pyriform sinus, post-
cricoid region and the posterior pharyngeal wall.

 1.  Pyriform sinus (fossa). It lies on either side of the larynx 
and extends from pharyngoepiglottic fold to the upper 
end of oesophagus.

It is bounded laterally by the thyrohyoid membrane 
and the thyroid cartilage and medially by the aryepi-
glottic fold, posterolateral surfaces of arytenoid and 
cricoid cartilages (Figure 47.8). It forms the lateral 
channel for food. Foreign bodies may lodge in the 
pyriform fossa. Internal laryngeal nerve runs submu-
cosally in the lateral wall of the sinus and thus is easily 
accessible for local anaesthesia. It is also through this 
nerve that pain is referred to the ear in carcinoma of 
the pyriform sinus.

 2.  Postcricoid region. It is the part of the anterior wall of 
laryngopharynx between the upper and lower borders 
of cricoid lamina. It is a common site for carcinoma  
in females suffering from Plummer–Vinson syndrome 
(Figure 47.9).

 3.  Posterior pharyngeal wall. It extends from the level of 
hyoid bone to the level of cricoarytenoid joint.

LYMPHATIC DRAINAGE
Pyriform sinus is richly supplied by lymphatics which exit 
through the thyrohyoid membrane and drain into the 
upper jugular chain.

Lymphatics of the posterior wall terminate in the lateral 
pharyngeal or parapharyngeal nodes and thence to the 
deep cervical lymph nodes.

Lymphatics of postcricoid region also drain into the para-
pharyngeal nodes but may also drain into nodes of supracla-
vicular and paratracheal chain.

Median and lateral
glossoepiglottic folds

Base of tongue

Sulcus terminalis

Circumvallate
papillae
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Figure 47.6 Base of tongue and valleculae.

Soft palate
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Posterior pillar

Tonsil
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pharyngeal

wall

Figure 47.7 Various structures seen in the oropharynx.

Figure 47.8 Normal pyriform fossae right and left (arrows). They 
show better when patient phonates.
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Rich lymphatic network of pyriform fossae explains the 
high frequency with which nodal metastases are seen in car-
cinoma of this region.

FUNCTIONS OF HYPOPHARYNX
Laryngopharynx, like oropharynx, is a common pathway 
for air and food, provides a vocal tract for resonance of 

certain speech sounds and helps in deglutition. There 
is coordination between contraction of pharyngeal mus-
cles and relaxation of cricopharyngeal sphincter at the 
upper end of oesophagus. Lack of this coordination,  
i.e. failure of cricopharyngeal sphincter to relax when pha-
ryngeal muscles are contracting causes hypopharyngeal 
diverticulum.

Choana with turbinates

Eustachian tube

Salpingopharyngeal
fold
Soft palate
(posterior surface)

Tonsil
Base of tongue

Laryngeal inlet

Pyriform fossa

Postcricoid area

Laryngopharynx

Oropharynx

Nasopharynx

Figure 47.9 Pharynx opened from behind showing structures related to nasopharynx, oropharynx and laryngopharynx.
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ADENOIDS

ANATOMY AND PHYSIOLOGY

The nasopharyngeal tonsil, commonly called “adenoids”, is 
situated at the junction of the roof and posterior wall of the 
nasopharynx. It is composed of vertical ridges of lymphoid 
tissue separated by deep clefts (Figure 48.1). Covering epi-
thelium is of three types: ciliated pseudostratified columnar, 
stratified squamous and transitional. Unlike palatine tonsils, 
adenoids have no crypts and no capsule. Adenoid tissue is 
present at birth, shows physiological enlargement up to the 
age of 6 years, and then tends to atrophy at puberty and 
almost completely disappears by the age of 20.

Blood supply. Adenoids receive their blood supply from:

 1.  Ascending palatine branch of facial.
 2.  Ascending pharyngeal branch of external carotid.
 3.  Pharyngeal branch of the third part of maxillary artery.
 4.  Ascending cervical branch of inferior thyroid artery of 

thyrocervical trunk.

Lymphatics from the adenoid drain into upper jugular 
nodes directly or indirectly via retropharyngeal and para-
pharyngeal nodes.

Nerve supply is through CN IX and X. They carry sensa-
tion. Referred pain to ear due to adenoiditis is also medi-
ated through them.

AETIOLOGY

Adenoids are subject to physiological enlargement 
in childhood. Certain children have a tendency to 

generalized lymphoid hyperplasia in which adenoids also  
take part.

Recurrent attacks of rhinitis, sinusitis or chronic  
tonsillitis may cause chronic adenoid infection and 
hyperplasia.

Allergy of the upper respiratory tract may also contribute 
to the enlargement of adenoids.

CLINICAL FEATURES

Symptoms and signs depend not merely on the absolute size 
of the adenoid mass but are relative to the available space in 
the nasopharynx.

Enlarged and infected adenoids may cause nasal, aural or 
general symptoms.

1. NASAL SYMPTOMS
 (a)  Nasal obstruction is the commonest symptom. This leads 

to mouth breathing. Nasal obstruction also interferes 
with feeding or suckling in a child. As respiration and 
feeding cannot take place simultaneously, a child with 
adenoid enlargement fails to thrive.

 (b)  Nasal discharge. It is partly due to choanal obstruction, 
as the normal nasal secretions cannot drain into naso-
pharynx and partly due to associated chronic rhinitis. 
The child often has a wet bubbly nose.

 (c)  Sinusitis. Chronic maxillary sinusitis is commonly asso-
ciated with adenoids. It is due to persistence of nasal 
discharge and infection. Reverse is also true that a 
primary maxillary sinusitis may lead to infected and 
enlarged adenoids.

 (d)  Epistaxis. When adenoids are acutely inflamed, epi-
staxis can occur with nose blowing.

 (e)  Voice change. Voice is toneless and loses nasal quality due 
to nasal obstruction.

2. AURAL SYMPTOMS
 (a)  Tubal obstruction. Adenoid mass blocks the eustachian 

tube leading to retracted tympanic membrane and con-
ductive hearing loss.

 (b)  Recurrent attacks of acute otitis media may occur due to 
spread of infection via the eustachian tube.

 (c)  Chronic suppurative otitis media may fail to resolve in the 
presence of infected adenoids.

 (d)  Serous otitis media. Adenoids form an important 
cause of serous otitis media in children. The wax-
ing and waning size of adenoids causes intermittent 
eustachian tube obstruction with fluctuating hear-
ing loss. Impedance audiometry helps to identify the 
condition.

48Adenoids and Other 
Inflammations of Nasopharynx

Figure 48.1 Adenoid mass after removal with curette. Note ridges of 
lymphoid tissue separated by deep clefts.
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3. GENERAL SYMPTOMS
 (a)  Adenoid facies. Chronic nasal obstruction and mouth 

breathing lead to characteristic facial appearance called 
adenoid facies. The child has an elongated face with dull 
expression, open mouth, prominent and crowded upper 
teeth and hitched up upper lip. Nose gives a pinched-
in appearance due to disuse atrophy of alaenasi (Figure 
48.2). Hard palate in these cases is highly arched as the 
moulding action of the tongue on palate is lost.

 (b)  Pulmonary hypertension. Long-standing nasal obstruc-
tion due to adenoid hypertrophy can cause pulmonary 
hypertension and cor pulmonale.

 (c)  Aprosexia, i.e. lack of concentration.

DIAGNOSIS

Examination of postnasal space is possible in some young 
children and an adenoid mass can be seen with a mirror.  
A rigid or a flexible nasopharyngoscope is also useful to see 
details of the nasopharynx in a cooperative child. Soft tis-
sue lateral radiograph of nasopharynx will reveal the size of 
adenoids and also the extent to which nasopharyngeal air 
space has been compromised (Figure 48.3). Detailed nasal 
examination should always be conducted to exclude other 
causes of nasal obstruction.

TREATMENT

When symptoms are not marked, breathing exercises, decon-
gestant nasal drops and antihistaminics for any co-existent 
nasal allergy can cure the condition without resort to surgery.

When symptoms are marked, adenoidectomy is done. 
Indications and details of the operation are discussed in the 
section on operative surgery.

ACUTE NASOPHARYNGITIS

AETIOLOGY

Acute infection of the nasopharynx may be an isolated 
infection confined to this part only or be a part of the gen-
eralized upper airway infection. It may be caused by viruses 
(common cold, influenza, parainfluenza, rhino or adenovi-
rus) or bacteria (especially streptococcus, pneumococcus or 
Haemophilus influenzae).

CLINICAL FEATURES

Dryness and burning of the throat above the soft palate 
is usually the first symptom as is commonly noted in com-
mon cold. This is followed by pain and discomfort local-
ized to the back of nose with some difficulty on swallowing. 
In severe infections, there is pyrexia and enlarged cervi-
cal lymph nodes. Examination of nasopharynx reveals 
congested and swollen mucosa often covered with whitish 
exudate.

TREATMENT

Mild cases clear up spontaneously. Some analgesic may be 
required for relief of pain and discomfort. In severe cases 
with general symptoms, systemic antibiotic or chemotherapy 
may be necessary. In children, there is associated adenoid-
itis which causes nasal obstruction and requires nasal decon-
gestant drops.

CHRONIC NASOPHARYNGITIS

AETIOLOGY

It is often associated with chronic infections of nose, paranasal 
sinuses and pharynx. It is commonly seen in heavy smokers, 
drinkers and those exposed to dust and fumes.

Figure 48.2 Adenoid facies. Patient is a mouth breather.

Figure 48.3 Enlarged adenoids (arrows) in a 7-year-old girl. There is 
very little breathing space in the nasopharynx.
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CLINICAL FEATURES

Postnasal discharge and crusting with irritation at the back of 
nose is the most common complaint. Patient has a constant 
desire to clear the throat by hawking or inspiratory snorting 
(forcibly drawing nasal secretions back into the throat).

Examination of nasopharynx reveals congested mucosa 
and mucopus or dry crusts. In children, adenoids are often 
enlarged and infected (chronic adenoiditis).

TREATMENT

Chronic infections of the nose, paranasal sinuses and oro-
pharynx should be attended to. Excessive smoking and 
drinking should be corrected. Preventive measures should be 
taken to avoid dust and fumes. Alkaline nasal douche helps to 
remove crusts and mucopus. Steam inhalations are soothing.

THORNWALDT’S DISEASE (PHARYNGEAL 
BURSITIS)

It is infection of the pharyngeal bursa which is a median 
recess representing attachment of notochord to endoderm 

of the primitive pharynx. Pharyngeal bursa is located in 
the midline of posterior wall of the nasopharynx in the 
adenoid mass.

CLINICAL FEATURES

 1.  Persistent postnasal discharge with crusting in the 
nasopharynx.

 2.  Nasal obstruction due to swelling in the nasopharynx.
 3.  Obstruction to eustachian tube and serous otitis 

media.
 4.  Dull type of occipital headache.
 5.  Recurrent sore throat.
 6.  Low-grade fever.

Examination would reveal a cystic and fluctuant swelling 
in the posterior wall of nasopharynx. It may also show crusts 
in the nasopharynx due to dried up discharge.

TREATMENT

Antibiotics are given to treat infection and marsupializa-
tion of the cystic swelling and adequate removal of its lining 
membrane.
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BENIGN TUMOURS

Benign and malignant tumours of the nasopharynx are 
listed in Table 49.1.

NASOPHARYNGEAL FIBROMA (JUVENILE 
NASOPHARYNGEAL ANGIOFIBROMA)

It is a rare tumour, though it is the commonest of all benign 
tumours of nasopharynx.

AETIOLOGY
The exact cause is unknown. As the tumour is predomi-
nantly seen in adolescent males in the second decade of life, 
it is thought to be testosterone dependent. Such patients 
have a hamartomatous nidus of vascular tissue in the naso-
pharynx and this is activated to form angiofibroma when 
male sex hormone appears.

SITE OF ORIGIN AND GROWTH
The site of origin of the tumour is still a matter of dispute. 
Earlier it was thought to arise from the roof of nasopharynx 
or the anterior wall of sphenoid bone but now it is believed 
to arise from the posterior part of nasal cavity close to the 
superior margin of sphenopalatine foramen. From here the 
tumour grows into the nasal cavity, nasopharynx and into 
the pterygopalatine fossa, running behind the posterior wall 
of maxillary sinus which is pushed forward as the tumour 
grows. Laterally, it extends into pterygomaxillary fossa and 
thence to infratemporal fossa and cheek.

PATHOLOGY
Angiofibroma, as the name implies, is made up of vascular 
and fibrous tissues: the ratio of the two components may 
vary. Mostly, the vessels are just endothelium-lined spaces 
with no elastic or muscle coat. This accounts for the severe 
bleeding as the vessels lose the ability to contract; also the 
bleeding cannot be controlled by application of adrenaline 
(Figure 49.1).

EXTENSIONS OF NASOPHARYNGEAL FIBROMA
Nasopharyngeal fibroma is a benign tumour but locally 
invasive and destroys the adjoining structures. It may extend 
into:

 1.  Nasal cavity causing nasal obstruction, epistaxis and nasal 
discharge.

 2.  Paranasal sinuses. Maxillary, sphenoid and ethmoid 
sinuses can all be invaded.

 3.  Pterygomaxillary fossa, infratemporal fossa and cheek.

 4.  Orbits giving rise to proptosis and “frog-face deformity.” 
It enters through the inferior orbital fissure and also 
destroys apex of the orbit. It can also enter the orbit 
through superior orbital fissure.

 5.  Cranial cavity. It can extend into:
 (a)  Anterior cranial fossa through roof of ethmoids or 

cribriform plate.
 (b)  Middle cranial fossa through erosion of floor of 

middle cranial fossa or indirectly by invading the 
sphenoid sinus and sella turcica. In the former case, 
tumour lies lateral to internal carotid artery and in 
the latter case medial to the artery.

CLINICAL FEATURES
 1.  Age and sex. Tumour is seen almost exclusively in males 

in the age group of 10–20 years. Rarely, it may be seen in 
older people and females.

 2.  Profuse, recurrent and spontaneous epistaxis. This is the 
most common presentation. Patient may be markedly 
anaemic due to repeated blood loss.

 3.  Progressive nasal obstruction and denasal speech. It is 
due to mass in the postnasal space.

 4.  Conductive hearing loss and otitis media with effusion. 
It occur due to obstruction of eustachian tube.

 5.  Mass in the nasopharynx. Tumour is sessile, lobulated or 
smooth and obstructs one or both choanae. It is pink or 
purplish in colour. Consistency is firm but digital palpation 
should never be done until at the time of operation.

 6.  Other clinical features like broadening of nasal bridge, 
proptosis, swelling of cheek, infratemporal fossa or 
involvement of IInd, IIIrd, IVth and VIth cranial nerves 
will depend on the extent of tumour (Figure 49.2).

49 Tumours of Nasopharynx

Table 49.1  Benign and malignant tumours of the 
nasopharynx

Benign Malignant

	•	 	Angiofibroma
	•	 	Choanal polyp
	•	 	Squamous papilloma
	•	 	Thornwaldt’s cyst
	•	 	Pleomorphic adenoma
	•	 	Craniopharyngioma
	•	 	Paraganglioma
	•	 	Hamartoma
	•	 	Congenital tumours
	 •	 	Hairy polyp
	 •	 	Teratoma
	 •	 	Epignathi

	•	 	Carcinoma nasopharynx
	•	 	Lymphoma
	•	 	Rhabdomyosarcoma
	•	 	Chordoma
	•	 	Plasmacytoma
	•	 	Haemangiopericytoma
	•	 	Malignant salivary gland 

tumours
	•	 	Melanoma
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DIAGNOSIS
It is mostly based on clinical picture. Biopsy of the tumour is 
attended with profuse bleeding and is, therefore, avoided. If 
it is essential to differentiate it from other tumours, biopsy 
can be done under general anaesthesia with all arrange-
ments to control bleeding and transfuse blood.

INVESTIGATIONS
 1.  Computed tomography (CT) scan of the head with con-

trast enhancement is now the investigation of choice 
(Figure 49.3). It has replaced conventional radiographs. 
It shows the extent of tumour, bony destruction or dis-
placements. Anterior bowing of the posterior wall of 

A B

Figure 49.1 Angiofibroma. Section shows multiple dilated vessels surrounded by fibrous stroma. (A) H&E, x100. (B) H&E, x200.

A

B

C

Figure 49.2 (A) Specimen of an extensive angiofibroma in a 32-year-old male. (B&C) CT scans of the same. Note destruction of bone and 
extension into pterygopalatine fossa.
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maxillary sinus, often called antral sign or Holman-Miller 
sign, is pathognomic of angiofibroma.

 2.  Magnetic resonance imaging (MRI) is complementary 
to CT scans and shows any soft tissue extensions pres-
ent intracranially in the infratemporal fossa or in the  
orbit.

 3.  Carotid angiography shows the extent of tumours, its 
vascularity and feeding vessels which mostly come from 
the external carotid system. In very large tumours or 
those with intracranial extension vessels may also come 
from internal carotid system. Embolization of vessels can 
be done at this time to decrease bleeding at operation. 
Feeders from only the external carotid system can be 
embolized. Resection of tumour should not be delayed 
beyond 24–48 h of embolization to avoid vascularization 
from the contralateral side.

 4.  Arrangement for blood transfusion. Though blood may 
not be required during surgery if successful embolization 
is done, 2–3 units of blood should be available and kept 
in reserve after grouping and cross matching.

TREATMENT
Surgery. Surgical excision is the treatment of choice though 
radiotherapy and chemotherapy singly or in combination 
have also been used. Spontaneous regression of the tumour 
with advancement of age, as thought previously, does not 
occur and no wait and watch policy should be adopted. Sur-
gical approaches used to remove angiofibroma, depending 
on its origin and extensions, are listed below.

 1.  Transpalatine (Figure 49.4)
 2.  Transpalatine + Sublabial (Sardana’s approach)
 3.  Lateral rhinotomy with medial maxillectomy
 (a)  Via facial incision
 (b)  Via degloving approach
 4.  Endoscopic removal
 5.  Transmaxillary (Le Fort I) approach
 6.  Maxillary swing approach or facial translocation 

approach, or Wei’s operation
 7.  Infratemporal fossa approach
 8.  Intracranial–extracranial approach

A B

C

Figure 49.3 Embolization of angiofibroma to decrease vascularity: (A) & (B) pre-embolization and (C) after embolization.
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Transpalatal approach is used for tumours confined to the 
nasopharynx. It can be extended into Sardana’s approach if 
the tumour extends laterally. These days such tumours can 
be removed endoscopically. Wide access to pterygomaxil-
lary fossa can also be obtained by removing the anterior wall 
of maxillary sinus along with parts of pyriform aperture of 
nose through osteotomies and later reconstruction at the 
end of operation with plates. This avoids depression and 
deformity of the face (Table 49.2).

Transmaxillary Le Fort I approach has also been used to give 
a wider access to remove tumours which extend into max-
illary and ethmoid sinuses and pterygopalatine fossa. For 
tumours of infratemporal fossa maxillary swing approach 
also called facial translocation has been used. Here an osteo-
plastic flap with entire cheek and maxilla is raised as a single 
unit, which is later reconstructed. Most of the intracranial 
extensions are extradural and can be removed easily with the 

extracranial approaches but tumours extending intradurally 
or to the cavernous sinus require help of the neurosurgeon.

Preoperative embolization of the tumour reduces its 
blood supply and causes less bleeding, if tumour removal 
is performed within 24–48 h of embolization before collat-
erals have time to develop. Preoperative angiography also 
helps to find any feeders from internal carotid system.

Before the era of tumour embolization, oestrogens were 
used systemically to reduce blood supply. Similarly cryother-
apy was also used.

Recurrence of juvenile angiofibroma is not uncommon 
and has been reported in up to 35%.

Management of recurrent tumour. Various options used are:

 (a)  Observation. The tumour may spontaneously regress.
 (b)  Revision surgery and removal. If it recurs even after revision 

surgery, radiotherapy may be considered.
 (c)  Radiation. Reduces the blood supply and the tumour 

subsides over time. It is also used when tumour recur-
rence is surgically inaccessible.

Radiotherapy. Radiotherapy has been used as a primary 
mode of treatment. A dose of 3000 to 3500 cGy in 15–18 
fractions is delivered in 3–3.5 weeks. Response is not imme-
diate. Tumour regresses slowly in about a year, sometimes 
even up to 3 years. Radiotherapy is also used for intracranial 
extension of disease when tumour derives its blood supply 
from the internal carotid system.

Recurrent angiofibromas have also been treated by radio-
therapy. Intensity modulated radiotherapy—a newer mode 
of treatment—may be employed.

Treatment with radiotherapy is controversial. Some believe 
that all large tumours with intracranial extension should be 
treated with radiation while others reserve it for recurrent 
inoperable tumours. Radiation to nasopharynx in the young 
has the risk of development of malignancy at a later age.

Hormonal therapy. Since the tumour occurs in young males 
at puberty, probably activated by testosterone, hormonal 

Tumour

Figure 49.4 Nasopharyngeal fibroma as seen after transpalatal 
exposure.

Table 49.2  Extent of juvenile nasopharyngeal angiofibroma and surgical approach

Location Approach

 A.  Nose and nasopharynx Transpalatal or endoscopic
 B.  Nose, nasopharynx maxillary antrum and pterygopalatine fossa Lateral rhinotomy with medial maxillectomy

OR
Endoscopic
OR
Le Fort I

 C.  As in B + Infratemporal fossa Extended lateral rhinotomy
OR
Infratemporal fossa approach
OR
Maxillary swing approach

 D.  As in C + Cheek extension Extended lateral rhinotomy
 E.  As in B + C + Intracranial Combined intracranial and extracranial approach (craniotomy + 

one of the extracranial approaches)
OR
Radiation if intracranial part is inaccessible

 F.  Residual or recurrent disease (extracranial) Observation OR repeat surgery or radiation if inaccessible
 G.  Intracranial residual or recurrent Stereotactic radiation (X or gamma knife)
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therapy as the primary or adjunctive treatment has been 
used. Diethylstilbestrol and flutamide (an androgen 
blocker) have been used in the past to arrest the growth but 
no significant regression has been observed in practice.

Chemotherapy. Very aggressive recurrent tumours and resid-
ual lesions have been treated by chemotherapy. Doxorubicin, 
vincristine and dacarbazine have been used in combination.

Chemotherapy and radiotherapy can arrest the growth 
and cause some tumour regression but not total tumour 
eradication.

OTHER BENIGN TUMOURS OF 
NASOPHARYNX

They are very rare and arise from the roof or lateral wall of 
nasopharynx. They include:

 1.  Congenital tumours. They are seen at birth and are six 
times more common in females than males. Various types 
include:

 (a)  Hairy polyp. A dermoid with skin appendages.
 (b)  True teratoma. Having elements derived from all the 

three germ layers.
 (c)  Epignathi. Having well-developed fetal parts.
 2.  Pleomorphic adenoma.
 3.  Chordoma. Derived from the notochord.
 4.  Hamartoma. Malformed normal tissue, e.g. haemangioma.
 5.  Choristoma. Mass of normal tissues at an abnormal site.
 6.  Paraganglioma.

MALIGNANT TUMOURS

NASOPHARYNGEAL CANCER

EPIDEMIOLOGY AND GEOGRAPHIC DISTRIBUTION
Nasopharyngeal cancer is a multifactorial disease. Its inci-
dence and geographic distribution depends on several fac-
tors such as genetic susceptibility, environment, diet and 
personal habits.

Nasopharyngeal cancer is most common in China par-
ticularly in southern states and Taiwan.

Its incidence in North American whites is 0.25% of all 
cancers, while it is 18% in American Chinese. Chinese born 
in America have lesser incidence than those born in China. 
Burning of incense or wood (polycyclic hydrocarbon), use 
of preserved salted fish (nitrosamines) along with vitamin 
C deficient diet (vitamin C blocks nitrosification of amines 
and is thus protective) may be other factors operative in 
China.

Nasopharyngeal cancer is uncommon in India and con-
stitutes only 0.41% (0.66% in males and 0.17% in females) 
of all cancers except in the North East region where people 
are predominantly of Mongoloid origin. People in Southern 
China, Taiwan and Indonesia are more prone to this cancer.

AETIOLOGY
The exact aetiology is not known. The factors responsible 
are:

 1.  Genetic. Chinese have a higher genetic susceptibility to 
nasopharyngeal cancer. Even after migration to other 
countries they continue to have higher incidence.

 2.  Viral. Epstein–Barr (EB) virus is closely associated with 
nasopharyngeal cancer. Specific viral markers are being 
developed to screen people in high-incidence areas. EB 
virus has two important antigens: viral capsid antigen 
(VCA) and early antigen (EA). IgA antibodies of EA are 
highly specific for nasopharyngeal cancer but have sen-
sitivity of only 70–80% while IgA antibodies of VCA are 
more sensitive but less specific. AgA antibodies against 
both EA and VCA should be done for screening of 
patients for nasopharyngeal cancer.

 3.  Environmental. Air pollution, smoking of tobacco and 
opium, nitrosamines from dry salted fish, smoke from 
burning of incense and wood have all been incriminated.

PATHOLOGY
Squamous cell carcinoma in various grades of its differentia-
tion or its variants as transitional cell carcinoma and lym-
phoepithelioma is the most common (85%). Lymphomas 
constitute 10% and the rest 5% are rhabdomyosarcoma, 
malignant mixed salivary tumour or malignant chordoma.

On the basis of histology, as seen on light microscopy, 
WHO has lately reclassified epithelial growths into three 
types (see Table 49.3).

Table 49.3  WHO classification based on histopathology

Present WHO terminology Former terminology

Type I (25%) Keratinizing carcinoma Squamous cell carcinoma
Type II (12%) Nonkeratinizing differentiated carcinoma 	•	 	Transitional cell carcinoma

	•	 	Intermediate cell carcinoma
	•	 	Lymphoepithelial carcinoma (Regaud type is tumour with malignant 

tissues in nests)
Type III (63%) Nonkeratinizing

undifferentiated carcinoma
	•	 	Anaplastic carcinoma
	•	 	Clear cell carcinoma
	•	 	Lymphoepithelial carcinoma (Schminke type is tumour with diffusely 

distributed malignant tissue)
	•	 	Spindle cell carcinoma

 

Note: All the types are squamous cell carcinoma when seen under electron microscope. Special stains for epithelial and lymphoid markers are 
required to differentiate them from lymphomas.
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Grossly, the tumour presents in three forms:

1. Proliferative. When a polypoid tumour fills the nasophar-
ynx, it causes obstructive nasal symptoms.

2. Ulcerative. Epistaxis is the common symptom.

3. Infiltrative. Growths infiltrate submucosally.

SPREAD OF NASOPHARYNGEAL CARCINOMA (SEE 
FIGURE 49.5)
Local spread. Commonest site of origin in the nasophar-
ynx is the fossa of Rosenmüller. Anterior spread causes block-
age of choana and nasal cavity and inferior spread is towards 
oropharynx and hypopharynx, lateral spread involves para-
pharyngeal space and infratemporal fossa through the 
sinus of Morgagni, upward spread is towards intracranial 
structures. Foramen lacerum and foramen ovale provide 
direct route of spread to middle cranial fossa causing dip-
lopia or ophthalmoplegia. VIth cranial nerve is the first to 
be involved. Spread along the posterior skull base involves 
jugular foramen (CN IX, X, XI), hypoglossal canal (CN 
XII) or sympathetic nerve (Horner syndrome). These 
structures can also be involved secondary to involvement 
of parapharyngeal space. Involvement of pterygoid mus-
cles causes trismus.

Lymphatic spread. Nasopharynx is rich in lymphatics and an 
early lymphatic spread is seen in cervical nodes. Ipsilateral 
nodes are involved more often but contralateral or bilateral 
nodes can also get involved. Lymphatic spread may be direct 
to these nodes or indirectly through involvement of retro-
pharyngeal or parapharyngeal nodes. Involvement of retro-
pharyngeal nodes also causes neck stiffness and torticollis.

Distant metastases. Lung, bone and liver are the most com-
mon sites involved.

CLINICAL FEATURES
	•	 	Age. It is mostly seen in fifth to seventh decades but may 

involve younger age groups. It is not uncommon to see 
cancer of nasopharynx in twenties and thirties.

	•	 	Sex. Males are three times more prone than females.

Symptomatology is divided into four main groups:

1. Nasal. Nasal obstruction, nasal discharge, denasal speech 
(rhinolalia clausa) and epistaxis.

2. Otologic. Due to obstruction of eustachian tube, there is 
conductive hearing loss, serous or suppurative otitis media. 
Tinnitus and dizziness may occur. Presence of unilateral 
serous otitis media in an adult should raise suspicion of 
nasopharyngeal growth. Rarely, tumour grows up the tube 
into the middle ear.

3. Ophthalmoneurologic. This occurs due to extension of 
tumour to the surrounding regions. Nearly all the cranial 
nerves may be involved.

Squint and diplopia due to involvement of CN VI, oph-
thalmoplegia (CN III, IV and VI), facial pain and reduced 
corneal reflex may (invasion of CN V through foramen lace-
rum) occur. Tumours may directly invade the orbit leading to 
exophthalmos and blindness (CN II at the apex of the orbit). 
Involvement of IXth, Xth and XIth cranial nerves may occur, 
constituting jugular foramen syndrome. Usually, this is due to 
pressure of enlarged lateral retropharyngeal lymph nodes 
on these nerves in the neck. CN XII may be involved due 
to extension of growth to hypoglossal canal. Horner syndrome 
may occur due to involvement of cervical sympathetic chain.

Nasopharyngeal cancer can cause conductive deafness 
(eustachian tube blockage), ipsilateral temporoparietal neu-
ralgia (involvement of CN V) and palatal paralysis (CN X)—
collectively called Trotter’s triad.

Cranial nerve palsies
(IX, X, XI, XII,
Horner
syndrome)

Pterygoid
muscles
(trismus)

Neck pain
and stiffness

Upper-jugular and
posterior triangle nodes enlargement

Secondaries
lung, liver,
bone

Nasal obstruction
Epistaxis
Proptosis

Serous OM

Ophthalmic symptoms
and facial pain (CN III, IV, V, VI)

Foramen lacerum and
ovale

Eust. tube

Nose and orbit

Distant metastases

Cervical nodes

Retropharyngeal
nodes

Parapharyngeal
space
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Figure 49.5 Routes of spread (green area) and clinical features (blue area) of nasopharyngeal cancer.
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4. Cervical nodal metastases. This may be the only manifes-
tation of nasopharyngeal cancer. A lump of nodes is found 
between the angle of jaw and the mastoid and some nodes 
along the spinal accessory in the posterior triangle of neck. 
Nodal metastases are seen in 75% of the patients, when first 
seen, about half of them with bilateral nodes.

5. Distant metastases involve bone, lung, liver and other sites. 
Distant metastases may be present at the time of diagnosis.

Presenting symptoms and signs of nasopharyngeal cancer 
in order of frequency are:

	•	 	Cervical	lymphadenopathy	(most	common)	(60–90%)
	•	 	Hearing	loss
	•	 	Nasal	obstruction
	•	 	Epistaxis
	•	 	Cranial	nerve	palsies.	CN	VI	paralysis	is	the	most	common	

of these
	•	 	Headache
	•	 	Earache
	•	 	Neck	pain
	•	 	Weight	loss

DIAGNOSIS
 1.  Endoscopic evaluation. This can be done under local 

anaesthesia using rigid or flexible endoscopes. Growth 
may be proliferative, ulcerative or infiltrative submuco-
sal. Biopsy can be taken.

 2.  Imaging studies
 (a)  CT scan/MRI nasopharynx and neck. High- resolution,  

contrast-enhanced CT of neck and nasopharynx is 
the study of choice. It reveals primary growth, ero-
sion of skull base and clivus, extensions to parapha-
ryngeal, retropharyngeal and intracranial regions. 
Neck nodes can also be seen. MRI is better for soft-
tissue extension.

 (b)  X-ray/CT chest for secondaries lung.
 (c)  CT abdomen or ultrasound abdomen for secondaries 

liver.
 (d)  Positron emission tomography scan. It is getting pop-

ular to show metastases anywhere in the body.

 3.  Biopsy. It can be done under local or general anaes-
thesia using endoscopes. In case growth is not visible, 
but highly suspected because of metastatic nodes, 
blind biopsies from multiple sites in nasopharynx 
can be taken. A strip of mucosa from fossa of Rosen-
müller or posterior wall of nasopharynx can be taken. 
It may require transpalatal exposure of nasopharynx. 
General anaesthesia is preferred if occult primary is 
suspected.

 4.  Audiogram. A baseline audiogram is important. It not 
only establishes diagnosis of serous otitis media but is also 
important for side effects of radiation and chemotherapy 
which can cause sensorineural hearing loss.

CLASSIFICATION (SEE TABLE 49.4)
WHO classified nasopharyngeal carcinoma on histopatho-
logical basis into three types (Table 49.3). Type III is the 
most common in North America. However, the frequency 
of different histopathological types may differ from country 
to country. These types have also been correlated to titres 
of EB virus and also in their response to radiotherapy. It is 

observed that type II and type III are associated with higher 
titres of EB virus and have higher local control rates with 
radiotherapy.

TREATMENT
 1.  Radiotherapy. It is the treatment of choice for nasopha-

ryngeal cancer. Stage I and II are treated by radiotherapy 
alone while stage III and IV require concomitant radia-
tion and chemotherapy or radiation followed by chemo-
therapy. External beam radiation of 6000–7000 cGy can 
be delivered by linear accelerator to the primary and both 
sides of neck. More advanced techniques of radiotherapy 
such as three-dimensional conformal radiotherapy and 
intensity modulated radiotherapy (IMRT) are now being 
used more and more. They allow higher dose delivery to 
the tumour with reduced damage to the adjacent nor-
mal structures such as spinal cord, brainstem and parotid 
glands. IMRT has also been used for recurrent disease 
where conventional radiotherapy produces more serious 
side effects such as transverse myelitis.

 2.  Chemotherapy. Some stage III and IV cancers of naso-
pharynx can be cured by radiotherapy alone but cure 
rate is doubled when chemotherapy is combined with 
radiotherapy. Chemotherapy can be given concomitantly 
or postradiotherapy. Cisplatin or cisplatin with 5-FU have 
been used. Chemotherapy has also been found useful to 
control metastases from lymphoepithelioma and undif-
ferentiated carcinoma of nasopharynx. Goal of chemo-
radiotherapy in nasopharyngeal carcinoma is to improve 
local control of tumour and to treat distant metastases.

 3.  Treatment of recurrent and residual (persistent) disease. 
This can occur in neck nodes or in the nasopharynx.

 (a)  Positive nodes in the neck. They require radical neck dis-
section with removal of sternocleidomastoid muscle, 
CN XI and internal jugular vein. Modified neck dis-
section is not preferred as extensive disease has been 
seen on histopathology even when only a single node 
was present. Bilateral neck disease may require bilat-
eral neck dissection but with preservation of internal 
jugular vein to avoid cerebral and facial oedema.

    Before treating positive nodes in the neck one should 
make sure that no disease exists in the nasopharynx 
and there are no distant metastases.

 (b)  Recurrent or residual (persistent) disease in the nasophar-
ynx. First it should be evaluated by CT and MRI to see 
the size, location and regional extent or infiltration. 
It can be treated by

 (i)  Second course of external radiation. IMRT has 
been used. Second course of radiation is more 
hazardous and causes injury to brainstem, eye, 
ear, pituitary gland and temporal lobe.

 (ii)  Brachytherapy. It can deliver high dose to the 
tumour with less radiation to the surrounding 
structures. Gold grains (Gold 198) have been used.

 (iii)  Nasopharyngectomy. It can be done by various 
ways such as by (i) endoscopic approach, (ii) 
lateral rhinotomy and medial maxillectomy, (iii) 
maxillary swing or (iv) Le Fort I approach.

Before undertaking nasopharyngectomy exclude extension 
of growth intracranially, to parapharyngeal space, or around 
the internal carotid artery.
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OTHER MALIGNANT TUMOURS OF 
NASOPHARYNX

They are rare and include:

 1.  Lymphomas. Non-Hodgkin’s type is more common than 
Hodgkin’s type. Almost all are B-cell type. T-cell lympho-
mas are seen in Asian population.

 2.  Rhabdomyosarcoma. Commonly seen in children. 
Embryonal rhabdomyosarcoma presents as a polypoid 
mass in the nasopharynx.

 3.  Plasmacytoma. It may be solitary or part of generalized 
multiple myelomatosis.

 4.  Chordoma (from remnant of notochord).
 5.  Adenoid cystic carcinoma (from minor salivary glands).
 6.  Melanoma (rare).

B
A

C

Figure 49.6 Supraclavicular fossa (or Ho’s triangle) is bounded by 
medial (A) and lateral (B) ends of clavicle and the point (C) where neck 
meets the shoulder. It includes caudal portions of levels IV and V.

Table 49.4  TNM classification of nasopharyngeal carcinoma (AJC 2002)

Primary tumour Distant metastasis
T1 Tumour confined to the nasopharynx MX  Distant metastasis cannot be assessed
T2 Tumour extends to soft tissues of oropharynx and/or nasal fossa M0 No distant metastasis
T2a without parapharyngeal extension M1 Distant metastasis
T2b with parapharyngeal extension Stage grouping
T3 Tumour invades bony structures and/or paranasal sinuses 0 Tis N0 M0

T4 Tumour with intracranial extension and/or involvement of cranial nerves, 
infratemporal fossa, hypopharynx or orbit or masticator space

I T1 N0 M0

IIA T2a N0 M0

Regional lymph nodes IIB T1 N1 M0

The distribution and the prognostic impact of regional lymph node spread from 
nasopharynx cancer, particularly of the undifferentiated type, is different from that of 
other head and neck mucosal cancers and justifies use of a different N classification 
scheme

T2 N1 M0

T2a N1 M0

T2b N0, N1 M0

NX Regional lymph nodes cannot be assessed III T1 N2 M0

N0 No regional lymph node metastasis T2a, T2b N2 M0

N1

N2

N3

Unilateral metastasis in lymph node(s), 6 cm or less in greatest dimension, above 
the supraclavicular fossa

Bilateral metastasis in lymph nodes, 6 cm or less in greatest dimension, above the 
supraclavicular fossa.

Metastasis in a lymph node(s)
N3a

N3b

T3 N0, N1, 
N2

M0

IVA T4 N0, N1, 
N2

M0

IVB Any T N3

IVC Any T Any N M1

Greater than 6 cm in dimension
In the supraclavicular fossa

 

Note: In nasopharyngeal carcinoma, N. classification is different from that of other mucosal cancers of the head and neck. Enlarged nodes in 
the lower neck (supraclavicular fossa) places them in N3 category. Less weightage is given to nodes in upper neck. Nodes even up to 6 cm 
size are still categorized as N1 as against N2 at other sites.

Supraclavicular fossa or Ho’s triangle is defined as area of neck lying between three points: (i) medial end of clavicle, (ii) lateral end of clavicle 
and (iii) the point where neck meets the shoulder (Figure 49.6).

Enlarged node(s) in this triangle, irrespective of the size, are categorized as N3.
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ACUTE PHARYNGITIS

AETIOLOGY

Acute pharyngitis is very common and occurs due to var-
ied aetiological factors like viral, bacterial, fungal or oth-
ers (Table 50.1). Viral causes are more common. Acute 
streptococcal pharyngitis (due to Group A beta-haemolytic 
streptococci) has received more importance because of 
its aetiology in rheumatic fever and poststreptococcal 
glomerulonephritis.

CLINICAL FEATURES

Pharyngitis may occur in different grades of severity. Milder 
infections present with discomfort in the throat, some mal-
aise and low-grade fever. Pharynx in these cases is congested 
but there is no lymphadenopathy. Moderate and severe infec-
tions present with pain in throat, dysphagia, headache, mal-
aise and high fever. Pharynx in these cases shows erythema, 
exudate and enlargement of tonsils and lymphoid follicles on 
the posterior pharyngeal wall. Very severe cases show oedema 
of soft palate and uvula with enlargement of cervical nodes.

It is not possible, on clinical examination, to differenti-
ate viral from bacterial infections but, viral infections are 
generally mild and are accompanied by rhinorrhoea and 
hoarseness while the bacterial ones are severe. Gonococcal 
pharyngitis is mild and may even be asymptomatic.

DIAGNOSIS

Culture of throat swab is helpful in the diagnosis of bacterial 
pharyngitis. It can detect 90% of Group A streptococci. Diph-
theria is cultured on special media. Swab from a suspected 
case of gonococcal pharyngitis should be cultured immedi-
ately without delay. Failure to get any bacterial growth sug-
gests a viral aetiology.

TREATMENT

1. General measures. Bed rest, plenty of fluids, warm saline 
gargles or pharyngeal irrigations and analgesics form the 
mainstay of treatment.

Local discomfort in the throat in severe cases can be 
relieved by lignocaine viscous before meals to facilitate 
swallowing.

2. Specific treatment. Streptococcal pharyngitis (Group 
A, beta-haemolyticus) is treated with penicillin G, 200,000 
to 250,000 units orally four times a day for 10 days or 

benzathine penicillin G, 600,000 units once i.m. for patient, 
60 lb in weight and 1.2 million units once i.m. for patient 
>60 lb. In penicillin-sensitive individuals, erythromycin, 
20–40 mg/kg body weight daily, in divided oral doses for 
10 days is equally effective.

Diphtheria is treated by diphtheria antitoxin and adminis-
tration of penicillin or erythromycin (see p. 260).

Gonococcal pharyngitis responds to conventional doses 
of penicillin or tetracycline.

VIRAL INFECTIONS CAUSING PHARYNGITIS

 1.  Herpangina. It is caused by Group A coxsackie virus and 
mostly affects children. Characteristic features include 
fever, sore throat and vesicular eruption on the soft pal-
ate and pillars. Vesicles are small and surrounded by a 
zone of erythema.

 2.  Infectious mononucleosis. It is caused by Epstein–Barr 
virus. It affects older children and young adults, and is 
characterized by fever, sore throat, exudative pharyngitis, 
lymphadenopathy, splenomegaly and hepatitis.

 3.  Cytomegalovirus. It mostly affects immunosuppressed 
transplant patients. Clinically, it mimics infectious mono-
nucleosis but heterophil antibody test is negative.

 4.  Pharyngoconjunctival fever. It is caused by an adenovi-
rus and is characterized by sore throat, fever and con-
junctivitis. There may be pain in abdomen, mimicking 
appendicitis.

 5.  Acute lymphonodular pharyngitis. It is usually caused by 
a coxsackie virus and characterized by fever, malaise and 
sore throat. White-yellow solid nodules appear on the 
posterior pharyngeal wall in this type of pharyngitis.

 6.  Measles and chickenpox also cause pharyngitis. Measles 
is characterized by the appearance of Koplik’s spots 
(white spots surrounded by red areola) on the buccal 
mucosa opposite the molar teeth. The spots appear 3–4 
days before the appearance of rash.

FUNGAL PHARYNGITIS

Candida infection of the oropharynx can occur as an exten-
sion of oral thrush. It is seen in patients who are immunosup-
pressed, debilitated or taking high doses of antimicrobials. 
Often patient complains of pain in the throat with dyspha-
gia. Nystatin is the drug of choice.

MISCELLANEOUS CAUSES OF PHARYNGITIS

Chlamydia trachomatis infection causes acute pharyngi-
tis and can be treated by erythromycin or sulfonamides. 

50 Acute and Chronic Pharyngitis
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Toxoplasmosis is caused by Toxoplasma gondii, an obligate 
intracellular parasite. This infection is very rare.

CHRONIC PHARYNGITIS

It is a chronic inflammatory condition of the pharynx. 
Pathologically, it is characterized by hypertrophy of mucosa, 
seromucinous glands, subepithelial lymphoid follicles and 
even the muscular coat of the pharynx.

Chronic pharyngitis is of two types:

 1.  Chronic catarrhal pharyngitis.
 2.  Chronic hypertrophic (granular) pharyngitis.

AETIOLOGY

A large number of factors are responsible:

 1.  Persistent infection in the neighbourhood. In chronic 
rhinitis and sinusitis, purulent discharge constantly trick-
les down the pharynx and provides a constant source of 
infection. This causes hypertrophy of the lateral pharyn-
geal bands.

    Similarly, chronic tonsillitis and dental sepsis are also 
responsible for chronic pharyngitis and recurrent sore 
throats.

 2.  Mouth breathing. Breathing through the mouth exposes 
the pharynx to air which has not been filtered, humidi-
fied and adjusted to body temperature thus making 
it more susceptible to infections. Mouth breathing is  
due to:

 (a)  Obstruction in the nose, e.g. nasal polypi, allergic or 
vasomotor rhinitis, turbinal hypertrophy, deviated 
septum or tumours.

 (b)  Obstruction in the nasopharynx, e.g. adenoids and 
tumours.

 (c)  Protruding teeth which prevent apposition of lips.
 (d)  Habitual, without any organic cause.
 3.  Chronic irritants. Excessive smoking, chewing of tobacco 

and pan, heavy drinking or highly spiced food can all 
lead to chronic pharyngitis.

 4.  Environmental pollution. Smoky or dusty environment 
or irritant industrial fumes may also be responsible for 
chronic pharyngitis.

 5.  Faulty voice production. Less often realized but an impor-
tant cause of chronic pharyngitis is the faulty voice produc-
tion. Excessive use of voice or faulty voice production seen 
in certain professionals or in “pharyngeal neurosis” where 

person resorts to constant throat clearing, hawking or 
snorting, and that may cause chronic pharyngitis, especially 
of hypertrophic variety.

SYMPTOMS

Severity of symptoms in chronic pharyngitis varies from per-
son to person.

 1.  Discomfort or pain in the throat. This is especially noticed 
in the mornings.

 2.  Foreign body sensation in throat. Patient has a constant 
desire to swallow or clear his throat to get rid of this 
“ foreign body.”

 3.  Tiredness of voice. Patient cannot speak for long and 
has to make undue effort to speak as throat starts aching. 
The voice may also lose its quality and may even crack.

 4.  Cough. Throat is irritable and there is tendency to 
cough. Mere opening of the mouth may induce retching 
or gagging.

SIGNS

1. Chronic catarrhal pharyngitis. In this, there is a conges-
tion of posterior pharyngeal wall with engorgement of ves-
sels; faucial pillars may be thickened. There is increased 
mucus secretion which may cover pharyngeal mucosa.

2. Chronic hypertrophic (granular) pharyngitis

 (a)  Pharyngeal wall appears thick and oedematous with 
congested mucosa and dilated vessels.

 (b)  Posterior pharyngeal wall may be studded with red-
dish nodules (hence the term granular pharyngitis). 
These nodules are due to hypertrophy of subepi-
thelial lymphoid follicles normally seen in pharynx 
 (Figure 50.1).

 (c)  Lateral pharyngeal bands become hypertrophied.
 (d)  Uvula may be elongated and appear oedematous.

TREATMENT

 1.  In every case of chronic pharyngitis, aetiological factor 
should be sought and eradicated.

 2.  Voice rest and speech therapy is essential for those with 
faulty voice production. Hawking, clearing the throat fre-
quently or any other such habit should be stopped.

 3.  Warm saline gargles, especially in the morning, are sooth-
ing and relieve discomfort.

Table 50.1  Causes of acute pharyngitis

Viral Bacterial Fungal Miscellaneous

	•	 	Rhinoviruses
	•	 	Influenza
	•	 	Parainfluenza
	•	 	Measles and chickenpox
	•	 	Coxsackie virus
	•	 	Herpes simplex
	•	 	Infectious mononucleosis
	•	 	Cytomegalovirus

	•	 	Streptococcus (Group A, 
beta-haemolyticus)

	•	 	Diphtheria
	•	 	Gonococcus

	•	 	Candida albicans
	•	 	Chlamydia trachomatis

Toxoplasmosis (parasitic, rare)
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 4.  Mandl’s paint may be applied to pharyngeal mucosa.
 5.  Cautery of lymphoid granules is suggested. Throat is 

sprayed with local anaesthetic and granules are touched 
with 10–25% silver nitrate. Electrocautery or diathermy 
of nodules may require general anaesthesia.

ATROPHIC PHARYNGITIS

It is a form of chronic pharyngitis often seen in patients of 
atrophic rhinitis. Pharyngeal mucosa along with its mucous 
glands shows atrophy. Scanty mucus production by glands 

leads to formation of crusts, which later get infected giving 
rise to foul smell.

CLINICAL FEATURES

Dryness and discomfort in throat are the main complaints. 
Hawking and dry cough may be present due to crust forma-
tion. Examination shows dry and glazed pharyngeal mucosa 
often covered with crusts.

TREATMENT

This is same as for coexistent atrophic rhinitis. Aim is to remove 
the crusts and promote secretion. The crusts can be removed 
by spraying the throat with alkaline solution, or pharyngeal 
irrigation. Mandl’s paint applied locally has a soothing effect.

Potassium iodide, 325 mg, administered orally for a few 
days helps to promote secretion and prevent crusting.

KERATOSIS PHARYNGITIS

It is a benign condition characterized by horny excrescences 
on the surface of tonsils, pharyngeal wall or lingual tonsils.
They appear as white or yellowish dots. These excrescences 
are the result of hypertrophy and keratinization of epithe-
lium. They are firmly adherent and cannot be wiped off. 
There is no accompanying inflammation nor any constitu-
tional symptoms and thus can be easily differentiated from 
acute follicular tonsillitis. The disease may show spontane-
ous regression and may not require any specific treatment 
except for reassurance to the patient.

Figure 50.1 Granular pharyngitis. Note: Reddish nodules on the 
posterior pharyngeal wall.
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APPLIED ANATOMY OF PALATINE 
(FAUCIAL) TONSILS

Palatine tonsils are two in number. Each tonsil is an ovoid 
mass of lymphoid tissue situated in the lateral wall of oro-
pharynx between the anterior and posterior pillars. Actual 
size of the tonsil is bigger than the one that appears from its 
surface as parts of tonsil extend upwards into the soft palate, 
downwards into the base of tongue and anteriorly into pala-
toglossal arch. A tonsil presents two surfaces—a medial and 
a lateral, and two poles—an upper and a lower.

Medial surface of the tonsil is covered by nonkeratiniz-
ing stratified squamous epithelium which dips into the sub-
stance of tonsil in the form of crypts. Openings of 12–15 
crypts can be seen on the medial surface of the tonsil. One 
of the crypts, situated near the upper part of tonsil is very 
large and deep and is called crypta magna or intratonsillar cleft 
(Figure 51.1). It represents the ventral part of second pha-
ryngeal pouch. From the main crypts arise the secondary 
crypts, within the substance of tonsil. Crypts may be filled 
with cheesy material consisting of epithelial cells, bacteria 
and food debris which can be expressed by pressure over 
the anterior pillar.

Lateral surface of the tonsil presents a well-defined 
fibrous capsule. Between the capsule and the bed of tonsil 
is the loose areolar tissue which makes it easy to dissect the 
tonsil in the plane during tonsillectomy. It is also the site 
for collection of pus in peritonsillar abscess. Some fibres of 
palatoglossus and palatopharyngeus muscles are attached to 
the capsule of the tonsil.

Upper pole of the tonsil extends into soft palate. Its medial 
surface is covered by a semilunar fold, extending between 
anterior and posterior pillars and enclosing a potential 
space called supratonsillar fossa.

Lower pole of the tonsil is attached to the tongue. A trian-
gular fold of mucous membrane extends from anterior pil-
lar to the anteroinferior part of tonsil and encloses a space 
called anterior tonsillar space. The tonsil is separated from the 
tongue by a sulcus called tonsillolingual sulcus which may be 
the seat of carcinoma.

Bed of the tonsil. It is formed by the superior constric-
tor and styloglossus muscles. The glossopharyngeal nerve 
and styloid process, if enlarged, may lie in relation to the 
lower part of tonsillar fossa. Both these structures can be 
surgically approached through the tonsil bed after tonsil-
lectomy. Outside the superior constrictor, tonsil is related 
to the facial artery, submandibular salivary gland, posterior 
belly of digastric muscle, medial pterygoid muscle and the 
angle of mandible (Figure 51.2).

BLOOD SUPPLY

The tonsil is supplied by five arteries (Figure 51.3).

 1.  Tonsillar branch of facial artery. This is the main artery.
 2.  Ascending pharyngeal artery from external carotid.
 3.  Ascending palatine, a branch of facial artery.
 4.  Dorsal linguae branches of lingual artery.
 5.  Descending palatine branch of maxillary artery.

VENOUS DRAINAGE

Veins from the tonsils drain into paratonsillar vein which 
joins the common facial vein and pharyngeal venous 
plexus.

LYMPHATIC DRAINAGE

Lymphatics from the tonsil pierce the superior constrictor 
and drain into upper deep cervical nodes particularly the 
jugulodigastric (tonsillar) node situated below the angle of 
mandible.

NERVE SUPPLY

Lesser palatine branches of sphenopalatine ganglion (CN V) 
and glossopharyngeal nerve provide sensory nerve supply.

FUNCTIONS OF TONSILS

They act as sentinels to guard against foreign intrud-
ers like viruses, bacteria and other antigens coming into 
contact through inhalation and ingestion. There are two 
mechanisms:

 1.  Providing local immunity.
 2.  Providing a surveillance mechanism so that entire body is 

prepared for defence.

Both these mechanisms are operated through humoral 
and cellular immunity.

1. Local immunity. Tonsils and adenoids are lined by squa-
mous epithelium, surface area of which is further increased 
by several crypts of tonsils and folds of adenoid. This epithe-
lium is specialized and contains M-cells, antigen processing 
cells and micropores. Through them antigenic material is 
brought into contact with subepithelially situated lymphoid 
follicles. Follicles have a germinal centre rich in B-cells and 
a mantel zone rich in large lymphocytes. B-cells when stimu-
lated change to plasma cells and produce antibodies. Bacte-
ria and viruses are also phagocytosed by the macrophages 

51Acute and Chronic Tonsillitis
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and destroyed. Low-dose antigens and chronic infections 
are dealt with in this manner.

2. Surveillance mechanism. It identifies the intruder and 
alerts the body for wider response. If the dose of antigen is 
high, B-cells of the germinal centre proliferate and undergo 
hyperplasia and also enter the blood stream. Complex 

immune system comes into play with antigen processing 
cells, memory cells, dendritic cells, macrophages, T-helper 
and T-suppressor cells. Antibodies produced by the plasma 
cells prepare the antigen to be phagocytosed by neutrophils 
and other phagocytes. The antibodies also get attached to 
macrophages and give them enhanced ability to catch the 
antigens.

Tonsils are most active from 4 to 10 years of age. Involu-
tion begins after puberty resulting in decrease of B-cell pro-
duction and relative increase in ratio of T to B cells.

There has been a common notion that removal of ton-
sils and adenoids will impair the integrity of immune 
system and make the patient susceptible to poliovirus or 
increase the incidence of Hodgkin disease in them. This 
has not been substantiated by clinical and epidemiologi-
cal observations. Removal of tonsil and adenoid has also 
not affected general immune surveillance function. Tonsil 
and adenoid, however, should only be removed on specific 
indications.

ACUTE TONSILLITIS

Primarily, the tonsil consists of (i) surface epithelium 
which is continuous with the oropharyngeal lining,  
(ii) crypts which are tube-like invaginations from the sur-
face epithelium and (iii) the lymphoid tissue. Acute infec-
tions of tonsil may involve these components and are thus 
classified as:

1. Acute catarrhal or superficial tonsillitis. Here tonsillitis is 
a part of generalized pharyngitis and is mostly seen in viral 
infections.

2. Acute follicular tonsillitis. Infection spreads into the 
crypts which become filled with purulent material, present-
ing at the openings of crypts as yellowish spots (Figure 51.4).

3. Acute parenchymatous tonsillitis. Here tonsil substance is 
affected. Tonsil is uniformly enlarged and red.

4. Acute membranous tonsillitis. It is a stage ahead of 
acute follicular tonsillitis when exudation from the crypts 
coalesces to form a membrane on the surface of tonsil.
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Figure 51.2 Relations of tonsil. Tonsil is related laterally to its cap-
sule (1), loose areolar tissue containing paratonsillar vein (2), superior 
constrictor muscle (3), styloglossus (4), glossopharyngeal nerve (5), 
facial artery (6), medial pterygoid muscle (7), angle of mandible (8) and 
submandibular salivary gland (9), pharyngobasilar fascia (10), bucco-
pharyngeal fascia (11).
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Figure 51.3 Arterial supply of tonsil. Figure 51.4 Acute follicular tonsillitis.
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259 CHAPTER 51 — ACUTE AND CHRONIC TONSILLITIS

AETIOLOGY

Acute tonsillitis often affects school-going children, but also 
affects adults. It is rare in infants and in persons who are 
above 50 years of age.

Haemolytic streptococcus is the most commonly infecting 
organism. Other causes of infection may be staphylo-
cocci, pneumococci or H. influenzae. These bacteria may 
primarily infect the tonsil or may be secondary to a viral 
infection.

SYMPTOMS

The symptoms vary with severity of infection. The predomi-
nant symptoms are:

1. Sore throat.

2. Difficulty in swallowing. The child may refuse to eat any-
thing due to local pain.

3. Fever. It may vary from 38 to 40°C and may be associ-
ated with chills and rigors. Sometimes, a child presents with 
an unexplained fever and it is only on examination that an 
acute tonsillitis is discovered.

4. Earache. It is either referred pain from the tonsil or 
the result of acute otitis media which may occur as a 
complication.

5. Constitutional symptoms. They are usually more marked 
than seen in simple pharyngitis and may include headache, 
general body aches, malaise and constipation. There may be 
abdominal pain due to mesenteric lymphadenitis simulating 
a clinical picture of acute appendicitis.

SIGNS

 1.  Often the breath is foetid and tongue is coasted.
 2.  There is hyperaemia of pillars, soft palate and uvula.
 3.  Tonsils are red and swollen with yellowish spots of puru-

lent material presenting at the opening of crypts (acute 
follicular tonsillitis) or there may be a whitish membrane 
on the medial surface of tonsil which can be easily wiped 
away with a swab (acute membranous tonsillitis, Figure 51.5). 
The tonsils may be enlarged and congested so much so 
that they almost meet in the midline along with some 

oedema of the uvula and soft palate (acute parenchymatous 
tonsillitis).

 4.  The jugulodigastric lymph nodes are enlarged and 
tender.

TREATMENT

 1.  Patient is put to bed and encouraged to take plenty of 
fluids.

 2.  Analgesics (aspirin or paracetamol) are given according 
to the age of the patient to relieve local pain and bring 
down the fever.

 3.  Antimicrobial therapy. Most of the infections are due 
to Streptococcus and penicillin is the drug of choice. 
Patients allergic to penicillin can be treated with erythro-
mycin. Antibiotics should be continued for 7–10 days.

COMPLICATIONS

 1.  Chronic tonsillitis with recurrent acute attacks. This is due 
to incomplete resolution of acute infection. Chronic 
infection may persist in lymphoid follicles of the tonsil in 
the form of microabscesses.

 2.  Peritonsillar abscess.
 3.  Parapharyngeal abscess.
 4.  Cervical abscess due to suppuration of jugulodigastric 

lymph nodes.
 5.  Acute otitis media. Recurrent attacks of acute otitis media 

may coincide with recurrent tonsillitis.
 6.  Rheumatic fever. Often seen in association with tonsillitis 

due to Group A beta-haemolytic Streptococci.
 7.  Acute glomerulonephritis. Rare these days.
 8.  Subacute bacterial endocarditis. Acute tonsillitis in a patient 

with valvular heart disease may be complicated by endo-
carditis. It is usually due to Streptococcus viridans infection.

DIFFERENTIAL DIAGNOSIS OF MEMBRANE  
OVER THE TONSIL

1. Membranous tonsillitis. It occurs due to pyogenic organ-
isms. An exudative membrane forms over the medial sur-
face of the tonsils, along with the features of acute tonsillitis.

2. Diphtheria. Unlike acute tonsillitis which is abrupt in 
onset, diphtheria is slower in onset with less local discom-
fort, the membrane in diphtheria extends beyond the ton-
sils, on to the soft palate and is dirty grey in colour. It is 
adherent and its removal leaves a bleeding surface. Urine 
may show albumin. Smear and culture of throat swab will 
reveal Corynebacterium diphtheriae.

3. Vincent angina. It is insidious in onset with less fever 
and less discomfort in throat. Membrane, which usually 
forms over one tonsil, can be easily removed revealing an 
irregular ulcer on the tonsil. Throat swab will show both 
the organisms typical of disease, namely fusiform bacilli and 
spirochaetes.

4. Infectious mononucleosis. This often affects young adults. 
Both tonsils are very much enlarged, congested and covered 
with membrane. Local discomfort is marked. Lymph nodes 
are enlarged in the posterior triangle of neck along with 
splenomegaly. Attention to disease is attracted because of 
failure of the antibiotic treatment. Blood smear may show 

Figure 51.5 Acute follicular tonsillitis. Note pus beads on the sur-
face of left tonsil. On the right pus beads have coalesced together to 
form a membrane.
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more than 50% lymphocytes, of which about 10% are atypi-
cal. White cell count may be normal in the first week but 
rises in the second week. Paul–Bunnell test (mono test) will 
show high titre of heterophil antibody.

5. Agranulocytosis. It presents with ulcerative necrotic 
lesions not only on the tonsils but elsewhere in the orophar-
ynx. Patient is severely ill. In acute fulminant form, total leu-
cocytic count is decreased to <2000/cu mm or even as low 
as 50/cu mm and polymorph neutrophils may be reduced 
to 5% or less. In chronic or recurrent form, total count is 
reduced to 2000/cu mm with less marked granulocytopenia.

6. Leukaemia. In children, 75% of leukaemias are acute lym-
phoblastic and 25% acute myelogenous or chronic, while in 
adults 20% of acute leukaemias are lymphocytic and 80% 
nonlymphocytic.

Peripheral blood shows TLC >100,000/cu mm. It may be 
normal or less than normal. Anaemia is always present and 
may be progressive. Blasts cells are seen on examination of 
the bone marrow.

7. Aphthous ulcers. They may involve any part of oral cavity 
or oropharynx. Sometimes, it is solitary and may involve the 
tonsil and pillars. It may be small or quite large and alarm-
ing. It is very painful.

8. Malignancy tonsil (see p. 269).

9. Traumatic ulcer. Any injury to oropharynx heals by forma-
tion of a membrane. Trauma to the tonsil area may occur 
accidently when hit with a toothbrush, a pencil held in mouth 
or fingering in the throat. Membrane appears within 24 h.

10. Candidal infection of tonsil.
Diagnosis of ulceromembranous lesion of throat thus 

requires:

 1.  History.
 2.  Physical examination.
 3.  Total and differential counts (for agranulocytosis, leu-

kaemia, neutropenia, infectious mononucleosis).
 4.  Blood smear (for atypical cells).
 5.  Throat swab and culture (for pyogenic bacteria, Vincent 

angina, diphtheria candidal infection).
 6.  Bone marrow aspiration or needle biopsy.
 7.  Other tests. Paul–Bunnell or mono spot test and biopsy 

of the lesion.

FAUCIAL DIPHTHERIA

AETIOLOGY

It is an acute specific infection caused by the Gram-positive 
bacillus, C. diphtheriae. It spreads by droplet infection. Incu-
bation period is 2–6 days. Some persons are “carriers” of this 
disease, i.e. they harbour organisms in their throat but have 
no symptoms.

CLINICAL FEATURES

Children are affected more often though no age group is 
immune. Oropharynx is commonly involved and the larynx 
and nasal cavity may also be affected.

In the oropharynx, a greyish white membrane forms over 
the tonsils and spreads to the soft palate and posterior pha-
ryngeal wall. It is quite tenacious and causes bleeding when 
removed. Cervical lymph nodes, particularly the jugulodi-
gastric, become enlarged and tender, sometimes presenting 
a “bull-neck” appearance. Patient is ill and toxaemic but 
fever seldom rises above 38°C.

COMPLICATIONS

Exotoxin produced by C. diphtheriae is toxic to the heart and 
nerves. It causes myocarditis, cardiac arrhythmias and acute cir-
culatory failure.

Neurological complications usually appear a few weeks 
after infection and include paralysis of soft palate, diaphragm 
and ocular muscles.

In the larynx, diphtheritic membrane may cause airway 
obstruction.

TREATMENT

Treatment of diphtheria is started on clinical suspicion 
without waiting for the culture report. Aim is to neutralize 
the free exotoxin still circulating in the blood and to kill 
the organisms producing this exotoxin. Dose of antitoxin 
is based on the site involved and the duration and severity 
of disease. It is 20,000–40,000 units for diphtheria in less 
than 48 h, or when the membrane is confined to the tonsils 
only; and 80,000–120,000 units, if disease has lasted longer 
than 48 h, or the membrane is more extensive. Antitoxin 
is given by i.v. infusion in saline in about 60 min. Sensi-
tivity to horse serum should be tested by conjunctival or 
intracutaneous test with diluted antitoxin and adrenaline 
should be at hand for any immediate hypersensitivity. In 
the presence of hypersensitivity reaction, desensitization 
should be done.

Antibiotics used are benzyl penicillin 600 mg 6 hourly for 
7 days. Erythromycin is used in penicillin-sensitive individu-
als (500 mg 6 hourly orally).

CHRONIC TONSILLITIS

AETIOLOGY

 1.  It may be a complication of acute tonsillitis. Pathologi-
cally, microabscesses walled off by fibrous tissue have 
been seen in the lymphoid follicles of the tonsils.

 2.  Subclinical infections of tonsils without an acute attack.
 3.  Mostly affects children and young adults. Rarely occurs 

after 50 years.
 4.  Chronic infection in sinuses or teeth may be a predispos-

ing factor.

TYPES

1. Chronic follicular tonsillitis. Here tonsillar crypts are full 
of infected cheesy material which shows on the surface as 
yellowish spots.

2. Chronic parenchymatous tonsillitis. There is hyperpla-
sia of lymphoid tissue. Tonsils are very much enlarged 
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and may interfere with speech, deglutition and respira-
tion (Figure 51.6). Attacks of sleep apnoea may occur. 
Long-standing cases develop features of cor pulmonale.

3. Chronic fibroid tonsillitis. Tonsils are small but infected, 
with history of repeated sore throats.

CLINICAL FEATURES

 1.  Recurrent attacks of sore throat or acute tonsillitis.
 2.  Chronic irritation in throat with cough.
 3.  Bad taste in mouth and foul breath (halitosis) due to pus 

in crypts.
 4.  Thick speech, difficulty in swallowing and choking spells 

at night (when tonsils are large and obstructive).

EXAMINATION

 1.  Tonsils may show varying degree of enlargement. Some-
times they meet in the midline (chronic parenchymatous 
type).

 2.  There may be yellowish beads of pus on the medial sur-
face of tonsil (chronic follicular type).

 3.  Tonsils are small but pressure on the anterior pillar 
expresses frank pus or cheesy material (chronic fibroid 
type).

 4.  Flushing of anterior pillars compared to the rest of the 
pharyngeal mucosa is an important sign of chronic ton-
sillar infection.

 5.  Enlargement of jugulodigastric lymph nodes is a reliable 
sign of chronic tonsillitis. During acute attacks, the nodes 
enlarge further and become tender.

TREATMENT

 1.  Conservative treatment consists of attention to general 
health, diet, treatment of coexistent infection of teeth, 
nose and sinuses.

 2.  Tonsillectomy is indicated when tonsils interfere with 
speech, deglutition and respiration or cause recurrent 
attacks (see Chapter 93).

COMPLICATIONS

 1.  Peritonsillar abscess.
 2.  Parapharyngeal abscess.
 3.  Intratonsillar abscess.
 4.  Tonsilloliths.
 5.  Tonsillar cyst.
 6.  Focus of infection in rheumatic fever, acute glomerulo-

nephritis, eye and skin disorders.

Tonsilloliths (calculus of the tonsil). It is seen in chronic tonsil-
litis when its crypt is blocked with retention of debris. Inor-
ganic salts of calcium and magnesium are then deposited 
leading to formation of a stone. It may gradually enlarge 
and then ulcerate through the tonsil.

Tonsilloliths are seen more often in adults and give rise to 
local discomfort or foreign body sensation. They are easily 
diagnosed by palpation or gritty feeling on probing. Treat-
ment is simple removal of the stone or tonsillectomy, if that 
be indicated for associated sepsis or for the deeply set stone 
which cannot be removed.

Intratonsillar abscess. It is accumulation of pus within the 
substance of tonsil. It usually follows blocking of the crypt 
opening in acute follicular tonsillitis. There is marked local 
pain and dysphagia. Tonsil appears swollen and red. Treat-
ment is administration of antibiotics and drainage of the 
abscess if required; later tonsillectomy should be performed.

Tonsillar cyst. It is due to blockage of a tonsillar crypt and 
appears as a yellowish swelling over the tonsil. Very often it is 
symptomless. It can be easily drained (Figure 51.7).

DISEASES OF LINGUAL TONSILS

 1.  Acute lingual tonsillitis. Acute infection of a lingual ton-
sil gives rise to unilateral dysphagia and feeling of lump 
in the throat. On examination with a laryngeal mirror, 
lingual tonsil may appear enlarged and congested, some-
times studded with follicles like the ones seen in acute fol-
licular tonsillitis. Cervical lymph nodes may be enlarged. 
Treatment is by antibiotics.

 2.  Hypertrophy of lingual tonsils. Mostly, it is a compen-
satory hypertrophy of lymphoid tissue in response to 
repeated infections in tonsillectomized patients. Usual 

Figure 51.6 Parenchymatous tonsillitis. The two tonsils are almost 
touching each other causing problems of deglutition, speech and 
respiration.

Figure 51.7 A tonsillar cyst right side in a 55-year-old male (arrow).
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complaints are discomfort on swallowing, feeling of lump 
in the throat, dry cough and thick voice.

Mirror examination of the base of tongue will show 
enlargement of lingual tonsils, sometimes associated with 
dilated veins over it. Treatment is conservative. Sometimes, 
diathermy coagulation or excision of lingual tonsils has to 
be done. These days they are excised by laser surgery.

 3.  Abscess of lingual tonsil. It is a rare condition but can 
follow acute lingual tonsillitis. Symptoms are severe 

unilateral dysphagia, pain in the tongue, excessive sali-
vation and some degree of trismus. Protrusion of the 
tongue is painful. Jugulodigastric nodes will be enlarged 
and tender. It is a potentially dangerous condition as 
laryngeal oedema can easily follow.

Diagnosis is made by mirror examination and palpation 
of the base of tongue. Treatment is by antibiotics, analge-
sics, proper hydration and incision and drainage of the 
abscess.
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PAROTID ABSCESS

It is suppuration of the parotid space. Deep cervical fascia 
splits into two layers, superficial and deep, to enclose the 
parotid gland and its associated structures. Parotid space lies 
deep to its superficial layer.

Contents of parotid space include parotid gland and its 
associated parotid lymph nodes, facial nerve, external 
carotid artery and retromandibular vein. Fascial layer is 
very thick superficially but very thin on the deep side of the 
parotid gland where parotid abscess can burst to form a par-
apharyngeal abscess and thence spread to the mediastinum.

AETIOLOGY

Dehydration, particularly in postsurgical cases and debili-
tated patients, with stasis of salivary flow is the predisposing 
cause. Infection from the oral cavity travels via the Stenson’s 
duct to invade the parotid gland. Multiple small abscesses 
may form in the parenchyma. They may then coalesce to 
form a single abscess.

BACTERIOLOGY

Most common organism is Staphylococcus aureus but Strep-
tococci, anaerobic organisms and rarely the Gram-negative 
organisms have been cultured.

CLINICAL FEATURES

Usually follows 5–7 days after operation. There is swelling, 
redness, indurations and tenderness in the parotid area and 
at the angle of mandible.

Parotid abscess is usually unilateral, but bilateral abscesses 
may occur. Fluctuation is difficult to elicit due to thick cap-
sule. Opening of the Stenson’s duct becomes congested and 
may exude pus on pressure over the parotid. Patient is toxic, 
running high fever and dehydrated.

DIAGNOSIS

Diagnosis of the abscess can be made by ultrasound or com-
puted tomography scan. More than one loculi of pus may 
be seen. Aspiration of abscess can be done for culture and 
sensitivity of the causative organisms.

TREATMENT

Correct the dehydration, improve oral hygiene and pro-
mote salivary flow. Intravenous antibiotics are instituted.

Surgical drainage under local or general anaesthesia is 
carried out by a preauricular incision as employed for parot-
idectomy. Skin flap is raised to expose surface of the gland, 
and the abscess or abscesses are bluntly opened working 
parallel to the branches of the VIIth nerve. Skin incision is 
loosely approximated over a drain and allowed to heal by 
secondary intention.

LUDWIG’S ANGINA

APPLIED ANATOMY

Submandibular space lies between mucous membrane of 
the floor of mouth and tongue on one side and superficial 
layer of deep cervical fascia extending between the hyoid 
bone and mandible on the other (Figure 52.1). It is divided 
into two compartments by the mylohyoid muscle:

 1.  Sublingual compartment (above the mylohyoid).
 2.  Submaxillary and submental compartment (below the 

mylohyoid).

The two compartments are continuous around the poste-
rior border of mylohyoid muscle.

Ludwig’s angina is infection of submandibular space.

AETIOLOGY

1. Dental infections. They account for 80% of the cases. 
Roots of premolars often lie above the attachment of mylo-
hyoid and cause sublingual space infection while roots of the 
molar teeth extend up to or below the mylohyoid line and 
primarily cause submaxillary space infection (Figure 52.2).

2. Submandibular sialadenitis, injuries of oral mucosa and 
fractures of the mandible account for other cases.

BACTERIOLOGY

Mixed infections involving both aerobes and anaerobes are 
common. Alpha-haemolytic Streptococci, Staphylococci 
and bacteroides groups are common. Rarely Haemophilus 
influenzae, Escherichia coli and Pseudomonas are seen.

CLINICAL FEATURES

There is marked difficulty in swallowing (odynophagia) with 
varying degrees of trismus.

When infection is localized to the sublingual space, struc-
tures in the floor of mouth are swollen and tongue seems to 
be pushed up and back.

52Head and Neck  
Space Infections
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When infection spreads to submaxillary space, submen-
tal and submandibular regions become swollen and tender, 
and impart woody-hard feel. Usually, there is cellulitis of the 
tissues rather than frank abscess. Tongue is progressively 
pushed upwards and backwards threatening the airway. 
Laryngeal oedema may appear (Figure 52.3).

TREATMENT

 1.  Systemic antibiotics.
 2.  Incision and drainage of abscess.
 (a)  Intraoral—if infection is still localized to sublingual 

space.
 (b)  External—if infection involves submaxillary space. 

A transverse incision extending from one angle of 
mandible to the other is made with vertical opening 
of midline musculature of tongue with a blunt hae-
mostat. Very often it is serous fluid rather than frank 
pus that is encountered.

 3.  Tracheostomy, if airway is endangered.

COMPLICATIONS

 1.  Spread of infection to parapharyngeal and retropharyn-
geal spaces and thence to the mediastinum.

 2.  Airway obstruction due to laryngeal oedema, or swelling 
and pushing back of the tongue.

 3.  Septicaemia.
 4.  Aspiration pneumonia.

PERITONSILLAR ABSCESS (QUINSY)

It is a collection of pus in the peritonsillar space which lies 
between the capsule of tonsil and the superior constrictor 
muscle.

AETIOLOGY

Peritonsillar abscess usually follows acute tonsillitis though 
it may arise de novo without previous history of sore throats. 
First, one of the tonsillar crypts, usually the crypta magna, 
gets infected and sealed off. It forms an intratonsillar abscess 
which then bursts through the tonsillar capsule to set up 
peritonsillitis and then an abscess.

Culture of pus from the abscess may reveal pure growth of 
Streptococcus pyogenes, S. aureus or anaerobic organisms. More 
often the growth is mixed, with both aerobic and anaerobic 
organisms.

CLINICAL FEATURES

Peritonsillar abscess mostly affects adults and rarely the 
children though acute tonsillitis is more common in chil-
dren. Usually, it is unilateral though occasionally bilateral 
abscesses are recorded. Clinical features are divided into:

 1.  General. They are due to septicaemia and resemble any 
acute infection. They include fever (up to 104°F), chills 
and rigors, general malaise, body aches, headache, nau-
sea and constipation.

 2.  Local

 (a)  Severe pain in throat. Usually unilateral.
 (b)  Odynophagia. It is so marked that the patient cannot 

even swallow his own saliva which dribbles from the 
angle of his mouth. Patient is usually dehydrated.

 (c)  Muffled and thick speech, often called “hot potato 
voice.”

 (d)  Foul breath due to sepsis in the oral cavity and poor 
hygiene.

Attachment of
mylohyoid
muscleI II III

Figure 52.2 Roots of molar teeth project below and those of premo-
lars above the attachment of mylohyoid muscle.

Figure 52.3 Ludwig’s angina in a 7-year-old child.
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Figure 52.1 Anatomy of submandibular space.
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 (e)  Ipsilateral earache. This is referred pain via CN IX 
which supplies both the tonsil and the ear.

 (f)  Trismus due to spasm of pterygoid muscles which are 
in close proximity to the superior constrictor.

EXAMINATION

 1.  The tonsil, pillars and soft palate on the involved side 
are congested and swollen. Tonsil itself may not appear 
enlarged as it gets buried in the oedematous pillars 
 (Figure 52.4).

 2.  Uvula is swollen and oedematous and pushed to the 
opposite side.

 3.  Bulging of the soft palate and anterior pillar above the 
tonsil.

 4.  Mucopus may be seen covering the tonsillar region.
 5.  Cervical lymphadenopathy is commonly seen. This 

involves jugulodigastric lymph nodes.
 6.  Torticollis. Patient keeps the neck tilted to the side of 

abscess.

TREATMENT

 1.  Hospitalization.
 2.  Intravenous fluids to combat dehydration.
 3.  Antibiotics. Suitable antibiotics in large i.v. doses to cover 

both aerobic and anaerobic organisms.
 4.  Analgesics like paracetamol are given for relief of pain 

and to lower the temperature. Sometimes, stronger anal-
gesics like pethidine may be required. Aspirin is avoided 
because of the danger of bleeding.

 5.  Oral hygiene should be maintained by hydrogen peroxide 
or saline mouth washes.

The above conservative measures may cure peritonsillitis. 
If a frank abscess has formed, incision and drainage will be 
required.

• Incision and drainage of abscess. A peritonsillar abscess 
is opened at the point of maximum bulge above the upper 
pole of tonsil or just lateral to the point of junction of 
 anterior pillar with a line drawn through the base of uvula 
(Figure 52.5). With the help of a guarded knife, a small stab 
incision is made and then a sinus forceps inserted to open 
the abscess. Putting the sinus forceps the following day may 
also be necessary to drain any reaccumulation.

• Interval tonsillectomy. Tonsils are removed 4–6 weeks fol-
lowing an attack of quinsy.

• Abscess or hot tonsillectomy. Some people prefer to 
do “hot”tonsillectomy instead of incision and drainage. 
Abscess tonsillectomy has the risk of rupture of the abscess 
during anaesthesia and excessive bleeding at the time of 
operation.

COMPLICATIONS

Rare with modern therapy.

 1.  Parapharyngeal abscess (a peritonsillar abscess is a poten-
tial parapharyngeal abscess).

 2.  Oedema of larynx. Tracheostomy may be required.
 3.  Septicaemia. Other complications like endocarditis, 

nephritis, brain abscess may occur.

 4.  Pneumonitis or lung abscess. Due to aspiration of pus, if 
spontaneous rupture of abscess has taken place.

 5.  Jugular vein thrombosis.
 6.  Spontaneous haemorrhage from carotid artery or jugu-

lar vein.

RETROPHARYNGEAL ABSCESS

APPLIED ANATOMY

• Retropharyngeal space. It lies behind the pharynx 
between the buccopharyngeal fascia covering pharyngeal 
constrictor muscles and the prevertebral fascia. It extends 
from the base of skull to the bifurcation of trachea. The 
space is divided into two lateral compartments (spaces of 
Gillette) by a fibrous raphe (Figure 52.6). Each lateral space 
contains retropharyngeal nodes which usually disappear 
at 3–4 years of age. Parapharyngeal space communicates 
with the retropharyngeal space. Infection of retropharyn-
geal space can pass down behind the oesophagus into the 
mediastinum.

• Prevertebral space. It lies between the vertebral bodies 
posteriorly and the prevertebral fascia anteriorly. It extends 
from the base to skull of coccyx. Infection of this space 

Figure 52.4 Peritonsillar abscess left side.

Horizontal line
through base

of uvula

Line along
anterior pillar

Figure 52.5 Peritonsillar abscess. Site of drainage is just lateral to 
the junction of vertical line through anterior pillar and horizontal line 
through base of uvula.
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usually comes from the caries of spine. Abscess of this space 
produces a midline bulge in contrast to abscess of retropha-
ryngeal space which causes unilateral bulge.

ACUTE RETROPHARYNGEAL ABSCESS

AETIOLOGY

It is commonly seen in children below 3 years. It is the result 
of suppuration of retropharyngeal lymph nodes secondary 
to infection in the adenoids, nasopharynx, posterior nasal 
sinuses or nasal cavity. In adults, it may result from penetrat-
ing injury of posterior pharyngeal wall or cervical oesoph-
agus. Rarely, pus from acute mastoiditis tracks along the 
undersurface of petrous bone to present as retropharyngeal 
abscess.

CLINICAL FEATURES

 1.  Dysphagia and difficulty in breathing are prominent symp-
toms as the abscess obstructs the air and food passages.

 2.  Stridor and croupy cough may be present.
 3.  Torticollis. The neck becomes stiff and the head is kept 

extended.
 4.  Bulge in posterior pharyngeal wall. Usually seen on one side 

of the midline.

Radiograph of soft tissue, lateral view of the neck shows 
widening of prevertebral shadow and possibly even the pres-
ence of gas (Figure 52.7).

TREATMENT

1. Incision and drainage of abscess. This is usually done 
without anaesthesia as there is risk of rupture of abscess dur-
ing intubation. Child is kept supine with head low. Mouth 
is opened with a gag. A vertical incision is given in the most 
fluctuant area of the abscess. Suction should always be avail-
able to prevent aspiration of pus.

2. Systemic antibiotics. Suitable antibiotics are given.

3. Tracheostomy. A large abscess may cause mechanical 
obstruction to the airway or lead to laryngeal oedema. Tra-
cheostomy becomes mandatory in these cases.

CHRONIC RETROPHARYNGEAL ABSCESS 
(PREVERTEBRAL ABSCESS)

AETIOLOGY

It is tubercular in nature and is the result of (i) caries of cer-
vical spine or (ii) tuberculous infection of retropharyngeal 

Prevertebral space

CN IX, X, XI

Parotid gland

Parapharyngeal space

• Anterior compartment
• Posterior compartment

Medial pterygoid muscle
Peritonsillar space

Retropharyngeal space

Buccopharyngeal
fascia

Danger space

Prevertebral
fascia

Alar fascia

Figure 52.6 Spaces in relation to pharynx where abscesses can form.

Figure 52.7 Retropharyngeal abscess. Radiograph of soft tissue, 
lateral view neck showing widening of prevertebral space with gas 
formation (arrow).
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lymph nodes secondary to tuberculosis of deep cervical 
nodes. The former presents centrally behind the preverte-
bral fascia while the latter is limited to one side of midline 
as in true retropharyngeal abscess behind the buccopharyn-
geal fascia.

CLINICAL FEATURES

Patient may complain of discomfort in throat. Dysphagia, 
though present, is not marked. Posterior pharyngeal wall 
shows a fluctuant swelling centrally or on one side of mid-
line. Neck may show tuberculous lymph nodes. In cases with 
caries of cervical spine, X-rays are diagnostic.

TREATMENT

 1.  Incision and drainage of abscess. It can be done through a 
vertical incision along the anterior border of sternomas-
toid (for low abscess) or along its posterior border (for 
high abscess).

 2.  Full course of antitubercular therapy should be given.

PARAPHARYNGEAL ABSCESS

(Syn. Abscess of pharyngomaxillary or lateral pharyngeal 
space.)

APPLIED ANATOMY

Parapharyngeal space is pyramidal in shape with its base at 
the base of skull and its apex at the hyoid bone.

RELATIONS (FIGURES 52.6–52.8)

	•	 	Medial. Buccopharyngeal fascia covering the constrictor 
muscles.

	•	 	Posterior. Prevertebral fascia covering prevertebral mus-
cles and transverse processes of cervical vertebrae.

	•	 	Lateral. Medial pterygoid muscle, mandible and deep sur-
face of parotid gland.

Styloid process and the muscles attached to it divide the 
parapharyngeal space into anterior and posterior com-
partments. Anterior compartment is related to tonsillar fossa 
medially and medial pterygoid muscle laterally. Posterior 
compartment is related to posterior part of lateral pharyngeal 
wall medially and parotid gland laterally. Through the poste-
rior compartment pass the carotid artery, jugular vein, IXth, 
Xth, XIth, XIIth cranial nerves and sympathetic trunk.

It also contains upper deep cervical nodes.
Parapharyngeal space communicates with other spaces, 

viz. retropharyngeal, submandibular, parotid, carotid and 
visceral (Table 52.1).

AETIOLOGY

Infection of parapharyngeal space can occur from:

 1.  Pharynx. Acute and chronic infections of tonsil and ade-
noid, bursting of peritonsillar abscess.

 2.  Teeth. Dental infection usually comes from the lower last 
molar tooth.

 3.  Ear. Bezold abscess and petrositis.
 4.  Other spaces. Infections of parotid, retropharyngeal and 

submaxillary spaces.
 5.  External trauma. Penetrating injuries of neck, injection 

of local anaesthetic for tonsillectomy or mandibular 
nerve block.

CLINICAL FEATURES

Clinical features depend on the compartment involved.
Anterior compartment infections produce a triad of symp-

toms: (i) prolapse of tonsil and tonsillar fossa, (ii) trismus 

Superficial and deep
temporal space

Zygoma

Masticator space

Parotid space

Mandible

Submandibular
space

Hyoid bone

Peritonsillar space

Parapharyngeal
space

Temporal bone

1
2
3
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6
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8

9

Tonsil

Figure 52.8 Spaces of head and neck seen in coronal section. Mucosa (1), pharyngobasilar fascia (2), buccopharyngeal fascia (3), superior con-
strictor muscle (4), superficial layer of deep cervical fascia enclosing submandibular gland (5), parotid gland (6), masseter muscle (7), temporalis 
muscle (8) and medial pterygoid muscle (9).
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(due to spasm of medial pterygoid muscle) and (iii) exter-
nal swelling behind the angle of jaw. There is marked odyno-
phagia associated with it.

Posterior compartment involvement produces (i) bulge of 
pharynx behind the posterior pillar, (ii) paralysis of CN 
IX, X, XI, and XII and sympathetic chain, and (iii) swell-
ing of parotid region. There is minimal trismus or tonsillar 
prolapse.

Fever, odynophagia, sore throat, torticollis (due to spasm 
of prevertebral muscles) and signs of toxaemia are common 
to both compartments.

COMPLICATIONS

 1.  Acute oedema of larynx with respiratory obstruction.
 2.  Thrombophlebitis of jugular vein with septicaemia.
 3.  Spread of infection to retropharyngeal space.
 4.  Spread of infection to mediastinum along the carotid 

space.

 5.  Mycotic aneurysm of carotid artery from weakening of its 
wall by purulent material. It may involve common carotid 
or internal carotid artery.

 6.  Carotid blow out with massive haemorrhage.

TREATMENT

 1.  Systemic antibiotics. Intravenous antibiotics may become 
necessary to combat infection.

 2.  Drainage of abscess. This is usually done under gen-
eral anaesthesia. If the trismus is marked, preoperative 
tracheostomy becomes mandatory. Abscess is drained 
by a horizontal incision, made 2–3 cm below the angle 
of mandible. Blunt dissection along the inner surface 
of medial pterygoid muscle towards styloid process is 
carried out and abscess evacuated. A drain is inserted. 
Transoral drainage should never be done due to dan-
ger of injury to great vessels which pass through this 
space.

Table 52.1  Important spaces of the head and neck and their source of infection

Space Extent Location Source of infection

Parotid space Within two layers of superficial 
layer of deep cervical fascia

Parotid area Infection of oral cavity via 
Stenson’s duct

Submandibular space 
(submaxillary plus 
sublingual)

	•	 	Sublingual space. Oral mucosa 
to mylohyoid muscle

	•	 	Submandibular space. Mylohyoid 
muscle to superficial layer of 
deep cervical fascia extending 
from mandible to hyoid bone

Below the tongue

Submental and submandibular triangles

	•	 	Sublingual sialadenitis, 
tooth infection

	•	 	Submandibular gland 
sialadenitis

	•	 	Molar tooth infection

Peritonsillar space Between superior constrictor and 
fibrous capsule on the lateral 
aspect of tonsil

Lateral to tonsil Infection of tonsillar crypt

Retropharyngeal space Base of skull to tracheal  
bifurcation (T4)

Between alar fascia and the buc-
copharyngeal fascia covering con-
strictor muscles

	•	 	Extension of infection from 
parapharyngeal space, 
parotid or masticator space

	•	 	Oesophageal perforation
	•	 	Suppuration of retropharyn-

geal nodes
Danger space Base of skull to diaphragm Between prevertebral fascia and alar 

fascia
Infected by rupture of ret-

ropharyngeal abscess
Prevertebral space Base of skull to coccyx Between vertebrae on one side and 

prevertebral muscles and the prever-
tebral fascia on the other

	•	 	Tuberculosis of spine
	•	 	Penetrating trauma

Parapharyngeal space 
(Lateral pharyngeal 
space or pharyngo-
maxillary space)

Base of skull to hyoid bone and 
submandibular gland

Buccopharyngeal fascia covering lateral 
aspect of pharynx medially, and fascia 
covering pterygoid muscles, mandible 
and parotid gland laterally

	•	 	Peritonsillar abscess
	•	 	Parotid abscess
	•	 	Submandibular gland 

infection
	•	 	Masticator space abscess

Masticator space Base of skull to lower border of 
mandible

Between superficial layer of deep cervical 
fascia and the muscles of mastication—
masseter, medial and lateral pterygoids 
insertion of temporalis muscle and the 
mandible

Infection of third molar
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BENIGN TUMOURS

They are far less common compared to malignant tumours. 
The common ones are described here.

PAPILLOMA

It is usually pedunculated, arises from the tonsil, soft palate 
or faucial pillars. Often asymptomatic, it may be discovered 
accidentally by the patient or the physician. When large, it 
causes local irritation in the throat. Treatment is surgical 
excision.

HAEMANGIOMA

It can occur on the palate, tonsil, posterior and lateral 
pharyngeal wall. It may be of capillary or cavernous type. 
Capillary haemangioma or asymptomatic cavernous 
haemangioma may be left alone. It is treated only if it is 
increasing in size or giving symptoms of bleeding and dys-
phagia. Treatment is diathermy coagulation or injection of 
sclerosing agents. Cryotherapy or laser coagulation is very 
effective.

PLEOMORPHIC ADENOMA

It is mostly seen submucosally on the hard or soft palate. It is 
potentially malignant and should be excised totally.

MUCOUS CYST

It is usually seen in the vallecula. It is yellow in appearance 
and may be pedunculated or sessile. When large, it causes 
foreign body sensation in the throat. Treatment is surgical 
excision, if pedunculated; or incision and drainage with 
removal of its cyst wall.

Lipoma, fibroma and neuroma are other rare benign 
tumours.

MALIGNANT TUMOURS

The common sites of malignancy in the oropharynx are: 
(Table 53.1)

 1.  Posterior one-third (or base) of tongue.
 2.  Tonsil and tonsillar fossa.
 3.  Faucial palatine arch, i.e. soft palate and anterior pillar.
 4.  Posterior and lateral pharyngeal wall.

Gross appearances of the tumour can be divided into four 
types:

 1.  Superficially spreading
 2.  Exophytic
 3.  Ulcerative
 4.  Infiltrative

The first two types are seen in the palatine arch; they are 
rarely associated with metastasis. Ulcerative and infiltrative 
types often involve the base of tongue and tonsil. They have 
poor prognosis and deeply invade the adjoining structures 
and have marked tendency for regional metastasis.

Histologically, the tumours may be:

 1.  Squamous cell carcinoma. Shows various grades of differen-
tiation (well, moderately or poorly differentiated) and is 
the most common variety.

 2.  Lymphoepithelioma. A poorly differentiated variant of the 
above, with admixture of lymphocytes, which do not 
show any features of malignancy. This is often seen in 
tonsil, base of tongue and vallecula.

 3.  Adenocarcinoma. It arises from minor salivary glands. It is 
mostly seen on the palate and fauces.

 4.  Lymphomas. Both Hodgkin and non-Hodgkin lympho-
mas arise from the tonsil and base of tongue. They are 
seen in the young adults and sometimes in the children. 
Enlarged cervical nodes may coexist.

TNM classification. It is similar to the one used in cancer of 
the oral cavity. (see Table 53.2).

Treatment. Treatment of oropharyngeal cancer depends 
upon the site and extent of disease, patient’s general con-
dition, philosophy and experience of the treating surgeon 
and facilities available at a particular centre. The various 
options are:

 1.  Surgery alone
 2.  Radiation alone
 3.  Combination of surgery and radiotherapy
 4.  Chemotherapy alone or as an adjunct to surgery or 

radiotherapy
 5.  Palliative therapy.

A. CARCINOMA OF POSTERIOR ONE-THIRD  
OR BASE OF TONGUE

This is commonly seen in India (Figure 53.1). The lesion 
remains asymptomatic for a long time and patient pres-
ents when metastases in cervical nodes make their appear-
ance. Earlier symptoms of sore throat, feeling of lump in 
the throat and slight discomfort on swallowing are often 

53Tumours of Oropharynx
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ignored or attributed to lingual tonsils. Late features are 
referred pain in the ear, dysphagia, bleeding from the 
mouth and change in the quality of speech (hot potato 
voice).

SPREAD
1. Local. Lesions are deeply infiltrative and spread to the 
rest of tongue musculature, epiglottis and pre-epiglottic 
space, tonsil and its pillars, and hypopharynx.

2. Lymphatic. Seventy per cent of the cases show cervical 
metastases either unilateral or bilateral at the time of ini-
tial consultation. Jugulodigastric nodes are the first to be 
involved.

3. Distant metastases. Bones, liver and lungs may be involved.

DIAGNOSIS
Lesions can be seen on indirect laryngoscopy but palpation 
of the tumour should never be omitted. Palpation under 
anaesthesia when tissues are relaxed gives better idea of the 
degree of infiltration of tissues. Lesion is usually far more 
extensive than it appears on mirror examination. Com-
puted tomography scan is recommended for tumour and 
nodal staging. Biopsy is essential to know its histology.

TREATMENT
Treatment may vary from centre to centre, some favouring 
radiotherapy, others surgery and still others radiotherapy 
followed by salvage surgery.

Tumours which are radiosensitive such as anaplastic car-
cinoma, lymphoepithelioma or lymphoma are treated by 
radiotherapy to the primary and neck nodes.

For T1 and T2 squamous cell carcinoma with N0 or N1 
neck, surgical excision with block dissection is preferred 
and if neck dissection specimen reveals a stage more than 
N1, postoperative radiation is added.

T3 and T4 lesions require surgical excision with mandibu-
lar resection, neck dissection and postoperative radiation.

T4 lesions, which also extend into anterior two-thirds of 
tongue or vallecula, require extensive surgery with total 
glossectomy and laryngectomy in addition to the block 
dissection.

Chemotherapy may be combined with radiotherapy and 
surgery in such cases.

For advanced cancers, in patients with poor health, only 
palliation with radio- or chemotherapy may be required. 

Table 53.1  Subsites in the oropharynx

	•	 	Base of tongue
	•	 	Tonsil and tonsillar fossa
	•	 	Faucial arch
	•	 	Pharyngeal wall

Table 53.2  TNM classification and staging of 
oropharyngeal cancer (AJCC, 2002)

Primary tumour (T)

T1

T2

T3

T4a

T4b

Tumour 2 cm or less in greatest dimension
Tumour more than 2 cm but not more than 4 cm in 

greatest dimension
Tumour more than 4 cm in greatest dimension
Tumour invades the larynx, deep/extrinsic muscle of 

tongue, medial pterygoid, hard palate or mandible
Tumour invades lateral pterygoid muscle, pterygoid 

plates, lateral nasopharynx, or base of skull or 
encases carotid artery

Regional lymph nodes (N)

NX

N0

N1

N2

N2a

N2b

N2c

N3

Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Metastasis in a single ipsilateral lymph node, 3 cm or 

less in greatest dimension
Metastasis in a single ipsilateral lymph node, more 

than 3 cm but not more than 6 cm in greatest 
dimension, or in multiple ipsilateral lymph nodes, 
none more than 6 cm in greatest dimension, or in 
bilateral or contralateral lymph nodes, none more 
than 6 cm in greatest dimension

Metastasis in a single ipsilateral lymph node more than 
3 cm but not more than 6 cm in greatest dimension

Metastasis in multiple ipsilateral lymph nodes, none 
more than 6 cm in greatest dimension

Metastasis in bilateral or contralateral lymph nodes, 
none more than 6 cm in greatest dimension

Metastasis in a lymph node more than 6 cm in great-
est dimension

Distant metastasis (M)

MX

M0

M1

Distant metastasis cannot be assessed
No distant metastasis
Distant metastasis

Stage grouping

0 Tis N0 M0

I T1 N0 M0

II T2 N0 M0

III T3

T1

T2

T3

N0

N1

N1

N1

M0

M0

M0

M0

IVA T4a
T4a
T1

T2

T3

T4a

N0

N1

N2

N2

N2

N2

M0

M0

M0

M0

M0

M0

IVB T4b
Any T

Any N
N3

M0

M0

IVC Any T Any N M1

Figure 53.1 An exophytic growth at the base of tongue.
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They often end up into tracheostomy and gastrostomy in 
the terminal phase to restore their air and food passages 
and strong analgesics for relief of pain.

B. CARCINOMA TONSIL AND TONSILLAR FOSSA

Squamous cell carcinoma is the most common and pres-
ents as an ulcerated lesion with necrotic base (Figure 53.2). 
Lymphomas may present as unilateral tonsillar enlargement 
with or without ulceration and may simulate indolent peri-
tonsillar abscess (Figure 53.3).

SPREAD
1. Local. Tumour may spread locally to soft palate and pil-
lars, base of tongue, pharyngeal wall and hypopharynx. 
It may invade pterygoid muscles and mandible resulting 
in pain and trismus. Parapharyngeal space may also get 
invaded.

2. Lymphatic. Fifty per cent of the patients have initial cervi-
cal node involvement at the time of presentation. Jugulodi-
gastric nodes are the first to be involved.

3. Distant metastases. They are seen in late cases.

CLINICAL FEATURES
Persistent sore throat, difficulty in swallowing, pain in the 
ear or lump in the neck are the presenting symptoms. 
Later on, bleeding from the mouth, fetor oris and trismus 
may occur.

DIAGNOSIS
Palpation of tonsillar area should never be omitted to find the 
extent of tumour. Biopsy is essential for histological typing.

TREATMENT
1. Radiotherapy. Early and radiosensitive tumours are treated 
by radiotherapy along with irradiation of cervical nodes.

2. Surgery. Excision of the tonsil can be done for early 
superficial lesions. Larger lesions and those which invade 
bone require wide surgical excision with hemimandibulec-
tomy and neck dissection (commando operation).

3. Combination therapy. Surgery may be combined with pre- 
or postoperative radiation. Chemotherapy may be given as 
an adjunct to surgery or radiation.

C. CARCINOMA OF FAUCIAL (PALATINE) ARCH

Soft palate, uvula and anterior tonsillar pillar comprise 
the faucial arch. Carcinoma in these sites is often of squa-
mous cell variety. Lesions are superficially spreading and 
well-differentiated with late tendency for nodal metastases 
(Figure 53.4). Thus they behave more like carcinomas of 
the oral cavity.

Spread may occur locally to the contiguous structures 
or lymph nodes. Upper deep cervical and submandibular 
nodes may be involved.

Patients with palatine arch cancer usually present with 
persistent sore throat, local pain or earache. Growth may 
have been noticed by the patient while using the mirror, or 
by his physician while examining his throat or by the dentist.

Treatment is irradiation or surgical excision.

D. CARCINOMA OF POSTERIOR AND LATERAL 
PHARYNGEAL WALL

Lesions remain asymptomatic for a long time. They may 
spread submucosally to the adjoining areas such as tonsil, 
soft palate, tongue, nasopharynx or hypopharynx. They 
may also invade parapharyngeal space or anterior spinal 
ligaments. Sixty per cent of patients may have lymph node 
metastases. Bilateral nodal involvement is common.

Figure 53.2 Squamous cell carcinoma involving tonsil, pillar and 
soft palate.

Figure 53.3 Lymphoma tonsil presenting as unilateral tonsillar 
enlargement.

Figure 53.4 An ulcerative lesion of palatine arch. It was well- 
differentiated squamous cell carcinoma.
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Treatment is irradiation or surgical excision of growth 
with skin grafting. This is often combined with block dissec-
tion when nodes are palpable. Access to posterior pharyn-
geal wall is through lateral pharyngotomy with or without 
mandibular osteotomy.

PARAPHARYNGEAL TUMOURS

Parapharyngeal space is described on p. 267 (refer  
Figure 52.6). It lies lateral to the pharynx. Both benign and 
malignant tumours are seen. They cause a bulge in lateral 
pharyngeal wall of oropharynx and distort the pillars and 
soft palate, and thus mimic neoplasms of the oropharynx. 
Commonly seen tumours are those from the deep lobe of 
parotid, neurogenic (e.g. neurilemmoma), chemodectoma 

(from carotid body), lipoma or aneurysm of internal carotid 
artery.

STYALGIA (EAGLE SYNDROME)

It is due to elongated styloid process or calcification of stylo-
hyoid ligament. Patient complains of pain in tonsillar fossa 
and upper neck which radiates to the ipsilateral ear. It gets 
aggravated on swallowing. Diagnosis can be made by tran-
soral palpation of the styloid process in the tonsillar fossa 
and by a radiograph such as anteroposterior view with open 
mouth or lateral view of skull. Many persons may have elon-
gated styloid process but remain asymptomatic and do not 
need treatment. Symptomatic styloid process can be excised 
by transoral or cervical approach.
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TUMOURS OF HYPOPHARYNX

Benign tumours. They are exceptionally uncommon and 
include papilloma, adenoma, lipoma, fibroma and leiomyoma. 
They present as smooth well-defined masses which are 
sometimes pedunculated and mobile.

Malignant tumours. Carcinoma of the hypopharynx is very 
common in India. Practically, most of the tumours are squa-
mous cell type with various grades of differentiation. The 
various subsites involved are: (i) pyriform sinus, (ii) postcri-
coid region and (iii) posterior pharyngeal wall, in that order 
of frequency.

A. CARCINOMA PYRIFORM SINUS

It constitutes 60% of all hypopharyngeal cancers, mostly 
affecting males above 40 years of age. Growth is either 
exophytic or ulcerative and deeply infiltrative. Because of 
the large size of the pyriform sinus, growths of this region 
remain asymptomatic for a long time. Metastatic neck nodes 
may be the first to attract attention.

SPREAD
1. Locally, the growth may spread upwards to the vallecula 
and base of tongue; downwards to postcricoid region; medi-
ally to aryepiglottic folds and ventricles. It may infiltrate into 
the thyroid cartilage, thyroid gland or may present as a soft 
tissue mass in the neck.

2. Lymphatic spread occurs early. Pyriform fossa has a rich 
lymphatic network. Seventy-five per cent of the patients have 
cervical nodal metastases when first seen, with half of them 
having bilateral involvement. Upper and middle group of jug-
ular cervical nodes are often involved. Sometimes, nodes make 
their appearance long after the primary has been eradicated.

3. Distant metastases often occur late and may be seen in 
lung, liver and bones.

CLINICAL FEATURES
Early symptoms are few. Something sticking in the throat 
and “pricking sensation” on swallowing may be the earliest 
symptoms. Referred otalgia, pain on swallowing and increas-
ing dysphagia may follow. A mass of lymph nodes high up 
in the neck may be the first sign. Hoarseness and laryngeal 
obstruction indicate laryngeal oedema or spread of disease 
to the larynx.

DIAGNOSIS
Growth and its extent can often be seen on mirror examina-
tion. Sometimes, pooling of secretions obstructs the view. 
Barium swallow and CT scan are helpful to evaluate the 
extent of growth and status of lymph nodes.

Endoscopic examination is necessary for biopsy and accu-
rate assessment of the extent of growth and also to find out 
any synchronous primary at any other site.

TREATMENT
Early growth without nodes can be cured by radiotherapy 
with the advantage of preserving the laryngeal function.

If growth is limited to pyriform fossa and does not extend 
to postcricoid region, total laryngectomy and partial phar-
yngectomy is done. Remaining pharynx can be primarily 
closed. This is often combined with elective or prophylactic 
block dissection of lymph nodes.

If growth extends to postcricoid region, total laryngec-
tomy and pharyngectomy is done along with block dissec-
tion. Pharyngo-oesophageal segment is reconstructed with 
myocutaneous flaps or stomach pull-up.

Planned postoperative radiotherapy can be given rou-
tinely to all cases. Patients with no palpable nodes (N0 neck) 
can also be given radiotherapy avoiding block dissection.

B. CARCINOMA POSTCRICOID REGION

This constitutes 30% of laryngopharyngeal malignancies. 
Paterson–Brown–Kelly (Plummer–Vinson) syndrome char-
acterized by hypochromic microcytic anaemia is an impor-
tant aetiological factor as one-third of patients of postcricoid 
carcinoma may be suffering from it.

SPREAD
Usually an ulcerative type of lesion arises from postcricoid 
region. Local spread often occurs in an annular fashion 
causing marked dysphagia. Growths may invade cervical 
oesophagus, arytenoids or recurrent laryngeal nerve at cri-
coarytenoid joint.

Lymphatic spread involves paratracheal lymph nodes and 
may be bilateral due to the midline nature of lesions. They 
may not be clinically palpable.

CLINICAL FEATURES
Females are usually affected, sometimes in the early age 
group of twenties and thirties. Progressive dysphagia is 
the predominant presenting symptom. This may cause 
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progressive malnutrition and weight loss. Sometimes, voice 
change and aphonia may be produced due to infiltration of 
recurrent laryngeal nerve or posterior cricoarytenoid mus-
cles affecting vocal cord mobility.

DIAGNOSIS
Postcricoid growths may not be visible on indirect laryngos-
copy. Oedema and erythema of the postcricoid region and 
pooling of secretions in the hypopharynx are suggestive of 
growth. Laryngeal crepitus, felt normally while moving lar-
ynx over the cervical spine, may be lost.

Lateral soft tissue radiograph of the neck may show an 
increased prevertebral shadow. Barium swallow is essential 
to find the lower extent of the disease. Endoscopy is always 
done to take biopsy and assess the extent of lesion.

TREATMENT
Prognosis is poor both with irradiation and surgical treat-
ment. Some prefer to give radiotherapy initially. It has the 
advantage of preserving laryngeal function. Failed cases 
are subjected to laryngo-pharyngo-oesophagectomy with 
stomach pull-up or colon transposition to reconstruct pha-
ryngo-oesophageal segment. Many feel that initial surgery, if 
feasible, gives better results.

C. CARCINOMA POSTERIOR PHARYNGEAL WALL

This is the least common of laryngopharyngeal malignancy 
constituting only 10% of them. They are mostly seen in 
males above 50 years of age.

SPREAD
Growth is usually exophytic but may be ulcerative. It remains 
localized until late and then spreads to the prevertebral fas-
cia, muscles and vertebrae.

Lymphatic spread is usually bilateral due to midline 
nature of the lesion. Fifty per cent of the patients with can-
cer of posterior pharyngeal wall have nodal metastasis on 
their initial examination. Retropharyngeal nodes, though 
not clinically palpable, may also be involved.

CLINICAL FEATURES
Dysphagia or spitting of blood may be the presenting symp-
tom. Some may present with a palpable mass of nodes in the 
neck without any symptoms pointing to the primary tumour.

DIAGNOSIS
Indirect mirror examination often reveals the tumour. Lat-
eral soft tissue radiography may show vertical extent and 
thickness of the tumour and any involvement of cervical ver-
tebrae. Endoscopy is essential for biopsy and accurate assess-
ment of the tumour and to find any synchronous primary at 
any other site.

TREATMENT
Early lesions, particularly exophytic, can be treated by radio-
therapy with preservation of laryngeal function. Early small 
lesions can also be excised surgically via lateral pharyngot-
omy and primary repair with equally good results. Advanced 
lesions may require laryngopharyngectomy and block dis-
section of neck with repair of the food channel. Gross 5-year 
cure rate is only 19%.

PHARYNGEAL POUCH

Also called hypopharyngeal diverticulum or Zenker’s diver-
ticulum, it is a pulsion diverticulum where pharyngeal 
mucosa herniates through the Killian’s dehiscence—a weak 
area between two parts of the inferior constrictor (Figures 
54.1 and 54.2).

AETIOLOGY

Exact cause is not known. It is probably due to spasm of cri-
copharyngeal sphincter or its incoordinated contractions 
during the act of deglutition. It is usually seen after 60 years 
of age.

PATHOLOGY

Herniation of pouch starts in the midline. It is at first behind 
the oesophagus and then comes to lie on its left. Mouth of 
the sac is wider than the opening of oesophagus and food 
preferentially enters the sac.

CLINICAL FEATURES

Dysphagia is the prominent feature. It appears after a few 
swallows when the pouch gets filled with food, and presses 
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Figure 54.1 Hypopharyngeal (Zenker’s) diverticulum. Hypopharyng
eal mucosa herniates through the Killian’s dehiscence—a weak area 
between two parts of inferior constrictor muscle.
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Figure 54.2 Potential sites for hypopharyngeal diverticulum.
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on the oesophagus. Gurgling sound is produced on swallow-
ing. Undigested food may regurgitate at night, when patient 
is recumbent, causing cough and aspiration pneumonia. 
Patient is often malnourished due to dysphagia. Patients 
with pharyngeal pouch may have associated hiatus hernia. 
Rarely carcinoma can develop in long-standing cases of pha-
ryngeal pouch.

DIAGNOSIS

Barium swallow will show the sac and its size.

TREATMENT

 1.  Excision of pouch and cricopharyngeal myotomy. This is 
done through cervical approach.

 2.  Dohlman’s procedure. The partition wall between 
the oesophagus and the pouch is divided by diathermy 
through an endoscope. This is done in poor risk debili-
tated patients.

 3.  Endoscopic laser treatment. It is similar to Dohlman’s 
procedure. Partition between the pouch and oesophagus 
is divided by CO2 laser using operating microscope.



276

SNORING

It is an undesirable disturbing sound that occurs during 
sleep. It is estimated that 25% of adult males and 15% of 
adult females snore. Its prevalence increases with age.

DEFINITION OF TERMS

• Sleep apnoea. It is cessation of breathing that lasts for 
10 s or more during sleep. Less than five such episodes is 
normal.

• Apnoea index. It is number of episodes of apnoea in 1 h.

• Hypopnoea. It is reduction of airflow. Some define it as 
drop of 50% of airflow from the base line associated with an 
EEG defined arousal or 4% drop in oxygen saturation.

• Respiratory disturbance index (RDI). Also called apnoea–
hypopnoea index. It is the number of apnoea and hypop-
noea events per hour. Normally RDI is less than five. Based 
on RDI, severity of apnoea has been classified as mild, 5–14; 
moderate, 15–29; and severe ≥ 30.

• Arousal. Transient awakening from sleep as a result of 
apnoea or respiratory efforts.

• Arousal index. It is number of arousal events in 1 h. Less 
than four is normal.

• Sleep efficiency. Minutes of sleep divided by minutes in 
bed after lights are turned off.

• Multiple sleep latency test or nap study. Patient is given 
four or five scheduled naps usually in the daytime. Latency 
period from wakefulness to the onset of sleep and rolling 
eye movement (REM) sleep are measured. It is performed 
when narcolepsy is suspected or daytime sleepiness is evalu-
ated objectively.

MECHANISM OF SNORING

Muscles of pharynx are relaxed during sleep and cause 
partial obstruction. Breathing against obstruction causes 
vibrations of soft palate, tonsillar pillars and base of tongue 
producing sound. Sound as loud as 90 dB has been recorded 
during snoring.

Snoring may be primary, i.e. without association with 
obstructive sleep apnoea (OSA) or complicated, i.e. associ-
ated with OSA. Primary snoring is not associated with exces-
sive daytime sleepiness and has apnoea–hypnoea index of 
less than five.

AETIOLOGY

In children most common cause is adenotonsillar hyper-
trophy. In adults cause of snoring could be in the nose or 
nasopharynx such as septal deviation, turbinate hypertrophy, 
nasal valve collapse, nasal polypi or tumours; in oral cavity 
and oropharynx such as elongated soft palate and uvula, ton-
sillar enlargement, macroglossia, retrognathia, large base of 
tongue; or its tumour; in the larynx and laryngopharynx such 
as laryngeal stenosis or omega-shaped epiglottis.

Other causes include obesity and thick neck with collar 
size exceeding 42 cm. Use of alcohol, sedatives and hypnot-
ics aggravates snoring due to muscle relaxation.

SITES OF SNORING

Sites of snoring may be soft palate, tonsillar pillars or hypo-
pharynx. It may vary from patient to patient and even in 
the same patient thus making surgical correction a difficult 
decision. Sometimes sites of snoring are multiple even in 
the same patient.

SYMPTOMATOLOGY

Excessive loud snoring is socially disruptive and forms 
 snoring-spouse syndrome and is the cause of marital discord 
sometimes leading to divorce. In addition, a snorer with 
obstructive sleep apnoea may manifest with:

 •  Excessive daytime sleepiness
 •  Morning headaches
 •  General fatigue
 •  Memory loss
 •  Irritability and depression
 •  Decreased libido
 •  Increased risk of road accidents

Table 55.1 shows an Epworth sleepiness scale.

TREATMENT

 1.  Avoidance of alcohol, sedatives and hypnotics.
 2.  Reduction of weight.
 3.  Sleeping on the side rather than on the back.
 4.  Removal of obstructing lesion in nose, nasopharynx, 

oral cavity, hypopharynx and larynx. Radiofrequency has 
been used for volumetric reduction of tissues of turbi-
nates, soft palate and base of tongue.

 5.  Performing uvulopalatoplasty (UPP) surgically with cold 
knife or assisted with radiofrequency (RAUP) or laser 
(LAUP).

55 Snoring and Sleep Apnoea
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SLEEP APNOEA

Apnoea means no breathing at all. There is no movement of 
air at the level of nose and mouth. It is of three types.

 1.  Obstructive. There is collapse of the upper airway result-
ing in cessation of airflow. Other factors may be obstruc-
tive conditions of nose, nasopharynx, oral cavity and 
oropharynx, base of tongue or larynx.

 2.  Central. Airways are patent but brain fails to signal the 
muscles to breathe.

 3.  Mixed. It is combination of both types.

PATHOPHYSIOLOGY OF OSA

Apnoea during sleep causes hypoxia and retention of car-
bon dioxide which leads to pulmonary constriction leading 
to congestive heart failure, bradycardia and cardiac hypoxia 
leading to left heart failure, and cardiac arrhythmias some-
times leading to sudden death. During sleep apnoea, there 
are frequent arousals which cause sleep fragmentation, day-
time sleepiness and other manifestations. Table 55.2 lists the 
consequences of obstructive sleep apnoea.

PHYSIOLOGY OF SLEEP

A normal healthy adult sleeps for 7–8 h. Sleep occurs in two 
phases: non-REM and REM. The two phases occur in semi-
regular cycles, each cycle lasting for 90–120 min. There are 
thus three or four cycles of sleep.

NON-REM SLEEP
It forms 75–80% of sleep and occurs in four stages:

 1.  Stage I. Transition from wakefulness to sleep. It consti-
tutes 2–5% of sleep. EEG shows decrease of alpha and 
increase of theta waves. Muscle tone is less. Person can be 
easily aroused from this stage.

 2.  Stage II. Characterized by sleep spindles or ‘K’ complexes 
and decrease in muscle tone. It constitutes 45–55% of sleep.

 3.  Stage III. Forms 3–8% of sleep, characterized by delta 
waves. It is deep sleep.

 4.  Stage IV. Forms 10–15% of sleep, characterized by delta 
waves. It is deep, most restful sleep.

REM SLEEP
Forms 20–25% of total sleep, characterized by rapid eye 
movements, increased autonomic activity with erratic car-
diac and respiratory movements. Dreaming occurs in this 
stage but muscular activity is decreased so that dreams are 
not enacted.

See Table 55.3 for differences between non-REM and 
REM sleep.

CLINICAL EVALUATION OF A CASE OF  
SLEEP APNOEA

HISTORY
Patient’s bed partner gives more reliable information than 
the patient himself because latter does not know what hap-
pened during sleep. History should include snoring during 
sleep, restless disturbed sleep, gasping, choking or apnoeic 
events and sweating. In the daytime, there is history of 
excessive daytime sleepiness (Epworth sleepiness scale is 
more often used, see Table 55.1) and fatigue, irritability, 
morning headaches, memory loss and impotence. Also one 
should elicit history of body position during sleep, use of 
alcohol, sedatives and caffeine intake, mouth breathing 
and history of menopause or having hormonal replace-
ment therapy.

PHYSICAL EXAMINATION
Risk factors include male gender, obesity and age above 40 
years.

 1.  Body mass index. It is calculated by dividing body weight 
in kilograms by height in metres squared. Normal BMI, 
18.5–24.9; overweight, 25–29%; and obesity, 30–34.9. 
Obese patients need to reduce weight.

 2.  Collar size. Neck circumference at the level of crico-
thyroid membrane is measured. Collar size should not 
exceed 42 cm in males and 37.5 cm in females.

 3.  Complete head and neck examination. Look for  
tonsillar hypertrophy, retrognathia, macroglossia, elon-
gated soft palate and uvula, base of tongue tumours, 
septal deviation, nasal polyps, turbinate hypertrophy 
and nasal valve collapse. Also examine nasopharynx 
and larynx.

 4.  Muller’s manoeuvre. A flexible endoscope is passed 
through the nose and the patient asked to inspire vigor-
ously with nose and mouth completely closed. Look for 

Table 55.1  Epworth sleepiness scale

Situation Score (0–3)

•  Sitting and reading
•  Watching TV
•  Sitting inactive in a public place (e.g. theatre  

or in a meeting)
•  Being a passenger in a car for 1 h without 

break
•  Lying down to rest in the afternoon when 

 circumstances permit
•  Sitting and talking to someone
•  Sitting quietly after a lunch without alcohol
•  Sitting in a car while stopped in traffic for a  

few minutes
 

0 = never dozing off; 1 = slight chance of dozing off; 2 = moderate 
chance of dozing off; 3 = high chance of dozing off.

Table 55.2  Consequences of obstructive sleep 
apnoea

	•	 	Congestive heart failure/cor pulmonale
	•	 	Polycythaemia and hypertension
	•	 	Atrial and ventricular arrhythmias and left heart failure
	•	 	Attacks of angina
	•	 	Snoring spouse syndrome
	•	 	Loss of memory
	•	 	Decreased libido
	•	 	Traffic accidents
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collapse of the soft tissues at the level of base of tongue 
and just above the soft palate. Level of pharyngeal 
obstruction can be found.

Systemic examination is done to look for hypertension, con-
gestive heart failure, pedal oedema, truncal obesity and any 
sign of hypothyroidism.

Cephalometric radiographs are taken for craniofacial anom-
alies and tongue base obstruction.

Polysomnography. It is the “gold standard” for diagno-
sis of sleep apnoea and records various parameters which 
include:

 •  EEG (electroencephalography)—to look for non-REM or 
REM sleep and stages of non-REM sleep.

 •  ECG (electrocardiography)—for heart rate and rhythm.
 •  EOM (electroculogram)—for rolling eye movements.
 •  EMG (electromyography)—recorded from submental 

and tibialis anterior muscle.
 •  Pulse oximetry—to assess oxygen saturation of blood to 

know lowest SaO2 during sleep.
 •  Nasal and oral airflow—for episodes of apnoea and 

hypopnoea.
 •  Sleep position—helps to know whether apnoea/hypop-

noea episodes occur in supine or lateral recumbent 
position.

 •  Blood pressure.
 •  Oesophageal pressure. Not done in all laboratories. Nega-

tive oesophageal pressure helps to know degree of breath-
ing efforts made by the patient.

Split-night polysomnography. In this study, the first part of 
night is used in usual polysomnography while the second 
part of night is used in titration of pressures for continuous 
positive airway pressure (CPAP). It is not recommended 
because episodes of sleep apnoea occur more often in 
the second half of night and are thus missed. Titration 
of pressures for CPAP should ideally be done on a second  
night.

Polysomnography can differentiate between primary 
snoring, pure OSA and central sleep apnoea.

TREATMENT (NONSURGICAL)
 1.  Change in lifestyle. Those with mild disease and mini-

mal symptoms can be treated with weight loss and dietary 

changes but those with cor pulmonale as a result of severe 
OSA may require permanent tracheostomy.

 (a)  Use of alcohol in the evening aggravates OSA. Seda-
tives/hypnotics taken at night also have the same 
effect.

 (b)  Smoking should be avoided.
 (c)  Reduction of weight is helpful.
 2.  Positional therapy. Patient should sleep on the side as 

supine position may cause obstructive apnoea. A rubber 
ball can be fixed to the back of shirt to prevent adopting 
supine position.

 3.  Intraoral devices. They alter the position of mandible or 
tongue to open the airway and relieve snoring and sleep 
apnoea. Mandible advancement device (MAD) keeps the 
mandible forward while tongue retaining device (TRD) 
keeps tongue in anterior position during sleep. They 
help improve or abolish snoring. MAD is also useful in 
retrognathic patients.

 4.  CPAP (continuous positive airway pressure). It provides 
pneumatic splint to airway and increases its calibre. Opti-
mum airway pressure for device to open the airway is 
determined during sleep study and is usually kept at 5–20 
cm H2O. About 40% of patients find the use of CPAP 
device cumbersome and difficult to carry with them 
when travelling and thus stop using it.

When CPAP is not tolerated, a BiPAP (bilevel positive 
airway pressure) device is used. It delivers positive pressure 
at two fixed levels—a higher inspiratory and a lower expi-
ratory pressure. Now an autotitrating PAP (APAP) is also 
available which continuously adjusts the pressure. Their 
 disadvantages are same as those of CPAP.

Surgery

It is indicated for failed or noncompliant medical therapy.
Permanent tracheostomy is the “gold standard” of treat-

ment but it is not accepted socially and has complications 
of its own. It is usually not a preferred option by patients. 
Surgical procedures used in OSA include:

1. Tonsillectomy and/or adenoidectomy.

2. Nasal surgery. Nasal obstruction may be the primary 
or the aggravating factor for OSA. Septoplasty to correct 
deviated nasal septum, removal of nasal polyps and reduc-
tion of turbinate size help to relieve nasal obstruction. 

Table 55.3  Differences between non-REM and REM sleep

Non-REM REM

Duration 75–80% of sleep 20–25% of sleep
Eye movements No eye rolling Rapid conjugate eye movements
Autonomic activity Less autonomic activity gives slow heart rate, low BP, 

slow and steady respiration
Increased autonomic activity with fluctuations in BP, 

heart rate and respiration
Brain activity Minimal Brain is active (REM sleep is also called activated brain 

in a paralyzed person)
Muscular activity Functional but less Decreased. Since muscles are relaxed, snoring and 

OSA occurs in this stage
EEG Passes from alpha to delta waves from stage I to IV Mixed frequency, low-voltage waves with occasional 

bursts of saw-tooth waves
Dreaming No Yes
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Sometimes nasal surgery is also indicated for efficient use 
of CPAP.

3. Oropharyngeal surgery. Uvulopalatoplasty (UPP) is the 
most common procedure performed for snoring and OSA. 
It is 80% effective in snoring but OSA is relieved only in 
50%. Some patients of OSA are known to relapse in long-
term studies because of another site becoming active in the 
cause of obstruction (e.g. base of tongue). UPP can be laser 
or radiofrequency assisted.

4. Advancement genioplasty with hyoid suspension. It is 
done in patients where base of tongue also contributes to 
OSA. Patients with retrognathia and micrognathia are also 
the candidates.

Procedure involves resection of a rectangular portion of 
the mandible including genial tubercles and the attached 
genioglossi muscles, its rotation by 90° and fixation by plates. 

It helps to pull the base of tongue anteriorly. Along with this 
procedure, the hyoid bone is freed from its inferior mus-
culature and suspended from lower border of mandible by 
wires. This also helps to pull the base of tongue anteriorly.

5. Tongue base radiofrequency. Radiofrequency (RF) is used 
in five to six sittings to reduce the size of tongue. RF needle 
is inserted submucosally. It coagulates tissue and causes scar-
ring thus reducing the size of tissue.

6. Maxillomandibular advancement osteotomy. Osteoto-
mies are performed on mandibular ramus and maxilla. 
Osteotomy of the maxilla is like a Le Fort I procedure. 
These osteotomies are then fixed in anterior position with 
plates and screws. This surgical procedure is effective in 
selected cases but has the disadvantage of causing aesthetic 
facial changes.

See Table 55.4 for summary of management of OSA.

Table 55.4  Summary of management of OSA

Nonsurgical Surgical

	•	 	Weight reduction
	•	 	Avoidance of alcohol, sedatives and smoking
	•	 	Positional therapy
	•	 	Intraoral devices
	 •	 	Mandibular advancement device
	 •	 	Tongue retention device
	•	 	CPAP or BiPAP or APAP

	•	 	Tonsil and adenoid surgery (children)
	•	 	Nasal surgery: septoplasty, turbinate reduction, polypectomy
	•	 	Palate surgery
	 •	 	Uvulopalatoplasty (UPP)
	 •	 	Uvulopalatopharyngoplasty (UPPP)
	•	 	Advancement pharyngoplasty
	•	 	Tongue base surgery: lingual tonsillectomy, laser midline glossectomy
	•	 	Tongue base radiofrequency reduction
	•	 	Mandibular osteotomy with genioglossus advancement
	•	 	Hyoid myotomy and suspension
	 •	 	Hyoid bone suspended to lower border of mandible
	 •	 	Hyoid bone suspended to upper border of thyroid cartilage
	•	 	Maxillomandibular osteotomy and advancement
	•	 	Tracheostomy—the gold standard
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ANATOMY OF LARYNX

The larynx lies in front of the hypopharynx opposite the 
third to sixth cervical vertebrae. It moves vertically and in 
anteroposterior direction during swallowing and phonation. 
It can also be passively moved from side to side producing 
a characteristic grating sensation called laryngeal crepitus. In 
an adult, the larynx ends at the lower border of C6 vertebra.

LARYNGEAL CARTILAGES

Larynx has three unpaired and three paired cartilages.
Unpaired: Thyroid, cricoid and epiglottis.
Paired: Arytenoid, corniculate and cuneiform.

 1.  Thyroid. It is the largest of all (Figure 56.1). Its two alae 
meet anteriorly forming an angle of 90° in males and 120° 
in females. Vocal cords are attached to the middle of thy-
roid angle. Most of laryngeal foreign bodies are arrested 
above the vocal cords, i.e. above the middle of thyroid carti-
lage and an effective airway can be provided by piercing the 
cricothyroid membrane—a procedure called cricothyrotomy.

 2.  Cricoid. It is the only cartilage forming a complete ring. 
Its posterior part is expanded to form a lamina while 
anteriorly it is narrow forming an arch.

 3.  Epiglottis. It is a leaf-like, yellow, elastic cartilage forming 
anterior wall of laryngeal inlet. It is attached to the body 
of hyoid bone by hyoepiglottic ligament, which divides it 
into suprahyoid and infrahyoid epiglottis. A stalk-like pro-
cess of epiglottis (petiole) attaches the epiglottis to the 
thyroid angle just above the attachment of vocal cords. 
Anterior surface of epiglottis is separated from thyrohy-
oid membrane and upper part of thyroid cartilage by a 
potential space filled with fat—the pre-epiglottic space. 
The space may be invaded in carcinoma of supraglottic 
larynx or the base of tongue.

Posterior surface of epiglottis is concavoconvex—con-
cave above but convex below forming a bulge called 
tubercle of epiglottis, which obstructs view of anterior com-
missure when examining larynx by indirect laryngoscopy. 
Epiglottic cartilage shows several pits which lodge the 
mucous glands. It may also show perforations providing 
direct communication between the laryngeal surface of 
epiglottis and pre-epiglottic space. Supraglottic cancers 
can spread through them to pre-epiglottic space. Epiglot-
tis is not essential for swallowing and can be amputated in 
carcinoma with little aspiration.

 4.  Arytenoid cartilages. They are paired. Each arytenoid car-
tilage is pyramidal in shape. It has a base which articulates 

with cricoid cartilage; a muscular process, directed laterally 
to give attachment to intrinsic laryngeal muscles; a vocal 
process directed anteriorly, giving attachment to vocal cord; 
and an apex which supports the corniculate cartilage.

 5.  Corniculate cartilages (of Santorini) (Corn = horn). They 
are paired. Each articulates with the apex of arytenoid 
cartilage as if forming its horn.

 6.  Cuneiform cartilages (of Wrisberg). They are rod shaped. 
Each is situated in aryepiglottic fold in front of cornicu-
late cartilage and provides passive supports to the fold.

Thyroid, cricoid and most of the arytenoid cartilages are 
hyaline cartilages whereas epiglottis, corniculate, cuneiform 
and tip of arytenoid near the corniculate cartilage are elas-
tic fibrocartilage. Hyaline cartilages can undergo ossifica-
tion; it begins at the age of 25 years in thyroid, a little later 
in cricoid and arytenoids, and is complete by 65 years of age. 
Calcification seen in these cartilages can be confused with 
foreign bodies of oesophagus or larynx on X-rays.

LARYNGEAL JOINTS

Cricoarytenoid joint. It is a synovial joint surrounded by cap-
sular ligament. It is formed between the base of arytenoid 
and a facet on the upper border of cricoid lamina. Two types 
of movements occur in this joint: (i) rotatory, in which aryte-
noid cartilage moves around a vertical axis, thus abducting 
or adducting the vocal cord; (ii) gliding movement, in which 
one arytenoid glides towards the other cartilage or away 
from it, thus closing or opening the posterior part of glottis.

56 Anatomy and Physiology 
of Larynx
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Figure 56.1 Laryngeal framework.
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Cricothyroid joint. It is also a synovial joint. Each is formed 
by the inferior cornua of thyroid cartilage with a facet on 
the cricoid cartilage. Cricoid cartilage rotates at these joints 
on a transverse axis which passes transversely through these 
joints.

LARYNGEAL MEMBRANES

Membrane and ligaments of larynx. The term extrinsic is 
used when membrane or ligament attaches to the structures 
outside the larynx, i.e. to the hyoid bone or trachea. The 
term intrinsic is used for membranes joining within the lar-
ynx but not extending to hyoid bone or trachea.

1. EXTRINSIC MEMBRANES AND LIGAMENTS  
(FIGURE 56.1)
 (a)  Thyrohyoid membrane. It connects thyroid cartilage to 

hyoid bone. It is pierced by superior laryngeal vessels 
and internal laryngeal nerve.

 (b)  Cricotracheal membrane. It connects cricoid cartilage to 
the first tracheal ring.

 (c)  Hyoepiglottic ligament. It attaches epiglottis to hyoid 
bone (Figure 56.2).

2. INTRINSIC MEMBRANES AND LIGAMENTS
 (a)  Cricovocal membrane. It is a triangular fibroelastic mem-

brane. Its upper border is free and stretches between 
middle of thyroid angle to the vocal process of ary-
tenoid and forms the vocal ligament (Figure 56.2).  
Its lower border attaches to the arch of cricoid car-
tilage. From its lower attachment the membrane 
proceeds upwards and medially and thus, with its 
fellow on the opposite side, forms conus elasticus  
(Figure 56.3) where subglottic foreign bodies some-
times get impacted.

 (b)  Quadrangular membrane. It lies deep to mucosa of ary-
epiglottic folds and is not well-defined. It stretches 
between the epiglottic and arytenoid cartilages. Its 
lower border forms the vestibular ligament which lies 
in the false cord.

 (c)  Cricothyroid ligament. The anterior part of cricothyroid 
membrane is thickened to form the ligament and its 
lateral part forms the cricovocal membrane.

 (d)  Thyroepiglottic ligament. It attaches epiglottis to thyroid 
cartilage.

MUSCLES OF LARYNX

They are of two types: intrinsic, which attach laryngeal carti-
lages to each other and extrinsic, which attach larynx to the 
surrounding structures.

 1.  Intrinsic muscles. They may act on vocal cords or laryn-
geal inlet.

 (a)  Acting on vocal cords (Figures 56.4 and 56.5)
• Abductors: Posterior cricoarytenoid
• Adductors: Lateral cricoarytenoid

Interarytenoid (transverse arytenoid)
Thyroarytenoid (external part)

• Tensors: Cricothyroid
Vocalis (internal part of 
thyroarytenoid)

Hyoepiglottic
ligament

Fat in pre-epiglottic
space

Thyrohyoid membrane

Thyroid cartilage

Thyroepiglottic
ligament

Quadrangular
membrane
Cricovocal
membrane

Corniculate
cartilage

Arytenoid
cartilage

Hyoid bone

Figure 56.2 Sagittal section of larynx showing cricovocal and  
quadrangular membranes and boundaries of the pre-epiglottic  
space.
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Figure 56.3 Coronal section of larynx. Lower free edge of the  
quadrangular membrane lies in the false cord while upper free  
edge of the cricovocal membrane forms the vocal ligament. Note  
formation of conus elasticus by the cricovocal membranes of two 
sides.
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Figure 56.4 Laryngeal muscles and their action.
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 (b)  Acting on laryngeal inlet (Figure 56.5)
• Openers of laryngeal inlet: Thyroepiglottic (part of 

thyroarytenoid)
• Closers of laryngeal inlet: Interarytenoid (oblique 

part). Aryepiglottic 
(posterior oblique part 
of interarytenoids)

 2.  Extrinsic muscles. They connect the larynx to the neigh-
bouring structures and are divided into elevators or 
depressors of larynx.

 (a)  Elevators. Primary elevators act directly as they are 
attached to the thyroid cartilage and include stylo-
pharyngeus, salpingopharyngeus, palatopharyngeus 
and thyrohyoid.

Secondary elevators act indirectly as they are attached 
to the hyoid bone and include mylohyoid (main), 
digastric, stylohyoid and geniohyoid.

 (b)  Depressors. They include sternohyoid, sternothyroid 
and omohyoid.

CAVITY OF THE LARYNX

Laryngeal cavity starts at the laryngeal inlet where it com-
municates with the pharynx and ends at the lower border 
of cricoid cartilage where it is continuous with the lumen of 
trachea. Two pairs of folds, vestibular and vocal, divide the 
cavity into three parts, namely the vestibule, the ventricle 
and the subglottic space.

Inlet of larynx. It is an oblique opening bounded anteriorly 
by free margin of epiglottis; on the sides, by aryepiglottic 
folds and posteriorly by interarytenoid fold (Figure 56.6).

Vestibule. It extends from laryngeal inlet to vestibular folds. 
Its anterior wall is formed by posterior surface of epiglottis; 
sides by the aryepiglottic folds and posterior wall by mucous 
membrane over the anterior surface of arytenoids.

Ventricle (sinus of larynx). It is a deep elliptical space 
between vestibular and vocal folds, also extending a short 
distance above and lateral to vestibular fold. The saccule 
is a diverticulum of mucous membrane which starts from 
the anterior part of ventricular cavity and extends upwards 
between vestibular folds and lamina of thyroid cartilage. 

When abnormally enlarged and distended, it may form a 
laryngocele—an air containing sac which may present in the 
neck. There are many mucous glands in the saccule, which 
help to lubricate the vocal cords.

Subglottic space (infraglottic larynx). It extends from vocal 
cords to lower border of cricoid cartilage.

Vestibular folds (false vocal cords). Two in number; each 
is a fold of mucous membrane extending anteroposteriorly 
across the laryngeal cavity. It contains vestibular ligament, a 
few fibres of thyroarytenoideus muscle and mucous glands.

Vocal folds (true vocal cords). They are two pearly white 
sharp bands extending from the middle of thyroid angle to 
the vocal processes of arytenoids. Each vocal cord consists 
of a vocal ligament which is the true upper edge of cricovo-
cal membrane covered by closely bound mucous membrane 
with scanty subepithelial connective tissue.

Glottis (rima glottidis). It is the elongated space between 
vocal cords anteriorly, and vocal processes and base of aryte-
noids posteriorly (Figure 56.7).

Anteroposteriorly, glottis is about 24 mm in men and  
16 mm in women. It is the narrowest part of laryngeal cav-
ity. Anterior two-thirds of glottis are formed by membranous 
cords while posterior one-third by vocal processes of aryte-
noids. Size and shape of glottis varies with the movements of 
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Thyroarytenoid

Thyroepiglottic
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cricoarytenoid

Cricovocal
membrane
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oblique arytenoid

Posterior
cricoarytenoid

Figure 56.5 Intrinsic muscles of larynx as seen on lateral view.
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Figure 56.6 Laryngeal inlet and intrinsic muscles of larynx as seen 
from behind.
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Figure 56.7 Rima glottidis. Note anterior two-thirds of vocal cord 
is membranous and posterior one-third cartilaginous, and the space 
between them is called phonatory glottis and respiratory glottis, 
respectively.
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vocal cords. Anterior two-thirds of glottis is also called pho-
natory glottis as it is concerned with phonation but posterior 
one-third called respiratory glottis.

MUCOUS MEMBRANE OF THE LARYNX

It lines the larynx and is loosely attached except over the 
posterior surface of epiglottis, true vocal cords and cornicu-
late and cuneiform cartilages.

Epithelium of the mucous membrane is ciliated columnar 
type except over the vocal cords and upper part of the vesti-
bule where it is stratified squamous type.

Mucous glands are distributed all over the mucous lining 
and are particularly numerous on the posterior surface of 
epiglottis, posterior part of the aryepiglottic folds and in the 
saccules. There are no mucous glands in the vocal folds.

LYMPHATIC DRAINAGE

Supraglottic larynx above the vocal cords is drained by lym-
phatics, which pierce the thyrohyoid membrane and go to 
upper deep cervical nodes.

Infraglottic larynx below the vocal cords is drained by lym-
phatics which pierce cricothyroid membrane and go to pre-
laryngeal and pretracheal nodes and thence to lower deep 
cervical and mediastinal nodes. Some vessels pierce through 
cricotracheal membrane and drain directly into lower deep 
cervical nodes.

There are practically no lymphatics in vocal cords, hence 
carcinoma of this site rarely shows lymphatic metastases.

NERVE SUPPLY (SEE P. 298)

SPACES OF THE LARYNX
1. Pre-epiglottic space of Boyer (Figures 56.2 and 56.8). It 
is bounded by upper part of thyroid cartilage and thyrohy-
oid membrane in front, hyoepiglottic ligament above and 
infrahyoid epiglottis and quadrangular membrane behind. 
Laterally, it is continuous with paraglottic space. It is filled 
with fat, areolar tissue and some lymphatics.

2. Paraglottic space. It is bounded by the thyroid cartilage 
laterally, conus elasticus inferomedially, the ventricle and 
quadrangular membrane medially, and mucosa of pyri-
form fossa posteriorly (Figures 56.3 and 56.8). It is con-
tinuous with pre-epiglottic space. Growths which invade 
this space can present in the neck through cricothyroid 
space.

3. Reinke’s space. Under the epithelium of vocal cords is a 
potential space with scanty subepithelial connective tissues. 
It is bounded above and below by the arcuate lines, in front 

by anterior commissure, and behind by vocal process of ary-
tenoid. Oedema of this space causes fusiform swelling of the 
membranous cords (Reinke’s oedema).

EMBRYOLOGICAL DEVELOPMENT

Laryngeal mucosa develops from the endoderm of the 
cephalic part of foregut. Laryngeal cartilages and muscles 
develop from the mesenchyme. Development of other struc-
tures is as follows:

Epiglottis Hypobranchial 
eminence

Upper part of thyroid cartilage 4th arch
Lower part of thyroid cartilage
Cricoid cartilage
Corniculate cartilage
Cuneiform cartilage
Intrinsic muscles of larynx

6th arch

Upper part of body of hyoid bone
Lesser cornua of hyoid bone
Stylohyoid ligament

2nd arch

Lower part of body of hyoid bone 
and greater cornua

3rd arch

Superior laryngeal nerve, a branch of vagus, is 4th arch 
nerve and supplies cricothyroid and constrictors of pharynx.

Recurrent laryngeal nerve is 6th arch nerve and supplies 
all the intrinsic muscles of larynx.

PAEDIATRIC LARYNX

The larynx of an infant differs considerably from that of an 
adult and has a great clinical significance.

 1.  Infant’s larynx is positioned high in the neck level of 
glottis being opposite to C3 or C4 at rest and reaches C1 
or C2 during swallowing. This high position allows the 
epiglottis to meet soft palate and make a nasopharyngeal 
channel for nasal breathing during suckling. The milk 
feed passes separately over the dorsum of tongue and the 
sides of epiglottis, thus allowing breathing and feeding to 
go on simultaneously.

 2.  Laryngeal cartilages are soft and collapse easily. Epiglot-
tis is omega shaped and arytenoids relatively large cover-
ing significant portion of the posterior glottis.

 3.  Thyroid cartilage in an infant is flat. It also overlaps the 
cricoid cartilage and is in turn overlapped by the hyoid 
bone. Thus cricothyroid and thyrohyoid spaces are nar-
row and not easily discernible as landmarks when per-
forming tracheostomy.

 4.  Infant’s larynx is small and conical. The diameter of cri-
coid cartilage is smaller than the size of glottis, making 
subglottis the narrowest part. It has a bearing in the selec-
tion of paediatric endotracheal tube.

In adults, subglottic-glottic dimensions are approxi-
mately same and larynx is cylindrical.

 5.  Submucosal tissues of infant’s larynx are comparatively 
loose and easily undergo oedematous change with 
trauma or inflammation leading to obstruction.

Thyroid cartilage

Epiglottis

Quadrangular
membrane

Paraglottic space

Pyriform fossa

Pre-epiglottic space

Figure 56.8 Paraglottic and pre-epiglottic spaces communicate 
with each other.
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Infant’s larynx shows two spurts in growth. In the first  
3 years of life, larynx grows in width and length, and thus 
obviates the need for any airway surgery in certain congeni-
tal anomalies. The second spurt in growth occurs during 
adolescence when the thyroid angle develops. The length of 
vocal cords then increases leading to voice changes associ-
ated with puberty (see puberphonia). With growth of the 
neck, larynx gradually descends to adult level; the vocal 
cords lying opposite C5.

In childhood, vocal cord is 6 mm in females and 8 mm in 
males. It increases to 15–19 mm in adult female and 17–23 
in adult male.

PHYSIOLOGY OF LARYNX

The larynx performs the following important functions:

 1.  Protection of lower airways
 2.  Phonation
 3.  Respiration
 4.  Fixation of the chest.

A. PROTECTION OF LOWER AIRWAYS

Phylogenetically, this is the earliest function to develop; 
voice production is secondary. The larynx protects the lower 
passages in three different ways:

 1.  Sphincteric closure of laryngeal opening.
 2.  Cessation of respiration.
 3.  Cough reflex.

When food is swallowed, its entry into air passage is pre-
vented by closure of three successive sphincters consisting 
of (i) laryngeal inlet (aryepiglottic folds, tubercle of epiglot-
tis and arytenoids, approximately closing the laryngeal inlet 
completely), (ii) false cords and (iii) true cords, which close 
the glottis. Thus, no foreign matter meant to be swallowed 
or accidentally vomited can enter the larynx.

Respiration temporarily ceases through a reflex gener-
ated by afferent fibres of ninth nerve, when food comes 

in contact with posterior pharyngeal wall or the base of 
tongue.

Cough is an important and powerful mechanism to dis-
lodge and expel a foreign particle when it comes into con-
tact with respiratory mucosa. Larynx is aptly called watch-dog 
of lungs as it immediately “barks” at the entry of any foreign 
intruder.

B. PHONATION

Larynx is like a wind instrument. Voice is produced by the 
following mechanism (aerodynamic myoelastic theory of voice 
production):

 1.  Vocal cords are kept adducted.
 2.  Infraglottic air pressure is generated by the exhaled 

air from the lungs due to contraction of thoracic and 
abdominal muscles.

 3.  The air force open the cords and is released as small 
puffs which vibrate the vocal cords and produce sound 
which is amplified by mouth, pharynx, nose and chest.

This sound is converted into speech by the modulatory 
action of lips, tongue, palate, pharynx and teeth.

Intensity of sound depends on the air pressure produced 
by the lungs while pitch depends on the frequency with 
which the vocal cords vibrate.

C. RESPIRATION

Larynx regulates flow of air into the lungs. Vocal cords 
abduct during inspiration and adduct during expiration.

D. FIXATION OF THE CHEST

When larynx is closed, chest wall gets fixed and various 
thoracic and abdominal muscles can then act best. This 
function is important in digging, pulling and climbing. 
Coughing, vomiting, defaecation, micturition and child-
birth also require a fixed thoracic cage against a closed 
glottis.
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AETIOLOGY

 1.  Most common cause is automobile accidents when neck 
strikes against the steering wheel or the instrument 
panel.

 2.  Blow or kick on the neck.
 3.  Neck striking against a stretched wire or cable.
 4.  Strangulation.
 5.  Penetrating injuries with sharp instruments or gunshot 

wounds.

PATHOLOGY

The degree and severity of damage will vary from slight 
bruises externally or the tear and laceration of mucosa inter-
nally to a comminuted fracture of the laryngeal framework. 
The wound may be compounded externally due to break in 
the skin or internally by mucosal tears. Laryngeal fractures 
are common after 40 years of age because of calcification of 
the laryngeal framework. In children, cartilages are more 
resilient and escape injury.

Pathological changes that may be seen in laryngeal 
trauma are:

 1.  Haematoma and oedema of supraglottic or subglottic 
region.

 2.  Tears in laryngeal or pharyngeal mucosa leading to sub-
cutaneous emphysema.

 3.  Dislocation of cricoarytenoid joints. The arytenoid 
cartilage may be displaced anteriorly, dislocated or 
avulsed.

 4.  Dislocation of cricothyroid joint. This may cause recur-
rent laryngeal nerve paralysis, which traverses just behind 
this joint.

 5.  Fractures of the hyoid bone.
 6.  Fractures of thyroid cartilage. They may be vertical or 

transverse. Fracture of upper part of thyroid cartilage 
may result in avulsion of epiglottis and one or both false 
cords. Fractures of lower part of thyroid cartilage may dis-
place or disrupt the true vocal cords.

 7.  Fractures of cricoid cartilage.
 8.  Fractures of upper tracheal rings.
 9.  Trachea may separate from the cricoid cartilage and 

retract into upper mediastinum. Injury to recurrent 
laryngeal nerve is often associated with laryngotracheal 
separation.

CLINICAL FEATURES

Symptoms of laryngotracheal injury would vary, greatly 
depending on the structures damaged and the severity of 
damage. They include:

 1.  Respiratory distress.
 2.  Hoarseness of voice or aphonia.
 3.  Painful and difficult swallowing. This is accompanied by 

aspiration of food.
 4.  Local pain in the larynx. More marked on speaking or 

swallowing.
 5.  Haemoptysis, usually the result of tears in laryngeal or 

tracheal mucosa.

External signs include:

 1.  Bruises or abrasions over the skin.
 2.  Palpation of the laryngeal area is painful.
 3.  Subcutaneous emphysema due to mucosal tears. It may 

increase on coughing.
 4.  Flattening of thyroid prominence and contour of ante-

rior cervical region. Thyroid notch may not be palpable.
 5.  Fracture displacements of thyroid or cricoid cartilage 

or hyoid bone. Gap may be felt between the fractured 
fragments.

 6.  Bony crepitus between fragments of hyoid bone, thyroid 
or cricoid cartilages may sometimes be elicited.

 7.  Separation of cricoid cartilage from larynx or trachea.

DIAGNOSTIC EVALUATION

 1.  Indirect laryngoscopy. If patient’s condition permits, this 
is the most valuable examination. It may reveal location 
and degree of oedema, haematoma, mucosal lacerations, 
posterior displacement of epiglottis, exposed fragments 
of cartilage, asymmetry of glottis or laryngeal inlet.

 2.  Direct laryngoscopy. It is rarely informative in early 
period following injury. If performed, it may precipitate 
respiratory distress and necessitate immediate tracheos-
tomy. Fibreoptic laryngoscopy gives improved visualiza-
tion and has replaced direct laryngoscopy in recent years.

 3.  X-rays. Soft tissue lateral film of the neck is very useful 
and may reveal subcutaneous emphysema, swelling of 
laryngeal mucosa, displacement of epiglottis, fracture 
displacements of hyoid bone, thyroid and cricoid carti-
lages or change in the configuration of air column.

57Laryngotracheal Trauma
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 4.  CT scan. It is very valuable in assessing moderately severe 
or severe injuries of larynx. Presently three-dimensional 
CT is found more useful in laryngeal trauma.

 5.  Associated injuries. It is essential to examine for other 
injuries like injury to head, cervical spine, chest, abdo-
men and extremities. X-ray chest for pneumothorax 
and gastrograffin swallow for oesophageal tears may be 
required.

TREATMENT

CONSERVATIVE

 1.  Patient should be hospitalized and observed for respira-
tory distress.

 2.  Voice rest is essential.
 3.  Humidification of inspired air is essential.
 4.  Steroid therapy should be started immediately and in full 

dose. It helps to resolve oedema and haematoma and 
prevent scarring and stenosis.

 5.  Antibiotics are given to prevent perichondritis and carti-
lage necrosis.

SURGICAL

 1.  Tracheostomy. Endotracheal intubation in cases of laryn-
geal trauma may be difficult and hazardous. Tracheos-
tomy is preferred in these cases.

 2.  Open reduction. Ideally, it is done 3–5 days after injury 
and if possible should not be delayed beyond 10 days.

 (a)  Fractures of hyoid bone, thyroid or cricoid cartilage 
can be wired and replaced in their anatomic posi-
tions. Miniplates made of titanium can be used for 
immobilization of cartilaginous fragments.

 (b)  Mucosal lacerations are repaired with catgut and any 
loose fragments of cartilage removed.

 (c)  Epiglottis is anchored in its normal position and if 
already avulsed, may be excised.

 (d)  Arytenoid cartilages can be repositioned in their 
normal position or may be removed if completely 
avulsed.

 (e)  In laryngotracheal separation, end-to-end anastomo-
sis can be done.

 (f)  Internal splintage of laryngeal structures may be 
required. It is done with a laryngeal stent, or silicone 
tube which may have to be left for 2–6 weeks on an 
average.

 (g)  Webbing of anterior commissure can be prevented 
by a silastic keel.

COMPLICATIONS

 1.  Laryngeal stenosis, which may be supraglottic, glottic or 
subglottic.

 2.  Perichondritis and laryngeal abscess.
 3.  Vocal cord paralysis.
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ACUTE LARYNGITIS

Acute laryngitis may be infectious or noninfectious.

AETIOLOGY

The infectious type is more common and usually follows upper 
respiratory infection. To begin with, it is viral in origin but 
soon bacterial invasion takes place with Streptococcus pneu-
moniae, Haemophilus influenzae and haemolytic Streptococci 
or Staphylococcus aureus. Exanthematous fevers like measles, 
chickenpox and whooping cough are also associated with 
laryngitis.

The noninfectious type is due to vocal abuse, allergy, thermal 
or chemical burns to larynx due to inhalation or ingestion 
of various substances, or laryngeal trauma such as endotra-
cheal intubation.

CLINICAL FEATURES

Symptoms are usually abrupt in onset and consist of:

 1.  Hoarseness which may lead to complete loss of voice.
 2.  Discomfort or pain in throat, particularly after talking.
 3.  Dry, irritating cough which is usually worse at night.
 4.  General symptoms of head cold, rawness or dryness of 

throat, malaise and fever if laryngitis has followed viral 
infection of upper respiratory tract.

Laryngeal appearances vary with severity of disease. In early 
stages, there is erythema and oedema of epiglottis, aryepi-
glottic folds, arytenoids and ventricular bands, but the vocal 
cords appear white and near normal and stand out in con-
trast to surrounding mucosa, betraying the degree of hoarse-
ness patient has. Later, hyperaemia and swelling increase. 
Vocal cords also become red and swollen. Subglottic region 
also gets involved. Sticky secretions are seen between the 
cords and interarytenoid region. In case of vocal abuse, sub-
mucosal haemorrhages may be seen in the vocal cords.

TREATMENT

 1.  Vocal rest. This is the most important single factor. Use of 
voice during acute laryngitis may lead to incomplete or 
delayed recovery.

 2.  Avoidance of smoking and alcohol.
 3.  Steam inhalations. It is done with Tr. Benzoin Co, oil of 

eucalyptus or pine are soothing and loosen viscid secretions.
 4.  Cough sedative. To suppress troublesome irritating cough.

 5.  Antibiotics. When there is secondary infection with fever 
and toxaemia or purulent expectoration.

 6.  Analgesics. To relieve local pain and discomfort.
 7.  Steroids. Useful in laryngitis following thermal or chemi-

cal burns.

Acute membranous laryngitis. This condition is similar to 
acute membranous tonsillitis and is caused by pyogenic 
nonspecific organisms. It may begin in the larynx or may be 
an extension from the pharynx. It should be differentiated 
from laryngeal diphtheria.

ACUTE EPIGLOTTITIS (SYN. SUPRAGLOTTIC 
LARYNGITIS)

It is an acute inflammatory condition confined to supraglot-
tic structures, i.e. epiglottis, aryepiglottic folds and aryte-
noids. There is marked oedema of these structures which 
may obstruct the airway.

AETIOLOGY

It is a serious condition and affects children of 2–7 years of 
age but can also affect adults. H. influenzae B is the most com-
mon organism responsible for this condition in children.

CLINICAL FEATURES

 1.  Onset of symptoms is abrupt with rapid progression.
 2.  Sore throat and dysphagia are the common presenting 

symptoms in adults.
 3.  Dyspnoea and stridor are the common presenting symp-

toms in children. They are rapidly progressive and may 
prove fatal unless relieved.

 4.  Fever may go up to 40°C. It is due to septicaemia. Patient’s 
condition may rapidly deteriorate.

EXAMINATION

 1.  Depressing the tongue with a tongue depressor may 
show red and swollen epiglottis. Indirect laryngos-
copy may show oedema and congestion of supraglot-
tic structure. This examination is avoided for fear of 
precipitating complete obstruction. It is better done 
in operation theatre where facilities for intubation are 
available.

 2.  Lateral soft tissue X-ray of neck may show swollen epiglot-
tis (thumb sign).

58Acute and Chronic 
Inflammations of Larynx
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TREATMENT

 1.  Hospitalization. Essential because of the danger of respi-
ratory obstruction.

 2.  Antibiotics. Ampicillin or third generation cephalospo-
rin are effective against H. influenzae and are given by 
parenteral route (i.m. or i.v.) without waiting for results 
of throat swab and blood culture.

 3.  Steroids. Hydrocortisone or dexamethasone is given in 
appropriate doses i.m. or i.v. They relieve oedema and 
may obviate need for tracheostomy.

 4.  Adequate hydration. Patient may require parenteral fluids.
 5.  Humidification and oxygen. Patient may require mist 

tent or a croupette.
 6.  Intubation or tracheostomy. It may be required for respi-

ratory obstruction.

ACUTE LARYNGO-TRACHEO-BRONCHITIS

It is an inflammatory condition of the larynx, trachea and 
bronchi; more common than acute epiglottitis.

AETIOLOGY

Mostly, it is viral infection (parainfluenza type I and II) 
affecting children between 6 months and 3 years of age.

Male children are more often affected. Secondary bacte-
rial infection by Gram-positive cocci soon supervenes.

PATHOLOGY

The loose areolar tissue in the subglottic region swells up 
and causes respiratory obstruction and stridor. This, cou-
pled with thick tenacious secretions and crusts, may com-
pletely occlude the airway.

SYMPTOMATOLOGY

Disease starts as upper respiratory infection with hoarseness 
and croupy cough. There is fever of 39–40°C. This may be 

followed by difficulty in breathing and inspiratory type of 
stridor. Respiratory difficulty may gradually increase with 
signs of upper airway obstruction, i.e. suprasternal and inter-
costal recession. Differences between acute epiglottitis and 
acute laryngo-tracheo-bronchitis are given in Table 58.1.

TREATMENT

 1.  Hospitalization is often essential because of the increas-
ing difficulty in breathing.

 2.  Antibiotics like ampicillin 50 mg/kg/day in divided 
doses are effective against secondary infections due to 
Gram-positive cocci and H. influenzae.

 3.  Humidification helps to soften crusts and tenacious 
secretions which block tracheobronchial tree.

 4.  Parenteral fluids are essential to combat dehydration.
 5.  Steroids, e.g. hydrocortisone 100 mg i.v. may be useful to 

relieve oedema.
 6.  Adrenaline, racemic adrenaline administered via a respi-

rator is a bronchodilator and may relieve dyspnoea and 
avert tracheostomy.

 7.  Intubation/tracheostomy is done, should respiratory 
obstruction increase in spite of the above measures. Tra-
cheostomy is done if intubation is required beyond 72 h. 
Assisted ventilation may be required.

LARYNGEAL DIPHTHERIA

AETIOLOGY

Mostly, it is secondary to faucial diphtheria affecting chil-
dren below 10 years of age. Incidence of diphtheria in gen-
eral is declining due to widespread use of immunization.

PATHOLOGY

Effects of laryngeal diphtheria are due to:

 1.  Formation of a tough pseudomembrane over the larynx 
and trachea which may completely obstruct the airway.

Table 58.1  Differences between acute epiglottitis and acute laryngo-tracheo-bronchitis in children

Acute epiglottitis Acute laryngo-tracheo-bronchitis (or group)

Causative organism
Age
Pathology
Prodromal symptoms
Onset
Fever
Patient’s look
Cough
Stridor
Odynophagia
Radiology
Treatment

Haemophilus influenzae type B
2–7 years
Supraglottic larynx
Absent
Sudden
High
Toxic
Usually absent
Present and may be marked
Present, with drooling of secretions
aThumb sign on lateral view
Humidified oxygen, third generation cephalosporin 

(ceftriaxone) or amoxicillin 

Parainfluenza virus type I and II
3 months to 3 years
Subglottic area
Present
Slow
Low grade or no fever
Nontoxic
Present (barking seal-like)
Present
Usually absent
Steeple sign on anteroposterior view of neck
Humidified O2 tent, steroids 

 
aExamination of larynx and radiographs are avoided lest complete obstruction is precipitated. Examination is done in the operation theatre 

where immediate intubation can be done.
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 2.  Exotoxin liberated by bacteria leading to myocarditis and 
various neurological complications.

CLINICAL FEATURES

	•	 	General symptoms. Onset is insidious with low-grade fever 
(100–101°F), sore throat and malaise but patient is very 
toxaemic with tachycardia and thready pulse.

	•	 	Laryngeal symptoms. Hoarse voice, croupy cough, inspi-
ratory stridor, increasing dyspnoea with marked upper 
airway obstruction.

	•	 	Membrane. Greyish white membrane is seen on the tonsil, 
pharynx and soft palate. It is adherent and its removal 
leaves a bleeding surface. Similar membrane is seen over 
the larynx and trachea.

	•	 	Cervical lymphadenopathy. Characteristic “bull-neck” 
may be seen.

DIAGNOSIS

Laryngeal diphtheria is mostly secondary to faucial diphthe-
ria. Diagnosis is always clinical but confirmed by smear and 
culture of Corynebacterium diphtheriae. Treatment is started 
on clinical suspicion.

TREATMENT

 1.  Diphtheria antitoxin. Dose depends on clinical severity 
and duration of illness, and varies from 20,000 to 100,000 
units i.v. route as saline infusion after a test dose. It neu-
tralizes free toxin circulating in the blood.

 2.  Antibacterials. Benzylpenicillin, 500,000 units i.m. every 
6 h for 6 days, is effective against diphtheria bacilli. Eryth-
romycin can be given to those who are allergic to penicillin.

 3.  Maintenance of airway. Tracheostomy may become essen-
tial. Direct laryngoscopy, removal of diphtheritic mem-
brane and intubation can be done. Intubation relieves 
respiratory obstruction and can make subsequent trache-
ostomy easy.

 4.  Complete bed rest. Complete bed rest for 2–4 weeks is 
essential to guard against effects of myocarditis.

COMPLICATIONS

 1.  Asphyxia and death due to airway obstruction.
 2.  Toxic myocarditis and circulatory failure.
 3.  Palatal paralysis with nasal regurgitation.
 4.  Laryngeal and pharyngeal paralysis.

OEDEMA OF LARYNX

Often termed “oedema glottidis” in the past, it involves the 
supraglottic and subglottic region where laryngeal mucosa 
is loose. Oedema of the vocal cords occurs rarely because of 
the sparse subepithelial connective tissue.

AETIOLOGY

 1.  Infections
 (a)  Acute epiglottitis, laryngo-tracheo-bronchitis, tuber-

culosis or syphilis of larynx.

 (b)  Infection in neighbourhood, e.g. peritonsillar abscess,  
retropharyngeal abscess and Ludwig’s angina.

 2.  Trauma. Surgery of tongue, floor of mouth, laryngeal 
trauma, foreign body, endoscopy especially in children, 
intubation, thermal or caustic burns or inhalation or irri-
tant gases or fumes.

 3.  Neoplasms. Cancer of larynx or laryngopharynx often 
associated with deep ulceration.

 4.  Allergy. Angioneurotic oedema or anaphylaxis.
 5.  Radiation. For cancer of larynx or pharynx.
 6.  Systemic diseases. Nephritis, heart failure or myxoedema.

SYMPTOMS AND SIGNS

 1.  Airway obstruction. Degree of respiratory distress varies. 
Tracheostomy may become essential.

 2.  Inspiratory stridor.
 3.  Indirect laryngoscopy. It shows oedema of supraglot-

tic or subglottic region. Children may require direct 
laryngoscopy.

TREATMENT

If there is airway obstruction, intubation of larynx or tra-
cheostomy will be immediately required. Less severe cases 
are treated conservatively and treatment will depend on 
the cause. An injection of adrenaline (1:1000) 0.3–0.5ml 
i.m., repeated in 15 min if necessary, is useful in allergic or  
angioneurotic oedema. Steroids are useful in epiglottitis, 
laryngo-tracheo-bronchitis or oedema due to traumatic 
allergic or postradiation causes.

CHRONIC LARYNGITIS

A. CHRONIC LARYNGITIS WITHOUT HYPERPLASIA 
(CHRONIC HYPERAEMIC LARYNGITIS)

It is a diffuse inflammatory condition symmetrically involv-
ing the whole larynx, i.e. true cords, ventricular bands, 
interarytenoid region and root of the epiglottis.

AETIOLOGY
 1.  It may follow incompletely resolved acute simple laryngi-

tis or its recurrent attacks.
 2.  Presence of chronic infection in paranasal sinuses, teeth 

and tonsils and the chest are important contributory 
causes.

 3.  Occupational factors, e.g. exposure to dust and fumes 
such as in miners, strokers, gold or iron smiths and work-
ers in chemical industries.

 4.  Smoking and alcohol.
 5.  Persistent trauma of cough as in chronic lung diseases.
 6.  Vocal abuse.

CLINICAL FEATURES
 1.  Hoarseness. This is the commonest complaint. Voice 

becomes easily tired and patient becomes aphonic by the 
end of the day.

 2.  Constant hawking. There is dryness and intermittent tick-
ling in the throat and patient is compelled to clear the 
throat repeatedly.
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 3.  Discomfort in the throat.
 4.  Cough. It is dry and irritating.

Laryngeal examination. There is hyperaemia of laryngeal 
structures. Vocal cords appear dull red and rounded. Flecks 
of viscid mucus are seen on the vocal cords and interaryte-
noid region.

TREATMENT
 1.  Eliminate infection of upper or lower respiratory tract. 

Infection in the sinuses, tonsils, teeth or chronic chest 
infection (bronchitis, bronchiectasis, tuberculosis, etc.) 
should be treated.

 2.  Avoidance of irritating factors. E.g. smoking, alcohol or 
polluted environment, dust and fumes.

 3.  Voice rest and speech therapy. Voice rest has to be pro-
longed for weeks or months. Patient should receive train-
ing in proper use of voice.

 4.  Steam inhalations. They help to loosen secretions and 
give relief.

 5.  Expectorants. They help to loosen viscid secretions and 
give relief from hawking.

B. CHRONIC HYPERTROPHIC LARYNGITIS  
(SYN. CHRONIC HYPERPLASTIC LARYNGITIS)

It may be either a diffuse and symmetrical process or a local-
ized one, the latter appearing like a tumour of the larynx. 
Localized variety presents as dysphonia plica ventricularis, 
vocal nodules, vocal polyp, Reinke’s oedema and contact 
ulcer. (They have been described in the relevant sections.)

AETIOLOGY
Same as discussed under chronic laryngitis without 
hyperplasia.

PATHOLOGY
Pathological changes start in the glottic region and later 
may extend to ventricular bands, base of epiglottis and even 
subglottis. Mucosa, submucosa, mucous glands and in later 
stages intrinsic laryngeal muscles and joints may be affected.

Initially, there is hyperaemia, oedema and cellular infil-
tration in the submucosa. The pseudostratified ciliated epi-
thelium of respiratory mucosa changes to squamous type, 
and squamous epithelium of the vocal cords to hyperplasia 
and keratinization. The mucous glands suffer hypertrophy 
at first but later undergo atrophy with diminished secretion 
and dryness of larynx.

CLINICAL FEATURES
This disease mostly affects males (8:1) in the age group of 
30–50 years.

Hoarseness, constant desire to clear the throat, dry cough, 
tiredness of voice and discomfort in throat when the voice 
has been used for an extended period of time are the com-
mon presenting symptoms.

Examination. On examination, changes are often diffuse 
and symmetrical.

 1.  Laryngeal mucosa, in general, is dusky red and thickened.
 2.  Vocal cords appear red and swollen. Their edges lose 

sharp demarcation and appear rounded. In late stages, 

cords become bulky and irregular giving nodular 
appearance.

 3.  Ventricular bands appear red and swollen and may be 
mistaken for prolapse or eversion of the ventricle.

 4.  Mobility of cords gets impaired due to oedema and infil-
tration, and later due to muscular atrophy or arthritis of 
the cricoarytenoid joint.

TREATMENT
1. Conservative. Same as for chronic laryngitis without 
hyperplasia.

2. Surgical. Stripping of vocal cords, removing the hyper-
plastic and oedematous mucosa, may be done in selected 
cases. Damage to underlying vocal ligament should be care-
fully avoided. One cord is operated at a time.

POLYPOID DEGENERATION OF VOCAL 
CORDS (REINKE’S OEDEMA)

It is bilateral symmetrical swelling of the whole of membra-
nous part of the vocal cords, most often seen in middle-aged 
men and women. This is due to oedema of the subepithelial 
space (Reinke’s space) of the vocal cords. Chronic irrita-
tion of vocal cords due to misuse of voice, heavy smoking, 
chronic sinusitis and laryngopharyngeal reflex are the prob-
able aetiological factors. It can also occur in myxoedema.

CLINICAL FEATURES

Hoarseness is the common symptom. Patient uses false 
cords for voice production and this gives him a low-pitched 
and rough voice.

On indirect laryngoscopy, vocal cords appear as fusiform 
swellings with pale translucent look. Ventricular bands may 
appear hyperaemic and hypertrophic and may hide the view 
of the true cords.

TREATMENT

 1.  Decortication of the vocal cords, i.e. removal of strip of 
epithelium, is done first on one side and 3–4 weeks later 
on the other.

 2.  Voice rest.
 3.  Speech therapy for proper voice production.

PACHYDERMIA LARYNGIS

It is a form of chronic hypertrophic laryngitis affecting pos-
terior part of larynx in the region of interarytenoid and pos-
terior part of the vocal cords.

Clinically, patient presents with hoarseness or husky 
voice and irritation in the throat. Indirect laryngoscopy 
reveals heaping up of red or grey granulation tissue in the 
interarytenoid region and posterior thirds of vocal cords; 
the latter sometimes showing ulceration due to constant 
hammering of vocal processes as in talking, forming what 
is called “contact ulcer.” The condition is bilateral and sym-
metrical. It does not undergo malignant change. However, 
biopsy of the lesion is essential to differentiate the lesion 
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from carcinoma and tuberculosis. Aetiology is uncertain. It 
is mostly seen in men who indulge in excessive alcohol and 
smoking. Other factors are excessive forceful talking and 
gastro-oesophageal reflux disease where posterior part of 
larynx is being constantly bathed with acid juices from the 
stomach.

Treatment is removal of granulation tissue under oper-
ating microscope which may require repetition, control of 
acid reflux and speech therapy.

ATROPHIC LARYNGITIS (LARYNGITIS 
SICCA)

It is characterized by atrophy of laryngeal mucosa and crust 
formation. Condition is often seen in women and is associ-
ated with atrophic rhinitis and pharyngitis.

Common symptoms include hoarseness of voice which 
temporarily improves on coughing and removal of crusts. 
Dry irritating cough and sometimes dyspnoea is due to 
obstructing crusts.

Examination shows atrophic mucosa covered with foul-
smelling crusts. When crusts have been expelled, mucosa 
may show excoriation and bleeding. Crusting may also be 
seen in the trachea.

Treatment is elimination of the causative factor and 
humidification. Laryngeal sprays with glucose in glycerine 
or oil of pine are comforting and help to loosen the crusts. 
Associated nasal and pharyngeal conditions will require 
attention. Expectorants containing ammonium chloride or 
iodides also help to loosen the crusts.

TUBERCULOSIS OF LARYNX

AETIOLOGY

It is almost always secondary to pulmonary tuberculosis, 
mostly affecting males in middle age group. Tubercle bacilli 
reach the larynx by bronchogenic or haematogenous routes.

PATHOLOGY

Disease affects posterior part of larynx more than anterior. 
Parts affected are: (i) interarytenoid fold, (ii) ventricular 
bands, (iii) vocal cords and (iv) epiglottis, in that order.

Tubercle bacilli, carried by sputum from the bronchi, 
settle and penetrate the intact laryngeal mucosa particularly 
in the interarytenoid region (bronchogenic spread). This 
leads to formation of submucosal tubercles which may later 
caseate and ulcerate. Laryngeal mucosa appears red and 
swollen due to cellular infiltration (pseudoedema). Stages 
of perichondritis and cartilage necrosis are not commonly 
seen these days.

SYMPTOMS AND SIGNS

They would greatly depend on the stage of tuberculo-
sis. Weakness of voice is the earliest symptom followed by 
hoarseness. Ulceration in the larynx gives rise to severe pain 
which may radiate to the ears. Swallowing is painful with 
marked dysphagia in later stages.

LARYNGEAL EXAMINATION

 1.  Hyperaemia of the vocal cord in its whole extent or con-
fined to posterior part with impairment of adduction is 
the first sign.

 2.  Swelling in the interarytenoid region giving a mamillated 
appearance.

 3.  Ulceration of vocal cord giving mouse-nibbled 
appearance.

 4.  Superficial ragged ulceration on the arytenoids and 
interarytenoid region.

 5.  Granulation tissue in interarytenoid region or vocal pro-
cess of arytenoid.

 6.  Pseudoedema of the epiglottis “turban epiglottis.”
 7.  Swelling of ventricular bands and aryepiglottic folds.
 8.  Marked pallor of surrounding mucosa.

DIAGNOSIS

In addition to X-ray chest and sputum examination, biopsy 
of laryngeal lesion is essential to exclude carcinoma and dif-
ferentiate it from other condition.

TREATMENT

Treatment is the same as for pulmonary tuberculosis. Voice 
rest is important.

LUPUS OF THE LARYNX

It is an indolent tubercular infection associated with lupus 
of nose and pharynx. Unlike tuberculosis of larynx which 
mostly affects posterior parts, lupus involves the anterior 
part of larynx. Epiglottis is involved first and may be com-
pletely destroyed by the disease. The lesion spreads to ary-
epiglottic folds and sometimes to ventricular bands. Lupus 
of larynx is a painless and often an asymptomatic condi-
tion and may be discovered on routine laryngeal exami-
nation in cases of lupus of nose. There is no pulmonary 
tuberculosis. Treatment is antitubercular drugs. Prognosis 
is good.

SYPHILIS OF THE LARYNX

It is a rare condition now. Only gumma of tertiary stage is 
sometimes seen. It may occur in any part of the larynx and 
present as a smooth swelling which may later ulcerate. Diag-
nosis is only on biopsy and serological tests. Laryngeal steno-
sis is a frequent complication.

LEPROSY OF THE LARYNX

It is a rare condition and is often associated with leprosy 
of the skin and nose. It presents as diffuse nodular infiltra-
tion of epiglottis, aryepiglottic folds and arytenoids. Lesions 
may ulcerate. It is associated with nasal leprosy. Diagnosis is 
made on biopsy from the lesion. Deformity of the laryngeal 
inlet and stenosis are the end results of this disease after 
healing.
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SCLEROMA OF THE LARYNX

It is a chronic inflammatory condition caused by Klebsi-
ella rhinoscleromatis. Nasal involvement is very common in 
India. Laryngeal involvement may be seen occasionally 
with or without a nasal lesion. Typically, it presents as a 
smooth red swelling in the subglottic region. Hoarseness of 
voice, wheezing and dyspnoea may be the presenting symp-
toms in addition to the nasal lesion. Diagnosis is made on 
biopsy. Treatment is by streptomycin or tetracycline, often 

combined with steroids to prevent fibrosis. Subglottic steno-
sis is a frequent complication requiring subsequent recon-
structive surgery.

LARYNGEAL MYCOSIS

Fungal infections such as candidiasis, histoplasmosis and 
blastomycosis may rarely affect the larynx. Diagnosis is usu-
ally made on biopsy and on finding a similar lesion in other 
parts of the body.
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CONGENITAL LESIONS OF LARYNX

 •  Laryngomalacia (congenital laryngeal stridor)
 •  Congenital vocal cord paralysis
 •  Congenital subglottic stenosis
 •  Laryngeal web
 •  Subglottic haemangioma
 •  Laryngo-oesophageal cleft
 •  Laryngocele
 •  Laryngeal cyst

1. Laryngomalacia (congenital laryngeal stridor). It is the 
most common congenital abnormality of the larynx. It is 
characterized by excessive flaccidity of supraglottic larynx 
which is sucked in during inspiration producing stridor and 
sometimes cyanosis. Stridor is increased on crying but sub-
sides on placing the child in prone position; cry is normal. 
The condition manifests at birth or soon after, and usu-
ally disappears by 2 years of age. Direct laryngoscopy shows 
elongated epiglottis, curled upon itself (omega-shaped Ω), 
floppy aryepiglottic folds and prominent arytenoids. Flex-
ible laryngoscope is very useful to make the diagnosis. 
Laryngomalacia cannot be diagnosed in a paralyzed patient. 
Mostly, treatment is conservative. Tracheostomy may be 
required for some cases of severe respiratory obstruction 
(Figure 59.1). Supraglottoplasty is required in cases of 
severe laryngomalacia.

2. Congenital vocal cord paralysis. It results from birth 
trauma when recurrent laryngeal nerve is stretched during 
breech or forceps delivery or can result from anomalies of 
the central nervous system.

3. Congenital subglottic stenosis. It is due to abnormal 
thickening of cricoid cartilage or fibrous tissue seen below 
the vocal cords. Child may remain asymptomatic till upper 
respiratory infection causes dyspnoea and stridor. Cry is 
normal as in laryngomalacia. Diagnosis is made when sub-
glottic diameter is less than 4 mm in full-term neonate (nor-
mal 4.5–5.5 mm) or 3 mm in premature neonate (normal 
3.5 mm). Many cases of congenital stenosis improve as the 
larynx grows but some may require surgery.

4. Laryngeal web (Figure 59.2). It is due to incomplete 
recanalization of larynx. Mostly, the web is seen between the 
vocal cords and has a concave posterior margin. Presenting 
features are airway obstruction, weak cry or aphonia dating 
from birth. Treatment depends on the thickness of the web. 
Thin webs can be cut with a knife or CO2 laser. Thick ones 
may require excision via laryngofissure and placement of a 
silicon keel and subsequent dilatations.

5. Subglottic haemangioma. Though congenital, patient is 
asymptomatic till 3–6 months of age when haemangioma 
begins to increase in size. About 50% of the children have asso-
ciated cutaneous haemangiomas. Patient may present with 
stridor but has a normal cry. Agitation of the patient or crying 
may increase airway obstruction due to venous filling. Direct 
laryngoscopy shows reddish-blue mass below the vocal cords. 
Biopsy is sometimes, not always, associated with haemorrhage. 
Some patients have associated mediastinal haemangioma.

Depending on individual case, the treatment is:

 (a)  Tracheostomy and observation, as many haemangio-
mas involute spontaneously.

 (b)  Steroid therapy. Dexamethasone 1 mg/kg/day for  
1 week and then prednisolone 3 mg/kg in divided 
doses for 1 year.

 (c)  CO2 laser excision, if lesion is small.

6. Laryngo-oesophageal cleft. It is due to failure of the fusion 
of cricoid lamina. Patient presents with repeated aspiration 
and pneumonitis. Coughing, choking and cyanosis are pres-
ent at the time of feeding.

7. Laryngocele. It is dilatation of laryngeal saccule and 
extends between thyroid cartilage and the ventricle. It may 
be internal, external or combined. Treatment is endoscopic 
or external excision.

8. Laryngeal cyst. It arises in the aryepiglottic fold and 
appears as bluish, fluid-filled smooth swelling in the supra-
glottic larynx. Respiratory obstruction may necessitate tra-
cheostomy. Needle aspiration or incision and drainage of 
cyst provide an emergency airway. Treatment is deroofing 
the cyst or excision with CO2 laser.

59Congenital Lesions of 
Larynx and Stridor

Figure 59.1 Laryngomalacia. Note: epiglottis is folded longitudinally 
forming an omega.
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STRIDOR

Stridor	 is	 noisy	 respiration	 produced	 by	 turbulent	 airflow	
through	the	narrowed	air	passages.	It	may	be	heard	during	
inspiration,	expiration	or	both	(Figure	59.3).

	•	 	Inspiratory stridor	is	often	produced	in	obstructive	lesions	
of	 supraglottis	or	pharynx,	e.g.	 laryngomalacia	or	retro-
pharyngeal	abscess.

	•	 	Expiratory stridor	is	produced	in	lesions	of	thoracic	trachea,	
primary	 and	 secondary	 bronchi,	 e.g.	 bronchial	 foreign	
body,	and	tracheal	stenosis.

	•	 	Biphasic stridor	 is	seen	in	lesions	of	glottis,	subglottis	and	
cervical	 trachea,	 e.g.	 laryngeal	 papillomas,	 vocal	 cord	
paralysis	and	subglottis	stenosis.

AETIOLOGY

Stridor	may	arise	 from	 lesions	of	nose,	 tongue,	mandible,	
pharynx,	larynx	or	trachea	and	bronchi.	Common	causes	of	
stridor	in	infants	and	children	are	given	below:

Stridor

Congenital Acquired

• Laryngomalacia

• Laryngeal web

• Subglottic stenosis

• Haemangioma

• Vocal cord paralysis

• Tongue and jaw
 abnormalities

Afebrile Febrile

• Papillomatosis

• Injury

• Foreign body

• Laryngeal oedema

• Adenotonsillar
 hypertrophy

• Epiglottitis

• Acute laryngitis

• Laryngotracheitis

• Diphtheria

• Retropharyngeal
 abscess

• Infectious
 mononucleosis

• Peritonsillar
 abscess

	1.	 	Nose.	Choanal	atresia	in	newborn.
	2.	 	Tongue.	 Macroglossia	 due	 to	 cretinism,	 haemangioma	

or	 lymphangioma,	 dermoid	 at	 base	 of	 tongue,	 lingual	
thyroid.

	3.	 	Mandible.	 Micrognathia,	 Pierre-Robin	 syndrome.	 In	
these	cases,	stridor	is	due	to	falling	back	of	tongue.

	4.	 	Pharynx.	Congenital	dermoid,	adenotonsillar	hypertro-
phy,	retropharyngeal	abscess,	tumours.

	5.	 	Larynx.
	 (a)	 	Congenital.	 Laryngeal	 web,	 laryngomalacia,	 cysts,	

vocal	cord	paralysis,	subglottic	stenosis.

	 (b)	 	Inflammatory.	Epiglottitis,	laryngotracheitis,	diphthe-
ria,	tuberculosis.

	 (c)	 	Neoplastic.	Haemangioma	and	juvenile	multiple	pap-
illomas,	carcinoma	in	adults.

	 (d)	 	Traumatic.	Injuries	of	larynx,	foreign	bodies,	oedema	
following	endoscopy,	or	prolonged	intubation.

	 (e)	 	Neurogenic.	 Laryngeal	 paralysis	 due	 to	 acquired	
lesions.

	 (f)	 	Miscellaneous.	Tetanus,	tetany,	laryngismus	stridulus.
	6.	 	Trachea and bronchi
	 (a)	 	Congenital.	Atresia,	stenosis,	tracheomalacia.
	 (b)	 	Inflammatory.	Tracheobronchitis.
	 (c)	 	Neoplastic.	Tumours	of	trachea.
	 (d)	 	Traumatic.	Foreign	body,	stenosis	trachea	(e.g.	follow-

ing	prolonged	intubation	or	tracheostomy).
	7.	 	Lesions outside respiratory tract
	 (a)	 	Congenital.	Vascular	rings	(cause	stridor	and	dyspha-

gia),	 oesophageal	 atresia,	 tracheo-oesophageal	 fis-
tula,	congenital	goitre,	cystic	hygroma.

	 (b)	 	Inflammatory.	 Retropharyngeal	 and	 retro-oesopha-
geal	abscess.

	 (c)	 	Traumatic.	 FB	 oesophagus	 (secondary	 tracheal	
compression).

	 (d)	 	Tumours.	Masses	in	neck.

MANAGEMENT

HISTORY
Stridor	is	a	physical	sign	and	not	a	disease.	Attempt	should	
always	be	made	to	discover	the	cause.	It	is	important	to	elicit:

	1.	 	Time of onset.	 To	 find	 whether	 cause	 is	 congenital	 or	
acquired.

	2.	 	Mode of onset.	 Sudden	onset	 (foreign	body,	oedema),	
gradual	and	progressive	(laryngomalacia,	subglottic	hae-
mangioma,	juvenile	papillomas).

	3.	 	Duration.	Short	(foreign	body,	oedema,	infections),	long	
(laryngomalacia,	 laryngeal	 stenosis,	 subglottic	 haeman-
gioma,	anomalies	of	tongue	and	jaw).

	4.	 	Relation to feeding.	 Aspiration	 in	 laryngeal	 paralysis,	
oesophageal	 atresia,	 laryngeal	 cleft,	 vascular	 ring,	 for-
eign	body	oesophagus.

	5.	 	Cyanotic spells.	Indicate	need	for	airway	maintenance.
	6.	 	Aspiration or ingestion of a foreign body.
	7.	 	Laryngeal trauma.	 Blunt	 injuries	 to	 larynx,	 intubation,	

endoscopy.

Web

Figure 59.2 Laryngeal web.

Pharynx &
supraglottis

Glottis, subglottis & cervical
trachea

Thoracic trachea
& bronchi

Biphasic

Expiratory stridor

Inspiratory stridor

Figure 59.3 Types of stridor and their site of origin.
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PHYSICAL EXAMINATION
	1.	 	Stridor	 is	 always	 associated	 with	 respiratory	 distress.	

There	may	be	recession	in	suprasternal	notch,	sternum,	
intercostal	 spaces	 and	 epigastrium	 during	 inspiratory	
efforts.

	2.	 	Note	whether	stridor	is	inspiratory,	expiratory	or	bipha-
sic	which	indicates	the	probable	site	of	obstruction.

	3.	 	Note	associated	characteristics	of	stridor.
	 (a)	 	Snoring	 or	 snorting	 sound—nasal	 or	 nasopharyn-

geal	cause.
	 (b)	 	Gurgling	 sound	 and	 muffled	 voice—pharyngeal	

cause.
	 (c)	 	Hoarse	cry	or	voice—laryngeal	cause	at	vocal	cords.	

Cry	 is	 normal	 in	 laryngomalacia	 and	 subglottic	
stenosis.

	 (d)	 	Expiratory	wheeze—bronchial	obstruction.
	4.	 	Associated	fever	indicates	infective	condition,	e.g.	acute	

laryngitis,	 epiglottitis,	 laryngo-tracheo-bronchitis	 or	
diphtheria.

	5.	 	Stridor	 of	 laryngomalacia,	 micrognathia,	 macroglossia	
and	 innominate	 artery	 compression	 disappears	 when	
baby	lies	in	prone	position.

	6.	 	Sequential	auscultation	with	unaided	ear	and	with	stetho-
scope	 over	 the	 nose,	 open	 mouth,	 neck	 and	 the	 chest	
helps	to	localize	the	probable	site	of	origin	of	stridor.

	7.	 	Examination	of	nose,	tongue,	jaw	and	pharynx	and	lar-
ynx	can	exclude	local	pathology	in	these	areas.	In	adults,	
indirect	 laryngoscopy	 can	 be	 done	 easily	 while	 infants	
and	children	require	flexible	fibreoptic	laryngoscopy.

Flexible fibreoptic laryngoscopy.	It	can	be	done	under	topi-
cal	anaesthesia	as	an	outdoor	procedure	and	allows	exami-
nation	 of	 nose,	 nasopharynx	 and	 larynx.	 It	 helps	 in	 the	
diagnosis	of	laryngomalacia,	vocal	cord	paralysis,	laryngeal	
papillomas,	laryngeal	cysts	and	congenital	anomalies	of	lar-
ynx,	e.g.	laryngeal	web	or	clefts.

INVESTIGATIONS

History	and	clinical	examination	will	dictate	the	type	of	tests	
required.

	1.	 	Soft	tissue	lateral	and	PA	view	of	neck	and	X-ray	chest	in	
PA	and	lateral	view	help	in	diagnosing	the	foreign	bodies	
of	the	airway.

	2.	 	X-ray	chest	in	inspiratory	and	expiratory	phases	or	a	flu-
oroscopy	of	 chest	help	 to	diagnose	 radiolucent	 foreign	
bodies.

	3.	 	CT	scan	with	contrast	is	helpful	for	mediastinal	mass	and	
other	congenital	vascular	anomalies	compressing	the	tra-
chea	or	bronchi,	e.g.	anomalous	innominate	artery,	dou-
ble	 aortic	 arch	 or	 an	 anomalous	 left	 pulmonary	 artery	
forming	a	sling	around	the	trachea.

	4.	 	Angiography	may	be	needed	for	above	vascular	anoma-
lies	before	operation.

	5.	 	Oesophagogram	 with	 contrast	 may	 be	 needed	 for	 tra-
cheobronchial	fistula	or	aberrant	vessels	or	oesophageal	
atresia.

DIRECT LARYNGOSCOPY
Microlaryngoscopy and bronchoscopy under general anaesthe-
sia.	 This	 procedure	 is	 done	 in	 operation	 theatre	 with	 full	
preparation	for	resuscitative	measures	to	deal	with	respira-
tory	 distress.	 Patient	 is	 monitored	 for	 oxygen	 saturation,	
pulse,	blood	pressure	and	electrocardiography.	Services	of	
an	expert	anaesthetist	are	essential.	Anaesthesia	is	induced	
with	insufflation	and	i.v.	route	established.	Patient	is	kept	on	
spontaneous	respiration.

After	 a	 quick	 and	 short	 direct	 laryngoscopy,	 broncho-
scope	is	inserted	to	examine	the	air	passage	from	the	sub-
glottis	 to	 bronchi	 for	 any	 obstruction.	 Secretions	 can	 be	
collected	for	culture	and	sensitivity,	crusts	and	foreign	body	
if	any	removed.	After	bronchoscopy,	child	is	intubated	and	
examination	of	larynx	or	oesophagus	can	be	done.

Microlaryngoscopy	can	be	done	without	intubation	with	
patient	 on	 spontaneous	 breathing	 and	 oxygen	 and	 gases	
being	 delivered	 through	 a	 catheter	 via	 the	 laryngoscope.	
Magnification	can	be	provided	with	telescope	or	microscope.

TREATMENT

Once	the	diagnosis	has	been	made,	treatment	of	exact	cause	
can	be	planned.
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NERVE SUPPLY OF LARYNX

Motor. All the muscles which move the vocal cord (abduc-
tors, adductors or tensors) are supplied by the recurrent 
laryngeal nerve except the cricothyroid muscle. The latter 
receives its innervation from the external laryngeal nerve—
a branch of superior laryngeal nerve.

Sensory. Above the vocal cords, larynx is supplied by inter-
nal laryngeal nerve—a branch of superior laryngeal, and 
below the vocal cords by recurrent laryngeal nerve.

Recurrent laryngeal nerve. Right recurrent laryngeal 
nerve arises from the vagus at the level of subclavian artery, 
hooks around it and then ascends between the trachea 
and oesophagus. The left recurrent laryngeal nerve arises 
from the vagus in the mediastinum at the level of arch of 
aorta, loops around it and then ascends into the neck in the 
tracheo-oesophageal groove. Thus, left recurrent laryngeal 
nerve has a much longer course which makes it more prone 
to paralysis compared to the right one (Figure 60.1).

Superior laryngeal nerve. It arises from inferior ganglion 
of the vagus, descends behind internal carotid artery and, 
at the level of greater cornua of hyoid bone, divides into 
external and internal branches. The external branch sup-
plies cricothyroid muscle while the internal branch pierces 
the thyrohyoid membrane and supplies sensory innervation 
to the larynx and hypopharynx.

CLASSIFICATION OF LARYNGEAL 
PARALYSIS

Laryngeal paralysis may be unilateral or bilateral, and may 
involve:

 1.  Recurrent laryngeal nerve.
 2.  Superior laryngeal nerve.
 3.  Both recurrent and superior laryngeal nerves (combined 

or complete paralysis).

CAUSES OF LARYNGEAL PARALYSIS

In topographical manner, the causes are:

 1.  Supranuclear. Rare.
 2.  Nuclear. There is involvement of nucleus ambiguus in 

the medulla. The causes are vascular, neoplastic, motor 

neurone disease, polio and syringobulbia. In nuclear 
lesions, there would be associated paralysis of other cranial 
nerves and neural pathways.

 3.  High vagal lesions. Vagus nerve may be involved in the 
skull, at the exit from jugular foramen or in parapharyn-
geal space (Table 60.1).

 4.  Low vagal or recurrent laryngeal nerve (Table 60.2).
 5.  Systemic causes. Diabetes, syphilis, diphtheria, typhoid, 

streptococcal or viral infections, lead poisoning.
 6.  Idiopathic. In about 30% of cases, cause remains obscure.

RECURRENT LARYNGEAL NERVE 
PARALYSIS

A. UNILATERAL

Unilateral injury to recurrent laryngeal nerve results in 
ipsilateral paralysis of all the intrinsic muscles except the 
cricothyroid. The vocal cord thus assumes a median or 

60 Laryngeal Paralysis
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Figure 60.1 Recurrent and superior laryngeal nerves.
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paramedian position and does not move laterally on deep 
inspiration (Table 60.2). There are many theories to explain 
the median or paramedian position of the cord. One is 
Semon’s law which states that, in all progressive organic 
lesions, abductor fibres of the nerve, which are phylogeneti-
cally newer, are more susceptible and thus the first to be 
paralyzed compared to adductor fibres. The other explana-
tion is Wagner and Grossman hypothesis which states that cri-
cothyroid muscle which receives innervation from superior 
laryngeal nerve keeps the cord in paramedian position due 
to its adductor function.

The aetiology of recurrent laryngeal nerve paralysis is 
given in Table 60.3. Bronchogenic carcinoma is an impor-
tant cause of left recurrent paralysis and should always be 
excluded by X-ray chest, bronchoscopy and biopsy unless 
the other cause is obvious.

CLINICAL FEATURES
Unilateral recurrent laryngeal paralysis may pass unde-
tected as about one-third of the patients are asymptomatic. 
Others have some change in voice but no problems of aspi-
ration or airways obstruction. The voice in unilateral paraly-
sis gradually improves due to compensation by the healthy 
cord which crosses the midline to meet the paralyzed one.

TREATMENT
 1.  Generally no treatment is required as compensation 

occurs due to opposite healthy cord. Temporary paralysis 
recovers in 6–12 months and it is advisable to wait. How-
ever injection of gelfoam or fat can be used to improve 
the voice in the waiting period.

 2.  Laryngoplasty type I can be used if compensation does 
not take place.

 3.  Laryngoplasty type I with arytenoid adduction is done if 
posterior glottis is also incompetent.

 4.  Teflon injection has been used in the past to medialize 
the cord permanently but is not favoured these days.

Table 60.1  Causes of combined paralysis  
(high vagal lesions)

Intracranial 	•	 	Tumours of posterior fossa
	•	 	Basal meningitis (tubercular)

Skull base 	•	 	Fractures
	•	 	Nasopharyngeal cancer
	•	 	Glomus tumour

Neck 	•	 	Penetrating injury
	•	 	Parapharyngeal tumours
	•	 	Metastatic nodes
	•	 	Lymphoma

Table 60.2  Position of the vocal cord in health and disease

Situation in

Position of the cord Location of the cord from midline Health Disease

Median Midline Phonation RLN paralysis
Paramedian 1.5 mm Strong whisper RLN paralysis
Intermediate (cadaveric) 3.5 mm. This is neutral position of  

cricoarytenoid joint. Abduction and  
adduction take place from this position

— Paralysis of both recurrent 
and superior laryngeal 
nerves

Gentle abduction 7 mm Quiet respiration Paralysis of adductors
Full abduction 9.5 mm Deep inspiration —

Table 60.3  Causes of recurrent laryngeal nerve paralysis (low vagal trunk or recurrent laryngeal nerve)

Right Left Both

	•	 	Neck trauma I. Neck
	•	 	Benign or malignant thyroid disease 	•	 	Accidental trauma
	•	 	Thyroid surgery 	•	 	Thyroid disease (benign or malignant) 	•	 	Thyroid surgery
	•	 	Carcinoma cervical oesophagus 	•	 	Thyroid surgery 	•	 	Carcinoma thyroid
	•	 	Cervical lymphadenopathy 	•	 	Carcinoma cervical oesophagus 	•	 	Cancer cervical oesophagus

	•	 	Cervical lymphadenopathy 	•	 	Cervical lymphadenopathy

II. Mediastinum
	•	 	Aneurysm of subclavian artery 	•	 	Bronchogenic cancer
	•	 	Carcinoma apex right lung 	•	 	Carcinoma thoracic oesophagus
	•	 	Tuberculosis of cervical pleura 	•	 	Aortic aneurysm
	•	 	Idiopathic 	•	 	Mediastinal lymphadenopathy

	•	 	Enlarged left auricle
	•	 	Intrathoracic surgery
	•	 	Idiopathic
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B. BILATERAL (BILATERAL ABDUCTOR PARALYSIS)

AETIOLOGY
Neuritis or surgical trauma (thyroidectomy) are the most 
important causes. The condition is often acute.

POSITION OF CORDS
As all the intrinsic muscles of larynx are paralyzed, the vocal 
cords lie in median or paramedian position due to unop-
posed action of cricothyroid muscles (Figure 60.2).

CLINICAL FEATURES
As both the cords lie in median or paramedian position, the 
airway is inadequate causing dyspnoea and stridor but the 
voice is good. Dyspnoea and stridor become worse on exer-
tion or during an attack of acute laryngitis.

TREATMENT
Tracheostomy. Many cases of bilateral abductor paralysis 
require tracheostomy as an emergency procedure or when 
they develop upper respiratory tract infection.

In long-standing cases, the choice is between a permanent 
tracheostomy with a speaking valve or a surgical procedure 
to lateralize the cord. The former relieves stridor, preserves 
good voice but has the disadvantage of a tracheostomy hole 
in the neck. The latter relieves airway obstruction but at the 
expense of a good voice; however, there is no tracheostomy 
hole in the neck.

Widening the respiratory airway without a permanent 
tracheostomy (endoscopic or through external cervical 
approach). Aim is to widen the respiratory airway through 
larynx. This can be achieved by (i) arytenoidectomy with 
suture, (ii) arytenoidopexy (fixing the arytenoid in lateral 
position), (iii) lateralization of vocal cord and (iv) laser cor-
dectomy (removal of one cord). These operations have now 
been replaced by less invasive techniques such as:

 1.  Transverse cordotomy (Kashima operation). Soft tissue at 
the junction of membranous cord and vocal process of 

arytenoid is excised laterally with laser. This provides 
good airway. In case airway is still insufficient more tissue 
can be removed at subsequent operation.

 2.  Partial arytenoidectomy. Medial part of arytenoid is excised 
with laser. Sometimes only the vocal process of arytenoid 
is ablated.

 3.  Reinnervation procedures. These have been used to innervate  
paralyzed posterior cricoarytenoid muscle by implant-
ing a nerve–muscle pedicle of sternohyoid or omohyoid 
muscle with its nerve supply from ansa hypoglossi. These 
procedures have not been very successful.

 4.  Thyroplasty type II. It creates lateral expansion of larynx 
and is similar to vocal cord lateralization. Quality of voice 
may not be good.

PARALYSIS OF SUPERIOR LARYNGEAL 
NERVE

A. UNILATERAL

Isolated lesions of this nerve are rare; usually, it is a part 
of combined paralysis. Paralysis of superior laryngeal nerve 
causes paralysis of cricothyroid muscle and ipsilateral anaes-
thesia of the larynx above the vocal cord. Paralysis of cri-
cothyroid can also occur when external laryngeal nerve is 
involved in thyroid surgery, tumours, neuritis or diphtheria.

CLINICAL FEATURES
Voice is weak and pitch cannot be raised with decreased 
ability to sing. Anaesthesia of the larynx on one side may 
pass unnoticed or cause occasional aspiration. Laryngeal 
findings include:

 1.  Askew position of glottis as anterior commissure is rotated 
to the healthy side.

 2.  Shortening of cord with loss of tension. The paralyzed 
cord appears wavy due to lack of tension.

 3.  Flapping of the paralyzed cord. As tension of the cord is 
lost, it sags down during inspiration and bulges up during 
expiration.

 4.  Electromyography of the cricothyroid muscle helps to 
diagnose the condition.

B. BILATERAL

This is an uncommon condition. Both the cricothyroid mus-
cles are paralyzed along with anaesthesia of upper larynx.

AETIOLOGY
Important causes include surgical or accidental trauma, 
neuritis (mostly diphtheritic), pressure by cervical nodes or 
involvement in a neoplastic process.

CLINICAL FEATURES
Presence of both paralysis and bilateral anaesthesia causes 
inhalation of food and pharyngeal secretions giving rise to 
cough and choking fits. Voice is weak and husky.

TREATMENT
It depends on the cause. Cases due to neuritis may recover 
spontaneously. Patients with repeated aspiration may 

Median

Paramedian

Intermediate (cadaveric)

Slight abduction

Full abduction

Figure 60.2 Position of vocal cords.
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require tracheostomy with a cuffed tube and an oesopha-
geal feeding tube.

Epiglottopexy is an operation to close the laryngeal inlet 
to protect the lungs from repeated aspiration. It is a revers-
ible procedure.

COMBINED (COMPLETE) PARALYSIS 
(RECURRENT AND SUPERIOR LARYNGEAL 
NERVE PARALYSIS)

A. UNILATERAL

This causes paralysis of all the muscles of larynx on one side 
except the interarytenoid which also receives innervation 
from the opposite side.

AETIOLOGY
Thyroid surgery is the most common cause when both 
recurrent and external laryngeal nerves of one side may be 
involved.

It may also occur in lesions of nucleus ambiguus or that of 
the vagus nerve proximal to the origin of superior laryngeal 
nerve. Thus, lesion may lie in the medulla, posterior cranial 
fossa, jugular foramen or parapharyngeal space.

CLINICAL FEATURES
As all the muscles of larynx on one side are paralyzed, vocal 
cord will lie in the cadaveric position, i.e. 3.5 mm from the 
midline (Table 60.2). The healthy cord is unable to approxi-
mate the paralyzed cord, thus causing glottic incompetence. 
This results in hoarseness of voice and aspiration of liquids 
through the glottis. Cough is ineffective due to air waste.

TREATMENT
 1.  Speech therapy. With proper speech therapy, the healthy 

cord may compensate the loss of function of paralyzed 
vocal cord by moving across the midline.

 2.  Procedures to medialize the cord. In uncompensated 
cases, aim is to bring the paralyzed cord towards the mid-
line so that healthy cord can meet it. This is achieved by:

 (a)  Injection of teflon paste lateral to the paralyzed cord. This is 
done by direct laryngoscopy under local anaesthesia. 
Now thyroplasty is the preferred procedure.

 (b)  Thyroplasty type I. Vocal cord is medialized towards 
midline for opposite cord to meet. This can be com-
bined with arytenoids adduction procedure. Thyro-
plasty is done by creating a window in the thyroid 
cartilage and placing a silicon or other prosthesis to 
medialize the cord. Operation can be done under 
local anaesthesia.

B. BILATERAL

Both recurrent and superior laryngeal nerves on both sides 
are paralyzed. This is a rare condition. As all the laryngeal 
muscles are paralyzed, both cords lie in cadaveric position. 
There is also total anaesthesia of the larynx.

CLINICAL FEATURES
 1.  Aphonia. As cords do not meet at all.
 2.  Aspiration. This is due to incompetent glottis and laryn-

geal anaesthesia.

 3.  Inability to cough. This is due to inability of the cords 
to meet. This results in retention of secretions in the 
chest.

 4.  Bronchopneumonia. This is due to repeated aspirations 
and retention of secretions.

TREATMENT
 1.  Tracheostomy. Essential to remove pulmonary secretions 

and inhaled material.
 2.  Gastrostomy. It will prevent aspiration and maintain 

nutrition.
 3.  Epiglottopexy. It is an operation in which epiglottis 

is folded backwards and fixed to the arytenoids so as 
to prevent aspiration into the lungs. It is a reversible 
procedure.

 4.  Vocal cord plication. Larynx is opened by laryngofis-
sure. Mucosa of the true and false cords is removed and 
then they are approximated with sutures. This procedure 
helps to prevent aspiration and can be reversed when 
required.

 5.  Total laryngectomy. May be needed in those where cause 
is progressive and irreversible and speech is unservice-
able. Laryngectomy will prevent repeated aspiration and 
lung infections.

 6.  Diversion procedures. Trachea is separated at third or 
fourth rings and its upper segment (laryngotracheal) 
is anastomosed to oesophagus while the lower end is 
brought out as tracheostome for breathing. Aspirated 
material now finds its way to oesophagus. This operation 
is done in intractable aspiration.

CONGENITAL VOCAL CORD PARALYSIS

It may be unilateral or bilateral. Unilateral paralysis is more 
common. The cause may be birth trauma or congenital 
anomaly of a great vessel or heart. Bilateral paralysis may 
be due to hydrocephalus or Arnold–Chiari malformation, 
intracerebral haemorrhage during birth, meningocoele, 
or cerebral or nucleus ambiguus agenesis. The patient of 
bilateral paralysis presents with features of bilateral abduc-
tor paralysis and respiratory obstruction necessitating 
tracheostomy.

PHONOSURGERY

Several surgical procedures have been designed to improve 
the quality of voice. They include:

 1.  Excision of benign or malignant lesions by microlaryn-
geal surgery or laser.

 2.  Injection of vocal cord with teflon paste or gelfoam to 
augment and medialize the paralyzed cord so that the 
opposite healthy cord can easily approximate.

 3.  Thyroplasty. Isshiki divided thyroplasty procedures into 
four categories to produce functional alteration of vocal 
cords.

 (a)  Type I. It is medial displacement of vocal cord as is 
achieved in teflon paste injection.

 (b)  Type II. It is lateral displacement of vocal cord and is 
used to improve the airway.



302 SECTION V — DISEASES OF LARYNX AND TRACHEA

 (c)  Type III. It is used to shorten (relax) the vocal cord. Relax-
ation of vocal cord lowers the pitch. This procedure is 
done in mutational falsetto or in those who have under-
gone gender transformation from female to male.

 (d)  Type IV. This procedure is used to lengthen (tighten) 
the vocal cord and elevate the pitch. It converts 
male character of voice to female and has been 
used in gender transformation. It is also used when 

vocal cord is lax and bowing due to aging process or 
trauma.

 4.  Laryngeal reinnervation procedures. In this, a segment 
of anterior belly of omohyoid muscle, carrying its nerve 
(ansa hypoglossi) and vessels, is implanted into the thy-
roarytenoid muscle after making a window in thyroid 
cartilage. It is supposed to innervate the paralyzed thyro-
arytenoid muscle.
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Benign tumours of the larynx are not as common as the 
malignant ones. They are divided into: (i) non-neoplastic 
and (ii) neoplastic (Table 61.1).

NON-NEOPLASTIC TUMOURS

They are not true neoplasms but are tumour-like masses 
which form as a result of infection, trauma or degeneration. 
They are seen more frequently than true benign neoplasms. 
They are further divided into solid and cystic.

A. SOLID NON-NEOPLASTIC LESIONS

1. VOCAL NODULES (SINGER’S  
OR SCREAMER’S NODES)
They appear symmetrically on the free edge of vocal cord, 
at the junction of anterior one-third, with the posterior two-
thirds, as this is the area of maximum vibration of the cord 
and thus subject to maximum trauma (Figures 61.1 and 
61.2). Their size varies from that of pin-head to half a pea. 
They are the result of vocal trauma when person speaks in 
unnatural low tones for prolonged periods or at high inten-
sities. They mostly affect teachers, actors, vendors or pop 
singers. They are also seen in school going children who are 
too assertive and talkative.

Pathologically, trauma to the vocal cord in the form of 
vocal abuse or misuse causes oedema and haemorrhage 
in the submucosal space. This undergoes hyalinization 
and fibrosis. The overlying epithelium also undergoes 

hyperplasia forming a nodule. In the early stages, the nod-
ules appear soft, reddish and oedematous swellings but later 
they become greyish or white in colour.

Patients with vocal nodules complain of hoarseness. Vocal 
fatigue and pain in the neck on prolonged phonation are 
other common symptoms.

Early cases of vocal nodules can be treated conserva-
tively by educating the patient in proper use of voice. With 
this treatment, many nodules in children disappear com-
pletely. Surgery is required for large nodules or nodules 
of long standing in adults. They are excised with preci-
sion under operating microscope either with cold instru-
ments or laser avoiding any trauma to the underlying vocal  
ligament (Figure 61.3).

61Benign Tumours of Larynx

Figure 61.1 Vocal nodules. Typically, they form at the junction of 
anterior one-third with posterior two-thirds of vocal cord.

Figure 61.2 Vocal nodules.

Table 61.1  Benign tumours of larynx

Non-neoplastic Neoplastic

Solid
	 •	 	Vocal nodules
	 •	 	Vocal polyp
	 •	 	Reinke’s oedema
	 •	 	Contact ulcer/granuloma
	 •	 	Intubation granuloma
	 •	 	Leukoplakia
	 •	 	Amyloid tumours
Cystic
	 •	 	Ductal cysts
	 •	 	Saccular cysts
	 •	 	Laryngocele

Squamous papilloma
	 •	 	Juvenile type
	 •	 	Adult-onset type
Chondroma
Haemangioma
Granular cell tumours
Glandular tumours, e.g.
	 •	 	Pleomorphic adenoma
	 •	 	Oncocytoma
Neurilemmoma
Rhabdomyoma
Lipoma
Fibroma
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Speech therapy and re-education in voice production are 
essential to prevent their recurrence.

2. VOCAL POLYP
It is also the result of vocal abuse or misuse. Other contrib-
uting factors are allergy and smoking. Mostly, it affects men 
in the age group of 30–50 years. Typically, a vocal polyp is 
unilateral arising from the same position as vocal nodule. 
It is soft, smooth and often pedunculated. It may flop up 
and down the glottis during respiration or phonation. 
Hoarseness is a common symptom. Large polyp may cause 
dyspnoea, stridor or intermittent choking. Some patients 
complain of diplophonia (double voice) due to different 
vibratory frequencies of the two vocal cords.

Vocal polyp is caused by sudden shouting resulting in 
haemorrhage in the vocal cord and subsequent submuco-
sal oedema. Treatment is surgical excision under operating 
microscope followed by speech therapy.

3. REINKE’S OEDEMA (BILATERAL DIFFUSE POLYPOSIS)
This is due to collection of oedema fluid in the subepithelial 
space of Reinke. Usual cause is vocal abuse and smoking. 
Both vocal cords show diffuse symmetrical swellings. Treat-
ment is longitudinal incision in the cord and removal of 
gelatinous fluid. Re-education in voice production and ces-
sation of smoking are essential to prevent recurrence.

4. CONTACT ULCER OR GRANULOMA
This is again due to faulty voice production in which vocal 
processes of arytenoids hammer against each other result-
ing in ulceration and granuloma formation. Some cases are 
due to gastric reflux. Chief complaints are hoarse voice, a 
constant desire to clear the throat and pain in the throat 
which is worse on phonation. Examination reveals unilateral 
or bilateral ulcers on the vocal processes of arytenoids with 
mucosal congestion over the arytenoid cartilages. There 
may be granuloma formation.

Management consists of

 (a)  Antireflux therapy.
 (b)  Speech therapy to stop throat clearing and correct the 

pitch of voice.
 (c)  Inhaled steroids or intralesional injection of steroid to 

correct inflammation and size of granuloma. Micro-
laryngeal surgery may be needed to remove granuloma.

5. INTUBATION GRANULOMA
It results from injury to vocal processes of arytenoids due 
to rough intubation, use of large tube or prolonged pres-
ence of tube between the cords. Mucosal ulceration is fol-
lowed by granuloma formation over the exposed cartilage. 
Usually, they are bilateral involving posterior thirds of true 
cords. They present with hoarseness and if large, dyspnoea 
as well. Treatment is voice rest and endoscopic removal of 
the granuloma.

6. LEUKOPLAKIA OR KERATOSIS
This is also a localized form of epithelial hyperplasia involv-
ing upper surface of one or both vocal cords. It appears as 
a white plaque or warty growth on the cord without affect-
ing its mobility. It is regarded as a precancerous condition 
because “carcinoma in situ” frequently supervenes. Hoarse-
ness is the common presenting symptom. Treatment is strip-
ping of vocal cords and subjecting the tissues to histology 
for any malignant change. Chronic laryngeal irritants as the 
aetiological factors should be sought and eliminated.

7. AMYLOID TUMOUR
It mostly affects men in the age group of 50–70 years. 
Amyloid deposits involve vocal cord, ventricular band, sub-
glottic area or trachea. It presents as a submucosal mass. 
Presenting symptoms are hoarseness or breathing diffi-
culty. Systemic disease like multiple myeloma should be 
excluded. Diagnosis is made on biopsy and special stain-
ing. Treatment of localized deposits is by surgical removal. 
Prognosis is good.

B. CYSTIC LESIONS

They are of three types:

1. Ductal cysts. Most often they are retention cysts due to 
blockage of ducts of seromucinous glands of laryngeal 
mucosa. They are seen in the vallecula, aryepiglottic fold, 
false cords, ventricles and pyriform fossa. They may remain 
asymptomatic if small, or cause hoarseness, cough, throat 
pain and dyspnoea, if large (Figure 61.4).

Sometimes, an intracordal cyst may occur on the true 
cord. It is similar to an epidermoid inclusion cyst.

2. Saccular cysts. Obstruction to the orifice of saccule causes 
retention of secretion and distension of saccule which pres-
ents as a cyst in laryngeal ventricle. Anterior saccular cysts 
present in the anterior part of ventricle and obscure part of 
vocal cord. Lateral saccular cysts, which are larger, extend into 
the false cord, aryepiglottic fold and may even appear in the 
neck through thyrohyoid membrane just as laryngoceles do.

3. Laryngocele. It is an air-filled cystic swelling due to dilata-
tion of the saccule (Figure 61.5). A laryngocele may be:

 (a)  Internal which is confined within the larynx and pres-
ents as distension of false cord and aryepiglottic fold.

 (b)  External in which distended saccule herniates through 
the thyroid membrane and presents in neck.

 (c)  Combined or mixed in which both internal and external 
components are seen.

A laryngocele is supposed to arise from raised transglottic air 
pressure as in trumpet players, glass-blowers or weight lifters.

Figure 61.3 Note the set up for microlaryngeal surgery.
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A laryngocele presents with hoarseness, cough and if 
large, obstruction to the airway. An external laryngocele 
presents as a reducible swelling in the neck which increases 
in size on coughing or performing Valsalva (Figure 61.6).

Diagnosis can be made by indirect laryngoscopy, and soft 
tissue AP and lateral views of neck with Valsalva. CT scan 
helps to find the extent of lesion.

Treatment is surgical excision through an external neck 
incision. Marsupialization of an internal laryngocele can be 
done by laryngoscopy but there are chances of recurrence.

A laryngocele in an adult may be associated with carci-
noma which causes obstruction of saccule.

NEOPLASTIC

Except for laryngeal papillomas which constitute about 80% 
of the total occurrence of neoplasms of the larynx, others 
are uncommon.

A. SQUAMOUS PAPILLOMAS

They can be divided into (i) juvenile and (ii) adult-onset 
types.

1. JUVENILE PAPILLOMATOSIS (SYN. RESPIRATORY 
PAPILLOMATOSIS)
Juvenile papillomatosis is the most common benign neo-
plasm of the larynx in children. It is viral in origin and is 
caused by human papilloma DNA virus type 6 and 11. It 
is presumed that affected children got the disease at birth 
from their mothers who had vaginal human papilloma virus 
disease.

Papillomas mostly affect supraglottic and glottic regions 
of larynx but can also involve subglottis, trachea and bron-
chi (Figure 61.7). Children who had tracheostomy for respi-
ratory distress due to laryngeal papillomas have higher 
incidence of tracheal and stomal involvement due to seed-
ing. DNA virus particles have been found in the cells of base-
ment membrane of respiratory mucosa and may account for 
widespread involvement and recurrence.

Patient, often a child, between the age of 3 and 5 years 
presents with hoarseness or aphonia with respiratory diffi-
culty or even stridor. Diagnosis is made by flexible fibreoptic 
laryngoscopy and later confirmed by direct laryngoscopy 
and biopsy. Papillomas are known for recurrence but rarely 
undergo malignant change.

A

B

Figure 61.4 (A) Aryepiglottic cyst. It caused intermittent laryngeal 
obstruction. (B) Cyst after removal.

Laryngocele:Thyrohyoid
membrane

Internal
component

External
component

Figure 61.5 Laryngocele mixed type with internal and external 
components.

Figure 61.6 Laryngocele left side as seen on Valsalva (arrow).

Papilloma

Right arytenoid

Endotracheal tube

Vocal cord

Figure 61.7 Supraglottic papillomatosis.
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Treatment consists of microlaryngoscopy and CO2 laser 
excision avoiding injury to vocal ligament. Recurrence is 
common and procedure needs to be repeated several times. 
In the absence of facilities of CO2 laser, tumour can be 
removed under microscope with cup forceps or a debrider 
similar to the one used in endoscopic nasal surgery. Aim 
of therapy is to maintain a good airway, preserve voice and 
avoid recurrence.

Besides surgery, various medical therapies are being 
used an adjuvants. Interferon alpha-2a has shown promis-
ing results but has several side effects including fever, chills, 
myalgia, arthralgia, headache, loss of weight and suppres-
sion of bone marrow. Similarly 13-cis-retinoic acid has been 
used. This too has several side effects.

2. ADULT-ONSET PAPILLOMA
Usually, it is single, smaller in size, less aggressive and does 
not recur after surgical removal. It is common in males (2:1) 
in the age group of 30–50 years and usually arises from the 
anterior half of vocal cord or anterior commissure. Treat-
ment is the same as for juvenile type.

B. CHONDROMA

Most of them arise from cricoid cartilage though they also 
occur on thyroid or arytenoid cartilages. They may present 
in the subglottic area causing dyspnoea or may grow out-
ward from the posterior plate of cricoid and cause sense of 
lump in throat and dysphagia. They affect men four times 
more than women in the age group of 40–60 years.

CT scan is helpful and delineates its extent. Biopsy is 
required for diagnosis. Use of CO2 laser is more help-
ful in taking biopsy of this hard tumour. Treatment con-
sists of excision by laryngofissure or lateral pharyngotomy 

approach depending on the location of the tumour. Large 
and recurrent tumours require laryngectomy.

C. HAEMANGIOMA

Infantile haemangioma involves the subglottic area and pres-
ents with stridor in the first 6 months of life. About 50% of 
such children have haemangiomas elsewhere in the body 
particularly in the head and neck area. They tend to involute 
spontaneously but a tracheostomy may be needed to relieve 
respiratory obstruction if airway is compromised. Most of 
them are of capillary type and can be vaporized with CO2 laser.

Adult haemangiomas involve vocal cord or supraglot-
tic larynx. They are cavernous type and cannot be treated 
with laser. They are left alone if asymptomatic. For larger 
ones causing symptoms, steroid or radiation therapy may 
be employed.

D. GRANULAR CELL TUMOUR

It arises from Schwann cells and is often submucosal. Over-
lying epithelium shows pseudoepitheliomatous hyperplasia, 
which may on histology, resemble well-differentiated carci-
noma. Treatment is removal under microscope. Recurrence 
can occur if not excised completely.

E. GLANDULAR TUMOURS

Pleomorphic adenoma or oncocytoma are rare glandular 
tumours.

F. RARE BENIGN LARYNGEAL TUMOURS

Other rare benign laryngeal tumours include rhabdomy-
oma, neurofibroma, neurilemmoma, lipoma or fibroma.
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EPIDEMIOLOGY

Cancer larynx constitutes 2.63% of all body cancers in 
India. It is ten times more common in males than in females 
(4.79% versus 0.47%). Its incidence is 3.29 new cases in 
males and 0.42 new cases in females per 100,000 popula-
tion (National Cancer Registry, ICMR, April 2005 report). 
Recently, its incidence in females has increased in western 
countries due to more women taking to smoking. Disease 
is mostly seen in the age group of 40–70 years but younger 
people in thirties may occasionally be affected.

AETIOLOGY

Both tobacco and alcohol are well-established risk factors in 
laryngeal cancer. Cigarette smoke contains benzopyrene and 
other hydrocarbons which are carcinogenic in man. Combi-
nation of alcohol and smoking increases the risk 15-folds 
compared to each factor alone (2–3 folds). Previous radia-
tion to neck for benign lesions or laryngeal papilloma may 
induce laryngeal carcinoma. Japanese and Russian workers 
have reported cases of familial laryngeal malignancy incrim-
inating genetic factors. Occupational exposure to asbestos, mus-
tard gas and other chemical or petroleum products has also 
been related to the genesis of laryngeal cancer but without 
conclusive evidence.

TNM CLASSIFICATION AND STAGING

According to AJCC (2002), larynx has been divided into 
three sites (or regions) with several subsites under each site 
(see Table 62.1 and Figure 62.1).

Tumours arising from these sites are further classified by 
TNM system where:

T—indicates tumour and its extent, e.g. T1, T2, T3, etc.
N— indicates regional lymph node enlargement and its 

size, e.g. N0, N1, N2, etc.
M— indicates distant metastasis. Absence of metastasis is 

M0 while presence of metastasis is M1. Depending on 
TNM, tumour is further grouped into various stages.

Thus, each laryngeal cancer can be staged, depend-
ing upon the extent of disease, nodal or distant metastasis 
(Table 62.2). This international staging of disease helps to 
compare the results of different modalities of treatment by 
different workers and assists in the choice of treatment and 
prognosis of disease.

HISTOPATHOLOGY

About 90–95% of laryngeal malignancies are squamous cell 
carcinoma with various grades of differentiation. Cordal 
lesions are often well-differentiated while supraglottic ones 
are anaplastic.

The rest 5–10% of lesions include verrucous carcinoma, 
spindle cell carcinoma, malignant salivary gland tumours 
and sarcomas.

62Cancer Larynx

Pyriform fossa

False cord

Ventricle

True cord

Supraglottis

Glottis

Subglottis

1.0 cm

Figure 62.1 According to AJCC, glottis extends from the horizontal 
plane passing through lateral margin of ventricle at its junction with 
superior surface of the vocal cord to 1 cm below it. Subglottis extends 
from lower limit of glottis to lower border of cricoid cartilage.

Table 62.1  Classification of sites and various 
subsites under each site in larynx  
(AJCC classification, 2002)

Site Subsite

Supraglottis  •  Suprahyoid epiglottis (both lingual and 
laryngeal surfaces)

 •  Infrahyoid epiglottis
 •  Aryepiglottic folds (laryngeal aspect only)
 •  Arytenoids
 •  Ventricular bands (or false cords)

Glottis True vocal cords including anterior and pos-
terior commissure

Subglottis Subglottis up to lower border of cricoid 
cartilage
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Table 62.2  TNM classification of cancer larynx (American Joint Committee on Cancer, 2002)

Supraglottis

T1

T2

T3

T4a

T4b

Tumour limited to one subsite of supraglottis with normal vocal cord mobility.
Tumour invades mucosa of more than one adjacent subsites of supraglottis or glottis or region outside the supraglottis  

(e.g., mucosa of base of tongue, vallecula, medial wall of pyriform sinus) without fixation of the larynx.
Tumour limited to larynx with vocal cord fixation and/or invades any of the following: postcricoid area, pre-epiglottic tissues, 

paraglottic space and/or minor thyroid cartilage invasion.
Tumour invades through the thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft tissues of neck 

including deep extrinsic muscle of tongue, strap muscles, thyroid or oesophagus).
Tumour invades prevertebral space, encases carotid artery or invades mediastinal structures.

Glottis

T1

T1a
T1b
T2

T3

T4a

T4b

Tumour limited to vocal cord(s) (may involve anterior or posterior commissures) with normal mobility.
Tumour limited to one vocal cord.
Tumour involves both vocal cords.
Tumour extends to supraglottis and/or subglottis, and/or with impaired vocal cord mobility.
Tumour limited to the larynx with vocal cord fixation and/or invades paraglottic space and/or minor thyroid cartilage erosion.
Tumour invades through thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft tissues of neck includ-

ing deep extrinsic muscles of the tongue, strap muscles, thyroid, or oesophagus).
Tumour invades prevertebral space, encases carotid artery or invades mediastinal structures.

Subglottis

T1

T2

T3

T4a

T4b

Tumour limited to the subglottis.
Tumour extends to vocal cord(s) with normal or impaired mobility.
Tumour limited to larynx with vocal cord fixation.
Tumour invades cricoid or thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft tissues  

of neck including deep extrinsic muscle of tongue, strap muscles, thyroid or oesophagus).
Tumour invades prevertebral space, encases carotid artery or invades mediastinal structures.

 

Source: Greene FL, Page DL, Fleming ID, et al. (editors). American Joint Committee on Cancer Staging Manual, 6th edition, New York: 
Springer-Verlag, 2002.

Regional lymph nodes (N)

NX

N0

N1

N2

N2a

N2b

N2c

N3

Regional lymph nodes cannot be assessed.
No regional lymph node metastasis.
Metastasis in a single ipsilateral lymph node, 3 cm 

or less in greatest dimension.
Metastasis in a single ipsilateral lymph node, more 

than 3 cm but not more than 6 cm in greatest 
dimension, or multiple ipsilateral lymph nodes, 
none more than 6 cm in greatest dimension, or 
bilateral or contralateral lymph nodes, none more 
than 6 cm in greatest dimension.

Metastasis in a single ipsilateral lymph node more 
than 3 cm but not more than 6 cm in greatest 
dimension.

Metastasis in multiple ipsilateral lymph nodes, none 
more than 6 cm in greatest dimension.

Metastasis in bilateral or contralateral lymph nodes, 
none more than 6 cm in greatest dimension.

Metastasis in a lymph node more than 6 cm in  
greatest dimension.

Distant metastasis (M)

MX

M0

M1

Distant metastasis cannot be assessed.
No distant metastasis.
Distant metastasis.

Stage grouping

0 Tis N0 M0

I T1 N0 M0

II T2 N0 M0

III T3 N0 M0

T1 N1 M0

T2 N1 M0

T3 N1 M0

IVA T4a N0 M0

T4a N1 M0

T1 N2 M0

T2 N2 M0

T3 N2 M0

T4a N2 M0

IVB T4b Any N M0

Any T N3 M0

IVC Any T Any N M1

Histopathologic grade (G)

Grade 1: Well-differentiated
Grade 2: Moderately differentiated
Grade 3: Poorly differentiated
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1. SUPRAGLOTTIC CANCER
Supraglottic cancer is less frequent than glottic cancer. 
Majority of lesions are seen on epiglottis, false cords fol-
lowed by aryepiglottic folds, in that order.

Spread. Cancer of supraglottic region may spread locally 
and invade the adjoining areas, i.e. vallecula, base of tongue 
and pyriform fossa. Cancer of infrahyoid epiglottis and ante-
rior ventricular band may extend into pre-epiglottic space 
and penetrate the thyroid cartilage.

Nodal metastases occur early. Upper and middle jugular 
nodes are often involved. Bilateral metastases may be seen 
in cases of epiglottic cancer.

Symptoms. Supraglottic growths are often silent. Hoarse-
ness is a late symptom. Throat pain, dysphagia and referred 
pain in the ear or mass of lymph nodes in the neck may be 
the presenting features. Weight loss, respiratory obstruction 
and halitosis are late features.

2. GLOTTIC CANCER
In vast majority of cases, laryngeal cancer originates in the 
glottic region. Free edge and upper surface of vocal cord 
in its anterior and middle third is the most frequent site 
(Figures 62.2 and 62.3).

Spread. Locally, the lesion may spread anteriorly to anterior 
commissure and then to the opposite cord; posteriorly to 
vocal process and arytenoid region; upward to ventricle and 
false cord; and downwards to subglottic region. Vocal cord 
mobility is unaffected in early stages.

Fixation of vocal cord indicates spread of disease to thyro-
arytenoid muscle and is a bad prognostic sign.

There are few lymphatics in vocal cords and nodal metas-
tases are practically never seen in cordal lesions unless the 
disease spreads beyond the region of membranous cord.

Symptoms. Hoarseness of voice is an early sign because 
lesions of cord affect its vibratory capacity. It is because of 
this that glottic cancer is detected early.

Increase in size of growths with accompanying oedema or 
cord fixation may cause stridor and laryngeal obstruction.

3. SUBGLOTTIC CANCER (1–2%)
Subglottic region extends from glottic area to lower border 
of cricoid cartilage. Lesions of this region are rare.

Spread. Growth starts on one side of subglottis and may 
spread around the anterior wall to the opposite side or 
downwards to the trachea. Upward spread to the vocal cords 
is late and that is why hoarseness is not an early symptom. 
Subglottic growths can invade cricothyroid membrane, thy-
roid gland and ribbon muscles of neck.

Lymphatic metastases go to prelaryngeal, pretracheal, 
paratracheal and lower jugular nodes.

Symptoms. The earliest presentation of subglottic cancer 
may be stridor or laryngeal obstruction but this is often late 
and by this time disease has already spread sufficiently to 
encroach the airway.

Hoarseness in subglottic cancer indicates spread of dis-
ease to the undersurface of vocal cords, infiltration of thyro-
arytenoid muscle or the involvement of recurrent laryngeal 
nerve at the cricoarytenoid joint. Hoarseness is a late fea-
ture of subglottic growth.

DIAGNOSIS OF LARYNGEAL CANCER

1. History. Symptomatology of glottic, subglottic and supra-
glottic lesions would vary and is described under appropri-
ate heads. It is a dictum that any patient in cancer age group 
having persistent or gradually increasing hoarseness for 3 weeks 
must have laryngeal examination to exclude cancer.

2. Indirect laryngoscopy

 (a)  Appearance of lesion. Appearance of lesion will vary with 
the site of origin.

 (i)  Lesions of suprahyoid epiglottis are usually exophytic 
while those of infrahyoid epiglottis are ulcerative.

 (ii)  Lesions of vocal cord may appear as raised nodule, 
ulcer or thickening.

 (iii)  Lesions of anterior commissure may appear as 
granulation tissue.

 (iv)  Lesions of subglottic region appear as a raised sub-
mucosal nodule, mostly involving the anterior half.

 (b)  Vocal cord mobility. Impairment or fixation of vocal cord 
indicates deeper infiltration into thyroarytenoid mus-
cle, cricoarytenoid joint or invasion of recurrent laryn-
geal nerve and is an important sign.

 (c)  Extent of disease. Spread of disease to vallecula, base of 
tongue and pyriform fossa should be noticed.

C
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Figure 62.2 Cancer larynx. (A) Supraglottic. (B) Glottic. (C) Subglottic.

Arytenoid

Epiglottic

Figure 62.3 Laryngeal cancer involving supraglottic, glottic and 
subglottic area as seen on rigid endoscopy.
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3. Flexible fibreoptic or rigid laryngoscopy or video 
laryngoscopy. It is an outdoor procedure and allows detailed 
documentation of laryngeal pathology.

4. Examination of neck. It is done to find (i) extralaryn-
geal spread of disease and (ii) nodal metastasis. Growths of 
anterior commissure and subglottic region spread through 
cricothyroid membrane and may produce a midline swell-
ing. They may also invade the thyroid cartilage and cause 
perichondritis when cartilage will be tender on palpation. 
Thyroid gland and strap muscles may also be invaded.

Search should be made for metastatic lymph nodes, their 
size and number; and also if they are mobile or fixed, unilat-
eral, bilateral or contralateral.

5. Radiography

 (a)  X-ray chest. It is essential for coexistent lung disease (e.g. 
tuberculosis), pulmonary metastasis or mediastinal nodes.

 (b)  Soft tissue lateral view neck. Extent of lesions of epiglottis, 
aryepiglottic folds, arytenoids and involvement of pre-
epiglottic space may be seen. Destruction of thyroid 
cartilage may be seen. This is now superceded by com-
puted tomography (CT) scan and magnetic resonance 
imaging (MRI).

 (c)  CT scan. It is a very useful investigation to find the 
extent of tumour, invasion of pre-epiglottic or paraglot-
tic space, destruction of cartilage and cervical lymph 
node involvement.

 (d)  MRI. More useful in recurrent cancers after radiotherapy.

6. Direct laryngoscopy. It is done to see (i) the hidden areas 
of larynx and (ii) extent of disease.

Hidden areas of the larynx include infrahyoid epiglottis, 
anterior commissure, subglottis and ventricle, which may 
not be clearly seen by mirror examination making direct 
laryngoscopy essential.

7. Microlaryngoscopy. For small lesions of vocal cords, 
laryngoscopy is done under microscope to better visualize 
the lesion and take more accurate biopsy specimens without 
damaging the cord.

8. Supravital staining and biopsy. It is useful in selection of 
the site of biopsy in leukoplakic lesion. Toluidine blue is 
applied to the laryngeal lesion and then washed with saline 
and examined under the operating microscope. Carcinoma 
in situ and superficial carcinomas take up the dye while 
leukoplakia does not. Thus, it helps to select the area for 
biopsy in a leukoplakic patch.

TREATMENT OF LARYNGEAL CANCER

It depends upon the site of lesion, extent of lesion, pres-
ence or absence of nodal and distant metastases. Treatment 
consists of:

 1.  Radiotherapy
 2.  Surgery
 (a)  Conservation laryngeal surgery
 (b)  Total laryngectomy
 3.  Combined therapy. Surgery with pre- or postoperative 

radiotherapy
 4.  Endoscopic CO2 laser excision
 5.  Organ preservation

1. Radiotherapy. Curative radiotherapy is reserved for early 
lesions which neither impair cord mobility nor invade car-
tilage or cervical nodes. Cancer of the vocal cord without 
impairment of its mobility gives a 90% cure rate after irradi-
ation and has the advantage of preservation of voice. Super-
ficial exophytic lesions, especially of the tip of epiglottis, 
and aryepiglottic folds give 70–90% cure rate. Radiotherapy 
does not give good results in lesions with fixed cords, sub-
glottic extension, cartilage invasion and nodal metastases. 
These lesions require surgery.

2. Surgery

 (a)  Conservation surgery. Earlier total laryngectomy was 
done for most of the laryngeal cancers and the patient 
was left with no voice and a permanent tracheostome. 
Lately, there has been a trend for conservation laryn-
geal surgery which can preserve voice and also avoids a 
permanent tracheal opening. However, few cases would 
be suitable for this type of surgery and they should be 
carefully selected. Conservation surgery includes:

 (i)  Excision of vocal cord after splitting the larynx 
(cordectomy via laryngofissure).

 (ii)  Excision of vocal cord and anterior commissure 
region (partial frontolateral laryngectomy).

 (iii)  Excision of supraglottis, i.e. epiglottis, aryepi-
glottic folds, false cords and ventricle—a sort 
of transverse section of larynx above the vocal 
cords (partial horizontal laryngectomy).

 (b)  Total laryngectomy. The entire larynx including the 
hyoid bone, pre-epiglottic space, strap muscles and one 
or more rings of trachea are removed. Pharyngeal wall 
is repaired and lower tracheal stump sutured to the 
skin for breathing.

Laryngectomy may be combined with block dissection for 
nodal metastasis.

Total laryngectomy is indicated in the following 
conditions:

 (i)  T3 lesions (i.e. with cord fixed)
 (ii)  All T4 lesions
 (iii)  Invasion of thyroid or cricoid cartilage
 (iv)  Bilateral arytenoid cartilage involvement
 (v)  Lesions of posterior commissure
 (vi)  Failure after radiotherapy or conservation surgery
 (vii)  Transglottic cancers, i.e. tumours involving supraglottis 

and glottis across the ventricle, causing fixation of the 
vocal cord.

It is contraindicated in patients with distant metastasis.

3. Combined therapy. Surgical ablation may be combined 
with pre- or postoperative radiation to decrease the inci-
dence of recurrence. Preoperative radiation may also ren-
der fixed nodes resectable.

4. Endoscopic resection with CO2 laser. Carcinoma of the 
mobile membranous vocal cord is traditionally treated with 
radiotherapy. Now such lesions can be precisely excised with 
CO2 laser under microscope with the same good results. 
Laser excision has the advantages of lower cost, lower dura-
tion of treatment and morbidity.

Similar T1 lesions of the supra- or infrahyoid epiglottis 
with or without neck nodes have been treated with CO2 
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laser. Cervical nodes in such cases are managed surgically 
with appropriate neck dissection.

Endoscopic CO2 laser is getting popular at some centres 
where facilities of CO2 laser and expertise are available.

5. Organ preservation. To avoid total laryngectomy in stage 
III and IV, trials were conducted for laryngeal preserva-
tion. They showed that induction chemotherapy followed 
by radiotherapy or concurrent chemoradiation showed 
better locoregional control of disease than laryngectomy 
with  postoperative radiotherapy. It also had the advantage 
of preservation of laryngeal function. However concurrent 
chemoradiation causes more toxicity and proper selection 
of cases should be made. Such studies of organ preservation 
may also improve quality of life.

GLOTTIC CARCINOMA

Carcinoma in situ. It is best treated by transoral endoscopic 
CO2 laser. If laser is not available, stripping of vocal cord 
is done under microscope and tissue subjected to biopsy. 
If biopsy shows invasive carcinoma, radiotherapy is given. If 
biopsy confirms only carcinoma in situ, treatment is regular 
follow-up.

Invasive carcinoma
T1— carcinoma. Radiotherapy is the treatment of choice. 

If radiotherapy is refused or not available, excision 
of cord by endoscopic CO2 laser or laryngofissure is 
performed.

T1— carcinoma with extension to anterior commissure. Radio-
therapy is the best choice. In the absence of this, fron-
tolateral partial laryngectomy is done with regular 
follow-up. If it fails, total laryngectomy is performed.

T1— carcinoma with extension to arytenoid. Treatment is same 
as above but surgery is preferred.

T2N0— It implies tumour of the glottic region, i.e. vocal 
cord(s), anterior commissure and/or vocal pro-
cess of the arytenoid with extension to supraglot-
tic or subglottic regions but with no lymph node 
involvement. Treatment depends on two factors 
(see Figure 62.4).

 1.  Is mobility of vocal cord normal or impaired?
 2.  Is there involvement of anterior commissure 

and/or arytenoid?

If cord is mobile and anterior commissure and aryte-
noid are not involved, radiotherapy gives good results. Such 
patients are kept under regular follow-up. If disease recurs, 
total laryngectomy is performed. Some surgeons will still 
consider partial vertical laryngectomy to preserve voice in 
such radiation-failed cases.

If anterior commissure and/or arytenoid are involved 
or cord mobility is impaired, radiotherapy is not preferred 
because of the possibility of developing perichondritis 
which would entail total laryngectomy. In such cases, some 
form of conservation surgery such as vertical hemilaryn-
gectomy or frontolateral laryngectomy is done to preserve 
the voice. Such patients are also kept under regular follow-
up and converted to total laryngectomy if disease recurs.

In N0 neck, in T2 carcinoma, chances of occult nodal 
metastasis are less than 25%, therefore prophylactic neck 

dissection is not done. However, if radiation is considered 
the mode of treatment, for the primary, upper neck nodes 
are included in the radiation field.

Cord mobility is important in determining the outcome of 
T2 lesions. Normal cord mobility suggests growth is only lim-
ited to the surface. Impaired mobility indicates deeper inva-
sion into intrinsic laryngeal muscles or paraglottic space and 
thus poor response to radiation. Invasion of paraglottic or 
subglottic space is also associated with undetected invasion 
of laryngeal cartilages and hence poor survival results. With 
radiation, cure rate of T2 lesions, with normal cord mobility, 
is 86% and it drops to 63% if cord mobility is impaired.

T3 and T4 glottic carcinomas are best treated by total lar-
yngectomy. It is combined with neck dissection if nodes are 
palpable. More advanced T4 lesions are treated by combined 
therapy, i.e. surgery with postoperative radiotherapy or only 
palliative treatment.

Subglottic cancer. Early lesions T1 and T2 are treated by 
radiotherapy. T3 and T4 lesions require total laryngectomy 
and postoperative radiation. Radiation portal should also 
include superior mediastinum.

Supraglottic cancer. Following factors are considered in the 
treatment option:

 1.  Status of cervical lymph nodes
 2.  Mobility of cord
 3.  Age of the patient
 4.  Status of lung functions
 5.  Cartilage invasion
 6.  Subsite of supraglottis involved
 7.  Status of pre-epiglottic space involvement

T1 lesions respond well to radiation. They can also be 
excised with CO2 laser.

T2 lesions are treated by supraglottic laryngectomy with 
or without neck dissection if lung function is good. If lung 
function is poor, radiotherapy can be given to the primary 
and the nodes.

T3 and T4 lesions often require total laryngectomy with 
neck dissection and postoperative radiotherapy to neck.
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Figure 62.4 Algorithm for treatment of T2N0 glottic cancer.
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VOCAL REHABILITATION AFTER TOTAL 
LARYNGECTOMY

After laryngectomy, patient loses his speech completely. Var-
ious methods by which communication can be established 
are listed in Table 62.3.

1. Oesophageal speech. In this, patient is taught to swallow 
air and hold it in the upper oesophagus and then slowly 
eject it from the oesophagus into the pharynx. Patient can 

speak six to ten words before reswallowing air. Voice is rough 
but loud and understandable.

2. Artificial larynx. It is used in those who fail to learn 
oesophageal speech.

 (a)  Electrolarynx. It is a transistorized, battery operated porta-
ble device. Its vibrating disc is held against the soft tissues 
of the neck and a low-pitched sound is produced in the 
hypopharynx which is further modulated into speech by 
the tongue, lips, teeth and palate (Figure 62.5A,B).

 (b)  Transoral pneumatic device. Another type of artificial lar-
ynx is a transoral device. Here vibrations produced in 
a rubber diaphragm are carried by a plastic tube into 
the back of the oral cavity where sound is converted 
into speech by modulators. This is a pneumatic type of 
device and uses expired air from the tracheostome to 
vibrate the diaphragm.

3. Tracheo-oesophageal speech. Here attempt is made to 
carry air from trachea to oesophagus or hypopharynx by the 
creation of skin-lined fistula or by placement of an artificial 
prosthesis. The vibrating column of air entering the pharynx 
is then modulated into speech. This technique has the disad-
vantage of food entering the trachea. These days prosthesis 
(Blom-Singer or Panje) are being used to shunt air from tra-
chea to the oesophagus. They have inbuilt valves which work 
only in one direction thus preventing problems of aspiration.

Table 62.3  Methods of communication  
in laryngectomized patients

 •  Written language (pen and paper)
 •  Aphonic lip speech (by trapping air in buccal cavity; often 

combined with sign language)
 •  Oesophageal speech
 •  Electrolarynx
 •  Transoral pneumatic device
 •  Tracheo-oesophageal speech
 •  Blom–Singer prosthesis
 •  Panje prosthesis

A B

Figure 62.5 (A) Electrolarynx. (B) A laryngectomized patient using the electrolarynx to produce sound.
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HOARSENESS

Hoarseness is defined as roughness of voice resulting from 
variations of periodicity and/or intensity of consecutive 
sound waves.

For production of normal voice, vocal cords should:

 1.  Be able to approximate properly with each other.
 2.  Have a proper size and stiffness.
 3.  Have an ability to vibrate regularly in response to air 

column.

Any condition that interferes with the above functions 
causes hoarseness.

 (a)  Loss of approximation may be seen in vocal cord paralysis 
or fixation or a tumour coming in between the vocal 
cords.

 (b)  Size of the cord may increase in oedema of the cord or a 
tumour; there is a decrease in partial surgical excision 
or fibrosis.

 (c)  Stiffness may decrease in paralysis, increase in spastic 
dysphonia or fibrosis.

Cords may not be able to vibrate properly in the presence 
of congestion, submucosal haemorrhages, nodule or a polyp.

AETIOLOGY

Hoarseness is a symptom and not a disease per se. The 
causes of hoarseness are summarized in Table 63.1.

INVESTIGATIONS

 1.  History. Mode of onset and duration of illness, patient’s 
occupation, habits and associated complaints are impor-
tant and would often help to elucidate the cause. Any 
hoarseness persisting for more than 3 weeks deserves examina-
tion of larynx. Malignancy should be excluded in patients above 
40 years.

 2.  Indirect laryngoscopy. Many of the local laryngeal causes 
can be diagnosed.

 3.  Examination of neck, chest, cardiovascular and neu-
rological system would help to find cause for laryngeal 
paralysis.

 4.  Laboratory investigations and radiological examination 
should be done as per dictates of the cause suspected on 
clinical examination.

 5.  Direct laryngoscopy and microlaryngoscopy help in 
detailed examination, biopsy of the lesions and assess-
ment of the mobility of cricoarytenoid joints.

 6.  Bronchoscopy and oesophagoscopy may be required in 
cases of paralytic lesions of the cord to exclude malignancy.

DYSPHONIA PLICA VENTRICULARIS 
(VENTRICULAR DYSPHONIA)

Here voice is produced by ventricular folds (false cords) 
which have taken over the function of true cords. Voice is 
rough, low-pitched and unpleasant. Ventricular voice may 
be secondary to impaired function of the true cord such as 
paralysis, fixation, surgical excision or tumours. Ventricular 
bands in these situations try to compensate or assume pho-
natory function of true cords.

Functional type of ventricular dysphonia occurs in nor-
mal larynx. Here cause is psychogenic. In this type, voice 
begins normally but soon becomes rough when false cords 
usurp the function of true cords. Diagnosis is made on indi-
rect laryngoscopy; the false cords are seen to approximate 
partially or completely and obscure the view of true cords 

63Voice and Speech Disorders

Table 63.1  Causes of hoarseness

1. Inflammations
Acute Acute laryngitis usually following 

cold, influenza, exanthematous 
fever, laryngo-tracheo-bronchitis, 
diphtheria

Chronic (i) Specific. Tuberculosis, syphilis, 
scleroma, fungal infections

(ii) Nonspecific. Chronic laryngitis, 
atrophic laryngitis

2. Tumours
Benign Papilloma (solitary and multiple), 

haemangioma, chondroma, 
fibroma, leukoplakia

Malignant Carcinoma
Tumour-like masses Vocal nodule, vocal polyp,  

angiofibroma, amyloid tumour, 
contact ulcer, cysts, laryngocele

3. Trauma Submucosal haemorrhage, laryngeal 
trauma (blunt and sharp), foreign 
bodies, intubation

4. Paralysis Paralysis of recurrent, superior 
laryngeal or both nerves

5. Fixation of cords Arthritis or fixation of cricoarytenoid 
joints

6. Congenital Laryngeal web, cyst, laryngocele
7. Miscellaneous Dysphonia plica ventricularis, 

myxoedema, gout
8. Functional Hysterical aphonia
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on phonation. Ventricular dysphonia secondary to laryngeal 
disorders is difficult to treat but the functional type can be 
helped through voice therapy and psychological counselling.

FUNCTIONAL APHONIA  
(HYSTERICAL APHONIA)

It is a functional disorder mostly seen in emotionally labile 
females in the age group of 15–30 years. Aphonia is usually 
sudden and unaccompanied by other laryngeal symptoms. 
Patient communicates with whisper. On examination, vocal 
cords are seen in abducted position and fail to adduct on 
phonation; however, adduction of vocal cords can be seen 
on coughing, indicating normal adductor function. Even 
though patient is aphonic, sound of cough is good. Treat-
ment given is to reassure the patient of normal laryngeal 
function and psychotherapy.

PUBERPHONIA (MUTATIONAL  
FALSETTO VOICE)

Normally, childhood voice has a higher pitch. When the lar-
ynx matures at puberty, vocal cords lengthen and the voice 
changes to one of lower pitch. This is a feature exclusive to 
males. Failure of this change leads to persistence of child-
hood high-pitched voice and is called puberphonia. It is seen 
in boys who are emotionally immature, feel insecure and 
show excessive fixation to their mother. Psychologically, they 
shun to assume male responsibilities though their physical 
and sexual development is normal. Treatment is training 
the body to produce low-pitched voice. Pressing the thyroid 
prominence in a backward and downward direction relaxes 
the overstretched cords and low tone voice can be produced 
(Gutzmann’s pressure test). The patient pressing on his lar-
ynx learns to produce low tone voice and then trains himself 
to produce syllables, words and numbers. Prognosis is good.

PHONASTHENIA

It is weakness of voice due to fatigue of phonatory mus-
cles. Thyroarytenoid and interarytenoids or both may be 
affected. It is seen in abuse or misuse of voice or following 
laryngitis. Patient complains of easy fatiguability of voice. 
Indirect laryngoscopy shows three characteristic findings:

 1.  Elliptical space between the cords in weakness of 
thyroarytenoid.

 2.  Triangular gap near the posterior commissure in weak-
ness of interarytenoid.

 3.  Key-hole appearance of glottis when both thyroarytenoid 
and interarytenoids are involved (Figure 63.1).

Treatment is voice rest and vocal hygiene, emphasizing on 
periods of voice rest after excessive use of voice.

DYSPHONIA

Dysphonia can be divided into three types: adductor, abduc-
tor and mixed.

ADDUCTOR DYSPHONIA

The adductor muscles of larynx go into spasm causing 
vocal cords to go into adduction. Voice becomes strained 
or strangled, and phonation is interrupted in between 
leading to voice breaks. Larynx is however morphologically 
normal. Severity of the condition differs from mild and 
intermittent symptoms to those with moderate or severe 
dysphonia. Flexible fibreoptic laryngoscopy is useful dur-
ing which patient’s speech, sustained phonation and respi-
ratory activities are studied. Patient may have tremors of 
larynx, palate and pharynx.

Aetiology of the condition is uncertain but one should 
exclude neurological conditions such as Parkinsonism, 
myoclonus, pseudobulbar palsy, multiple sclerosis, cerebel-
lar disorders, tardive dyskinesia and amyotrophic lateral 
sclerosis. CT scan and MRI are not useful but help to rule 
out neurological conditions.

Treatment consists of botulinum toxin injections in the thy-
roarytenoid muscle on one or both sides to relieve spasm. Per-
cutaneous electromyography (EMG) guided route through 
cricothyroid space is preferred. Dose of botulinum toxin 
depends on severity of the condition. Toxin injections relieve 
voice breaks due to spasms and improve airflow but the ben-
efit lasts only up to 16 weeks or so when repeat injection may 
be needed. Sometimes, if dose of toxin is not regulated it may 
cause breathiness of voice and discomfort to swallow.

Voice therapy is useful to improve voice and the duration 
of benefit. Voice therapy alone without injection does not 
help much. Earlier disease was considered to be psychologi-
cal in origin but psychotherapy was not found useful. Sec-
tion of recurrent laryngeal to paralyze the cord/cords has 
been used in the past but it interferes with glottic closure 
leading to breathy and weak voice and swallowing discom-
fort. This treatment is still used when injection treatment 
fails and the spasms are severe.

ABDUCTOR DYSPHONIA

It is due to spasms of posterior cricoarytenoid muscle (the 
only abductor) and thus keeping the glottis open. Patient 
gets a breathy voice or breathy breaks in voice. The condition 
is gradually progressive and the symptoms get aggravated 
during periods of stress or when patient uses telephone.

BA

C
Figure 63.1 Appearances of glottis in phonasthenia. (A) Weakness 
of thyroarytenoid. (B) Interarytenoid. (C) Thyroarytenoid and interary-
tenoid.
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Like adductor spasm dysphonia, cause of abductor spas-
modic dysphonia is not known.

Treatment is injection of botulinum toxin in posterior 
cricoarytenoid muscles. It can be done by percutaneous or 
endoscopic route. The former being used with EMG guid-
ance. Results of injection are not as good as in adductor 
spasmodic dysphonia. Only about 50% of patients improve 
and the duration of improvement is also less.

Disadvantages of injection treatment are that it may com-
promise vocal cord movements with respiration leading to 
airway obstruction.

Patients who do not respond to toxin injection can be 
treated by thyroplasty type I or fat injection. A prior gelfoam 
injection can be used to judge the effectiveness of the above 
procedure.

Speech therapy should be combined with injection treat-
ment as speech therapy alone may not be effective.

MIXED DYSPHONIA

It is more complex, both the adductor and abductor func-
tion may be affected.

HYPONASALITY (RHINOLALIA CLAUSA)

It is lack of nasal resonance for words which are resonated in 
the nasal cavity, e.g. m, n, ng.

It is due to blockage of the nose or nasopharynx. Impor-
tant causes are listed in Table 63.2.

HYPERNASALITY (RHINOLALIA APERTA)

It is seen when certain words which have little nasal reso-
nance are resonated through nose. The defect is in failure 
of the nasopharynx to cut off from oropharynx or abnormal 

communication between the oral and nasal cavities. The 
causes are listed in Table 63.2.

STUTTERING

It is a disorder of fluency of speech and consists of hesita-
tion to start, repetitions, prolongations or blocks in the flow 
of speech. When well-established, a stutterer may develop 
secondary mannerisms such as facial grimacing, eye blink 
and abnormal head movements. Normally, most of the chil-
dren have dysfluency of speech between 2 and 4 years. If too 
much attention is given or child reprimanded by parents and 
peers, this behaviour pattern may become fixed and child 
may develop into an adult stutterer. Stuttering can be pre-
vented by proper education of the parents, not to overreact 
to child’s dysfluency in early stages of speech development. 
Treatment of an established stutterer is speech therapy and 
psychotherapy to improve his image as a speaker and reduce 
his fear of dysfluency.

Table 63.2  Causes of hyponasality and hypernasality

Hyponasality Hypernasality

Common cold
Nasal allergy
Nasal polypi
Nasal growth
Adenoids
Nasopharyngeal mass
Familial speech pattern
Habitual

Velopharyngeal insufficiency
Congenitally short soft palate
Submucous palate
Large nasopharynx
Cleft of soft palate
Paralysis of soft palate
Postadenoidectomy
Oronasal fistula
Familial speech pattern
Habitual speech pattern
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TRACHEOSTOMY

Tracheostomy is making an opening in the anterior wall of 
trachea and converting it into a stoma on the skin surface. 
Sometimes, the term tracheotomy has been interchangeably 
used but the latter actually means opening the trachea, 
which is a step in the tracheostomy operation.

FUNCTIONS OF TRACHEOSTOMY

 1.  Alternative pathway for breathing. This circumvents 
any obstruction in the upper airway from lips to the 
tracheostome.

 2.  Improves alveolar ventilation. In cases of respiratory 
insufficiency, alveolar ventilation is improved by:

 (a)  Decreasing the dead space by 30–50% (normal dead 
space is 150 mL).

 (b)  Reducing the resistance to airflow.
 3.  Protects the airways. By using cuffed tube, tracheobron-

chial tree is protected against aspiration of:
 (a)  Pharyngeal secretions, as in case of bulbar paralysis 

or coma.
 (b)  Blood, as in haemorrhage from pharynx, larynx or 

maxillofacial injuries. With tracheostomy, pharynx 
and larynx can also be packed to control bleeding.

 4.  Permits removal of tracheobronchial secretions. When 
patient is unable to cough as in coma, head injuries, 
respiratory paralysis; or when cough is painful, as in 
chest injuries or upper abdominal operations, the tra-
cheobronchial airway can be kept clean of secretions by 
repeated suction through the tracheostomy, thus avoid-
ing need for repeated bronchoscopy or intubation which 
is not only traumatic but also requires expertise.

 5.  Intermittent positive pressure respiration (IPPR). If 
IPPR is required beyond 72 h, tracheostomy is superior 
to intubation.

 6.  To administer anaesthesia. In cases where endotracheal 
intubation is difficult or impossible as in laryngopharyn-
geal growths or trismus.

INDICATIONS OF TRACHEOSTOMY

There are three main indications (Table 64.1)

 1.  Respiratory obstruction.
 2.  Retained secretions.
 3.  Respiratory insufficiency.

TYPES OF TRACHEOSTOMY

	•	 	Emergency	tracheostomy
	•	 	Elective	or	tranquil	tracheostomy
	•	 	Permanent	tracheostomy
	•	 	Percutaneous	dilatational	tracheostomy
	•	 	Mini	tracheostomy	(cricothyroidotomy)

1. Emergency tracheostomy. It is employed when airway 
obstruction is complete or almost complete and there is an 
urgent need to establish the airway. Intubation or laryngot-
omy are either not possible or feasible in such cases.

2. Elective tracheostomy (syn. tranquil, orderly or routine 
tracheostomy). This is a planned, unhurried procedure. 
Almost all operative surgical facilities are available, endotra-
cheal tube can be put and local or general anaesthesia can 
be given. It is of two types:

 (a)  Therapeutic, to relieve respiratory obstruction, remove 
tracheobronchial secretions or give assisted ventilation.

 (b)  Prophylactic, to guard against anticipated respiratory 
obstruction or aspiration of blood or pharyngeal secre-
tions such as in extensive surgery of tongue, floor of 
mouth, mandibular resection or laryngofissure.

Elective	tracheostomy	is	often	temporary	and	is	closed	when	
indication is over.

3. Permanent tracheostomy. This may be required for cases 
of bilateral abductor paralysis or laryngeal stenosis. In laryn-
gectomy or laryngopharyngectomy, lower tracheal stump is 
brought to surface and stitched to the skin.

Tracheostomy has also been divided into high, mid or 
low. A high tracheostomy is done above the level of thyroid 
isthmus (isthmus lies against II, III and IV tracheal rings). 
It violates the first ring of trachea. Tracheostomy at this site 
can cause perichondritis of the cricoid cartilage and sub-
glottic stenosis and is always avoided. Only indication for 
high tracheostomy is carcinoma of larynx because in such 
cases, total larynx anyway would ultimately be removed 
and a fresh tracheostome made in a clean area lower down. 
A mid tracheostomy is the preferred one and is done  
through the II or III ring and would entail division of the 
thyroid isthmus or its retraction upwards or downwards to 
expose this part of trachea. A low tracheostomy is done 
below the level of isthmus. Trachea is deep at this level 
and close to several large vessels; also there are difficulties 
with tracheostomy tube which impinges on suprasternal  
notch.

64 Tracheostomy and Other 
Procedures for Airway 
Management
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TECHNIQUE

Whenever possible, endotracheal intubation should be 
done before tracheostomy. This is specially important in 
infants and children.

Position. Patient lies supine with a pillow under the shoul-
ders so that neck is extended. This brings the trachea 
forward.

Anaesthesia. No anaesthesia is required in unconscious 
patients or when it is an emergency procedure. In conscious 
patients, 1–2% lignocaine with epinephrine is infiltrated in 
the line of incision and the area of dissection. Sometimes, 
general anaesthesia with intubation is used.

STEPS OF OPERATION

 1.  A vertical incision is made in the midline of neck, 
extending from cricoid cartilage to just above the ster-
nal notch. This is the most favoured incision and can 
be used in emergency and elective procedures. It gives 
rapid access with minimum of bleeding and tissue dissec-
tion. A transverse incision, 5 cm long, made two fingers’ 

breadth above the sternal notch can be used in elective 
procedures. It has the advantage of a cosmetically better 
scar (Figure 64.1).

 2.  After incision, tissues are dissected in the midline. Dilated 
veins are either displaced or ligated.

 3.  Strap muscles are separated in the midline and retracted 
laterally.

 4.  Thyroid isthmus is displaced upwards or divided between 
the clamps, and suture ligated.

 5.  A few drops of 4% lignocaine are injected into the trachea 
to suppress cough when trachea is incised.

 6.  Trachea is fixed with a hook and opened with a verti-
cal incision in the region of third and fourth or third 
and second rings. This is then converted into a circular 
opening. The first tracheal ring is never divided as peri-
chondritis of cricoid cartilage with stenosis can result 
(Figure 64.2).

Table 64.1  Indications for tracheostomy

 1.  Respiratory obstruction
 (a)  Infections
 (i)  Acute laryngo-tracheo-bronchitis, acute epiglottitis, 

diphtheria
 (ii)  Ludwig’s angina, peritonsillar, retropharyngeal or 

parapharyngeal abscess, tongue abscess
 (b)  Trauma
 (i)  External injury of larynx and trachea
 (ii)  Trauma due to endoscopies, especially in infants and 

children
 (iii)  Fractures of mandible or maxillofacial injuries
 (c)  Neoplasms
    Benign and malignant neoplasms of larynx, pharynx, 

upper trachea, tongue and thyroid
 (d)  Foreign body larynx
 (e)  Oedema larynx due to steam, irritant fumes or gases, 

allergy (angioneurotic or drug sensitivity), radiation
 (f)  Bilateral abductor paralysis
 (g)  Congenital anomalies
 –  Laryngeal web, cysts, tracheo-oesophageal fistula
 –  Bilateral choanal atresia
 2.  Retained secretions
 (a)  Inability to cough
 (i)  Coma of any cause, e.g. head injuries, cerebrovascu-

lar accidents, narcotic overdose
 (ii)  Paralysis of respiratory muscles, e.g. spinal injuries, 

polio, Guillain–Barre syndrome, myasthenia gravis
 (iii)  Spasm of respiratory muscles, tetanus, eclampsia, 

strychnine poisoning
 (b)  Painful cough
    Chest injuries, multiple rib fractures, pneumonia
 (c)  Aspiration of pharyngeal secretions
    Bulbar polio, polyneuritis, bilateral laryngeal paralysis
 3.  Respiratory insufficiency

Chronic lung conditions, viz. emphysema, chronic bronchi-
tis, bronchiectasis, atelectasis
Conditions listed in A and B

A

B

Figure 64.1 Skin incisions in tracheostomy. (A) Vertical midline 
incision. (B) Transverse incision.

Figure 64.2 Mid tracheostomy. Thyroid isthmus is divided and 
ligated.



318 SECTION V — DISEASES OF LARYNX AND TRACHEA

 7.  Tracheostomy tube of appropriate size is inserted and 
secured by tapes (see p. 461 for different types and size 
of tracheostomy tubes).

 8.  Skin incision should not be sutured or packed tightly as it 
may lead to development of subcutaneous emphysema.

 9.  Gauze dressing is placed between the skin and flange of 
the tube around the stoma.

TRACHEOSTOMY IN INFANTS AND CHILDREN

Important conditions requiring tracheostomy in this age 
group are listed in Table 64.2.

Great care and caution is required when doing tracheos-
tomy in infants and children lest it is attended with compli-
cations that are avoidable.

 1.  Trachea of infants and children is soft and compressible 
and its identification may become difficult and the sur-
geon may easily displace it and go deep or lateral to it 
injuring recurrent laryngeal nerve or even the carotid. 
It is always useful to have an endotracheal tube or a 
bronchoscope inserted into trachea before operation. 
Tracheostomy in infants and children is preferably done 
under general anaesthesia.

 2.  During positioning, do not extend the neck too much 
as this pulls structures from chest into the neck and 
thus injury may occur to pleura, innominate vessels and 
thymus or the tracheostomy opening may be made too 
low near suprasternal notch.

 3.  Before incising trachea, silk sutures are placed in the 
trachea, on either side of midline.

 4.  Tracheal lumen is small, do not insert knife too deep; 
it will injure posterior tracheal wall or even oesophagus 
causing tracheo-oesophageal fistula.

 5.  Trachea is simply incised, without excising a circular 
piece of tracheal wall.

 6.  Avoid infolding of anterior tracheal wall when inserting 
the tracheostomy tube.

 7.  Selection of tube is important. It should be of proper 
diameter, length and curvature. A long tube impinges on 
the carina or right bronchus. With high curvature, lower 
end of tube impinges on anterior tracheal wall while 
upper part compresses the tracheal rings or cricoid (see 
Appendix II, p. 451).

	8.	 	Use	soft	silastic	or	portex	tube.	Metallic	tubes	cause	more	
trauma.

 9.  Take a postoperative X-ray of the neck and chest to 
ascertain the position of the tracheostomy tube.

POSTOPERATIVE CARE

 1.  Constant supervision. After tracheostomy, constant 
supervision of the patient for bleeding, displacement or 
blocking of tube and removal of secretions is essential. 
A nurse or patient’s relative should be in attendance. 
Patient is given a bell or a paper pad and a pencil to 
communicate.

 2.  Suction. Depending on the amount of secretion, suction 
may be required every half an hour or so; use sterile cath-
eters with a Y-connector to break suction force. Suction 
injuries to tracheal mucosa should be avoided. This is 
done by applying suction to the catheter only when with-
drawing it (Figure 64.3).

 3.  Prevention of crusting and tracheitis. This is achieved by
 (a)  Proper humidification, by use of humidifier, steam 

tent, ultrasonic nebulizer or keeping a boiling kettle 
in the room.

 (b)  If crusting occurs, a few drops of normal or hypo-
tonic saline or Ringer’s lactate are instilled into the 
trachea every 2–3 h to loosen crusts. A mucolytic 
agent such as acetylcysteine solution can be instilled 
to liquify tenacious secretions or to loosen the crusts.

 4.  Care of tracheostomy tube. Inner cannula should be 
removed and cleaned as and when indicated for the first 
3 days. Outer tube, unless blocked or displaced, should 
not be removed for 3–4 days to allow a track to be formed 
when tube placement will become easy. After 3–4 days, 
outer tube can be removed and cleaned every day.

If cuffed tube is used, it should be periodically deflated to 
prevent pressure necrosis or dilatation of trachea.

Decannulation. Tracheostomy tube should not be kept 
longer than necessary. Prolonged use of tube leads to tra-
cheobronchial infections, tracheal ulceration, granulations, 
stenosis and unsightly scars.

To decannulate a patient, tracheostomy tube is plugged 
and the patient closely observed. If the patient can toler-
ate it for 24 h, tube can be safely removed. In children, the 
above procedure is done using a smaller tube. After tube 
removal, wound is taped and patient again closely observed. 

Table 64.2  Common indications of tracheostomy  
in infants and children

	•	 	Infants below 1 year (mostly congenital lesions)
	 •	 	Subglottic haemangioma
	 •	 	Subglottic stenosis
	 •	 	Laryngeal cyst
	 •	 	Glottic web
	 •	 	Bilateral vocal cord paralysis
	•	 	Children (mostly inflammatory or traumatic lesions)
	 •	 	Acute laryngo-tracheo-bronchitis
	 •	 	Epiglottitis
	 •	 	Diphtheria
	 •	 	Laryngeal oedema (chemical/thermal injury)
	 •	 	External laryngeal trauma
	 •	 	Prolonged intubation
	 •	 	Juvenile laryngeal papillomatosis

Figure 64.3 Tracheotomized patient of laryngeal cancer with suction-
aid tracheostomy tube and receiving oxygen through a side port.
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Healing of the wound takes place within a few days or a week.  
Rarely a secondary closure of wound may be required.

Observe the following principles when decannulating an 
infant or a young child:

 1.  Decannulate in the operation theatre where services of a 
trained nurse and an anaesthetist are available.

	2.	 	Equipment	 for	 reintubation	 should	 be	 available	 imme-
diately. It consists of a good headlight, laryngoscope, 
proper-sized endotracheal tubes and a tracheostomy tray.

 3.  After decannulation, watch the child for several hours for 
respiratory distress, tachycardia and colour oxymetry is 
very useful to monitor oxygen saturation. It may require 
blood gas determinations. When attempts at decannula-
tion are not successful, look for the cause. It may be:

 (a)  Persistence of the condition for which tracheostomy 
was done.

 (b)  Obstructing granulations around the stoma or below 
it where tip of the tracheostomy tube had been 
impinging.

 (c)  Tracheal oedema or subglottic stenosis.
 (d)  Incurving of tracheal wall at the site of tracheostome.
 (e)  Tracheomalacia.
 (f)  Psychological dependence on tracheostomy and 

inability to tolerate the resistance of the upper airways.

A case of difficult decannulation may require endoscopic 
examination of the larynx, trachea and bronchi prefer-
ably under magnification using telescopes or a flexible 
endoscope.

COMPLICATIONS

1. Immediate (at the time of operation):

 (a)  Haemorrhage.
 (b)  Apnoea. This follows opening of trachea in a patient 

who had prolonged respiratory obstruction. This is 
due to sudden washing out of CO2 which was acting as 
a respiratory stimulus. Treatment is to administer 5% 
CO2 in oxygen or assisted ventilation.

 (c)  Pneumothorax due to injury to apical pleura.
 (d)  Injury to recurrent laryngeal nerves.
 (e)  Aspiration of blood.
 (f)  Injury to oesophagus. This can occur with tip of knife 

while incising the trachea and may result in tracheo-
oesophageal fistula.

2. Intermediate (during first few hours or days):

 (a)  Bleeding, reactionary or secondary.
 (b)  Displacement of tube.
 (c)  Blocking of tube.
 (d)  Subcutaneous emphysema.
 (e)  Tracheitis and tracheobronchitis with crusting in trachea.
 (f)  Atelectasis and lung abscess.
 (g)  Local wound infection and granulations.

3. Late (with prolonged use of tube for weeks and months):

 (a)  Haemorrhage, due to erosion of major vessel.
 (b)  Laryngeal stenosis, due to perichondritis of cricoid 

cartilage.
 (c)  Tracheal stenosis, due to tracheal ulceration and 

infection.

 (d)  Tracheo-oesophageal fistula, due to prolonged use of 
cuffed tube or erosion of trachea by the tip of tracheos-
tomy tube.

 (e)  Problems of decannulation. Seen commonly in infants 
and children.

 (f)  Persistent tracheocutaneous fistula.
 (g)  Problems of tracheostomy scar. Keloid or unsightly 

scar.
 (h)  Corrosion of tracheostomy tube and aspiration of its 

fragments into the tracheobronchial tree.

PROCEDURES FOR IMMEDIATE AIRWAY 
MANAGEMENT

When airway obstruction is so marked as to allow no time 
to do an orderly tracheostomy, following measures are 
taken:

1. Jaw thrust. Lifting the jaw forward and extending the 
neck improves the airway by displacing the soft tissues. Neck 
extension should be avoided in spinal injuries.

2. Oropharyngeal airway. It displaces the tongue anteri-
orly and relieves soft tissue obstruction. Ventilation can be 
carried out by face mask placed snugly over the face and 
covering both nose and mouth. Ambu bag can be used for 
inflation of air or oxygen.

3. Nasopharyngeal airway (trumpet). It is inserted transna-
sally into the posterior hypopharynx and relieves soft tissue 
obstruction caused by the tongue and pharynx. It is better 
tolerated than oropharyngeal airway in awake patients.

4. Laryngeal mask airway. It is a device with a tube and 
a triangular distal end which fits over the laryngeal inlet 
(Figure 64.4). Oxygen can be delivered directly into the 
trachea. Though most commonly used for nonemergent 
airway control, it can be used as an alternative if standard 
mask ventilation is inadequate and intubation unsuccessful 
(see Appendix II on Instruments).

5. Transtracheal jet ventilation. It is an invasive procedure. 
An intravenous catheter of 12 or 14 gauge with a syringe 
attached is inserted into the cricothyroid membrane and 
directed caudally. Once intraluminal placement is con-
firmed by aspiration, needle is withdrawn leaving the cathe-
ter in position and jet ventilation started. In thin individuals 
where trachea can be palpated, catheter can be inserted eas-
ily.	Expiration	of	air	should	be	insured	otherwise	pulmonary	
barotrauma with pneumothorax, pneumomediastinum and 
surgical emphysema can result.

6. Endotracheal intubation. This is the most rapid method. 
Larynx is visualized with a laryngoscope and endotracheal 

Figure 64.4 Laryngeal mask airway.
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tube or a bronchoscope inserted. No anaesthesia is required. 
This helps to avoid a hurried tracheostomy in which compli-
cation rate is higher. After intubation, an orderly tracheos-
tomy can be performed.

7. Cricothyrotomy or laryngotomy or mini tracheostomy. 
This is a procedure for opening the airway through the cri-
cothyroid membrane. Patient’s head and neck is extended, 
lower border of thyroid cartilage and cricoid ring are iden-
tified. Skin in this area is incised vertically and then crico-
thyroid membrane cut with a transverse incision. This space 
can be kept open with a small tracheostomy tube or by 
inserting the handle of knife and turning it at right angles if 
tube is not available. It is essential to perform an orderly tra-
cheostomy as soon as possible because perichondritis, sub-
glottic oedema and laryngeal stenosis can follow prolonged 
laryngotomy.

“Mini	 tracheostomy	 is	 an	 emergency	 procedure	 to	 buy	
time to allow patient to be carried to operation theatre. 
Commercial emergency kits are also available for this. As an 
elective procedure it has been done to clear the bronchial 
secretions following thoracic surgery.”

Cricothyroid needle puncture is a procedure where a 
large-bore intravenous catheter is introduced through the 
cricothyroid membrane. It is only an emergency procedure 
till patient can be intubated or tracheostomized. The proce-
dure does not provide adequate ventilation.

8. Emergency tracheostomy. Technique of emergency tra-
cheostomy is as follows: Patient’s neck is extended, trachea 
identified and fixed between surgeon’s left thumb and 
index finger. A vertical incision is made from lower border 
of thyroid to suprasternal notch cutting through skin and 
subcutaneous tissues. Lower border of cricoid cartilage is 
identified and a transverse incision made in pretracheal 
fascia. The thyroid isthmus dissected down to expose upper 
three tracheal rings. Vertical tracheal incision is made in 
second and third rings, opened with a haemostat and the 

tube inserted. Bleeding can be controlled by packing with 
gauze.

Emergency	 tracheostomy	 on	 a	 struggling	 patient	 with	
inadequate lighting, suction and instruments is fraught with 
many complications. If possible, an endotracheal tube should 
be put for a more orderly procedure to be carried out.

PERCUTANEOUS DILATATIONAL 
TRACHEOSTOMY

This type of tracheostomy is done in ICU where patient is 
already intubated and being monitored. It is done under 
sedation. Neck is extended with a pad under the shoulders. 
Neck is prepared and draped and 1.5–2 cm incision is made 
2 cm below the lower border of cricoid. Trachea is exposed 
by dissection and palpation. Thyroid isthmus is pushed 
down. Now a small caliber flexible bronchoscope, to which 
a camera has been attached, is passed through the endo-
tracheal tube to monitor the passage of the needle, guide 
wire and dilator/s. It is important to enter the trachea in the 
midline	and	avoid	any	lateral	entry.	Entry	into	the	trachea	
is made between second and third rings. After dilatation tra-
cheostomy tube is inserted.

Advantages of the procedure include: (i) No need to 
transport the patient to operation theatre, (ii) avoiding 
operation theatre (OT) expenses, and (iii) avoiding ICU 
nosocomial infections to be carried to OT and earlier 
 discharge of patient.

The procedure is avoided in patients who are obese, 
have a neck mass, difficult to intubate, difficult to extend 
the neck, larynx and trachea are not easily palpable or have 
uncorrectable coagulopathies.

Complications of the procedure include paratracheal 
entry of dilator or tracheostomy tube into the lumen, haem-
orrhage, damage to posterior tracheal wall and surgical 
emphysema.
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A foreign body aspirated into air passage can lodge in the 
larynx, trachea or bronchi. Site of lodgement would depend 
on the size, shape and nature of the foreign body.

A large foreign body, unable to pass through the glottis, will 
lodge in the supraglottic area while the smaller one will pass 
down through the larynx into the trachea or bronchi. Foreign 
bodies with sharp points, e.g. pins, needles, fish bones, etc. 
can stick anywhere in the larynx or tracheobronchial tree.

AETIOLOGY

Children are more often affected; more than half of them 
are below 4 years. Accidents occur when they suddenly 
inspire during play or fight while having something in the 
mouth. In children, peanut is the most common vegetable 
foreign body; others include almond seed, peas, beans, 
gram or wheat seed, watermelon seed, pieces of carrot or 
apple. Nonvegetable matters include plastic whistle, plastic 
toys, safety pins, nails, all-pin, twisted wires or ball bearings.

In adults, foreign bodies are aspirated during coma, deep 
sleep or alcoholic intoxication. Loose teeth or denture may 
be aspirated during anaesthesia.

NATURE OF FOREIGN BODIES

 1.  Nonirritating type. Plastic, glass or metallic foreign bod-
ies are relatively nonirritating and may remain symptom-
less for a long time.

 2.  Irritating type. Vegetable or foreign bodies like peanuts, 
beans, seeds, etc. set up a diffuse violent reaction lead-
ing to congestion and oedema of the tracheobronchial 
mucosa—a condition called “vegetal bronchitis.” They also 
swell up with time causing airway obstruction and later 
suppuration in the lung. Areca nut is a common foreign 
body in Rajasthan (India) due to habit of chewing these 
nuts frequently, peanuts are common in USA, water-
melon seeds in Egypt and pumpkin seeds in Greece.

CLINICAL FEATURES

Symptomatology of foreign body is divided into three stages:

1. Initial period of choking, gagging and wheezing. This lasts for 
a short time. Foreign body may be coughed out or it may lodge 
in the larynx or further down in the tracheobronchial tree.

2. Symptomless interval. The respiratory mucosa adapts to 
the presence of foreign body and initial symptoms disappear. 

Symptomless interval will vary with the size and nature of 
the foreign body. It may last a few hours or a few weeks.

3. Later symptoms. They are caused by airway obstruction, 
inflammation or trauma induced by the foreign body and 
would depend on the site of its lodgement (Table 65.1).

 (a)  Laryngeal foreign body. A large foreign body may totally 
obstruct the airway leading to sudden death unless 
resuscitative measures are taken urgently. A partially 
obstructive foreign body will cause discomfort or pain in 
the throat, hoarseness of voice, croupy cough, aphonia, 
dyspnoea, wheezing and haemoptysis. (Figure 65.1).

 (b)  Tracheal foreign body. A sharp foreign body will only pro-
duce cough and haemoptysis. A loose foreign body like 
seed may move up and down the trachea between the 
carina and the undersurface of vocal cords causing “audi-
ble slap” and “palpatory thud.” Asthmatoid wheeze may 
also be present. It is best heard at patient’s open mouth.

 (c)  Bronchial foreign body. Most foreign bodies enter the 
right bronchus because it is wider and more in line with 
the tracheal lumen. A foreign body may totally obstruct 
a lobar or segmental bronchus causing atelectasis or 
it may produce a check valve obstruction, allowing 
only ingress of air but, not the egress, thus leading to 
obstructive emphysema. For pathogenesis and clinical 
picture of bronchial foreign body, see Figure 65.2.

Emphysematous bulla may rupture causing spontaneous 
pneumothorax. A foreign body may also shift from one side 
to the other causing change in the physical signs. A retained 
foreign body in the lung may later give rise to pneumonitis, 
bronchiectasis or lung abscess.

65Foreign Bodies of  
Air Passages

Table 65.1  Symptoms and signs of foreign bodies  
at different levels

Site of foreign 
bodies Symptoms and signs

Larynx 	•	 Complete obstruction leading to death
	•	 	Partial obstruction: stridor, hoarseness, 

cough, respiratory difficulty
Trachea 	•	 	Choking, stridor, wheeze, cough, palpa-

tory thud, audible slap
Bronchi 	•	 	Cough, wheeze and diminished air entry 

to lung forms a “triad”
	•	 	Respiratory distress with swelling of 

foreign body
	•	 	Lung collapse, emphysema, pneumonitis, 

bronchiectasis or lung abscess are late 
features
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DIAGNOSIS

It can be made by detailed history of the foreign body 
“ingestion”, physical examination of the neck and chest. A 
history of sudden onset of coughing, wheezing and dimin-
ished entry of air into the lungs on auscultation forms a 
classical triad. There should be a high index of suspicion in 
children with wheezing, stridor, cough or asthma and those 
with recurrent chest infections being treated with steroids 
and antibiotics. Radiology is very helpful.

 1.  Soft tissue posteroanterior and lateral view of the neck in 
its extended position. This can show radio-opaque and 
sometimes even the radiolucent foreign bodies in the 
larynx and trachea (Figures 65.3 to 65.5). A coin or a flat 

foreign body in trachea lies edge on in PA view and flat 
on lateral view.

 2.  Plain X-ray chest in posteroanterior and lateral views 
(Figure 65.6).

 (a)  It may show the radio-opaque foreign body—its size, 
shape and location.

 (b)  Lobar or segmental atelectasis (complete obstruc-
tion by foreign body).

 (c)  Unilateral hyperinflation of lobe or segment or 
entire lung (if ball valve obstruction). Mediastinal 
shift to opposite side is seen in hyperinflation. Fluo-
roscopy or X-rays taken during inspiration and expi-
ration are helpful.

 (d)  Pneumomediastinum or pneumothorax.

A C

B

D

Figure 65.2 Types of bronchial obstruction by a foreign body.  
(A) Partial obstruction. Air can pass in and out, causing only wheeze. 
(B) One way obstruction. Air can go in (during inspiration) but not out, 
causing emphysema of lungs. (C) Total obstruction. Air can neither go 
in nor out, causing obstructive atelectasis. (D) One way obstruction 
(reverse of B). Air can only go out, causing atelectasis. Dark pink shows 
normal size of lung while lighter pink indicates effect of obstruction.

Figure 65.3 A radiolucent fruit seed (chiku) seen in subglottic region 
of larynx (arrow). Patient has a tracheostomy (dashed arrows).

Figure 65.4 PA view chest showing a nail in the right bronchus.

1
2

4
3

5

Figure 65.1 Laryngeal foreign bodies. (1) Safety pin. (2) An all pin.  
(3, 4) A twisted wire. (5) A fruit seed.
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 (e)  A normal X-ray chest. In early cases within 24 h or 
a foreign body causing partial obstruction with full 
ingress and egress of air does not produce any sign.

 (f)  Pneumonitis/bronchiectasis. Prolonged stay of for-
eign body may cause atelectasis, pneumonitis or 
bronchiectasis.

 3.  X-ray chest at the end of inspiration and expiration. Atel-
ectasis and obstructive emphysema can be seen. They are 
indirect evidence of radiolucent foreign bodies.

    Posteroanterior chest view in expiration is most useful 
in bronchial foreign bodies. It shows obstructive emphy-
sema on the side of foreign body with mediastinal shift 
to opposite side. If this is not possible as in children, a 
lateral decubitus film is taken—a hyperinflated lung is 
indicative of foreign body. Obstructive emphysema is an 
early sign while atelectasis comes late.

 4.  Fluoroscopy/videofluoroscopy. Evaluation during inspi-
ration and expiration can be made.

 5.  CT chest.

MANAGEMENT

Laryngeal foreign body. A large bolus of food obstructed 
above the cords may make the patient totally aphonic, 

unable to cry for help. He may die of asphyxia unless imme-
diate first aid measures are taken. The measures consist of 
pounding on the back, turning the patient upside down and 
following Heimlich manoeuvre. These measures should not 
be done if patient is only partially obstructed, for fear of 
causing total obstruction.

Heimlich manoeuvre. Stand behind the person and place 
your arms around his lower chest and give four abdominal 
thrusts. The residual air in the lungs may dislodge the for-
eign body providing some airway (Figure 65.7).

Cricothyrotomy or emergency tracheostomy should be 
done if Heimlich manoeuvre fails. Once acute respiratory 
emergency is over, foreign body can be removed by direct 
laryngoscopy or by laryngofissure, if impacted.

Tracheal and bronchial foreign bodies can be removed 
by bronchoscopy with full preparation and under general 
anaesthesia. Emergency removal of these foreign bod-
ies is not indicated unless there is airway obstruction or 
they are of the vegetable nature (e.g. seeds) and likely to  
swell up.

Methods to remove tracheobronchial foreign body:

 1.  Conventional rigid bronchoscopy.
 2.  Rigid bronchoscopy with telescopic aid.
 3.  Bronchoscopy with C-arm fluoroscopy.
 4.  Use of Dormia basket or Fogarty’s balloon for rounded 

objects.
 5.  Tracheostomy first and then bronchoscopy through the 

tracheostome.
 6.  Thoracotomy and bronchotomy for peripheral foreign 

bodies.
 7.  Flexible fibreoptic bronchoscopy in selected adult patients.

Equipment for foreign body removal include:

 1.  Bronchoscope, appropriate for the age of patient and a 
size smaller and the other a size larger (see p. 461).

 2.  Telescope or optical forceps.
 3.  Two laryngoscopes.
 4.  Foreign body forceps, Dormia basket, Fogarty’s catheter 

and a syringe to inflate it.

Figure 65.5 PA view chest showing a broken piece of Fuller’s tra-
cheostomy tube in the left bronchus.

Figure 65.6 X-ray chest showing a spring from a ball pen in the right 
bronchus.

A B

Figure 65.7 Heimlich manoeuvre. Sudden thrust directed upwards 
and backwards, below the epigastrium, squeezes the air from the 
lungs, sufficient to dislodge a foreign body.
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SURGICAL ANATOMY OF THYROID GLAND

The thyroid gland consists of two lobes and an isthmus, and 
weighs between 15 and 25 g in adults. Each lobe is conical 
in shape with apex directed upwards and measures 5 cm in 
length, 3 cm in breadth and 2 cm anteroposteriorly. Isthmus 
lies against the IInd and IIIrd tracheal rings. A small pyrami-
dal lobe extends from the isthmus, usually close to the left 
lobe, towards the hyoid bone (Figure 66.1).

CAPSULES OF THYROID

True capsule surrounds the gland and sends septa into 
the thyroid tissue. False capsule is the loose areolar tissue 
derived from the middle layer of deep cervical fascia which 
ensheaths larynx, trachea and thyroid.

POSTERIOR SUSPENSORY LIGAMENT OR  
BERRY’S LIGAMENT

It is a condensation of fascia connecting the cricoid and the 
Ist and sometimes the IInd tracheal ring to the posterome-
dial aspect of each thyroid lobe. Recurrent laryngeal nerve 
(RLN) (or its two branches, if the nerve divides extralaryn-
geally) passes deep to the ligament or through it. Small 
branches of the inferior thyroid artery lie close to the liga-
ment and bleed during surgery. Extreme care is required 
to control bleeding to avoid injury to recurrent laryngeal 
nerve or its branches. The ligament may also contain a small 
amount of thyroid tissue which is left behind at the site and 
is responsible for the radionuclide uptake in the thyroid bed 
and raised thyroglobulin level after thyroidectomy has been 
done for cancer.

ANTERIOR SUSPENSORY LIGAMENT

It is also a condensation of pretracheal fascia and connects 
superior-anterior-medial portion of thyroid lobe and the 
isthmus of gland to the laryngotracheal complex. It also 
contains moderate-sized vessels.

SUPERIOR LARYNGEAL NERVE

Its external branch supplies cricothyroid muscle and, if 
injured, causes bowing and inferior placement of vocal cord 
with consequent loss of pitch. Superior thyroid artery and 
vein(s) are closely related to it. When ligating these vessels, 
be as close to the upper pole of thyroid as possible. Down-
ward traction on the thyroid gland further helps to avoid 
injury to this nerve.

RECURRENT LARYNGEAL NERVE

It is a branch of vagus. On the right side, it hooks round 
the subclavian artery and passes behind the carotid sheath. 
On the left, it hooks round the aortic arch, lateral to the 
ligament of ductus arteriosus and enters the neck behind 
the carotid sheath. Its relations to inferior thyroid artery 
are important. The nerve runs superficial, deep or through 
the branches of the artery to reach the posterior suspensory 
ligament. RLN is closer to trachea on the left than on the 
right side.

NONRECURRENT LARYNGEAL NERVE

It is an anomalous RLN. It does not have a recurrent 
course. After origin from the vagus, it runs directly medi-
ally to supply the larynx running along the inferior thy-
roid artery. It does not hook around the subclavian on 
the right or aortic arch on the left. The anomaly is more 
common on the right side and is often associated with 
anomalous right subclavian artery which in such cases 
arises from the left side of descending aorta and runs 
behind the oesophagus.

ARTERIES

Two main arteries supply the gland. Inferior thyroid artery is a 
branch of thyrocervical trunk. It passes behind the carotid 
sheath and supplies the thyroid and parathyroid glands. 
Superior thyroid artery is a branch directly from the external 
carotid and runs close to the external branch of superior 
laryngeal nerve. Sometimes a third artery called thyroidea 
ima also supplies the gland.

VEINS

Three veins drain the thyroid gland on each side. Superior 
thyroid vein from the upper pole drains directly into the 
internal jugular vein. Middle thyroid vein emerges from 
lateral surface of gland and drains into the internal jugu-
lar vein. Inferior thyroid veins are multiple, form a plexus 
which drains into the right and left brachiocephalic 
veins.

LYMPHATIC DRAINAGE

Thyroid gland drains into the central compartment— 
prelaryngeal, pretracheal and paratracheal nodes (level VI),  
into superior mediastinum (level VII) and also into level II, 
III and IV nodes. Nodes are important when treating thy-
roid malignancies (Figure 66.2).

66 Thyroid Gland and  
Its Disorders
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PARATHYROID GLANDS

During thyroid surgery, these glands should be identified 
and preserved in benign disease. Superior parathyroids are 
more constant in location than inferior. Superior parathy-
roid is located above the inferior thyroid artery, posterior to 
RLN and close to cricoid cartilage along the posterior bor-
der of thyroid gland. Inferior parathyroid is located below 
the level of inferior thyroid artery and usually lies ante-
rior to RLN. However inferior parathyroid may be located 

anywhere from the hyoid bone above to the superior medi-
astinum below. It descends along the thymus gland.

STRAP MUSCLES AND THEIR NERVE SUPPLY

Sternohyoid, sternothyroid and omohyoid muscles receive 
their motor nerve supply from the ansa hypoglossi, which 
supplies them in their lower half. If strap muscles need divi-
sion for exposure of large goitres, they are transected in 
their upper part to preserve their innervation.

Superior laryngeal nerve 

Thyroid cartilage

Cricoid cartilage

Pyramidal lobe of thyroid
(often absent or small)

Phrenic nerve

Anterior scalene muscle

Vagus nerve (X)

External carotid artery

Superior thyroid artery

Superior thyroid vein

Internal jugular vein

Middle thyroid vein

Right recurrent
laryngeal nerve

Inferior thyroid artery

Vagus nerve (X)

Inferior thyroid veins

Figure 66.1 Anatomy of thyroid gland. (Modified with permission from Becker and Stucchi, Essentials of Surgery, 1st ed, Elsevier, 2005).

Prelaryngeal
(Delphian) node

on cricothyroid memb.

Pretracheal
nodes

Paratracheal
nodes

Paraglandular
nodes

Figure 66.2 Lymphatic drainage.
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RLN TRIANGLE (OF LORE)

It is bounded medially by trachea and oesophagus, later-
ally by retracted strap muscles, and superiorly by the lower 
pole of thyroid. Its apex is directed interiorly at thoracic 
inlet. RLN runs through this triangle from lateral to medial 
side on the right and straight up along tracheoesophageal 
groove on the left.

LINGUAL THYROID (FIGURE 66.3)

It is seen in 1:3000 to 1:4000 patients of thyroid disease. It 
may be the only thyroid tissue or be present in addition to 
normal thyroid or an ectopic thyroid. When large it causes 
airway obstruction or difficulty to swallow. It is seen as a mass 
at the base of tongue on indirect laryngoscopy. It should be 
differentiated from other masses occurring at the base of 
tongue, i.e. lymphoma, squamous cell carcinoma, minor sal-
ivary gland tumour, lingual tonsil or rarely thyroglossal cyst. 
Surgical removal should be done, if lingual thyroid causes 
symptoms of airway obstruction or dysphagia by suprahyoid 
transpharyngeal approach. It requires lifelong replacement 
of thyroid hormones, if it was the only thyroid tissue.

PHYSIOLOGY OF THYROID

Thyroid gland contains two types of cells: (i) follicular 
cells which synthesize and liberate T4 (thyroxine) and T3 
(tri-iodothyronine) and (ii) parafollicular ‘C’ cells which 
liberate calcitonin which has a calcium lowering effect 
(Figure 66.4).

Synthesis and release of thyroid hormones take place 
through five steps:

 1.  Active uptake of iodide.
 2.  Oxidation of iodide to iodine and binding of iodine to 

tyrosine molecule. The enzyme responsible for oxidation 
and binding is thyroid peroxidase.

 3.  Coupling of iodotyrosines to form T4 and T3. Two mol-
ecules of di-iodotyrosines (DIT) form T4 and coupling 
one molecule of monoiodotyrosine (MIT) with one 
molecule of di-iodotyrosine form T3. Again thyroid 
peroxidase is responsible for coupling and iodination. 

DIT, MIT, T4, T3 and thyroglobulin are bound together 
and form the colloid which is stored in the follicles of 
the thyroid gland.

 4.  At the time of secretion, colloid is taken up by thyroid 
cells and the peptide bonds between thyroglobulin and 
iodinated residues are broken by proteases to release T4, 
T3, DIT and MIT.

 5.  Uncoupled iodinated tyrosines (MIT and DIT) are deio-
dinated by enzyme iodotyrosine deiodinase and the iodine 
thus liberated is recycled. However, the enzyme does 
not act on iodinated tyrosine thus T4 and T3 are not 
affected.

In the congenital absence of this iodotyrosine deiodin-
ase enzyme, MIT and DIT are not deiodinated and appear 
in urine with loss of iodine causing iodine deficiency. T3 is 
the active thyroid hormone but thyroid gland provides only 
20% if it. Rest of the 80% of T3 is formed in the peripheral 
tissues by deiodination of T4. T3 is three times more potent 
than T4. Synthesis and release of thyroid hormone is under 
the control of hypothalamus–pituitary–thyroid axis (Fig-
ure 66.5).

Hypothalamus secretes thyrotropin releasing hormone 
(TRH), which stimulates pituitary to release thyroid stimu-
lating hormone (TSH). TSH acts on thyroid gland for syn-
thesis and releases T4 and T3. In the feedback mechanism, 
T4 and T3 hormones inhibit formation and release of TRH 
and TSH.

A B

Figure 66.3 A 15-year-old female with a lingual thyroid (arrow) (A); CT scan sagittal view of the same (B).

Colloid material

Follicular cells
lining the

acinus

Parafollicular (‘C’) cells

Figure 66.4 Structure of thyroid.
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Important terms used in thyroid disease are discussed in 
Box 66.1.

BENIGN DISORDERS OF THYROID

HASHIMOTO THYROIDITIS (SYN. CHRONIC 
LYMPHOCYTIC THYROIDITIS)

Hashimoto disease is an autoimmune disorder. Antibodies 
develop against thyroglobulin and thyroid peroxidase and 
lead to hypothyroidism and raised TSH. The thyroid paren-
chyma is diffusely infiltrated with lymphocytes and fibrotic 
septae extend into the parenchyma. Thyroid size may be 
normal, enlarged or small. Multiple or a single regenerative 
nodules may form. Disease is more common in females and 
diagnosis can be made by measuring the level of antibodies 
against thyroglobulin and thyroid peroxidase. Nodules in 
Hashimoto disease may develop into a lymphoma or some-
times papillary cell carcinoma. Treatment of Hashimoto dis-
ease is thyroxine therapy to combat hypothyroidism.

Autoantibodies (TPO and Tg antibodies)
↓

Thyroid inflammation with destruction of thyroid tissue and 
fibrosis
↓

Raised TSH level
↓

Multiple micronodules or a large nodule (can change to 
 lymphoma or papillary cancer)

↓
Responds to exogenous thyroid

HYPOTHYROIDISM

It is due to low levels of thyroid hormones. Iodine deficiency 
is the most common cause. Other causes include Hashimoto 
disease, total or subtotal thyroidectomy, radiation to neck as 
for lymphoma or head and neck cancers or radioactive iodine 
for Graves’ disease. Certain drugs can induce hypothyroid-
ism, e.g. amiodarone, lithium, para-aminosalicylic acid or 
antithyroid drugs or goitrogenic substances in diet.

Symptoms and signs of hypothyroidism are listed in 
Table 66.1.

TRH

TSH

T4 & T3

Hypothalamus

Anterior pituitary

Thyroid

Figure 66.5 Hypothalamus–pituitary–thyroid axis. TRH, thyrotropin 
releasing hormone; TSH, thyroid stimulating hormone (aka thyrotropin); 
T4, thyroxine; T3, tri-iodothyronine.

 1.  Thyrotropin releasing hormone (TRH). It is secreted 
by hypothalamus and acts on anterior pituitary to release 
TSH.

 2.  Thyrotropin, also called thyroid stimulating hormone 
(TSH), acts on TSH receptors of the follicular cells which 
then synthesize and liberate thyroid hormones and 
thyroglobulin.

 3.  Thyroglobulin (Tg). A glycoprotein produced only by fol-
licular cells of thyroid. It is present as colloid in the lumen 
of thyroid follicles. After total thyroidectomy or radioactive 
iodine ablation Tg levels should be zero; presence of Tg 
indicates recurrence of disease.

 4.  Calcitonin. It is secreted by parafollicular C-cells of the 
thyroid. It reduces the number and activity of osteoclasts 
and thus the bone resorption. High levels of this hormone 
are seen in medullary carcinoma.

 5.  TSH-receptor antibodies. They are seen in Graves’ 
disease—an autoimmune disorder. Antibodies develop 
against TSH receptors on follicular cells. When these 
antibodies bind to TSH receptors, the latter are stimu-
lated and produce T4 and T3 hormones and symptoms 
of hyperthyroidism.

 6.  Thyroglobulin antibodies. Antibodies develop against 
thyroglobulin in autoimmune disorders of thyroid gland 
causing hypothyroidism, e.g. Hashimoto disease. Anti-
bodies to thyroglobulin alone are uncommon. They 
are usually associated with thyroid peroxidase (TPO) 
antibodies.

 7.  Thyroid peroxidase. It is an enzyme which is respon-
sible for (i) conversion of iodide to iodine, (ii) iodination 
of tyrosine to monoiodotyrosine and (iii) coupling of 
 di-iodotyrosines to form T4.

 8.  Antimicrosomal antibodies. Ever since the introduc-
tion of immunoassay techniques, the term antiperoxidase 
antibodies is used interchangeably with antimicrosomal 
antibodies.

 9.  Antiperoxidase (or TPO) antibodies. They are seen 
in patients of autoimmune disorders of thyroid. They are 
present in nearly 100% of the cases of Hashimoto dis-
ease and 80% of patients of Graves’ disease.

 10.  Propylthiouracil and methimazole impair organifi-
cation of iodine and thus cause fall in T4 and T3 levels. 
They are used in hyperthyroidism. Propylthiouracil is pre-
ferred in pregnancy as it does not cross placental barrier 
to affect the foetus.

 11.  Excess iodine inhibits release of thyroid hormones 
from the thyroid glands with fall in T4 and T3 (Wolff–Chaikoff 
effect). Thus Lugol iodine or potassium iodine has been 
used in preparation of hyperthyroid patients before surgery.

Box 66.1  Important Terms Used in Thyroid 
Disease
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It can be treated by giving exogenous thyroid hormone.
Hypothyroidism can also occur in neonates (1:5000) 

and thus there is need to test them after birth. Cretin-
ism manifests after several months of extrauterine life. It 
causes lethargy, stunted growth, mental retardation and 
hearing loss.

Neonatal hypothyroidism or cretinism can arise from 
inadequate iodine in mother’s diet, administration anti-
thyroid drugs or radioactive iodine to mother to treat her 
thyrotoxicosis or agenesis of thyroid in the infant. It is 
therefore essential for all pregnant mothers to maintain a 
euthyroid state.

GRAVES’ DISEASE

It is an autoimmune disorder presenting clinically with 
feature of hyperthyroidism, goitre, ophthalmopathy and 
uncommonly dermopathy. Women are affected much more 
than men (5:1 to 10:1). Both genetic and environmental 
factors play their role in the causation of disease. It is caused 
by antibodies against TSH receptors. When antibodies react 
with their receptors, thyroid cells are stimulated to form 
excess thyroid hormone. Diagnosis is made on clinical fea-
tures of hyperthyroidism (Table 66.2) and laboratory tests. 
TSH is suppressed and T4 (free and bound) is raised. Causes 
of hyperthyroidism are listed in Table 66.3.

MALIGNANT DISORDERS OF THYROID

Thyroid cancer constitutes 2–3 new cases per 100,000 every 
year. It is two to four times more common in females than 
males. Genetic factors also play a part in their development. 
Various malignant neoplasms of the thyroid are listed in 
Table 66.4.

PAPILLARY THYROID CARCINOMA

It is the most common cancer constituting 65–70% of all 
thyroid cancers. Majority of them are seen in third and 
fourth decade with two to three times preponderance in 
females. It is also seen in children even with cervical and 
distant metastases but has a favourable prognosis. It arises 

from follicular cells of thyroid and consists of fibrovascular 
stalk with cancerous follicular cells forming a papilla hence 
the name. Cells have abundant pale cytoplasm with typical 
nuclei. The latter are folded or grooved with intranuclear 
cytoplasm. Nucleoli are prominent and give typical Orphan 
Annie eye appearance. These features help to diagnose the 
tumour at fine needle aspiration cytology (FNAC). Papillary 

Table 66.1  Symptoms and signs of hypothyroidism

Symptoms Signs

	•	 	Fatigue and weakness
	•	 	Intolerance to cold
	•	 	Dry skin
	•	 	Coarse and sparse hair
	•	 	Hoarseness
	•	 	Poor memory and lack of 

concentration
	•	 	Weight gain
	•	 	Excessive menstrual bleeding  

followed later by oligomenorrhoea 
or amenorrhoea

	•	 	Constipation
	•	 	Hearing loss

	•	 	Dry and coarse 
skin

	•	 	Puffy face
	•	 	Puffiness of hands 

and feet
	•	 	Loss of hair
	•	 	Bradycardia

Table 66.2  Symptoms and signs of hyperthyroidism

Symptoms Signs

	•	 	Nervousness
	•	 	Irritability
	•	 	Hyperactivity
	•	 	Heat intolerance 

and sweating
	•	 	Weight loss in 

spite of increased 
appetite

	•	 	Diarrhoea
	•	 	Palpitations

	•	 	Tremors
	•	 	Warm and moist skin
	•	 	Tachycardia, atrial 

fibrillations
	•	 	High pulse pressure
	•	 	Proximal myopathy
	•	 	Diffuse alopecia
	•	 	Goitre (diffuse or 

nodular)
	•	 	Lid retraction
	•	 	Exophthalmos
	•	 	Periorbital oedema
	•	 	Thyroid dermopathy  

(localized myxoedema)

	•	 	Fatigue and 
weakness (due to 
myopathy)

	•	 	Oligomenorrhoea

in Graves’ 
disease 
only

Table 66.3  Causes of hyperthyroidism and 
thyrotoxicosis

	•	 	Graves’ disease (autoimmune disorder)
	•	 	Toxic multinodular goitre
	•	 	Autonomous nodule
	•	 	TSH-secretory pituitary tumour
	•	 	Functioning thyroid cancer/ metastases
	•	 	Exogenous intake of thyroid hormone (thyrotoxicosis factitia)
	•	 	Thyroiditis

Table 66.4  Malignant neoplasm of thyroid

Type
Per cent of all thyroid 
malignancies

	•	 	Well-differentiated (from follicular 
cells)

	 •	 	Papillary carcinoma
	 •	 	Follicular carcinoma
	 •	 	Hurthle cell carcinoma

65–70%
10–15%
<5%

	•	 	Undifferentiated (from follicular 
cells). Anaplastic carcinoma 5%

	•	 	Medullary (from parafollicular  
C cells)

	 •	 	Sporadic
	 •	 	Familial
 –  MEN-type II a
 –  MEN type II b

5%
80%
20%

	•	 	Lymphoma 5%
	•	 	Other neoplasms (metastases  

to thyroid)
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carcinoma may undergo cystic change and also present lam-
inated calcium bodies called psammoma bodies.

RISK FACTORS FOR DEVELOPMENT OF  
PAPILLARY CANCER
 1.  Ionizing radiation. Low-dose radiation for head and neck 

especially several years previously.
As a fallout from nuclear exposure as happened in 

Chernobyl accident, and Hiroshima and Nagasaki. Ion-
izing radiation causes gene mutation.

 2.  Familial. Five to ten per cent of patients with papillary 
thyroid carcinoma (PTC) have family history of thyroid 
cancer. Cowden syndrome consists of multiple hamartomas, 
breast tumours, skin tags and follicular or papillary can-
cer. Gardner’s syndrome consists of familial colonic polyposis 
with thyroid cancer. Papillary carcinoma is seen in areas 
with adequate iodine intake unlike follicular carcinoma 
which is more common in low-iodine intake areas with 
endemic goitre. Tumour may be multicentric in origin 
either because of intrathyroidal lymphatic spread or de 
novo multicentric origin.

Papillary cancer may spread locally and involve sur-
rounding structures, e.g. strap muscles, trachea, oesoph-
agus and recurrent laryngeal nerves.

It has a tendency to spread by lymphatics unlike the fol-
licular carcinoma which spreads by blood stream. About 
one-third of the patients may have lymph node involve-
ment at the time of presentation. Sometimes metastatic 
lymph nodes are palpable but the primary in the thyroid 
is occult and not clinically palpable.

Distant metastases are less common than in other 
forms of thyroid cancer but may be seen at the time of 
diagnosis. Pulmonary metastases are common.

Cells of papillary carcinoma may be functional and may 
show ability to concentrate iodine, secrete thyroglobulin 
and even produce thyroid hormones. They also express 
TSH receptors on their surface. All these features have 
clinical bearing in the management of these tumours.

CLINICAL PRESENTATION
PTC may present with the following symptoms:

 1.  An asymptomatic mass in the thyroid.
 2.  Metastatic nodes in the neck. About one-third of patients 

have palpable neck nodes.
 3.  Depending on local invasion, mass in the thyroid may 

produce symptoms of local invasion of strap muscles, tra-
chea, oesophagus or laryngeal nerves.

 4.  Pulmonary or bone metastases with or without a mass in 
the neck; occult primary of the thyroid may present with 
metastases.

DIAGNOSIS
History, clinical examination and FNAC are important. 
Ultrasound of the thyroid and the neck is important to look 
for other lesions in thyroid (as the disease is multifocal) 
and also involvement of neck nodes. Thyroid function tests 
may reveal hyperthyroidism though most of the patients are 
euthyroid. X-ray chest may show pulmonary metastases. CT/
MRI may be required for extent of disease or retrosternal 
extension.

TREATMENT
 1.  Microcarcinoma, which is less than 1.5 cm, hardly palpa-

ble clinically with no capsular invasion or cervical nodes 
and mostly discovered incidentally at the operation, is 
treated with lobectomy with isthmusectomy.

 2.  Intrathyroidal tumour more than 1.5 cm with no nodule 
on contralateral side and no palpable neck nodes, also 
requires a lobectomy with isthmusectomy.

 3.  Gross disease in both lobes seen on preoperative ultra-
sound or on palpation at the time of operation with no 
cervical nodes requires a total or near total thyroidectomy.

 4.  High-risk patients require total thyroidectomy.
 5.  Tracheal invasion requires tracheal segmental excision 

and repair in addition to the excision of growth.
 6.  Cervical lymph node dissection is done if nodes are pal-

pable. There is no role of elective neck dissection.

FOLLOW-UP
After total thyroidectomy, disease may sometimes be left in 
the ligament of Berry, pyramidal lobe or superior poles of 
thyroid and requires postoperative radioiodine ablation.

FOLLICULAR CARCINOMA

It arises from the follicular cells of the thyroid. It constitutes 
about 10–15% of thyroid malignancies. Usually presents at 
age 50 and is more common in females (3:1).

Clinically, it presents either as a solitary thyroid nodule or 
a rapid increase in a pre-existent nodule.

More often it spreads by blood stream and thus may have 
distant metastases at presentation in 10–15% of patients. 
Unlike papillary cancer, lymph node involvement is less 
common and if it occurs, indicates extensive spread locally.

FNAC may be reported as follicular neoplasm. It is only 
after surgical removal of the specimen that carcinoma can 
be diagnosed as the latter requires capsular or vascular 
invasion.

TREATMENT
 1.  If diagnosed as follicular neoplasm on FNAC (not can-

cer), lobectomy with isthmusectomy should be done. 
Include also the pyramidal lobe.

If lobectomy specimen is reported as carcinoma, com-
pletion of thyroidectomy is done i.e. removal of other 
lobe as well. It can be followed by radioiodine scan and 
ablation of metastatic disease.

 2.  If diagnosed follicular carcinoma on FNAC, total thyroid-
ectomy should be performed.

 3.  If nodule size is greater than 4 cm in an elderly person 
and is reported as follicular neoplasm, perform total 
thyroidectomy due to the risk of its being carcinoma.

Neck dissection is done only if nodes are palpable. Pro-
phylactic neck dissection has no role.

Prognosis of follicular carcinoma is poor if age at pre-
sentation is more than 50 years, size is more than 4 cm or 
distant metastases are present.

HURTHLE CELL CARCINOMA

It is also called oncocytic carcinoma. Oncocytes are large cells 
which are rich in mitochondria and stain pink. It may be 



332 SECTION VI — THYROID GLAND AND ITS DISORDERS

multifocal, bilateral and spreads to regional nodes or sends 
distant metastases. Its behavior is more aggressive than fol-
licular carcinoma. These tumours do not take up radioactive 
iodine as well as is seen in follicular carcinomas.

Aggressive of thyroid cancer: Hurthle cell > Follicular > 
Papillary cell cancer.

Clinically, it presents as a thyroid nodule. Mean age at 
presentation is slightly more than in follicular carcinoma. 
FNAC may show Hurthle cells but cannot differentiate 
benign Hurthle cell adenoma from carcinoma. It is only on 
histologic findings of capsular or vascular invasion that diag-
nosis of carcinoma can be made.

TREATMENT
Hurthle cell adenoma is a benign tumour and requires 
lobectomy and isthmusectomy only. If capsular or vascular 
invasion is seen on histopathology a completion thyroidec-
tomy should be done.

If it is reported as Hurthle cell carcinoma on FNAC a 
total thyroidectomy with clearance of paratracheal nodes  
is done. Lateral nodes, if palpable, a neck dissection is also 
performed.

In the follow-up, technetium scan should be done as 
Hurthle cells do not take up radioiodine.

Prognosis is worse than in follicular or papillary carcinoma.

ANAPLASTIC CARCINOMA

It represents less than 5% of all thyroid cancers. Mostly 
affects patients in the age group of 60–80 years, is very 
rare before 50 years. Affects women more than men in the 
ratio of 3:2. It has an aggressive behaviour, grows rapidly 
to involve the surrounding structures causing hoarseness, 
stridor dyspnoea, dysphagia and thoracic inlet obstruction. 
Cervical lymph node involvement is seen in 80% of patients 
at presentation. Due to its aggressive nature, cervical nodal 
mass and thyroid mass may fuse together and it may be diffi-
cult to distinguish the two. Unlike thyroid lymphoma, which 
is painless, anaplastic carcinoma causes a painful mass. Dis-
tant metastases can lodge in long bones and brain and are 
present in 50% of patients at presentation.

Treatment is unsatisfactory. Median survival in only a few 
months. Surgery, radiation and chemotherapy have a lim-
ited role. Palliation in the form of tracheostomy and nutri-
tional support is the only treatment.

MEDULLARY CARCINOMA

It arises from the parafollicular C cells of the thyroid 
which are neuroectodermal in origin. Hence it may be 
associated with other tumours of neuroectodermal origin 
as in MEN IIa and MEN IIb. Most medullary carcinomas 
are located in the middle and upper thirds of thyroid 
lobes which are derived from the ultimobranchial bod-
ies having C cells. They comprise about 5% of thyroid 
malignancies.

Clinically, medullary carcinoma presents with a neck 
mass with cervical nodes in the age group of 50–60 years. 
Both sexes may be equally involved. As tumour is aggressive 
and invades locally, it causes pain, dyspnoea, dysphagia and 
hoarseness. Distant metastases may be seen in the medias-
tinum, lung and bone at the time of presentation in about 
half the cases.

Medullary carcinoma can be sporadic (more common) 
or familial. The latter may be associated with MEN type IIA 
and IIB (see Table 66.5) or without any endocrinopathy 
(Figure 66.6).

Parafollicular cells secrete calcitonin and a carcinoem-
bryonic antigen. Levels of calcitonin have been used in the 
diagnosis of medullary carcinoma and in postsurgical follow-
up for recurrent or residual tumours.

Medullary thyroid cancer

MEN type II A
Phaeochromocytoma
Hyperparathyroidism

MEN type II B
Phaeochromocytoma
Mucosal & Intestinal
neuromas

Non-MEN
Familial
(rare)
No endocrinopathy

Sporadic (80%)
unifocal, no endocrinopathy

Familial (e.g. Hereditary)
20% Multifocal, bilateral

younger age group

Figure 66.6 Types of medullary cancer of thyroid.

Table 66.5  Multiple endocranial neoplasia syndrome

 •  MEN I
 •  Hyperparathyroidism
 •  Pituitary tumour
 •  Pancreatic tumour (islet cell adenoma)

 •  MEN IIA (Sipple syndrome)
 •  Medullary thyroid cancer
 •  Pheochromocytoma (50%)
 •  Hyperparathyroidism (30%)
 •  Hirschsprung disease

 •  MEN IIB (Rare)
 •  Medullary thyroid cancer
 •  Pheochromocytoma
 •  Mucosal neuromas
 •  Marfanoid habitus
 •  Intestinal ganglioneuromas
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Sporadic carcinoma presents as a unifocal lesion and is 
not associated with other endocrinal pathologies.

Familial type presents at a younger age and is multicentric 
and bilateral. Familial type is of two types: one, without asso-
ciation with other endocrinopathy and the other associated 
with multiple endocrinopathies (MEN type IIA and IIB)  
(Table 66.5).

A variant of medullary thyroid cancer is mixed medullary 
cancer in which both follicular and C cells are seen. Its behav-
ior and treatment are same as medullary cancer.

Diagnosis is made on FNAC and elevated levels of calci-
tonin. Patients should be tested for mutation of RET proto-
oncogene which is present in peripheral lymphocyte DNA. 
Investigate also for other endocrinopathies by measuring 
levels of serum calcium (for parathyroid) and 24-h urine 
for catecholamines/metanephrine for pheochromocytoma. 
Relevant imaging studies are also done.

Screening of all first degree relatives and children is 
required for RET-proto-oncogene mutations in cases of med-
ullary cancer associated with MEN type IIA and IIB. All chil-
dren with medullary cancer and those with MEN type IIA 
should undergo thyroidectomy by age of 6 years. Those with 
MEN type IIB should have surgery within first year of life.

TREATMENT
Because of aggressive nature and multicentricity of the 
lesion, total thyroidectomy is the treatment of choice. It 
is combined with removal of nodes in level VI even if not 
involved but if level VI nodes are involved, comprehensive 
neck dissection (level II to V) is also done. If primary lesion 
is more than 2 cm, ipsilateral elective neck dissection should 
be done. Level VII nodes should also be removed.

Pheochromocytoma, if associated, should be removed 
before thyroidectomy to avoid hypertensive crisis during 
operation.

Postoperative follow-up is done by measuring calcitonin 
levels for any residual, recurrent or metastatic disease.

Radioactive iodine and chemotherapy are not effective. 
Role of external beam radiation is also controversial.

LYMPHOMA

Most of the thyroid lymphomas are B-cell non-Hodgkin 
type. They are seen in the age group of 60–80 years and are 
more common in females (ratio of 3:1). Pre-existing Hashi-
moto disease predisposes to lymphoma formation.

Clinically, a lymphoma presents like an anaplastic thyroid 
cancer, with rapidly growing painless thyroid mass which 
invades the surrounding structures leading to hoarseness, 
stridor, dyspnoea, dysphagia and thoracic inlet obstruction. 
Cervical lymph nodes are enlarged. Lymph node enlarge-
ment can occur in other regions of body as well depending 
on the stage of disease. Patient is often hypothyroid.

Histologically, lymphoma needs to be differentiated from 
anaplastic carcinoma and Hashimoto disease by immuno-
histochemistry. Therefore it may require FNAB or isthmus-
ectomy to have enough tissue; the latter also decompresses 
the trachea to relieve airway obstruction.

Treatment depends on the stage of disease. Surgery, 
external beam radiation and chemotherapy have been used 
depending on the stage. Role of surgery may be limited to 

open biopsy only or a tracheostomy or removal of early dis-
ease when it is localized to thyroid (stage I) or thyroid and 
the neck nodes (stage II). Radiotherapy can also be used in 
such cases of stage I and II but for a disease of stage III (both 
sides of diaphragm) or stage IV (disseminated disease) 
radiotherapy and chemotherapy are combined.

METASTASES TO THYROID

Malignant disease of breast, kidney, lung, and squamous cell 
cancers of head and neck and melanomas can send metasta-
ses to the thyroid and present as a nodule. FNAC is helpful 
in diagnosis. Metastases from undifferentiated cancers may 
be difficult to distinguish from anaplastic carcinoma of the 
thyroid.

THYROID NODULE AND ITS MANAGEMENT

Clinically, palpable nodules are seen in about 4–7% of 
people. Their incidence increases as the age advances. 
About 5–10% of the nodules may be malignant. Risk of a 
nodule being malignant increases if the patient received 
radiation in childhood. Incidence of a thyroid nodule 
being malignant also increases in patients over the age of 
50–60 years.

A solitary thyroid nodule can be:

 1.  Colloid nodule (also called adenomatous nodule)
 2.  Adenoma
 (a)  Follicular adenoma
 (b)  Hurthle cell adenoma
 3.  Thyroid cyst (cystic change in colloid nodule or follicular 

adenoma)
 4.  Regenerative nodule
 5.  Dominant nodule (in multinodular goitre)
 6.  Autonomous (or toxic) nodule
 7.  Carcinoma

The main consideration in a thyroid nodule is to pick up 
cases of carcinoma. Of all the palpable nodules, only about 
5–10% will be malignant.

COLLOID NODULE (OR ADENOMATOUS NODULE)
It is a benign condition, clinically resembling an adenoma, 
hence called adenomatous. It is due to hyperplasia of fol-
licular cells with the follicles filled with colloid. TSH level 
is normal but hyperplasia of follicular cells is attributed to 
their being more sensitive to the action of TSH. Lowering 
the TSH by administering exogenous thyroid hormone 
(suppressive therapy) is used to treat such nodules but it is 
difficult to predict which nodules will respond to this form 
of therapy.

FOLLICULAR ADENOMA
It is a well-demarcated, encapsulated and true benign neo-
plasm of follicular cells. It may undergo cystic degeneration, 
haemorrhage, calcification and fibrosis. It is difficult to dif-
ferentiate it from follicular carcinoma on FNAC because 
diagnosis of carcinoma requires vascular and/or capsular 
invasion which is possible only on histology of the mass 
removed.
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HURTHLE CELL ADENOMA
Hurthle cells are oncocytes, rich in mitochondria. Like fol-
licular adenoma, it is also well-demarcated and encapsu-
lated. An adenoma of Hurthle cell cannot be differentiated 
from Hurthle cell carcinoma on FNAC as the diagnosis of 
latter requires capsular and/or vascular invasion.

THYROID CYST
About one-fourth of the thyroid nodules present as a cyst or 
a cystic component in a nodule. It may be:

 1.  Simple thyroid cyst.
 2.  Haemorrhage in colloid nodule.
 3.  Papillary carcinoma with cystic change.
 4.  Parathyroid cyst.
 5.  Thyroglossal duct cyst.

Cystic nature of the thyroid mass can be identified on 
ultrasound. Aspiration of clear fluid is indicative of para-
thyroid cyst; fluid in such cases is tested for parathormone. 
Aspiration of brown fluid indicates haemorrhage in the 
colloid nodule; red or bloody aspirate indicates papillary 
cancer. FNAC should be done from the solid component 
of the cyst under ultrasound guidance in masses with both 
solid and cystic components. Thyroid cysts larger than 4 cm  
are surgically excised; those smaller than 4 cm are aspirated 
and suppressed with thyroid hormones (suppression ther-
apy) and if they recur surgical excision should be done 
(Figure 66.7).

DOMINANT NODULE
Clinically, only one nodule is palpable though gland has 
multiple nodules. Other nodules are diagnosed at ultra-
sound or direct palpation of gland at the time of the surgery. 
A dominant nodule seen in a multinodular goitre may be 
malignant.

REGENERATIVE NODULE
It is seen in Hashimoto disease. Patient is hypothyroid and 
TSH level is either raised or at the upper limit of normal. 
TSH stimulates the follicular cells to form a nodule.

AUTONOMOUS (OR TOXIC) NODULE
It is a single hot nodule in the thyroid and is so-called 
because it functions independently of TSH. It is due to muta-
tion in TSH receptors on follicular cells, which function 
independently and cause proliferation of follicular cells and 
their enhanced function. Thyroid scan is diagnostic which 
reveals high uptake by the nodule but the rest of the gland 
shows low uptake. It causes thyrotoxicosis which is usually 
mild. TSH level is low. Treatment is total lobectomy with 

isthmusectomy or thyroid ablation with radioactive iodine; 
the former being preferred. In Europe, it has been treated 
by injection of ethanol into the nodule under ultrasound 
guidance especially in patients unfit for surgery or unwill-
ing for radioiodine therapy. Ethanol injection may need to 
be repeated in some patients. It has the risk of diffusion to 
recurrent laryngeal nerve and cause its paralysis.

CARCINOMA
Thyroid malignancies may present as a solitary nodule  
(see Table 66.6).

EVALUATION OF THYROID NODULE

 1.  History is important. Patient may present with large thy-
roid nodule or be referred because an incidental nodule 
is discovered on imaging. A solitary thyroid nodule or a 
dominant nodule in a multinodular goitre has the risk of 
being malignant. Risk factors for a nodule being malig-
nant are shown in Table 66.6.

 2.  Physical examination. Concern for malignancy increases 
when

 (a)  Nodule is larger than 4 cm.
 (b)  Fixed to skin or underlying structures.
 (c)  Firm to feel.
 (d)  There are associated lymph nodes in the neck at lev-

els VI, II, III, IV and V.
 (e)  Laryngoscopic examination reveals fixed vocal cord.
 3.  Thyroid function. TSH, T4 and T3 are measured. They 

are normal in a colloid nodule. Fall in TSH or rise of T4 
(total or free) and T3 indicate hyperfunctioning nodule. 
Estimation of calcitonin level is indicated in patients with 
family history of medullary carcinoma.

Table 66.6  Solitary nodules with high risk for 
malignancy

	•	 	Age < 20 and > 45 years
	•	 	Male gender
	•	 	History of previous radiation to neck
	•	 	Family history of thyroid cancer
	•	 	Rapid growth
	•	 	Pain
	•	 	Compressive or invasive features such as stridor, dyspnoea 

and dysphagia
	•	 	Fixed and hard lesion
	•	 	Size of nodule > 4 cm
	•	 	Recurrent or rapidly filling cyst after aspiration
	•	 	Nodules that occur in Graves’ or Hashimoto thyroiditis

Thyroid cyst

Aspirate

Brown fluid

Simple
thyroid cyst

Cystic component
in colloid nodule

Bloody

Papillary
carcinoma

Clear and colourless
Test for
parathormone

Parathyroid
cyst

Columnar
cells in aspirate

Thyroglossal
cyst

Figure 66.7 Diagnosis of the thyroid cyst.
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 4.  Ultrasound of thyroid. It is a useful test and identifies:
 (a)  Small nodules which cannot be palpated or nodules 

in obese neck.
 (b)  Multiple nodules.
 (c)  Accurate size of nodule(s) and their location.
 (d)  Cystic or solid nature of nodules.
 (e)  Associated cervical lymph nodes.
 (f)  Vascularity of thyroid gland or nodules.
 5.  Thyroid scan. Technetium (99m Tc), 123I and 131I have 

been used. It can differentiate between cold and hot 
nodules. Most of the nodules are cold (80%) with only 
5% being hot. Chances of malignancy in cold nodules is 
about 10% while it is only 1% in hot nodules.

 6.  Fine needle aspiration cytology or biopsy (FNAC/FNAB). 
Sensitivity and specificity of FNAC for diagnosis of thyroid 
masses is high—up to 90%. Ultrasound-guided FNAC/
FNAB further increases the accuracy of cytologic diagno-
sis. The aspiration may be reported as benign, malignant 
or indeterminate. Follicular or Hurthle cell tumours are 
reported as neoplasms because FNAC cannot differenti-
ate between benign and malignant lesions. Insufficient 
material collected on FNAC may require repeat pro-
cedure or observation and periodic evaluation. If risk 

factors for malignancy exist, surgery may be required 
(Figure 66.8).

 7.  CT/MRI. They are not used routinely but are very help-
ful in evaluating the size and extent of retrosternal goi-
tres. It may also show degree of tracheal compression.

MANAGEMENT OF THYROID NODULE

Depends on diagnosis made (see Figure 66.8).

SUPPRESSIVE THERAPY FOR NODULES
Enlargement of thyroid and formation of nodule(s) are 
due to trophic effect of TSH on thyroid cells. Suppress-
ing TSH with exogenous T4 is assumed to reduce nodule 
formation. A nonrandomized study showed reduction of 
nodule in 30% of patients. But other studies which were 
randomized did not corroborate it. There is also no con-
sensus how long to give therapy, how much to suppress 
TSH, whether nodule will decrease or only stabilize in 
size. Suppressive therapy has also the risk of cardiac 
arrhythmias and decrease in bone density in such patients 
who are usually euthyroid. In general suppressive therapy 
is not preferred.
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Figure 66.8 Management of thyroid nodule.
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THYROID SURGERY

Types of thyroid surgery are listed in Table 66.7

INDICATIONS

Broadly there are four indications for thyroid surgery which 
can be remembered by four C’s.

 1.  Cancer thyroid.
 2.  Suspicion of cancer, e.g. thyroid neoplasm on FNAC and 

thyroid nodule with risk factors.
 3.  Compressive symptoms, e.g. pressure on trachea or 

oesophagus or veins causing dyspnoea or dysphagia. Sub-
sternal extension causing thoracic-inlet syndrome with 
positive Pemberton’s sign, i.e. raising the arms above head 
causes respiratory distress, suffusion of face and neck vein 
engorgement.

 4.  Cosmetic. A large nodule or a multinodular goitre.

To this may be added the fifth indication of hyperthyroid-
ism, such as autonomous nodule or Graves’ disease.

PREOPERATIVE WORK-UP

 1.  Detailed history.
 2.  Physical examination.
 3.  Thyroid profile. TSH, T4 and T3.
 4.  Indirect laryngoscopy. For vocal cord paralysis or a com-

pensated vocal cord function.
 5.  FNAC. To know the histology.
 6.  TPO antibodies. When indicated for Graves’ disease.
 7.  Level of calcitonin. When medullary carcinoma is 

suspected.
 8.  Serum calcium level. As a baseline.
 9.  Ultrasound thyroid/neck. For size and number of thy-

roid nodules and status of lymph nodes in the neck.
 10.  Thyroid scan. If indicated, e.g. for autonomous nodule.
 11.  CT chest. For retrosternal goitre.
 12.  Investigations for surgical fitness:
	 •	 	Haemogram.
	 •	 	Urine;	routine	and	microscopic.
	 •	 	Blood	sugar	(F).
	 •	 	Blood	urea/creatinine.
	 •	 	X-ray	chest.
	 •	 	ECG.
	 •	 	Cardiac	echo	(if	required).

Table 66.7  Types of thyroid surgery

Type Description Diagram Indication

Hemithyroidectomy
or
thyroid lobectomy

Complete removal of one thyroid lobe 
with isthmus

	•	 	Benign nodule
	•	 	Intrathyroidal cancer

Subtotal thyroidectomy Removal of more than one half of the 
thyroid lobe on each side and also 
isthmus leaving 3 g on each sides

	•	 	Thyrotoxicosis
	•	 	Multinodular goitre

Near total thyroidectomy Removal of complete thyroid lobe on one 
side along with isthmus and almost 
complete removal of lobe on other side 
leaving only a small part (1 g) of it to 
protect parathyroid and RLN

For some malignancies

Total thyroidectomy Complete removal of both lobes and 
isthmus

	•	 	Medullary carcinoma
	•	 	Hurthle cell carcinoma
	•	 	Follicular carcinoma
	•	 	High-risk patient with papillary 

carcinoma

Isthmusectomy Complete removal of isthmus 	•	 	Nodule of isthmus
	•	 	For diagnostic biopsy

Completion thyroidectomy Removal of remaining thyroid gland 
to convert it into total or subtotal 
thyroidectomy after ominous histology 
is received

If total lobectomy proves malignant 
with capsular/vascular invasion, 
other lobe is excised.
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ANAESTHESIA

General with endotracheal intubation.

POSITION

Supine with neck extended.

STEPS OF OPERATION

INCISION
A horizontal incision in the skin crease below the collar 
line. In females with heavy breasts incision is a bit higher so 
that it does not drag to manubrium to cause hypertrophic 
scar. Incision is made from one sternomastoid muscle to the 
opposite one. It cuts through skin and subcutaneous tissues.

ELEVATION OF FLAPS
Platysma is then cut in the same incision with diathermy 
and the upper and lower flaps are developed. The upper 
flap should reach the thyroid notch and the lower one up  
to the clavicle.

SEPARATION OF STRAP MUSCLE
Midline is defined as a vertical incision made in fascia sepa-
rating the two sternohyoid muscles. Sternothyroid muscles 
are separated from the thyroid gland.

PALPATION OF THYROID GLAND
The normal lobe is inspected and palpated for any unde-
tected nodularity.

LIGATION OF VESSELS AND DISSECTION  
OF THYROID LOBE
Identify and ligate the middle thyroid vein which drains into 
the internal jugular vein. Inferior thyroid veins which form 
a venous plexus in front of the trachea are ligated and cut. 
Thyroidea ima artery may lie in front of trachea; it is identi-
fied and ligated.

Branches of inferior thyroid artery are found close to the 
thyroid. They are ligated medially preserving blood supply 
to parathyroids. Recurrent laryngeal nerve may pass ante-
rior, posterior or through the branches of the artery and 
care is taken to preserve it.

RLN is injured near the ligament of Berry when cautery 
or artery forceps is used indiscriminately while cutting the 
ligament of Berry to free the thyroid lobe.

DISSECTION OF SUPERIOR THYROID PEDICLE  
AND UPPER POLE
Division of sternothyroid muscle near its upper part helps 
to ligate superior thyroid artery and vein. They should be 
ligated individually. External branch of superior laryngeal 
nerve lies posteromedial to thyroid vessels and should be 
identified and preserved. Traction inferiorly on the thyroid 
helps to save the nerve.

PRESERVATION OF PARATHYROIDS AND  
THEIR BLOOD SUPPLY
Branches of inferior thyroid artery are ligated distally as 
close to thyroid as possible to preserve parathyroid blood 
supply. Also examine the thyroid specimen and if parathy-
roids have been removed, they are identified, separated, 
sliced and implanted in the sternocleidomastoid muscle. 
Before implantation, histological confirmation of parathy-
roid tissue is made by frozen section.

DIVISION OF ISTHMUS AND SEPARATION  
OF THYROID LOBE
Isthmus is separated from the trachea, doubly clamped 
and divided. Cut surface of isthmus on contralateral side is 
ligated with 3/0 chronic catgut by continuous interlocking 
suture for haemostasis.

IRRIGATION OF WOUND
Wound is irrigated with saline or betadine solution. Suction 
drainage is used to avoid haematoma formation.

CLOSURE OF WOUND
Anaesthetist performs Valsalva manoeuvre by intermit-
tent positive pressure for any venous ooze and if none is 
observed, wound is repaired. Strap muscles are approxi-
mated with 3/0 vicryl. Platysma is also approximated and 
subcutaneous sutures applied with 3/0 vicryl and then 
subcuticular sutures used for good cosmetic result. Ster-
istrips are then applied to further strengthen the incision 
lines.

COMPLICATIONS
 1.  Haematoma. It can be avoided by ligation of vessels, at 

the time of surgery and performing Valsalva at the end 
of operation to check for venous ooze. A haematoma can 
compress the airway and should be identified early and 
evacuated.

 2.  Airway obstruction. Tracheotomy may be required. Com-
pression by haematoma, tracheomalacia and laryngeal 
oedema or myxoedematous cords also cause obstruction 
to airway.

 3.  Injury to recurrent laryngeal nerve.
 4.  Injury to superior laryngeal nerve.
 5.  Wound infection.
 6.  Hypocalcaemia. Removal or devascularization of para-

thyroid glands causes numbness and tingling of lips, 
hands and feet. In such cases calcium level may be 
less than 8.0 mg/dL. Critical period is 24–96 h after 
operation. Always check for serum calcium levels post-
operatively. It may require calcium and vitamin D sup-
plementation by oral or i.v. route depending on severity 
of hypocalcaemia.

 7.  Pneumothorax. Due to injury to pleura in lower neck.
 8.  Hypothyroidism. It is usually seen 4–6 weeks after opera-

tion. This would require long-term thyroid replacement.
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APPLIED ANATOMY

It is a fibromuscular tube, about 25 cm long in an adult. It 
extends from the lower end of pharynx (C6) to the cardiac 
end of stomach (T11) (Figure 67.1). It runs vertically but 
inclines to the left from its origin to thoracic inlet and again 
from T7 to oesophageal opening in the diaphragm. It shows 
three normal constrictions and it is important to know their 
location at oesophagoscopy. They are:

 1.  At pharyngo-oesophageal junction (C6)—15 cm from 
the upper incisors.

 2.  At crossing of arch of aorta and left main bronchus 
(T4)—25 cm from upper incisors.

 3.  Where it pierces the diaphragm (T10)—40 cm from 
upper incisors.

Foreign bodies in the oesophagus can be held up at these 
constrictions.

The wall of oesophagus consists of four layers. From 
within outwards, they are:

 (a)  Mucosa, which is lined by stratified squamous 
epithelium.

 (b)  Submucosa, which connects mucosa to muscular layer.
 (c)  Muscular layer, which has inner circular and outer lon-

gitudinal fibres. Circular fibres at the lower end are 
thickened to form a cardiac sphincter. The upper third 
of oesophagus has striated, the lower third smooth, 
and the middle third both striated and smooth muscle 
fibres (Figure 67.2).

 (d)  Fibrous layer, which forms loose covering of oesophagus.

NERVE SUPPLY

Parasympathetic fibres come from vagus nerves (X) and 
sympathetic fibres from the sympathetic trunk.

LYMPHATIC DRAINAGE

The cervical, thoracic and abdominal parts drain respec-
tively into deep cervical, posterior mediastinal and gastric 
nodes.

APPLIED PHYSIOLOGY

Manometric studies have shown two high pressure zones in 
oesophagus and they form the physiological sphincters.

The upper oesophageal sphincter starts at the upper border 
of oesophagus and is about 3–5 cm in length and functions 
during the act of swallowing.

The lower oesophageal sphincter is situated at lower portion 
of oesophagus. It is also 3–5 cm in length and functions to 
prevent oesophageal reflux.

Middle portion of oesophagus shows active peristalsis. 
The waves are weaker in the upper part, becoming gradually 
stronger towards the lower portion.

67 Anatomy and Physiology 
of Oesophagus
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Figure 67.1 Anatomy of oesophagus and levels of normal constric-
tions from the upper incisors.
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PHYSIOLOGY OF SWALLOWING

The act of swallowing is divided into three phases:

1. Oral or buccal phase. The food which is placed in the 
mouth is chewed, lubricated with saliva, converted into a 
bolus and then propelled into the pharynx by elevation of 
the tongue against the palate.

2. Pharyngeal phase. It is initiated when the bolus of food 
comes into contact with pharyngeal mucosa. A series of 
reflex actions take place carrying the food past oro- and 
laryngopharynx into the oesophagus. The communications 
into nasopharynx, oral cavity and larynx are cut off.

 (a)  Closure of nasopharynx. Soft palate contracts against 
the Passavant’s ridge on the posterior pharyngeal wall 
and completely cuts off the nasopharynx from the 
oropharynx.

 (b)  Closure of oropharyngeal isthmus. The entry of food back 
into oral cavity is prevented by contraction of tongue 
against the palate and sphincteric action of palatoglossal 
muscles.

 (c)  Closure of larynx. Aspiration into the larynx is prevented 
by temporary cessation of respiration, closure of laryn-
geal inlet by contraction of aryepiglottic folds, closure 
of false and true cords, and rising of larynx under the 
base of tongue. The role of epiglottis in providing pro-
tection to larynx is not clear but it is seen to deflect 
backwards when food passes into the pyriform fossae.

 (d)  Contraction of pharyngeal muscles and relaxation of cricopha-
ryngeus. Relaxation of cricopharyngeus muscles is so 
timed and synchronous that food passes from pharynx 
into the oesophagus during contraction of pharyngeal 
muscles.

3. Oesophageal phase. After food enters the oesophagus,  
the cricopharyngeal sphincter closes and the peristaltic 
movements of oesophagus take the bolus down the stom-
ach. Gastro-oesophageal sphincter at the lower end of 
oesophagus relaxes well before peristaltic wave reaches and 
permits fluids to pass. Bolus of food is passed by contraction 
of peristaltic waves and then the sphincter closes.

Regurgitation of food back from stomach into oesopha-
gus is prevented by:

 (i)  tone of gastro-oesophageal sphincter,
 (ii)  negative intrathoracic pressure,
 (iii)  pinch-cock effect of diaphragm,
 (iv)  mucosal folds,
 (v)  oesophagogastric angle and
 (vi)  slightly positive intra-abdominal pressure.

Diaphragm

Pharynx

Striated muscle (upper third)

Mixed smooth and striated muscle
(middle third)

Smooth muscle (lower third)

Lower sphincter
(3–5 cm)

Upper sphincter
(3–5 cm)

Figure 67.2 Oesophagus and its sphincters.
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ACUTE OESOPHAGITIS

It is acute inflammation of the oesophagus and can be due 
to (i) ingestion of hot liquids, (ii) ingestion of caustic or 
corrosive agents, (iii) laceration due to swallowed foreign 
body, or trauma of oesophagoscopy, (iv) monilial infection 
of oesophagus from thrush in the oral cavity and (v) sys-
temic disorder like pemphigus.

Patient complains of dysphagia, retrosternal burning or 
haematemesis. Diagnosis can be made from history, X-ray 
studies and oesophagoscopy.

PERFORATION OF OESOPHAGUS

AETIOLOGY

Perforation or the rupture of oesophagus results from:

 1.  Instrumental trauma, i.e. oesophagoscopy or dilatation 
of strictures with bougies. The common site or rupture in 
these cases is just above the upper sphincter; sometimes 
it is the lower oesophagus near the hiatus.

 2.  Spontaneous rupture. This usually follows vomiting and 
involves mostly the lower third of oesophagus. Postemetic 
rupture of all the layers of oesophagus is called Boerhaave 
syndrome.

DIAGNOSIS

Early diagnosis is imperative, as mediastinitis, resulting 
from rupture, can rapidly prove fatal. All patients com-
plaining of pain in the neck or interscapular region, 
following an oesophagoscopy, should be suspected of a 
perforation.

The features of cervical oesophageal rupture are pain, fever, 
difficulty to swallow and local tenderness, along with signs 
of surgical emphysema in the neck.

The features of thoracic oesophageal rupture are pain, referred 
to the interscapular region, fever 102–104°F (39–40°C), 
signs of shock, surgical emphysema in the neck, crunching 
sound over the heart (Hamman’s sign, because of air in the 
mediastinum) and pneumothorax.

X-rays of the chest and neck are essential. They may reveal 
widening of the mediastinum and retrovisceral space, sur-
gical emphysema, pneumothorax, pleural effusion or gas 
under the diaphragm.

TREATMENT

All oral feeds are stopped immediately. Nutrition is main-
tained through i.v. route. Massive doses of antibiotics are 
given i.v. to combat infection.

Early perforations of cervical oesophagus can be man-
aged by conservative measures; drainage is required only 
if suppuration develops. Retrovisceral space and/or upper 
mediastinum can be drained through the neck.

Rupture of thoracic oesophagus is more serious and con-
servative treatment rarely succeeds. If diagnosis is made 
early (within 6 h), perforation is surgically repaired and 
pleural cavity drained. If diagnosis is delayed, repair is 
not possible; surgery is then restricted to drainage of the 
infected area.

CORROSIVE BURNS OF OESOPHAGUS

AETIOLOGY

Acids, alkalies or other chemicals may be swallowed acci-
dentally in children or taken with the purpose of suicide in 
adults.

PATHOLOGY

Severity of oesophageal burns depends on the nature of cor-
rosive substance, its quantity and concentration and the duration 
of its contact with the oesophageal wall. Alkalies are more 
destructive and penetrate deep into the layers of the oesoph-
agus. With lye burns, entire oesophagus and stomach may 
slough off causing fatal mediastinitis and peritonitis.

Oesophageal burns run through three stages:

 1.  Stages of acute necrosis.
 2.  Stage of granulations: Slough separates leaving granulat-

ing ulcer.
 3.  Stage of stricture: Stricture formation begins at 2 weeks 

and continues for 2 months or longer.

EVALUATION OF PATIENTS

Evaluate the patient and determine the type of caus-
tic ingested, signs and symptoms of shock, upper airway 
obstruction, mediastinitis, peritonitis, acid-base imbalance, 
and associated burns of face, lips and oral cavity. Take X-ray 
of the chest and soft tissue lateral view of neck.

68 Disorders of Oesophagus
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MANAGEMENT

 1.  Hospitalize the patient.
 2.  Treat shock and acid-base imbalance by i.v. fluids and 

electrolytes. Monitor urine output for renal failure.
 3.  Relieve pain.
 4.  Relieve airway obstruction. Tracheostomy may be required.
 5.  Neutralization of the corrosive by appropriate weak acid 

or alkali, given by mouth, can be done but is effective 
only if done within first 6 h.

 6.  Parenteral antibiotics should be started immediately 
and continued for 3–6 weeks depending on the degree 
of burns.

 7.  Pass a nasogastric tube. It is useful to feed the patient 
and to maintain oesophageal lumen.

 8.  Oesophagoscopy. Some advocate an early oesophagos-
copy within 2 days to know if burns in the oesophagus 
have occurred and if so, their degree and extent so as to 
plan further treatment. Oesophagoscope is not passed 
beyond the first severe circumferential burn.

 9.  Steroids should be started within 48–96 h and contin-
ued for 4–6 weeks to prevent stricture.

 10.  Follow the patient with oesophagogram and oesopha-
goscopy every 2 weeks, till healing is complete, for the 
development of any stricture.

 11.  If stricture develops it can be treated by:
 (a)  Oesophagoscopy and prograde dilatations, if 

permeable.
 (b)  Gastrostomy and retrograde dilatation, if imperme-

able.
 (c)  Oesophageal reconstruction or by-pass, if dilatations 

are impossible.
 12.  Patients of corrosive injuries of oesophagus may require 

life-long follow-up.

BENIGN STRICTURES OF OESOPHAGUS

AETIOLOGY

The strictures usually occur when muscular coat of the 
oesophagus is damaged. The common causes are:

 1.  Burns due to corrosive substances or hot fluids.
 2.  Trauma to oesophageal wall due to impacted foreign 

bodies or instrumentation or external injuries.
 3.  Ulcerations due to reflux oesophagitis.
 4.  Ulcerations due to diphtheria or typhoid.
 5.  Sites of surgical anastomosis.
 6.  Congenital, usually in the lower third.

CLINICAL FEATURES AND DIAGNOSIS

Dysphagia, first to solids and then to liquids, is the common 
complaint. When obstruction is complete, regurgitation 
and cough may occur. Patient is malnourished.

Barium swallow establishes the diagnosis. Oesophagos-
copy is required to exclude malignancy.

TREATMENT

1. Prograde dilatation with bougies. It should be done under 
direct vision through oesophagoscope. Dilatations may be 
required frequently.

2. Gastrostomy. It helps to feed the patients and give rest 
to the inflamed area above the strictures. After a few days, 
when inflammation subsides, lumen may become visible 
and prograde dilatation can be restored. Patient can be 
given a thread to swallow, which is recovered from the 
stomach, and prograde or retrograde bouginage can be 
done.

3. Surgery. Excision of strictured segment and reconstruc-
tion of food passage using stomach, colon or jejunum.

HIATUS HERNIA

It is displacement of stomach into the chest through oesoph-
ageal opening of the diaphragm. Most patients are elderly, 
past 40 years. This disorder is of two types:

 1.  Sliding. Stomach is pushed into the thorax, in line with 
the oesophagus. Reflux oesophagitis is common and 
may give rise to ulceration and stenosis. Haemateme-
sis may occur. It is caused by raised intra-abdominal 
pressure.

 2.  Paraoesophageal. A part of the stomach along with its 
peritoneal covering passes up into the thorax by the side 
of oesophagus. The gastro-oesophageal junction still 
remains below the diaphragm and the angle between 
oesophagus and stomach is maintained. There is no 
reflux oesophagitis in this type of hernia. The main symp-
tom is dyspnoea on exertion due to position of stomach 
in the thorax and sometimes bleeding.

Diagnosis of both types of hiatus hernia can be made by 
barium swallow.

TREATMENT

Mainly it is surgical; the hernia is reduced and diaphrag-
matic opening repaired. Early cases and those unfit for 
surgery may be treated conservatively to reduce reflux 
oesophagitis by measures such as (i) sleeping with head and 
chest raised, (ii) avoidance of smoking, (iii) use of drugs 
that reduce acidity (antacids and proton pump inhibitors), 
(iv) reduction of obesity and (v) attention to the causes 
which raises intra-abdominal pressure.

PLUMMER–VINSON (PATTERSON–BROWN–
KELLY) SYNDROME

Classical features of this syndrome include dysphagia, 
iron-deficiency anaemia, glossitis, angular stomatitis,  
koilonychia (spooning of nails) and achlorhydria. There  
is atrophy of the mucous membrane of the alimentary 
tract.

Predominantly, it affects females past 40 years. Barium 
swallow shows a web in the postcricoid region and the same 
can be seen on oesophagoscopy. It is due to subepithelial 
fibrosis in this region.

About 10% of the cases with this syndrome will develop 
postcricoid carcinoma. It also predisposes to the develop-
ment of carcinoma in the tongue, buccal mucosa, pharynx, 
oesophagus and the stomach.
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TREATMENT

 1.  To correct anaemia by oral/parenteral iron. Serum levels 
of iron are more important than haemoglobin level. Asso-
ciated B12 and B6 deficiency should also be corrected.

 2.  Dilatation of the webbed area by oesophageal bougies.

GLOBUS (HYSTERICUS) PHARYNGEUS

It is a functional disorder where the patient complains of 
“lump” in the throat. There is no true dysphagia. In fact, 
feeling of lump is more marked between the meals rather 
than during a meal. Such a patient may have fear of cancer 
in the throat. Clinical examination of the pharynx, larynx 
and base of tongue is normal.

Treatment is reassurance to the patient when no cause has 
been found.

MOTILITY DISORDERS OF OESOPHAGUS

They can be divided into:

 1.  Hypermotility disorder, e.g. cricopharyngeal spasm, dif-
fuse oesophageal spasm, nut cracker oesophagus.

 2.  Hypomotility disorders, e.g. cardiac achalasia, gastro-
oesophageal reflux, scleroderma, amyotrophic lateral 
sclerosis.

They may involve the upper sphincter, lower sphincter or 
the body of oesophagus.

CRICOPHARYNGEAL SPASM

It is caused by failure of the upper oesophageal sphincter 
to relax properly. There is incoordination between relax-
ation of the upper oesophageal sphincter and simultaneous 
contraction of the pharynx. The common causes are cere-
brovascular accidents, Parkinson’s disease, bulbar polio, 
multiple sclerosis and muscular dystrophies.

DIFFUSE OESOPHAGEAL SPASM

It is characterized by strong nonperistaltic contractions 
of the body of oesophagus while sphincteric relaxation is 
normal. The symptoms consist of dysphagia or odynopha-
gia with substernal chest pain, simulating angina pectoris. 
Barium swallow may show segmented oesophageal spasms 
giving a rosary bead or a cork-screw type of oesophagus, 
though it may be normal in some. Manometry shows nor-
mal relaxation of the sphincter on swallowing. The treat-
ment is dilatation of lower oesophagus. Severe cases may 
require myotomy of oesophagus from the arch of aorta to 
lower sphincter.

NUT-CRACKER OESOPHAGUS

These are strong, high amplitude oesophageal contractions 
but the contractions remain peristaltic (compare diffuse 
oesophageal spasm where contractions are nonperistaltic). 
It causes dysphagia and substernal pain.

CARDIAC ACHALASIA

It is characterized by the absence of peristalsis in the 
body of oesophagus and high resting pressure in lower 
oesophageal sphincter; the latter also does not relax dur-
ing swallowing.

The symptoms of cardiac achalasia include dysphagia, 
which is more to liquids than solids (reverse of that seen 
in malignancy or strictures) and regurgitation of swallowed 
food particularly at night.

The diagnosis is made by (i) radiography (barium swallow 
shows dilated oesophagus with narrowed rat tail lower end), 
sometimes also called bird-beak appearance; (ii) manomet-
ric studies (low pressure in the body of oesophagus and high 
pressure at lower sphincter and failure of the sphincter to 
relax); (iii) endoscopy (to exclude benign stricture or any 
development of carcinoma which is a common complica-
tion of this disorder.

The treatment of choice is the modified Heller’s operation 
(myotomy of the narrowed lower portion of the oesopha-
gus). Forceful pneumatic dilatation of the lower oesophagus 
can be done in those unfit for surgery.

GASTRO-OESOPHAGEAL REFLUX

It is due to decreased function of lower oesophageal 
sphincter thus permitting regurgitation of gastric con-
tents into oesophagus. Other causes of gastro-oesophageal 
reflux are pregnancy, hiatus hernia, scleroderma, exces-
sive use of tobacco and alcohol, and drugs that relax the 
smooth muscle (anticholinergic, beta-adrenergic drugs 
and calcium-channel blockers).

The symptoms of oesophageal reflux include substernal 
pain, heartburn and regurgitation.

The treatment consists of:

 1.  Elevation of the head of bed at night.
 2.  Avoiding food at least 3 h before bedtime.
 3.  Antacids.
 4.  Drugs that increase tone of lower oesophageal sphincter, 

e.g. metoclopramide.
 5.  H2 receptor antagonists, e.g. cimetidine and ranitidine.
 6.  Avoiding smoking, alcohol, caffeine, chocolates, mints 

and carbonated drinks.
 7.  Antireflux surgery, e.g. Nissen’s fundoplication.

COMPLICATIONS OF GASTRO-OESOPHAGEAL REFLUX
 1.  Oesophagus
	 •	 	Oesophagitis, oesophageal mucosal erosion and 

haemorrhage.
	 •	 	Benign oesophageal stricture.
	 •	 	Barrett’s oesophagus (normal squamous epithelium 

of oesophagus is replaced by columnar epithelium as a 
result of continuous inflammation). It is a precancerous 
condition.

 2.  Lung
	 •	 	Aspiration pneumonia.
	 •	 	Asthma.
	 •	 	Bronchiectasis.
 3.  Larynx
	 •	 	Posterior laryngitis causing vague pain in throat, hoarse-

ness and repeated throat clearing.
	 •	 	Pachydermia laryngis.
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	 •	 	Contact ulcers and granulomas.
	 •	 	Posterior glottic stenosis.
	 •	 	Paroxysmal laryngospasm.
	 •	 	Carcinoma larynx.
 4.  Ear
	 •	 	Otitis media with effusion.
 5.  Miscellaneous
	 •	 	Globus hystericus.

SCLERODERMA

It is a systemic collagen disorder primarily neural, but 
s econdarily weakening the smooth muscles of the lower 
t wo-thirds of oesophagus and the lower oesophageal 
sphincter. Dysphagia may precede cutaneous lesions. 
Barium swallow shows absence of peristalsis in distal two-
thirds of the oesophagus. Many of these patients have 
hiatus hernia, or reflux oesophagitis and may develop 
stricture in distal part of the oesophagus due to recurrent 
inflammation.

SCHATZKI’S RING

It occurs at the junction of squamous and columnar epi-
thelium at the lower end of oesophagus and has also been 
called lower oesophageal ring. Usually seen in patients above  
50 years of age. Cause is unknown. Symptomatic patients 
complain of intermittent dysphagia and some may even 
present with bolus obstruction. It may be associated with 
hiatus hernia. Treatment is oesophageal dilatation.

NEOPLASMS OF OESOPHAGUS

BENIGN NEOPLASMS

Benign neoplasms are rare compared to malignant ones.

Leiomyoma is the most common and accounts for two-
thirds of all the benign neoplasms. It arises from the 
smooth muscle and grows in the wall of oesophagus. Dys-
phagia is produced when tumour exceeds the diameter 
of 5 cm. Barium swallow shows an ovoid filling defect. 
Endoscopy reveals a submucosal swelling. Biopsy should 
not be taken. Treatment is enucleation of the tumour by 
thoracotomy.

Mucosal polyps, lipomas, fibromas and haemangiomas are 
other benign tumours. They are often pedunculated and 
present in the oesophageal lumen. Endoscopic removal is 
avoided because of the danger of oesophageal perforation. 
Treatment is surgical excision by oesophagotomy.

CARCINOMA OESOPHAGUS

INCIDENCE
Incidence of oesophageal carcinoma is high in China, Japan, 
USSR and South Africa. In India, it constitutes 3.6% of all 
body cancers in the rich and 9.13% of those in the poor.

AETIOLOGY
Smoking and alcohol consumption are high-risk fac-
tors and so are some particular dietary habits. In India, 

high incidence is associated with tobacco chewing and 
smoking.

About 5% of oesophageal cancers arise in the pre-existing 
pathological lesions, such as benign strictures, hiatus her-
nia, cardiac achalasia and diverticula. Plummer–Vinson syn-
drome is another predisposing factor.

PATHOLOGY
Squamous cell carcinoma is the most common (93%). Ade-
nocarcinoma (3%) is also seen, but in the lower oesophagus, 
and may be an upward extension of the gastric carcinoma. 
Other types are rare.

SPREAD OF CARCINOMA
 1.  Direct. The lesion may fill the lumen and infiltrate the 

wall of oesophagus. It may also spread to the adjoining 
structures such as the trachea, left bronchus, aorta or 
pericardium. Involvement of the recurrent laryngeal 
nerves causes aspiration problems.

 2.  Lymphatic. Depending on the site involved, cervical, 
mediastinal or coeliac nodes may be involved. Cervical 
and thoracic lesions also spread to supraclavicular nodes. 
“Skip lesions” may also occur due to spread through the 
submucosal lymphatics.

 3.  Blood borne. Metastases may develop in the liver, lungs, 
bone and brain.

CLINICAL FEATURES
 1.  Early symptoms. They include substernal discomfort and 

preference for soft or liquid food.
 2.  Progressive dysphagia and emaciation. Dysphagia first 

to solids and then to liquids. Patient loses weight and 
becomes emaciated.

 3.  Pain. Usually signifies extension of tumour beyond the 
walls of oesophagus. It is referred to the back.

 4.  Aspiration problem. Spread of cancer may cause 
laryngeal paralysis or fistulae formation leading to 
cough, hoarseness of voice, aspiration pneumonia and 
mediastinitis.

DIAGNOSIS
 1.  Barium swallow. It shows narrow and irregular oesoph-

ageal lumen, without proximal dilatation of the 
oesophagus.

 2.  Oesophagoscopy. Useful to see the site of involvement, 
extent of the lesion and to take biopsy. Flexible fibre-
optic oesophagoscopy obviates the need for general 
anaesthesia and gives a magnified view.

 3.  Bronchoscopy. It helps to exclude extension of growth 
into the trachea and bronchi.

 4.  CT scan. It is useful to assess the extent of disease and 
nodal metastases.

TREATMENT
Surgery of upper two-thirds of oesophagus is difficult due to 
great vessels and involvement of mediastinal nodes. Radio-
therapy is the treatment of choice.

Surgery is the preferred method of treatment for cancer 
of lower one-third. The affected segment, with a wide mar-
gin of oesophagus proximally and the fundus of stomach 
distally, can be excised with primary reconstruction of the 
food channel.
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In advanced lesions, only palliation is possible. An alterna-
tive food channel can be provided by:

 1.  A by-pass operation.
 2.  Oesophageal intubation with Celestin or Mousseau-

Barbin or a similar tube.
 3.  Permanent gastrostomy or a feeding jejunostomy.

 4.  Laser surgery: Oesophageal growth is burnt with Nd: 
YAG laser to provide a food channel. Chemotherapy is 
used only as a palliative measure in the locally advanced 
or disseminated disease.

PROGNOSIS
Five-year survival is not more than 5–10%.
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Dysphagia is difficulty in swallowing. The term odynophagia 
is used when swallowing causes pain. The latter is more 
marked in ulcerative and inflammatory lesions of food  
passages-oral cavity, oropharynx and oesophagus.

AETIOLOGY

The cause of dysphagia may be preoesophageal (i.e. due to dis-
turbance in the oral or pharyngeal phase of deglutition), or 
oesophageal (when disturbance is in oesophageal phase). This 
classification is clinically useful as most of the preoesopha-
geal causes can be easily excluded by physical examination 
while oesophageal ones require investigation.

PREOESOPHAGEAL CAUSES

1. Oral phase. Normally, food must be masticated, lubri-
cated with saliva, converted into a bolus by movements of 
tongue and then pushed into the pharynx by elevation of 
the tongue against the hard palate. Any disturbance in these 
events will cause dysphagia. Thus cause may be:

 (a)  Disturbance in mastication. Trismus, fractures of mandi-
ble, tumours of the upper or lower jaw and disorders of 
temporomandibular joints.

 (b)  Disturbance in lubrication. Xerostomia following radio-
therapy, Mikulicz’s disease.

 (c)  Disturbance in mobility of tongue. Paralysis of tongue, 
painful ulcers, tumours of tongue, lingual abscess, total 
glossectomy.

 (d)  Defects of palate. Cleft palate, oronasal fistula.
 (e)  Lesions of buccal cavity and floor of mouth. Stomatitis, 

ulcerative lesions, Ludwig’s angina.

2. Pharyngeal phase. For a normal swallow, food should 
enter the pharynx and then be directed towards oesopha-
geal opening. All unwanted communications into the naso-
pharynx, larynx, oral cavity should be closed. Disturbances 
in this phase can arise from:

 (a)  Obstructive lesions of pharynx, e.g. tumours of tonsil, soft 
palate, pharynx, base of tongue, supraglottic larynx, or 
even obstructive hypertrophic tonsils.

 (b)  Inflammatory conditions, e.g. acute tonsillitis, peritonsil-
lar abscess, retro or parapharyngeal abscess, acute epi-
glottitis, oedema larynx.

 (c)  Spasmodic conditions, e.g. tetanus, rabies.
 (d)  Paralytic conditions. Paralysis of soft palate due to diph-

theria, bulbar palsy, cerebrovascular accidents. They 
cause regurgitation into the nose.

Paralysis of larynx, lesions of vagus and bilateral superior 
laryngeal nerves cause aspiration of food into the larynx.

OESOPHAGEAL CAUSES

The lesions may lie in the lumen, in the wall or outside the 
wall of oesophagus.

 1.  Lumen. Obstruction to lumen can occur in atresia, for-
eign body, strictures, benign or malignant tumours.

 2.  Wall. It can be acute or chronic oesophagitis, or motility 
disorders. The latter are:

 (a)  Hypomotility disorders, e.g. achalasia, scleroderma, 
amyotrophic lateral sclerosis.

 (b)  Hypermotility disorders, e.g. cricopharyngeal spasm, 
diffuse oesophageal spasm.

 3.  Outside the wall. The lesions cause obstruction by press-
ing on the oesophagus from outside:

 (a)  Hypopharyngeal diverticulum (see p. 274).
 (b)  Hiatus hernia.
 (c)  Cervical osteophytes (Figure 69.1).
 (d)  Thyroid lesions, e.g. enlargement, tumours, Hashi-

moto thyroiditis.
 (e)  Mediastinal lesions, e.g. tumours of mediastinum, 

lymph node enlargement, aortic aneurysm, cardiac 
enlargement.

 (f)  Vascular rings (dysphagia lusoria).

INVESTIGATIONS

1. History. A detailed history is of paramount importance. 
Ascertain, if dysphagia is of:

 (a)  Sudden onset: Foreign body or impaction of food on a pre-
existing stricture or malignancy, neurological disorders.

 (b)  Progressive: Malignancy.
 (c)  Intermittent: Spasms or spasmodic episodes over an 

organic lesion.
 (d)  More to liquids: Paralytic lesions.
 (e)  More to solids and progressing even to liquids: Malig-

nancy or stricture.
 (f)  Intolerance to acid food or fruit juices: Ulcerative lesions.

Note any associated symptoms, e.g. regurgitation and 
heart burn (hiatus hernia); regurgitation of undigested 
food while lying down, with cough at night (hypopharyngeal 
diverticulum); aspiration into lungs (laryngeal paralysis); 
aspiration into the nose (palatal paralysis).

2. Clinical examination. Examination of oral cavity, orophar-
ynx, and larynx and hypopharynx can exclude most of the 

69Dysphagia
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pre-oesophageal causes of dysphagia. Examination of the 
neck, chest and nervous system, including cranial nerves 
should also be undertaken.

3. Blood examination. Haemogram is important in the diag-
nosis and treatment of Plummer–Vinson syndrome and to 
know the nutritional status of the patient.

4. Radiography

 (a)  X-ray chest. To exclude cardiovascular, pulmonary and 
mediastinal diseases.

 (b)  Lateral view neck. To exclude cervical osteophytes and any 
soft tissue lesions of postcricoid or retropharyngeal space.

 (c)  Barium swallow. It is useful in the diagnosis of malignancy, 
cardiac achalasia, strictures, diverticula, hiatus hernia or 
oesophageal spasms. Combined with fluoroscopic con-
trol or cineradiography, it can help in the diagnosis of 
motility disorders of oesophageal wall or sphincters.

5. Manometric and pH studies. A pressure transducer along 
with a pH electrode and an open-tipped catheter is intro-
duced into the oesophagus to measure the pressures in 
the oesophagus and at its sphincters. Acid reflux into the 
oesophagus is measured by pH electrode. It also measures 
the effectiveness of oesophagus to clear the acid load after 
acid solution is put in the oesophagus. These studies help 
in motility disorders, gastro-oesophageal reflux and to 
find whether oesophageal spasms are spontaneous or acid 
induced.

6. Oesophagoscopy. It gives direct examination of oesopha-
geal mucosa and permits biopsy specimens. Flexible fibre-
optic or rigid scopes can be used.

7. Other investigations. Bronchoscopy (for bronchial car-
cinoma), cardiac catheterization (for vascular anomalies), 
thyroid scan (for malignant thyroid) may be required, 
depending on the case.

A B

Figure 69.1 (A & B) Cervical osteophytes causing dysphagia. Barium swallow shows pressure on oesophagus by large osteophytes.
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An ingested foreign body (FB) may lodge in:

 1.  The tonsil.
 2.  The base of tongue/vallecula.
 3.  Posterior pharyngeal wall
 4.  The pyriform fossa.
 5.  The oesophagus.

1. Tonsil. Usually, it is a sharp fish bone or a needle in one of 
the tonsillar crypts. It can be easily observed by oropharyn-
geal examination and removed.

2. Base of tongue or vallecula. Here again it is usually the fish 
bone or a needle. It can be observed by mirror examination. 
It can be removed as an office procedure by asking the patient 
to hold his own tongue while examiner holds a large laryngeal 
mirror or an endoscope in one hand and a curved forceps in 
the other. Sometimes a sharp needle in the base of tongue 
may get totally embedded into its substance due to repeated 
attempts to feel. It can be diagnosed by radiology and may 
require pharyngotomy to extract it. Once in muscular layers, 
it has a chance to migrate and an early removal is indicated.

3. Posterior pharyngeal wall. A wire, a needle or a staple can 
get transfixed to posterior pharyngeal wall. It happens when 
these objects are accidently taken with food. Most of them 
can be seen with oropharyngeal examination under good 
illumination and removed with a forceps.

4. Pyriform fossa. Fish bone, chicken or a mutton bone, 
needle or a denture may lodge in the pyriform fossa. Small 
foreign bodies can be removed under local anaesthetic 
with a curved forceps as described above. Large impacted 
foreign bodies or those in children should be removed by 
endoscopy under general anaesthesia.

5. Oesophagus. Usual foreign bodies that get lodged in the 
oesophagus are a coin, piece of meat, chicken bone, denture, 
safety pin or a marble. Sometimes other object like nails, 
screws, plastic objects or pieces of glass may also be seen. 
Disc batteries are also becoming common these days due to 
their wide spread usage. Most of oesophageal foreign bodies 
lodge just below the cricopharyngeal sphincter. If they lodge 
lower down, an underlying condition such as congenital or 
acquired stricture or a malignancy (in adults) should be sus-
pected and/or a follow-up barium swallow should be done 
when oedema due to foreign body removal has subsided.

AETIOLOGY

 1.  Age. Children are most often affected. Nearly 80% are 
below 5 years. They have a tendency to put anything in 

the mouth. Playing while eating is another factor. Educa-
tion of parents is important to prevent such accidents in 
toddlers and young children.

 2.  Loss of protective mechanism. Use of upper denture pre-
vents tactile sensation and a foreign body is swallowed 
undetected. Loss of consciousness, epileptic seizures, 
deep sleep or alcoholic intoxication are other factors.

 3.  Carelessness. Poorly prepared food, improper mastica-
tion, hasty eating and drinking.

 4.  Narrowed oesophageal lumen. Pieces of food may be 
held up in cases of oesophageal stricture or carcinoma. 
The first symptom of carcinoma oesophagus may be sud-
den obstruction from a foreign body such as a piece of 
meat, fruit or vegetable.

 5.  Psychotics. Foreign body may be swallowed with an 
attempt to commit suicide.

SITE OF LODGEMENT OF FOREIGN BODY

By far the commonest site is at or just below the cricopha-
ryngeal sphincter. Flat objects like coins are held up at the 
sphincter while others are held in the upper oesophagus 
just below the sphincter due to poor peristalsis. Foreign 
bodies which pass the sphincter can be held up at the next 
narrowing at bronchoaortic constriction or at the car-
diac end. Sharp or pointed objects lodge anywhere in the 
oesophagus.

Once object passes the oesophagus it is likely to pass per 
rectum but sometimes it gets obstructed at pylorus, duode-
num, terminal ileum, ileocaecal junction, caecum, sigmoid 
colon or even at the rectum. Size and shape of the object 
and its nature, sharp or pointed plays an important part in 
its lodgement in oesophagus or lower down.

CLINICAL FEATURES

SYMPTOMS

 1.  History of initial choking or gagging.
 2.  Discomfort or pain located just above the clavicle on the 

right or left of trachea. Discomfort increases on attempts 
to swallow. Local discomfort may point to the site of FB in 
cervical oesophagus but not so in lower oesophagus.

 3.  Dysphagia. Obstruction to swallowing may be partial or 
total. Partial obstruction becomes total with time due to 
oedema.

 4.  Drooling of saliva. It is seen in cases of total obstruction. 
Saliva may be aspirated causing pneumonitis.

70Foreign Bodies of  
Food Passage
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 5.  Respiratory distress. Impacted foreign body in the upper 
oesophagus compresses posterior wall of trachea causing 
respiratory obstruction especially in children. Laryngeal 
oedema can develop.

 6.  Substernal or epigastric pain. It may occur due to oesoph-
ageal spasm or incipient perforation.

 7.  In partial obstruction, patient may still be taking normal 
food with little or no discomfort for a few days. Even X-rays 
may be normal. No complacency should be observed and 
an endoscopic examination performed when history and 
physical examination strongly suggest a foreign body.

SIGNS

 1.  Tenderness in the lower part of neck on the right or left 
of trachea.

 2.  Pooling of secretions in the pyriform fossa on indirect 
laryngoscopy. They do not disappear on swallowing.

 3.  Sometimes a foreign body may be seen protruding from 
the oesophageal opening in the postcricoid region.

INVESTIGATIONS

Posteroanterior and lateral views of neck and similar views 
of the chest including abdomen are taken. They reveal 
most of the radio-opaque foreign bodies and their location  
(Figures 70.1–70.3). Foreign bodies of the oesophagus lie in 
the coronal plane in PA view and edge on in the lateral view. 
It is just the reverse in tracheal foreign bodies because of 
orientation of vocal cords. Radiolucent foreign bodies may 
show as an air bubble in cervical oesophagus in X-ray soft 
tissue lateral view of neck. Failure to see a foreign body on 
X-ray does not rule it out as small fish bones, pieces of wood 
or plastics are radiolucent. Barium swallow is avoided as it 
may spill over into the larynx and thus delay the subsequent 
endoscopic procedure and also make it more difficult. Also 
look for multiple foreign bodies (as coins). A disc battery 
may elude as it may cast a double shadow or stacked coin 
appearance.

MANAGEMENT

1. Endoscopic removal. Most of the foreign bodies in oesoph-
agus can be removed by oesophagoscopy under general 
anaesthesia. Both rigid and flexible scopes have been used to 
remove foreign bodies from the oesophagus. Rigid oesopha-
goscope, appropriate for the size of patient with proper type 
of forceps is preferred. Soft (meat pieces without bone, veg-
etable matter) and blunt objects can be removed with flexible 
scopes (see Table 70.1 for comparison of the two procedures).

A hypopharyngeal speculum resembling a laryngoscope 
with long blade is less traumatic and more convenient to 
use for foreign bodies lodged near the upper sphincter.

2. Cervical oesophagotomy. Impacted foreign bodies or 
those with sharp hooks such as partial dentures located 
above thoracic inlet may require removal through an inci-
sion in the neck and opening of cervical oesophagus.

3. Transthoracic oesophagotomy. For impacted foreign bod-
ies of thoracic oesophagus, chest is opened at the appropri-
ate level.

A B

Figure 70.1 Foreign body food passage. (A) PA view showing 50 paisa coin. (B) Lateral view of the same.

Figure 70.2 A fish bone in the oesophagus. Also note the presence 
of a bubble of gas (arrow).
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A foreign body which has passed the pylorus of stomach 
may pass through rest of gastrointestinal tract without dif-
ficulty; stool should be examined daily for 3–4 days for spon-
taneous expulsion. Patient should take a normal diet and no 
purgative should be administrated to hasten the passage of 
foreign body. Operative interference is required when:

 (a)  Patient complains of pain and tenderness in abdomen.
 (b)  Foreign body is not showing any progress on periodic 

X-rays taken at a few days interval.

 (c)  Objects are sharp and likely to penetrate or get 
obstructed, e.g. nails, pins, needles, sharp bones, den-
ture fragments, razors and long thin wires.

 (d)  Foreign body is 5 cm or longer (e.g. hair pin) in a child 
of 2 years; it is unlikely to pass through turns of duo-
denum. A disc battery larger than 1.5 cm in a child of  
6 years and remaining in stomach for 48 h.

 (e)  There is pyloric stenosis.

COMPLICATIONS OF OESOPHAGEAL 
FOREIGN BODY

 1.  Respiratory obstruction. This is due to tracheal compres-
sion by the FB in the oesophagus, or laryngeal oedema 
especially in infants and children.

 2.  Perioesophageal cellulitis and abscess. It occurs in the 
neck.

 3.  Perforation. Sharp objects may perforate the oesopha-
geal wall, setting up mediastinitis, pericarditis or empy-
ema. They may perforate the aorta and prove fatal.

 4.  Tracheo-oesophageal fistula. Rare.
 5.  Ulceration and stricture. Overlooked foreign bodies may 

cause slow ulceration and stricture formation.

DISC BATTERIES

Ingestion of disc batteries is becoming common because of 
their widespread use in hearing aids, toys, calculators and 
other electronic devices. They contain sodium hydroxide, 
potassium hydroxide and mercury which leaks through 
them to cause oesophageal injury. Prolonged sojourn at 
one place causes complications like stricture, perforation, 
tracheo-oesophageal fistula, mediastinitis and death.

It is observed that a disc battery causes damage to mucosa 
in 1 h, muscle coat in 2–4 h and perforation of the oesopha-
gus in 8–12 h, therefore it should be removed promptly from 
the oesophagus. If lodged in stomach, a radiographic follow 

Figure 70.3 Two metallic foreign bodies. A large ring along with a 
small piece (arrows).

Table 70.1  Comparative advantages and disadvantages of rigid and flexible oesophagoscopy

Rigid Flexible

Anaesthesia General Topical or topical with sedation
Route Oral Oral (nasal for transnasal oesophagoscopy 

for diagnosis)
Jaw-neck abnormalities Cannot be done due to technical difficulty Can be done
Structures seen Up to oesophagus Oesophagus, stomach, pylorus and 

duodenum
Admission Requires admission Mostly an outdoor procedure
Foreign bodies removal Easy, various types of forceps can be used;  

end of oesophagoscope helps to  
ensheath sharp objects

Only soft small foreign bodies can be 
removed. Limited numbers of forceps 
that can pass through the channel can 
be used. Ensheathing of FB not possible. 
Overtube may be required. Difficult to 
remove impacted FB

Accessories May require telescopes for magnification.  
Documentation is difficult

Inbuilt facility of camera, bright light, magni-
fication and easy documentation

Cost Cost is more, requires admission to  
hospital. Charges of anaesthesia and  
operation theatre also raise the cost

Reduced cost
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up is conducted every 4–7 days and parents instructed to 
observe stool daily for spontaneous passage. If patient is a 
child under 6 years and battery size is 1.5 cm or more, follow-
up X-ray examination is done after 48 h of ingestion and if 
the battery is still in stomach, it is removed endoscopically.

SOME CAVEATS IN OESOPHAGEAL FOREIGN BODY

	•	 	It	 is	 not	 recommended	 to	 remove	 oesophageal	 for-
eign bodies by Foley’s or balloon catheter as they can 

be aspirated. Removal under direct vision is always 
preferable.

	•	 	Do	not	try	to	push	foreign	bodies	down	into	the	stomach	
for spontaneous expulsion later.

	•	 	Use	of	papain,	a	meat	tenderizer,	is	not	recommended	if	
a bolus of meat is stuck up. It can digest the oesophageal 
wall. Also sometimes meat contains bone which is not 
digested.

	•	 	Do	not	use	glucagon	to	relax	lower	oesophageal	sphincter	
for foreign body to pass. It does not relax a stricture or 
oesophageal ring if foreign body is held due to that.
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I. LASER SURGERY

A. LASERS

LASER is an acronym for Light Amplification by Stimulated 
Emission of Radiation.

Principle. Normally, an atom is in a stable form, i.e. the elec-
trons, equal to the number of protons, are revolving around 
the nucleus in a fixed orbit. When given energy, electrons 
change their orbits away from the nucleus and the atoms 
are then called “excited” but this excited state of atoms does 
not last long. The atoms soon release their absorbed energy 
automatically (spontaneous emission) and return to their 
original state. If photons are made to strike these excited 
atoms, the decay of the atoms is accelerated and both the 
incident and the absorbed photons are released (stimulated 
emission). This stimulated radiation is amplified with the 
help of mirrors. Thus, lasers are electromagnetic radia-
tions. They have specific wavelength, which depends upon 
the type of lasing medium such as argon, carbon dioxide, 
Nd:YAG, helium, etc.

TYPES OF LASERS

Depending upon the lasing medium, various types of lasers 
with differing wavelength can be created. Lasing medium can 
be solid (ruby, Nd: YAG or potassium titanyl phosphate); gas 

(CO2 or Helium–Neon) or liquid (pumped inorganic dye in 
a glass tube). Various types of lasers are given in Table 71.1.

EFFECTS OF LASER ON TISSUES

When a laser hits the tissue it can meet the following fates 
(Figure 71.1):

 1.  Reflection. Part or whole of laser light is reflected back.
 2.  Absorption. Laser energy is absorbed by the tissue. It 

is the absorbed energy which produces its effect on 
tissues.

 3.  Scatter. Laser energy scatters in the tissues and its pen-
etration deep into the tissues becomes limited. Shorter 
the wavelength, more of the energy is scattered.

 4.  Transmission. The light is transmitted through the tis-
sue without causing any effect on tissues through which 
it passed. Argon laser has been used to coagulate retinal 
vessels without any damage to cornea, lens or the vitreous.

Lasers which are reflected or transmitted through the 
tissue do not cause any effect on tissues.

Effect of laser on the tissues depends on the absorbed 
energy. At a temperature of 60°C, there is protein denaturation  
but tissues can recover. At 80°C there is degradation of 
collagen tissue and at 100°C, cells and their pericellular water 
convert into heat that causes tissue ablation. Thus lasers can 
be used to cut (make incision), coagulate blood vessels or 
vaporize the tissue. When a burn is created by laser beam, 

71 Laser Surgery, Radiofrequency 
Surgery and Hyperbaric 
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(a) (b) (c) (d)

Figure 71.1 Effect of laser beam on tissue: (a) reflection, (b) transmission, (c) scatter and (d) absorption with tissue destruction.
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it always causes some degree of collateral damage. Zones of 
tissue damage can be divided into (Figure 71.2):

 1.  Zone of vaporization. A crater is created due to tissue 
ablation and vaporization leaving behind only a few 
flakes of carbon.

 2.  Zone of thermal necrosis. This is just adjacent to the 
above zone. There is tissue necrosis. Small blood vessels, 
nerves and lymphatics are sealed.

 3.  Zone of thermal conductivity and repair. This zone 
recovers with time.

PROPERTIES AND EFFECTS OF LASERS

Depending on the wavelength, laser energy produces the 
following effects:

 1.  Photothermal. It produces heat energy which is used to 
cut, coagulate or vaporize tissues.

 2.  Photoacoustic. It can be used to break stones and has 
been used in lithotripsy.

 3.  Photochemical. Ultraviolet lasers with wavelength of 248 
and 312 nm can ionize DNA and RNA, respectively and 
are carcinogenic. This effect of specific lasers (e.g. argon 
tunable dye laser) has been used in photodynamic ther-
apy to selectively destroy cancerous tissue.

 4.  Photodissociation (LASIK lasers). Photodissociation 
breaks C–C bonds, divides collagen without heating it, 
e.g. excimer laser used in LASIK procedures to reshape 
cornea for refractive errors.

ELECTROMAGNETIC SPECTRUM AND LASERS 
(FIGURE 71.3)

Visible lasers. Visible light has a wavelength of 400–700 nm 
(more precisely 380–760). Lasers falling in this range of 
wavelength are visible lasers. They have different colours 
from violet to red (VIBGYOR). As the laser light is visible, 
they do not require a separate aiming beam to focus them. 
Argon laser (488–514 nm) has a blue colour. KTP laser 
(512 nm) has a blue–green colour (Table 71.2).

Invisible lasers. Lasers in ultraviolet zone (1–380 nm) 
and infrared zone (>760 nm) are not visible. Infrared lasers 
are further divided into near-infrared lasers (760–2500 nm) 
and mid-infrared lasers (2500–50,000 nm). There are no 
 far- infrared lasers (50,000–1,000,000 nm).

Lasers which can be transmitted through optical fibres.

	•	 	Argon
	•	 	KTP
	•	 	Nd:	YAG
	•	 	Er:	YAG
	•	 	Ho:	YAG
	•	 	Diode	laser

Zone of vaporization

Zone of tissue necrosis

Zone of thermal
conductivity
and repair

Normal tissue

Figure 71.2 Zones of tissue destruction caused by lasers.

Argon
488–514 nm

400 nm 700 nm
Visible spectrum

Invisible spectrumInvisible spectrum

KTP-532
Helium
neon Nd: YAG

(1060 nm)
CO2

(10,600 nm)

Figure 71.3 Electromagnetic spectrum.

Table 71.1  Various types of lasers and their 
wavelength

Type of laser Wavelength

	•	 	Argon
	•	 	KTP (Potassium titanyl phosphate)
	•	 	Nd: YAG (Neodymium: yttrium aluminium 

garnet)
	•	 	CO2 (Carbon dioxide)
	•	 	Ho: YAG (Holmium: YAG)
	•	 	Er: YAG (Erbium: YAG)
	•	 	Diode laser
	•	 	Tunable dye lasers

488–514 nm
532 nm

1060 nm
10,600
2100 nm
2960 nm
600–1000 nm
577 nm
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LASERS FOR USE IN EAR SURGERY

Lasers approved by FDA for otological work include:

	•	 	Argon	–	514	nm
	•	 	KTP	–	532	nm
	•	 	CO2 – 10,600
	•	 	Er:	YAG	–	2960

Otologic lasers have been used to vaporize small glomus 
tumours, acoustic neuromas, small A-V malformation, gran-
ulation tissue or adhesions in the middle ear. Lasers have 
also been used to do a myringotomy, drilling a hole in incus 
or malleus for ossicular reconstruction, welding of grafts in 
tympanoplasty or coagulating membranous posterior semi-
circular canal in benign paroxysmal positional vertigo and 
in stapes surgery to make a hole in stapes footplate.

OPERATIONAL PARAMETERS OF LASERS

They are important when operating with lasers.
 1.  Wavelength of laser. Properties of lasers depend on their 

wavelength.
 2.  Power. It is output from the machine and is measured in 

Watts. Higher the power, more is the energy delivered to 
tissues.

 3.  Exposure time. It is measured in seconds.
 4.  Spot size. It is the area exposed to beam. Spot size is the min-

imum at focal length. Focused beam is used for cutting and 
decofocussed beam for coagulation or ablation of tissues.

 5.  Power density. It is power delivered per unit area of spot 
size and is measured in Watts/cm2. It indicates intensity 
of beam.

 Power density (measured in watts per cm2)
= Power in watts

Area of spot size in cm2

 6.  Fluence or radiant exposure. It is power density multi-
plied by duration of exposure in seconds and measured 
in joules/cm2. It indicates total energy delivered to tissues 
per unit area.

 

Fluence (measured in joules) =
Power density (measured in watts) × Time (seconds)

MODE
 1.  Continuous mode. It provides constant stable energy; as 

the active medium is continuously kept in a stimulated 
mode.

 2.  Pulsed mode. Gives interrupted beam as the active 
medium is intermittently activated for a short time.

 3.  Q-switched mode. Provides very short pulses in a controlled 
manner. Pulses range between 10 ns and 10 μs.

DELIVERY SYSTEM
Articulated arm is used for CO2 laser as it does not pass 
through optical fibres.

	•	 	Optical	fibres	require	micromanipulator	or	a	hand	piece	at	
the end of an articulated arm containing reflective mirrors 
to direct the light when working through a microscope.

	•	 	Optical	fibres.	Near-infrared	(Nd:	YAG)	and	visible	lasers	
(argon and KTP 512) can pass through optical fibres. 
Invisible lasers require an aiming beam (e.g. He–Ne) of 
visible light to locate the spot.

ADVANTAGES AND DISADVANTAGES OF LASERS

Advantages include precise incision, easy and rapid ablation 
of tissues, excellent haemostasis, and minimal postoperative 
pain and oedema of tissues.

Some lasers can be passed through optical fibres and 
can thus be used through flexible endoscopes, straight or 
curved tubes to ablate tumours situated in difficult locations 
in the tracheobronchial tube or nasal crevices or clefts.

Disadvantages include high cost in the purchase of equip-
ment and its maintenance, special training in operating 
with lasers, hazards in the use of laser requiring special 
precautions, and safety measures and special anaesthesia 
requirements to avoid fires.

CLINICAL APPLICATIONS OF INDIVIDUAL LASERS

Clinical use of lasers is determined by:

 1.  Wavelength of laser
 2.  Selective absorptive property of tissues
 3.  Ability of laser to pass through flexible optical fibre
 4.  Mode of delivery (continuous wave mode or pulsed mode)

Argon laser. It lies in the visible spectrum, wavelength 488–
514 nm, blue–green in colour, easily transmitted through 
clear fluids, e.g. cornea, lens and vitreous humour. It is 
absorbed by haemoglobin and pigmented tissues, and thus 
it is used to treat port–wine strain, haemangioma and telan-
giectasias. When focused on a small point, it can vaporize 
the target tissue. It has been used to create a hole in stapes 
footplate but requires a drop of blood for its absorption at 
that site so that it is not reflected by white bone of stapes 
footplate. It can be delivered by optical fibres.

KTP laser. It lies in visible spectrum, wavelength 532 nm, 
properties are similar to Argon laser, absorbed by haemo-
globin, can be delivered through optical fibres. Clinically it 
has been used in stapes surgery, endoscopic sinus surgery to 
remove polyps or inverted papillomas and vascular lesions, 

Table 71.2  Different types of lasers with their 
wavelength, zone and spectrum

Laser wave- 
length (nm) Zone Visibility Example

1–380 Ultraviolet Invisible Excimer laser 
(193 nm)

380–760
(400–700)

Visible zone
(VIBGYOR)

Visible
Colours

Argon  
(488–514 nm)

KTP (512 nm)
760–2500 Near-infrared Invisible Nd: YAG  

(1060 nm)
Ho: YAG  

(2100 nm)
2500–50,000 Mid-infrared Invisible Er: YAG (2960 nm)

CO2 (10,600 nm)
50,000–

1,00,000
Far-infrared
No such 

lasers exist
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microlaryngeal surgery for excision of polyps, cysts, papillo-
mas, contact ulcers, laryngoceles and early malignant lesions. 
It has also been used to remove tracheobronchial lesions 
through bronchoscope.

Nd: YAG. It has a wavelength of 1064 nm (double that of KTP), 
lies in near-infrared zone of electromagnetic spectrum and 
is invisible; thus it requires a separate aiming beam of visible 
light and can pass through flexible optical fibres. It can pass 
through clear fluids but is absorbed by pigmented tissue and 
thus has been used in the eye and urinary bladder. It creates 
nearly 4 mm zone of necrosis and thermal coagulation both 
in depth and laterally, therefore useful for coagulation of 
blood vessels or control bleeding.

Clinically it has been used to debulk tracheobronchial 
and oesophageal lesions for palliation, hereditary hemor-
rhagic telangiectasia and turbinectomy.

CO2 laser. Wavelength 10,400 nm, invisible, requires an 
aiming beam of helium–neon laser, cannot pass through 
flexible optical fibres, and requires articulated arm with a 
series of reflective mirrors to direct the beam to the target 
area. Requires a micromanipulator if working through an 
operating microscope, can be absorbed by water or clear 
glass. Ordinary glass or lenses of the microscope can also 
absorb the rays as well as the glasses worn by the operator.

It is absorbed by tissues high in water and is not colour 
dependent. Reflection and scatter through tissues is mini-
mum. It causes minimal effect on adjacent tissues in depth 
and laterally. CO2 laser is the workhorse laser and has been 
widely used in ENT. It can cut precisely, coagulate bleeders 
and vaporize tissues.

Clinically it has been used in laryngeal surgery to excise vocal 
nodules, polyps, cysts, granulomas or juvenile laryngeal papillo-
mas. It cuts precisely and a spot size of 0.3 mm can be achieved; 
lesion is first delineated and then dissected with microlaryn-
geal instruments. Microflaps can be raised to treat Reinke’s 
oedema. It is also used for leukoplakia, T1 lesion of vocal cord 
or localized lesions of supraepiglottis and infraepiglottis. Trans-
verse cordotomy and endoscopic partial or complete arytenoi-
dectomy can also be done in bilateral abductor paralysis.

In the oropharynx, it has been used to excise benign 
or malignant lesions. Laser tonsillectomy can be done in 
patients with coagulopathies.

Plastic surgeons have used it to remove benign and malig-
nant lesions of skin and to vaporize naevi and tattoos.

Diode laser. It has a wavelength of 600–1000 nm. It can 
be delivered by optical fibres. It is moderately absorbed by 
melanin and haemoglobin. Diode lasers have been used 
in turbinate reduction, laser-assisted stapedectomy and 
mucosa-intact tonsillar ablation.

SAFETY PRECAUTIONS IN THE USE OF LASER

It is important to observe safety precautions in the use of laser 
as they can cause damage to eyes (retina, cornea or lens), 
skin and airways or cause endotracheal tube fires which can 
be catastrophic. The measures to be taken include:

 1.  Education of the staff. All personnel working with lasers, 
doctors, nurses and technical staff of the operation the-
atre should be educated about the safe use of lasers and 
their hazards.

 2.  Protection of eyes and skin. All the staff working in 
the operation theatre should use wavelength-specific 
glasses. Glasses should also have side protectors to avoid 
damage by any reflected rays. Plain glasses for CO2 
laser, blue–green for Nd: YAG and amber coloured for 
Argon laser are used. Wavelength-specific glasses are 
available with all the lasers. Lasers with visible or near-
infrared range of electromagnetic spectrum (400–1400 
nm) damage the retina and those with ranges less than 
400 nm and more than 1400 nm damage the cornea 
and sometimes even the lens causing corneal opaci-
ties or cataracts. Patient’s eye should be protected by 
double layer of saline-soaked cotton eye pads. All other 
exposed parts of face should be covered by saline-
soaked wet towels.

 3.  Endotracheal tubes. Wavelength-specific endotracheal 
tubes are available. Rubber tubes are better than PVC 
ones; the latter are less resistant to laser beam and also 
produce more damage if accidental fires take place; 
also their breakdown products are more toxic. Tubes 
can be wrapped with reflective aluminium foils to avoid 
burns. Colourless or silicon tubes can be used with Nd: 
YAG laser but they should not have any black or dark 
lettering or a lead-lined marking along the side.

Cuff of the tube should be inflated with methylene-
blue-mixed saline and then covered with wet cottonoids. 
In case cuff is accidently damaged by laser, blue colour 
will alert the surgeon and the tube can be replaced.

 4.  Anaesthetic gases. Halothane or enflurane are used as 
they are noninflammable. Nitrous oxide gas, being oxi-
dizing, is not used.

Concentration of oxygen to ventilate the patient 
should be commensurate with oxygenation of patient 
and should not exceed 40%. Oxygen can be mixed with 
nitrogen, helium or air.

 5.  Evacuation of smoke. In addition to suction tube being 
used by the surgeon to aspirate blood and secretions, 
another suction tube should be available to remove 
smoke and steam created by vaporization of tissues. It 
should not spread into the OT and be inhaled by OT 
staff. Smoke may be mutagenic and has also been shown 
to contain virus particles from tissue vaporization of viral 
papillomas.

 6.  Tube fires. This is a dreaded complication and several 
cases are on record. In case of tube fire, stop ventilation 
immediately, pour saline with a syringe and withdraw the 
tube simultaneously. Re-establish the airway with a new 
endotracheal tube. Perform a bronchoscopy to assess the 
degree of damage to the tracheobronchial tube and give 
intravenous steroids. Carefully follow the patient postop-
eratively with repeat bronchoscopies.

It is necessary therefore that a bowl filled with saline, 
along with a syringe similarly filled, be kept on the table 
when using lasers.

PRECAUTIONS IN THE USE OF LASERS

 1.  Display a sign outside OT “Lasers In Use.”
 2.  Close the OT door. No entry or exit of staff permitted.
 3.  Protective glasses, specific for the wavelength of laser, 

being used should be worn by the surgeon, nurses and 
other OT personnel. Glasses should have side protectors.
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 (a)  CO2 laser. Plain clear glasses. Optics of microscope 
are also protective.

 (b)  Argon or KTP lasers. Amber colour or orange–yellow 
glasses.

 (c)  Nd: YAG. Blue–green glasses.
 4.  Wet saline pads are placed on the eyes.
 5.  Wet saline-soaked towels for face or exposed parts of skin.
 6.  Use wavelength specific endotracheal tube or wrap the 

tube with aluminium foil.
 7.  Use methylene blue-coloured saline for cuff of endotra-

cheal tube.
 8.  Use noninflammable gases such as enflurane. Oxygen 

concentration in inhaled gases should not exceed 40%. 
Do not use N2O.

	9.	 	Keep	a	bowl	and	a	syringe	filled	with	saline	in	readiness	
in case of tube fires.

B. PHOTODYNAMIC THERAPY

It is an upcoming newer modality of treating cancer of 
skin, larynx, nasopharynx, tumours of aerodigestive tract 
and endobronchial tumours. It is based on the principle of 
injecting a photosensitizing agent which is taken up prefer-
entially by the tumour cells and then exposing the site to a 
specific wavelength of the laser. Laser activates the photosen-
sitizing agent which brings about destruction of cancer cells 
but spares the normal tissues. Photodynamic therapy has 
also been used for recurrences after surgery, radiation or 
chemotherapy. Photosensitizing agents used intravenously 
include haematoporphyrin derivative (for head and neck 
cancers) and photosan-3 (for endobronchial tumours). 
Topical sensitizer, delta aminolevulinic acid, has been used 
for skin cancers (basal cell carcinoma and Bowen disease).

Laser often used in photodynamic therapy is argon tun-
able dye laser with a wavelength of 630 nm. It also has 
the advantage of delivery through flexible fibres. Also, by 
changing the dye, lasers with different wavelengths can be 
produced. Patients receiving photodynamic therapy should 
avoid exposure to sunlight and use sun-protective clothing 
to avoid photosensitive skin reactions which may continue 
for several weeks.

II. RADIOFREQUENCY SURGERY IN ENT

Radiowaves have been used surgically to reduce the volume 
of tissues. It has been used on inferior turbinates to relieve 
nasal obstruction; on soft palate to relieve primary snoring, 
upper airway resistance and sleep apnoea; and on the base 
of tongue to relieve sleep apnoea. It has also been used for 
the treatment of lingual thyroid.

The radiofrequency (RF) device generates electromag-
netic waves of very high frequency between 350 kHz and 
4 MHz. Usually 460 kHz is used. RF is delivered through 
various probes according to the site of ablation. The probe, 
inserted into the tissues, causes ionic agitation, heats up 
the tissues which result in protein coagulation and tissue 
necrosis but no charring. Later scar formation occurs in 
3 weeks with reduction in size of tissue. Usually the tem-
perature is controlled between 80 and 85°C. The essential 
parameters of radiofrequency are the power (in Watts), 
temperature (degrees of Celsius), resistance (in Ohms), 

treatment time (in seconds) and total energy delivered in 
joules (i.e. Watt × seconds); they can all be controlled in 
the device.

Using different types of electrodes, radiofrequency has 
also been used to perform tonsillotomy, microlaryngeal 
surgery (to remove granulomas, papillomas, cysts), myrin-
gotomy, uvulopalatoplasty, correction of rhinophyma and 
cosmetic removal of skin lesions. Radiofrequency is used to 
cut and coagulate tissues with minimal lateral tissue damage 
and charring. It is a minimally invasive technique and surgery 
can be performed as an outdoor procedure. Complications 
are few. The procedures are cost effective.

III. HYPERBARIC OXYGEN THERAPY IN ENT

Hyperbaric oxygen therapy (HBOT) is a treatment modal-
ity involving the intermittent inhalation of 100% oxygen 
in chambers pressurized above 1 atmosphere absolute 
(ATA). ATA is the unit of pressure and 1 ATA is equal 
to 760 mm of mercury or pressure at sea level. When all 
pressures to which a person is exposed are summed up, 
the result is called atmospheres absolute. (Committee on 
Hyperbaric Medicine, Undersea & Hyperbaric Medicine 
Society	1976).

HBOT has been used as an adjunctive therapy for sudden 
sensorineural hearing loss (SSNHL) as it raises the amount 
of oxygen in the inner ear by diffusion, which activates cell 
metabolism leading to restoration of ionic balance and elec-
trophysiological functions of cochlea.

Due of lack of definite cause of SSNHL, its treatment is 
largely empirical and includes use of a wide variety of thera-
pies like systemic and intratympanic steroids, vasodilators, 
antiviral and anticoagulants to counteract possible inflam-
matory mechanism modifying hydrostatic pressure and 
improving cochlear blood flow. The possible final goal of 
any treatment modality of SSNHL is the restoration of oxy-
gen tension in the cochlea to encourage healing and return 
of hearing to normal levels.

The high spontaneous recovery rate of SSNHL and its low 
incidence make validation of empirical treatment modali-
ties difficult. HBOT in recent year has gained relevance 
for treating SSNHL in combination with other agents. The 
Undersea & Hyperbaric Medicine Society (UHMS) after a review of 
data available across the world has approved the use of HBOT in 
SSNHL in October 2011.

INDICATIONS FOR HBOT

Over the last two decades, animal studies and clinical tri-
als have produced reasonable scientific evidence or well-
validated clinical experience. This has led to a renaissance 
of HBO and produced a set of indications for which HBO is 
beneficial (Figure 71.4).

EVIDENCE-BASED INDICATIONS (APPROVED BY UHMS)
 1.  Healing in problem wounds, diabetic or venous
 2.  Necrotizing soft tissue damage including malignant oti-

tis externa
 3.  Radiation tissue damage
 4.  Carbon monoxide poisoning
 5.  Crush injury and other acute traumatic ischaemia
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 6.  Decompression sickness
 7.  Air/gas embolism
 8  Compromised skin grafts and flaps
	 9.	 	Osteomyelitis
 10  Thermal burns
 11.  Clostridial myonecrosis
 12.  Intracranial abscess
 13.  Exceptional blood loss (anaemia)
 14.  Sensorineural hearing loss

RESEARCH-BASED INDICATIONS
 1.  Bell palsy
 2.  Burns
 3.  Anoxic encephalopathy
 4.  Traumatic brain injury
 5.  Stroke
 6.  Spinal cord injury
 7.  Cerebral palsy/Autism

PATIENTS SELECTION CRITERIA FOR SSNHL

Patients with moderate to profound SSNHL (≥ 41 dB) who 
present within 14 days of symptom onset should be consid-
ered for HBOT. While patients presenting after this time 
may experience improvement when treated with HBOT, 
the medical literature suggests that early intervention is 
associated with improved outcomes. The best evidence 

supports the use of HBOT within 2 weeks of symptom 
onset.

CLINICAL MANAGEMENT

The recommended treatment profile consists of 100% O2 
at	2.0–2.5	atmospheres	absolute	for	90	min	daily	for	10–20	
treatments. However, the optimal number of HBO treat-
ments will vary, depending on the severity and duration of 
symptomatology and the response to treatment.

COST IMPACT

There is no formal detailed cost analysis for SSNHL in the 
literature. However, the World Health Organization (WHO) 
has described the cost impact of hearing loss. Hearing 
impairment makes it difficult to obtain, perform and keep 
jobs, and the hearing impaired are often stigmatized and 
socially isolated. Adult onset hearing loss is the 15th lead-
ing cause of burden of disease, and is projected to move up 
to 7th by the year 2030 (WHO, 2008). Although additional 
studies are recommended to further define the pathology 
and optimize the treatment of SSNHL, based on the current 
medical evidence, the use of HBOT outweighs the risk. Fur-
thermore, significantly improving a patient’s hearing and 
minimizing the social and economic burden of this disease 
outweighs treatment costs.

Figure 71.4 Treatment at hyperbaric chamber. (Courtesy Tarun Sahni, Indraprastha Apollo Hospital, New Delhi.)
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Rapid freezing of tissues to temperatures of −30°C and 
below and their slow thawing causes destruction. This fact 
has been used to treat various lesions of the head and neck 
including benign, premalignant and malignant neoplasms.

Agents used in freezing the tissue are used either by an 
open method (liquid nitrogen spray or carbon dioxide snow) 
or through a closed system such as a cryoprobe. A cryoprobe 
is based on Joule-Thomson effect, i.e. rapid expansion of 
compressed gas through a small hole produces cooling. 
Probes in current use produce a tip temperature of −70°C or 
below and are available in different sizes and designs to suit 
the area of cryoapplication. Some probes also have thermo-
couples which can be inserted into the tissue to monitor the 
temperature. The clinically available closed systems employ 
liquid nitrogen, nitrous oxide or carbon dioxide.

MECHANISM OF TISSUE DESTRUCTION

Freezing causes cell death through several mechanisms:

1. Dehydration. The pure water inside and outside the cell 
crystallizes with consequent rise in the concentration of elec-
trolytes. The pH of the medium also changes as the buffer-
ing substances crystallize out. Urea and dissolved gases also 
reach toxic concentrations and cause cell death.

2. Denaturation. Cell membranes are made up of lipopro-
teins. Their denaturation makes cell membrane permeable 
to cations. Thawing of cells, now engorged with cations 
result in cell lysis.

3. Thermal shock. This arrests the respiratory function of cell.

4. Vascular stasis. Both arterial and venous supply of blood 
is occluded leading to ischaemic infarct. Microthrombosis 
of capillaries is seen within a few hours of cryoapplication. 
It is because of this mechanism that cryosurgery is useful to 
treat vascular tumours, e.g. haemangioma, angiofibroma or 
glomus tumours.

5. Cryoimmunization. Autoantibodies, specific to the tissues 
frozen, have been seen experimentally. This is supposed to 
provide tissue specific immunity to subsequent challenges 
with the same tumour.

TECHNIQUE

Cryotherapy can be applied under local or light general 
anaesthesia. Sometimes, no anaesthesia is used as freezing 
itself causes numbness. The area to be frozen should be 

insulated. A suitable cryoprobe is applied into or upon the 
tissues and the latter frozen quickly for 3–8 min and then 
allowed to thaw slowly. The procedure is repeated once or 
twice. Area frozen should include a margin of normal tis-
sue. A thermocouple can be implanted to ensure freezing at 
an adequate depth. After cryotherapy, the area is allowed to 
heal by secondary intention. The necrotic slough falls off in 
3–6 weeks. Repeat cycles of cryotherapy may be required to 
achieve the desired result.

USES OF CRYOTHERAPY

1. Benign vascular tumours. Cryotherapy has been found 
useful to treat haemangiomas involving skin, oral cavity or 
oropharynx. It has also been used as an adjunct to treat vas-
cular tumours such as angiofibroma and glomus tumour.

2. Premalignant lesions. Leukoplakia, involving the cheek, 
tongue, floor of mouth, has been effectively treated by cryo-
therapy. It is preferred to electrosurgery because of less 
scarring, better quality of regenerated epithelium and no 
recurrence of lesion. It is also used to treat solar keratosis, a 
precancerous condition of skin.

3. Malignant lesions. Skin cancers like Bowen disease 
(intraepithelial carcinoma) and basal cell carcinoma have 
been treated successfully with a cure rate of 94–97%. Cryo-
therapy is particularly useful when tumour overlies the carti-
lage as the latter does not undergo necrosis with freezing. It 
is also useful for skin cancers which are multiple. Recurrent 
skin cancers or lesions which do not have well-defined mar-
gins should not be treated by this method.

Major role of cryotherapy has been in the palliation of 
advanced cancers or recurrent or residual tumours. In these 
cases, aim is to debulk the tumour mass to facilitate degluti-
tion or respiration, to reduce tendency of tumours to bleed 
and to relieve pain.

Role of curative cryotherapy in primary malignant lesion 
of the oral cavity and oropharynx is limited though some 
success is reported in early lesions (T1 N0) involving floor 
of mouth, tongue and palate. For this, cryotherapy should 
be used very selectively, in patients who are otherwise high-
risk groups and have a short expectancy of life due to other 
concurrent disease.

4. Other uses. Cryotherapy has been applied to nasal tur-
binates to reduce their size and improve the airway. It has 
also been used in allergic rhinitis to control sneezing and 
rhinorrhoea. Cryodestruction of tonsils has been done in 
poor risk patients.

72 Cryosurgery
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ADVANTAGES OF CRYOTHERAPY

 1.  Useful in poor risk patients and can be applied without 
anaesthesia or under local anaesthesia.

 2.  Useful in patients with bleeding disorders or 
coagulopathies.

 3.  Can be used in multiple cancers, palliation of recur-
rent cancers where second course of radiation is not 
advisable.

 4.  Causes minimal post-treatment discomfort or pain.
 5.  Causes minimal scarring. Can be used at sites, notorious 

for keloid formation, e.g. presternal region.
 6.  It is an outpatient procedure.

DISADVANTAGES OF CRYOTHERAPY

 1.  No tissue is available for biopsy in case of small lesions.
 2.  Not possible to assess margins of tumour to know whether 

free of malignant cells.
 3.  No control on depth of freezing.
 4.  When used for skin lesions, cryotherapy causes depigmen-

tation and loss of hair due to destruction of hair follicles.
 5.  Anaesthesia of the part is required when lesion is near 

the nerve, e.g. ulnar or digital.

With the advent of laser therapy, many of the indications 
for cryotherapy will be reduced; however, its lower cost will 
be an important factor in developing countries.
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Radiotherapy forms an important modality to treat head 
and neck cancer. It causes irreparable damage to DNA and 
thus stops multiplication of cells. It also induces apoptosis 
and the cell gradually dies in a programmed manner. The 
cell may still maintain its shape but has been so damaged 
that it cannot multiply. It may be used:

 1.  Alone, to cure early cancers and thus preserve the func-
tion of the organ, e.g. glottic cancer.

 2.  As an adjuvant to surgery, given pre- or postoperatively, to 
increase the survival rate in more advanced cancers.

 3.  In combination with chemotherapy to treat cancer and 
preserve the function of the organ. Concurrent radiation 
and chemotherapy have been used in advanced cancers 
of the oral cavity, larynx, oropharynx and hypopharynx.

 4.  As a palliative measure, in advanced lesions, to control 
local symptoms of pain, bleeding or obstruction to air 
and food channels, when total control of disease cannot 
be anticipated.

Radiotherapy for benign lesions. Earlier it was used for ton-
sil-adenoid and papilloma larynx and acne. This led to cancers 
in the long term and has been abandoned. It has also been 
used in the treatment of certain benign vascular lesions where 
risks of surgery are great, e.g. angiofibroma or glomus tumour 
and also to control excessive scar formation in keloids. It is 
sometimes used in idiopathic orbital inflammation. Gamma 
knife or cyberknife have been used in acoustic neuroma.

TYPES OF RADIATION BEAMS

1. Photon beams. These are the most common forms 
of radiation, both X-rays and gamma rays fall in this cat-
egory (Figure 73.1). A photon is considered a “packet” of 
electromagnetic radiations. X-rays are produced by X-ray 
machines when high energy electrons bombard a metallic 
target. Gamma rays are emitted by radioactive sources, e.g. 
cobalt 60.

2. Electron beams. These are second most common forms 
of radiation. Their main characteristic is rapid dose build up 
and sharp dose fall off with very little scatter. They are used 
to boost up the radiation dose to the target area avoiding 
radiation to adjoining vital structures, e.g. spinal cord. They 
are produced by linear accelerator, betatron and microtron 
(Figure 73.2).

3. Particle radiation, e.g. neutrons, protons or pions. They 
are still under investigation. Neutron radiation is being used 
in malignant salivary gland tumours.

MODES OF RADIOTHERAPY

1. External beam therapy or teletherapy. It uses photon 
or electron beams which are projected to the target area 
through the skin.

2. Brachytherapy. It uses radioactive materials close to the 
target area. It has the advantages of (i) delivering high dose 
to the target area and (ii) continuous radiation rather than 
intermittent. Continuous low-dose radiation is found to be 
more effective than intermediate or high-dose treatment to 
slowly proliferating or hypoxic cells. Brachytherapy is deliv-
ered in three ways.

 (a)  Interstitial. Radioactive material is implanted into the 
tumour.

 (b)  Intracavitary. Placing the radiation source into the cav-
ity, e.g. nasopharynx or maxillary antrum.

 (c)  Surface moulds. Applying the radioactive source directly 
to the surface of tumour with the help of a mould.

Two types of radioactive materials are used for brachy-
therapy; permanent ones, which have a short half-life and 
temporary ones, which have long half-life and need removal. 
Various materials with short-life include gold seeds 198, 
half-life 2.7 days; iodine seeds 125, half-life 60 days; pallid-
ium103, half-life 17 days. Long-life implants include radium 
226 (needles), half-life 1620 years; cesium 137 (tubes and 
needles), half-life 30 years; iridium 192 (wires and seeds), 
half-life 74 days.

Brachytherapy can be used to deliver full dose of radia-
tion or only to boost radiation after external beam radiation. 
There is presently the revival of interest in brachytherapy 
due to development of safer radionuclides, better delinea-
tion of the tumour area by CT/MRI, computerized dosim-
etry and after-loading techniques which reduce radiation 
hazards to the radiation oncologist.

3. Conformal radiotherapy. It is a three-dimensional radio-
therapy that conforms to the size and shape of the tumour 
to deliver maximum dose to the target area, least dose to 
the surrounding normal tissue and sharp cut off to critical 
areas. This has been possible by development of CT/MRI 
to better define the tumour size and the computer technol-
ogy. It has been used in the nasopharynx to deliver high 
dose and avoid the harmful effects on the spinal cord, optic 
nerves and salivary glands.

4. Intensity modulated radiotherapy (IMRT). It is a form 
of conformal radiotherapy. The primary tumour, its lym-
phatic drainage and critical structures are defined and each 

73 Radiotherapy in  
Head and Neck Cancer
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Figure 73.1 Electromagnetic spectrum.

Figure 73.2 Novalis–Tx linear accelerator. Dual energy with photon and electron beam and 6D robotic couch. It is used for both cancerous and 
noncancerous lesions. It generates photons (6 and 15 MV) and electrons (6, 9, 12, 15 and 18 MeV). It can be used for:
	•	 	3D	CRT	–	3D	conformal	radiotherapy
	•	 	IMRT	–	Intensity-modulated	radiotherapy
	•	 	IGRT	–	Image-guided	radiotherapy
	•	 	SRT	–	Stereotactic	radiotherapy
	•	 	SRS	–	Stereotactic	radiosurgery	(single	session),	e.g.	acoustic	neuroma	and	trigeminal	neuralgia
	•	 	SBRT	–	Stereotactic	body	radiotherapy,	e.g.	to	spine,	liver,	lung,	prostate,	etc.
(Courtesy Drs GK Jadhav and Sapna Manocha Verma, Indraprastha Apollo Hospital, Delhi).
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is exposed by computer-controlled beams of radiation in 
depth, intensity and duration in a programmed manner 
that is fed in the computer. It has the greatest advantage of 
delivering a high tumour dose with least side effects. It is a 
recent advance in the treatment of cancer of the nasophar-
ynx, larynx and paranasal sinuses.

5. Cyberknife stereotactic radiation. It is an emerging 
radiotherapy technique used in patients with recurrent 
head and neck cancers, who have already received a full 
course of radiation up to 7000–7600 centigrays (cGy) and 
no further radiation is possible, due to acute and late com-
plications. Cyberknife stereotactic radiation is delivered 
by 6-million volts (MV) linear accelerator mounted on 
a robotic arm under image guidance. It delivers precise 
radiation to target area, avoiding surrounding normal 
tissues.

SOURCES OF RADIATION (TABLE 73.1)

Higher the energy of radiation, deeper does it penetrate. 
Earlier, X-ray machines produced energy in kilovolts (kV) 
and could be used for superficial tumours of the skin or 
lip. Now, machines can produce radiations of high energy 
in MV. They have greater penetrating power and can be 
used for deep-seated tumours sparing untoward effects on 
the skin and bone. The various machines used for radia-
tion are:

1. Kilovoltage machines. They produce X-rays of 50–400 kV. 
They were the earliest machines used and can be divided 
into superficial 5–150 kV or orthovoltage 200–400 kV X-ray 
machines.

2. Cobalt 60 machine. It is the most commonly used source 
for head and neck cancer. It uses radioactive cobalt source, 
which produces gamma rays of 1.17 and 1.33 MeV (fixed). 
The source has its natural decay time and needs replace-
ment after every 5 years.

3. Linear accelerator, betatron or microtron. They are mega-
voltage machines which work on electricity and produce radi-
ation of 4–25 MV. They can produce both photon or electron 
beams depending on whether an intervening metallic target 
is used in machine or not. Today most departments use dual 

energy linear accelerators. They can produce low-energy 
megavoltage X-rays (4-6 MV), high-energy megavoltage (15–
25 MV) and also electron beams. Megavoltage therapy has 
the advantages of

 (a)  Sparing the skin and thus reducing the skin reactions.
 (b)  Deep penetration of photon beam. Deeper the loca-

tion of tumour, higher is the megavoltage beam used.
 (c)  Isodose distribution, i.e. providing uniformity of the 

dose delivered.

Electron beams are used for superficial tumours as in 
cancers of skin or lip and thus sparing deeper tissues. Dif-
ferent ranges of electron beams depending on the depth 
of tumour can also be used. Because of their sharp cut off 
property, they are used to spare important structures such as 
spinal cord and brain.

4. Radioactive material. Earlier, radium 226 was used in the 
form of needles but now its use has been replaced by safer 
radionuclides, e.g. cesium 137 (in the form of pellets), irid-
ium 192 (in the form of wire), gold 198 and iodine 125 (in 
the form of seeds or grain).

Unit of radiation. Earlier, rad (radiation absorbed dose) was 
the unit of radiation. Now it has been replaced by an inter-
national unit–Gray. One Gray (Gy) is equivalent to one joule 
of energy deposited per kilogram of material.

One Gy equals 100 rads or 100 cGy.
Table 73.1 gives the energy range and type of radiation in 

different types of radiotherapy.

MODES OF TUMOUR TREATMENT WITH 
RADIATION (TABLE 73.2)

A. RADIATION ALONE

It is delivered by teletherapy, brachytherapy or by combi-
nation of both. Dose will depend on extent of the tumour 
and its lymphatic field and tolerance of normal tissue in the 
adjoining area. Usual dose delivered is:

	•	 	6000—6500	cGy	for	small	tumours.
	•	 	6500—7000	cGy	for	large	tumours.
	•	 	7000—7500	cGy	for	massive	tumours.

Usually shrinking fields are used, i.e. initial dose covers 
cancer area and its lymphatic field, subsequently the portals 
are reduced to cover the tumour area only.

Table 73.2  Types of radiation for cancer

	1.	 	Radiation	alone	Effective	in	early	cases;	preserves	function
	2.	 	Combined	with	surgery
	 •	 	Preoperative radiation
	 •	 	Postoperative radiation

Used in advanced cases
	3.	 	Combined	with	chemotherapy

Postradiotherapy, concurrent chemoradiation
 4.  Palliative radiation

Massive inoperable tumours, poor condition of the patient 
and distant metastases

Table 73.1  Energy range, type of radiation in  
different types of radiotherapy

Types of therapy Radiation Voltage

Superficial	therapy X-rays 50–150 kV
Orthovoltage therapy X-rays 200–400 kV
Megavoltage therapy X-rays

γ-rays	or	electrons
More than1 MV

Low energy X-rays	electron	beam Usually 4–6 MV
Medium energy Same 6–15 MV
High energy Same 15–25 MV
Cobalt	60	therapy γ-rays 1.17	or	1.33	

MeV	(fixed)
 

kV, kilovolts; MeV, million electron voltage; MV, million volts.
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B. RADIATION AND SURGERY

PREOPERATIVE RADIATION
It has several advantages:

 (a)  It reduces the tumour bulk making questionably resect-
able tumour to the one definitely resectable.

 (b)  Vascularity and oxygenation of tumour has not been 
interfered and response is better than would be the 
case in the scarred area after surgery.

 (c)  Lymphatics are blocked, therefore tumour dissemina-
tion would be less during surgery. Also it will reduce 
the risk of distant metastases.

 (d)  Helps to eliminate microscopic disease beyond tumour 
mass and occult metastases in lymph nodes.

 (e)  Treatment portals are smaller than would be required 
in postoperative radiation for residual tumour or one 
with positive margins.

Preoperative radiation has disadvantages also. It reduces 
the vitality of tissues and interferes with healing process and 
thus increases the chances of flap necrosis, fistula forma-
tion and carotid blow-out. Other disadvantage is limitation 
to give postoperative radiation in case the surgical margins 
are reported positive after surgery as the patient has already 
received radiation.

Preoperative dose is usually 4500 cGy delivered in 4–5 
weeks. It is sufficient to eradicate nearly 90% of micrometas-
tases. Higher doses interfere with wound healing.

POSTOPERATIVE RADIATION
Advantages

 1.  It is more effective as the bulk of disease has been 
removed at surgery.

 2.  Extent of tumour has been defined at surgery and radia-
tion is given to the suspected areas of residual disease or 
areas of positive margins.

 3.  Surgical resection is technically easier and postoperative 
healing better.

 4.  A greater dose of radiation can be delivered to target area 
adjusted on the basis of residual disease and positive margins.

 5.  There are few complications of flap necrosis, wound 
dehiscence and infection as surgery is done on nonradi-
ated tissues.

Disadvantages

 1.  Blood supply to the tissues is interfered with due to fibro-
sis after surgery and the cancer cells are hypoxic and do 
not respond well.

 2.  If surgical complications occur, postoperative radiation is 
delayed which may allow tumour cells to regrow. Results 
of radiation are poor, if it gets delayed beyond 6 weeks.

 3.  Tumour cells are squeezed into blood vessels and lym-
phatics at the time of surgery, increasing the chances of 
distant metastases.

Postoperative radiation is indicated in all cases when

 (a)  Margins are positive or too close.
 (b)  There is involvement of bone or cartilage.
 (c)  Lymph nodes show extracapsular invasion.
 (d)  There is involvement of multiple nodes and their size 

exceeds 3 cm.

3. RADIATION AND CHEMOTHERAPY

Chemotherapy has been combined with radiation with the 
aim of (i) creating a synergistic effect to kill cells and (ii) to 
eliminate micrometastasis which may cause distant metasta-
sis. Combination of modalities has resulted in better tumour 
response and disease-free interval and organ preservation 
but no improvement in overall survival of patients. Induc-
tion chemotherapy (given before radiation) and concurrent 
chemotherapy (given simultaneously) have shown good 
results in organ preservation when given to cases of laryn-
geal cancer. Chemoradiation has shown both improved sur-
vival time and organ preservation in cancer of larynx. Trials 
are also being conducted to preserve function of the hypo-
pharynx, oral cavity, base of tongue and tonsils by chemora-
diation to avoid mutilating surgery in this area.

4. RADIOTHERAPY FOR PALLIATION

When cancer is too advanced, has distant metastases, or the 
condition of the patient is too poor to undergo surgery due 
to poor nutrition or other factors such as heart, lung, liver 
or kidney disease, only palliative treatment is possible.

PLANNING RADIOTHERAPY

Radiotherapy can be given alone or in combination with 
surgery. This can be decided by

1. Type of radiation whether it is curative or palliative. Pal-
liative treatment is chosen in advanced lesions, patient unfit 
for surgery due to poor nutrition or associated advanced 
disease of heart, lung, liver or kidney. Palliative treatment 
can control local symptoms of pain or pressure on air or 
food passages.

2. Size and site of tumour and status of regional lymph 
nodes. It is necessary to know the lymphatic drainage of the 
area, which may need to be included in the field of radia-
tion even when lymph nodes are not involved. The extent of 
tumour can be found by CT and MRI. Smaller tumours can 
be treated with radiotherapy or surgery with equal results. 
However radiation helps to preserve the function. Larger 
tumours may require both radiation and surgery.

3. Histology and nature of tumour. Histology of the tumour 
is important to know its grade of differentiation and whether 
the tumour is rapidly proliferating or having a slow growth. 
Ulcerative and infiltrative tumours respond poorly. Lym-
phoid tissue tumours respond quickly. Anaplastic tumours 
and those of embryonal origin respond well but recur early.

4. General condition of the patient. Radiation causes nau-
sea, vomiting, oral ulcerations or dysphagia and the nutri-
tion of the patient may further worsen with radiation.

COMPLICATIONS OF RADIOTHERAPY

Complications of radiotherapy depend on the site of radia-
tion, total dose delivered and the daily fraction of radiation 
used. High total dose and larger daily fractions cause more 
complications.
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Complications following radiation can be divided into 
early or late (Table 73.3).

CARE OF PATIENT DURING RADIOTHERAPY

1. Nutrition. This is particularly important in cancers of oral 
cavity and pharynx. Diet, rich in protein, vitamins and iron 
should be given. Nasogastric tube may be used where neces-
sary. Blood transfusions may be required, if haemoglobin 
level is low.

2. Care of teeth. Any patient who is a candidate for irradiation 
particularly in the area of mandible should have dental evalu-
ation and get all questionable teeth extracted before radia-
tion. Wound must heal before radiation is started. Xerostomia 
adds to caries of teeth. Osteoradionecrosis of the mandible 
may follow extraction of teeth in an irradiated mandible.

3. Care of skin. Skin reactions are common with ortho-
voltage or electron beam therapy to skin but the modern 
megavoltage therapy has a skin-sparing effect. During radio-
therapy, patient is advised in the care of irradiated skin. He 
should:

 (a)  keep the area dry and avoid washing with soap and 
water.

 (b)  avoid exposure to sunlight.
 (c)  avoid wet shaving.

 (d)  not use adhesive plaster for dressings; it peels off the 
skin at the time of removal.

 (e)  cover the area with soft cloth, like silk, which should 
provide free aeration of the skin.

 (f)  not use abrasive dressing or clothing.

For moist desquamation, an antibiotic ointment is useful. 
Topical steroid creams can be used to relieve itching and 
pain.

4. Care of oral cavity. Mucositis and xerostomia are common 
complications. They also interfere with feeding. Patient 
should avoid alcohol, tobacco or highly spiced food to lessen 
further trauma. Irritating mouth washes which contain alco-
hol should not be used. Milk of magnesia can be applied to 
the area of mucositis to give protective coating. It also neu-
tralizes the acid pH and prevents caries of teeth. Pain and 
discomfort of mucositis can be relieved by use of lignocaine 
10% to enable the patient to eat. Acute radiation mucositis 
usually persists 8–12 weeks after radiation. Amifostine has 
been found to decrease the incidence of acute and chronic 
xerostomia but is not widely used because of its severe side 
effects and high cost.

5. Care against infection. Patients receiving radiotherapy 
are generally debilitated and easily develop Candida infec-
tion of the oral cavity and pharynx. It can be treated by topi-
cal application of nystatin or clotrimazole. Mycelia may lie 
protected beneath organic debris and may require antifun-
gal systemic therapy.

Table 73.3  Complications of radiotherapy

Early Late

	1.	 	Radiation	sickness	(loss	of	appetite	and	nausea)
 2.  Mucositis
	3.	 	Xerostomia
	4.	 	Skin	reactions	(erythema,	dry	or	wet	desquamation)
 5.  Laryngeal oedema
 6.  Candida infections
 7.  Haematopoietic suppression
 8.  Acute transverse myelitis (rare)

 1.  Permanent xerostomia
	 2.	 	Skin	changes	(atrophy	of	skin,	subcutaneous	fibrosis)
	 3.	 	Decaying	of	teeth	(secondary	to	xerostomia)
 4.  Osteoradionecrosis (mandible more than maxilla)
	 5.	 	Cartilage	necrosis
	 6.	 	Trismus	(fibrosis	of	TM	joint	and	muscles)
 7.  Transverse myelitis (Lhermitte syndrome)
	 8.	 	Radiation	retinopathy	and	cataract
	 9.	 	Endocrinal	deficit	(thyroid,	pituitary)
	10.	 	Serous	otitis	media	and	sensorineural	hearing	loss	and	vestibular	symptoms
	11.	 	Radiation-induced	malignancy	(thyroid	cancer,	osteosarcoma	of	orbit)
	12.	 	Brain	injury	(Somnolence	syndrome	and	brain	necrosis)
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Chemotherapy may be used alone or in combination with other 
modalities of treatment. Most of the head and neck malignan-
cies are squamous cell cancers and the drugs found effective 
are methotrexate, cisplatin, bleomycin and 5-fluorouracil. 
Adriamycin has been used for certain nonsquamous carcino-
mas (e.g. adenoid cystic carcinoma) and dacarbazine for mela-
nomas. Lymphomas of the head and neck, both Hodgkin and 
non-Hodgkin types, are also treated by chemotherapy because 
of their multifocal origin and widespread involvement.

TYPES OF CHEMOTHERAPY

Palliative chemotherapy. Cytotoxic drugs, singly or in com-
bination, are used to treat advanced, recurrent or metastatic 
disease with an aim to relieve the symptoms and to prolong 
life in some of them.

	•	 	When	used	before	surgery	or	radiation,	it	is	called	induc-
tion or anterior chemotherapy. It helps to reduce tumour bur-
den and micrometastases that can occur at the time of 
surgery or in the period before radiation.

	•	 	When	used	simultaneously	with	radiotherapy,	it	acts	as	a	
radiosensitizer to cells which are otherwise radioresistant.

	•	 	When	used	after	surgery	or	radiation,	it	is	called	posterior 
chemotherapy and is aimed to cure micrometastases.

SINGLE AGENT VS MULTIDRUG 
COMBINATION THERAPY

Methotrexate, cisplatin, bleomycin and 5-fluorouracil have 
been used as single agents in various dosage forms.

They have also been used in combination with other 
drugs with the object to improve overall response rate and 
duration of response. A trend is emerging that combination 
of two or more drugs improves the response rate and defi-
nitely improves the quality of patient’s life but it has failed to 
improve the duration of response.

DRUGS USED IN CANCER THERAPY

Commonly used anticancer drugs and their side effects are 
listed in Table 74.1.

PRETREATMENT WORK-UP OF THE PATIENT

Patient who is a candidate for cancer chemotherapy should 
be worked up in the following manner:

 1.  History and clinical examination (exclude kidney, heart 
and lung disease)

 2.  Haematological tests
	 •	 	Haemoglobin
	 •	 	Total and differential 

count
	 •	 	Platelet count

As a baseline, as many  
of the drugs are 
myelosuppressive

 3.  Urine exam
 4.  Biochemistry
 •	 	Blood urea nitrogen
	 •	 	Creatinine
	 •	 	Liver function tests

Methotrexate and cisplatin 
are nephrotoxic

 5.  Radiology
	 •	 	X-ray chest (Bleomycin causes interstitial pulmonary 

fibrosis) 
	 •	 	CT scan or MRI where indicated
	 •	 	Ultrasound of liver/spleen

For extent of 
disease

 6.  Pulmonary function tests (for Bleomycin)
 7.  ECG (for Adriamycin)
 8.  Audiogram (Cisplatin causes high frequency hearing 

loss)
 9.  Nutritional status

TOXICITY OF ANTICANCER DRUGS

Most of the drugs act on rapidly dividing cells and there-
fore include also normal cells as those of hair follicles, 
gastrointestinal mucosa and bone marrow causing alope-
cia, stomatitis, nausea, vomiting, diarrhoea, anaemia, leu-
kopenia and thrombocytopenia. Some drugs have selective 
action on kidney (methotrexate, cisplatin), nerves (vin-
cristine and cisplatin), heart (adriamycin) and bladder 
(cyclophosphamide).

74Chemotherapy for  
Head and Neck Cancer



368 SECTION VIII — RECENT ADVANCES

Table 74.1  Commonly used anticancer drugs and their side effects

Drugs Type of neoplasm Conventional dosea Side effects Remarks

 1.  Methotrexate Squamous cell 
 cancer. Acute leu-
kaemia lymphomas

40 mg/m2 i.v. weekly, 
high dose can be 
given with leucov-
orin rescue

	•	 	Bone marrow suppression 
mucositis of oral and GI 
mucosa.

	•	 	Maculopapular rash.
	•	 	Renal and hepatic toxicity

	•	 	Excreted via urine. 
Hydration and 
alkalinization of and 
urine before and after 
drug administration 
reduces the risk of 
complications.

	•	 	Liver function tests 
before use

 2.  5-Fluorouracil 
(5-Fu)

Squamous cell 
cancers. Nonsqua-
mous tumours of 
breast and GI tract

	•	 	10–15 mg/kg i.v. 
daily. Not more 
than 1 g in single 
bolus for 4–5 days.

	•	 	Repeated at 
weekly intervals

Myelosuppression (Neutrope-
nia thrombocytopenia at 1–2 
weeks). Mucositis (nausea and 
vomiting, stomatitis and diar-
rhoea). Skin (alopecia, hyper-
pig- mentation, maculopapular 
rash, hand-foot syndrome)

Not given in poorly nour-
ished patients

 3.  Cyclophosphamide 	•	 	Squamous cancer
	•	 	Lymphomas
	•	 	Leukaemia
	•	 	Neuroblastoma
	•	 	Multiple myeloma

60–120 mg/m2 i.v. 
daily × 5 days for  
3 weeks

	•	 	Haemorrhagic cystitis
	•	 	Nausea and vomiting Alopecia
	•	 	Neutropenia at 1–2 weeks with 

recovery at 2–3 weeks.
	•	 	Cessation of menses.
	•	 	Permanent infertility

	•	 	Hydrate the patient well 
before and after drug 
administration.

	•	 	Avoid barbiturates 
d uring therapy

 4.  Dacarbazine 	•	 	Melanoma
	•	 	Sarcomas

250 mg/m2 × 5 days 
every 3 weeks

Severe nausea and vomiting
Myelosuppression Flu-like symp-

toms (fever, malaise, myalgia) 
for several weeks Alopecia

 5.  Bleomycin Squamous cell 
cancer,

Lymphoma

10–20 mg/m2 once  
or twice weekly,  
i.m. or i.v.

	•	 	Pneumonitis (dry cough and 
rales) and pulmonary fibrosis.

	•	 	Fever and chills in first 24 h. 
(give antipyretics) Anaphylactic 
reaction

	•	 	Alopecia
	•	 	Erythema, hyperpigmentation 

Stomatitis

	•	 	Weekly X-ray chest.
	•	 	Use with care in 

patients of pulmonary 
and renal disease. 
Do not exceed total 
dose of 400 units, as 
it causes. Pulmonary 
fibrosis. (1 unit =1 mg)

 6.  Adriamycin 
(Doxorubicin)

	•	 	Lymphoma
	•	 	Sarcomas
	•	 	Esthesioneuro-

blastomas.
	•	 	Salivary gland 

cancer Paediatric 
malignancy

60–90 mg/m2 i.v. 
every 3 weeks.

Cardiomyopathy if 
total dose exceeds 
(500 mg/m2)

	•	 	Cardiotoxic
	•	 	Alopecia
	•	 	Stomatitis, nausea, vomiting 

and diarrhoea
	•	 	Neutropenia, thrombocytope-

nia which recovers by 3 weeks

	•	 	Cardiotoxicity is seen in 
ECG

	•	 	Urine may be red for 
1–2 days

 7.  Actinomycin-D Rhabdomyos arcoma 0.5 mg/m2 i.v. ×  
5 days

	•	 	Myelosuppression
	•	 	Nausea and vomiting
	•	 	Mucositis and diarrhoea
	•	 	Alopecia
	•	 	Maculopapular rash

Avoid extravasation into 
soft tissue at the time 
of injection

 8.  Vincristine
(Oncovin)

	•	 	Lymphoma
	•	 	Squamous cell 

cancer Rhabdo- 
myosarcoma

1.5 mg/m2 i.v. once 
or twice monthly. 
Single dose should 
not exceed 2 mg

	•	 	Neurotoxic (sensory and motor 
neuropathy)

	•	 	Constipation (give stool 
 softeners) Alopecia

Avoid extravasation into 
tissues

 9.  Cisplatin Squamous cell cancer 80–120 mg/m2 i.v. 
 infusion every  
3 weeks

	•	 	GIT (nausea, vomiting)
	•	 	Renal toxicity
	•	 	Haematologic (anae-

mia,  neutropenia, 
thrombocytopenia)

	•	 	Neurologic (peripheral 
neuropathy)

	•	 	Ototoxicity (4–8 kHz)

	•	 	Adequate prehydration
	•	 	Mannitol diuresis.
	•	 	Do not use drug if 

creatinine clearance is 
below 40 mL/min

 10.  Paclitaxel Squamous cell cancer 
of head and neck

135–350 mg/m2 as  
3 h infusion every 
3 weeks

Neutropenia and infection. 
Peripheral neuritis

Colony stimulating 
agents to counteract 
neutropenia

 
aFollow instructions given with drug literature. Most of the drugs are given according to surface area of the body, which is calculated according 

to weight and height of a person.
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ACQUIRED IMMUNODEFICIENCY 
SYNDROME

Acquired immunodeficiency syndrome is caused by ret-
roviruses. Those infecting the human beings are of two 
types: (i) HIV type I—which is the most common and very 
pathogenic and (ii) HIV type II—which is less common 
and less pathogenic. Once virus enters the body, it attacks 
T-lymphocytes and other cells which have CD4 surface 
marker. CD4 T-lymphocytes are normally associated with 
helper-inducer function of the immune system. With the 
fall in CD4 lymphocytes below 500 cells/mm3, (normal 
600–1500 cells/mm3), the immune system starts breaking 
down with the appearance of opportunistic infections and 
unusual malignancies, when it is called AIDS. When CD4-
cell count falls below 200 cells/mm3, death occurs within 
2–3 years.

MODES OF TRANSMISSION

HIV infection is transmitted through:

 1.  Sexual contact—homosexual or heterosexual.
 2.  Use of nonsterile needles, syringes or other skin-piercing 

instruments.
 3.  Blood and blood products.
 4.  Infected mother to infant—During pregnancy, during 

birth, and via breast milk.

High-risk groups include (i) heterosexually promiscu-
ous individuals (ii) homosexuals (iii) prostitutes and truck 
drivers (iv) IV drug users (v) recipients of blood and blood 
products (haemophilics, thalassaemia patients and those 
undergoing dialysis and (vi) children born to HIV infected 
mothers.

Major hazard to healthcare workers is from blood and 
body fluids like amniotic, pleural, peritoneal or pericardial 
fluid.

Risk of acquiring infection from the specimens of urine, 
stool, saliva, sputum, tears, sweat and vomitus is negligible 
unless they are visibly bloody.

HISTORY AND EPIDEMIOLOGY OF HIV INFECTION 
IN INDIA

AIDS virus was isolated in 1983 and was called HTLV III/
LAV (human T-cell lymphotropic virus type III or lymphoad-
enopathy associated virus). Later its name was changed to 
HIV (Human Immunodeficiency Virus).

In India, HIV disease was first documented in 1986 in 
sex workers in Chennai (erstwhile Madras) and Ministry 
of Health and Family welfare launched AIDS Control Pro-
gramme in 1987. In 1992, NACO (National AIDS control 
organization) established state level societies (SACS-State 
AIDS control societies) in various states, union territories 
and three cities. With the concerted effort, NACO has 
brought 57% reduction in new HIV cases in the last decade 
with 2.74 lakh cases in 2000 to 1.6 lakh cases in 2011. HIV 
prevalence has steadily declined from 0.41% in 2001 to 
0.35% in 2006 and 0.25% in 2011.

Prevalence of HIV/AIDS, according to NACO, in the year 
2007 and 2011 is shown in Table 75.1.

As on 2011, 86% of patients were in the age group of 15–
49 years and 7% were children, below 15 years. Of all infec-
tions, 61% are in males and 39% in females. About 1.48 lakh 
people have died due to AIDS related causes in 2011. Four 
states where disease is highly prevalent are Andhra Pradesh, 
Maharashtra, Karnataka and Tamil Nadu.

STRUCTURE OF HIV-I VIRION (FIGURE 75.1)

 1.  Lipid membrane has two layers.
 2.  Envelope glycoproteins
 (a)  Glycoprotein 120 (helps virus to bind to host cell).
 (b)  Glycoprotein 41 (helps in fusion of viral and cellular 

membranes).
 3.  Viral core proteins
 (a)  Matrix protein p17
 (b)  Capsid protein p24
 (c)  Nucleocapsid protein p6, p7
 (d)  Single-stranded RNA: Two copies
 (e)  Viral enzymes
 (i)  Reverse transcriptase
 (ii)  Integrase
 (iii)  Protease

LIFE CYCLE OF HIV

 1.  Virus enters the body of an individual through various 
modes of transmission. It binds to CD 4+ receptors situ-
ated on the surface of helper T-cells and macrophages. 
Such receptors are also present on monocytes, macro-
phages and CNS dendritic cells.

 2.  Fusion of virus to cell membrane allows the viral core to 
be injected into the host cell.

 3.  Reverse transcriptase, an enzyme present in viral core, 
changes viral RNA to DNA and the latter migrates to host 
genome.

75HIV Infection/AIDS  
and ENT Manifestations
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 4.  Viral integrase helps viral DNA to integrate into host’s 
genome and the latter is then called a provirus.

 5.  Provirus directs synthesis of new HIV particles.
 6.  During RNA transcription, there is also formation of 

protein precursors or polyproteins which are cleaved by 
proteases to form functional viral proteins. The  latter 
increase the infectivity of the new virus particles.

The new viruses originating from the host cells bind to 
new cells and the cycle goes on.

Immunodeficiency arises from loss of helper T-lympho-
cytes, which play an important role in cell-mediated immu-
nity. Monocytes harbour the virus and disseminate disease 
but their number does not change.

COURSE OF DISEASE

After exposure, the disease runs through the following stages:

 1.  Initial viraemia. Primary infection with HIV, first causes 
viraemia which produces mild clinical disease like fever, 
headache, body aches and pains, macular skin rash and 
lymph nodes enlargement. This picture resembles infec-
tions like mononucleosis and subsides in 1–2 weeks. The 
virus is then taken up by lymphoid organs like lymph 
nodes, tonsils, adenoids and spleen. Initial plasma 
viraemia lasts for a few weeks and then no virus can be 
detected in plasma.

 2.  Latent period. This is the asymptomatic period and may 
last for a variable period, on an average 10 years. In up 
to 5–10% of cases latent period may be 15 years or more. 

They are called long-term survivors or long-term nonpro-
gressors. In some cases, about 10%, latent period is short, 
nearly 3 years. They are called rapid progressors. During 
this period no virus is detectable in plasma though it is 
replicating in the lymphoid tissue and the CD4 T-helper 
cell number and function is deteriorating. Antibody test 
becomes positive in 2–4 months of infection.

 3.  Advanced disease. It starts after several years. The CD4 
T-cell count falls below 200 cells/mm3 and patient 
becomes susceptible to opportunistic infections. There 
are clinical signs and symptoms of AIDS and death may 
occur within 2 years.

ENT MANIFESTATIONS OF HIV INFECTION

HIV infection causes loss of helper T-cell population, which 
is important in cell-mediated immunity. As the T-cell counts 
gradually diminishes, morbidity and mortality due to HIV 
increases.

Three types of lesions are seen:

 1.  Opportunistic infections. All types of infection can 
occur―viral, bacterial, protozoal or mycobacterial. They 
can involve any area of ear, nose and throat, head and 
neck, and central nervous system.

 2.  Unusual malignancies. Kaposi sarcoma (KS) and lym-
phomas are common. KS can involve skin, mucous mem-
branes or viscera. KS may be seen in the skin of face (nose, 
ear or external ear canal), neck or extremities. It can also 
occur in oral, nasal, nasopharyngeal, oropharyngeal or 
laryngeal mucosa. KS causes obstructive symptoms.

Non-Hodgkin lymphoma can involve nodal and extra-
nodal sites (see infra). Hodgkin lymphoma is less common.

 3.  Neurological disorders. They can be due to primary HIV 
infection or opportunistic organisms. Primary HIV infec-
tion of CNS can cause encephalopathy (AIDS dementia 
complex), myelopathy, peripheral neuropathy and cra-
nial nerve involvement, most often VIIth but occasionally 
Vth and VIIIth.

HIV manifestations in different areas in ENT and Head & 
Neck are given below.

 1.  Ear. Viral, bacterial or fungal infections which can involve 
external, middle or internal ear are:

	 •	 	Kaposi sarcoma
	 •	 	Seborrhoeic dermatitis of external canal
	 •	 	Malignant otitis externa
	 •	 	Serous otitis media
	 •	 	Acute otitis media
	 •	 	Pseudomonas and candida infection of the external 

and middle ear
	 •	 	Mycobacterial infections
	 •	 	Sensorineural hearing loss—due to viral infection of 

auditory nerve or cochlea and demyelination of CNS
	 •	 	Herpes zoster (Ramsay–Hunt syndrome)
	 •	 	Facial paralysis
 2.  Nose and paranasal sinuses
	 •	 	Herpetic lesions of nose
	 •	 	Recurrent sinusitis
	 •	 	Chronic sinus infection
	 •	 	Fungal sinusitis

Lipid
membrane
(2 layers)

Matrix
(p-17)

Capsid
(p-24)

Envelop proteins:
• gp120

• gp41

RNA
(2 strands)

Enzymes:
• Reverse
  transcriptase
• Protease
• Integrase

Figure 75.1 Structure of HIV-I virion.

Table 75.1  HIV prevalence in India

Indicator Year 2007 Year 2011

Prevalence 0.33% 0.27%
Total number of persons  

living with HIV
22,52,253 20,88,642

Number of adult new HIV 
infection

1,23,890 1,16,456

Number of annual AIDS 
related deaths

2,06,671 147,729
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	 •	 	Kaposi sarcoma
	 •	 	Lymphomas–B cell type
	 •	 	Burkitt lymphoma
 3.  Oral cavity and oropharynx
	 •	 	Candidal infection of oral cavity can be thrush-like, 

atrophic or hypertrophic forms of candidiasis. Can-
dida infection also involves oropharynx, hypophar-
ynx or oesophagus. They cause difficulty and painful 
swallowing.

	 •	 	Herpetic lesions of palate, buccal mucosa, lips or gums. 
Such lesion may form large ulcers

	 •	 	Giant aphthous ulcers
	 •	 	Adenotonsillar hypertrophy.
	 •	 	Generalized lymphadenopathy
	 •	 	Kaposi sarcoma of palate
	 •	 	Non-Hodgkin lymphoma of tonsil or tongue
	 •	 	Hairy leukoplakia (see infra)
	 •	 	Gingivitis
 4.  Larynx
	 •	 	Laryngitis—fungal, viral (herpes simplex, cytomegalo-

virus) or tubercular
	 •	 	Kaposi sarcoma
	 •	 	Non-Hodgkin lymphoma
 5.  Salivary Glands
	 •	 	Parotitis
	 •	 	Xerostomia
	 •	 	Diffuse parotid enlargement
	 •	 	Lymphoepithelial cysts of parotid. They arise from 

parotid nodes, often on both sides.
	 •	 	Kaposi sarcoma
	 •	 	Non-Hodgkin lymphoma
 6.  Neck

Lymphadenopathy. It could be only a follicular hyperplasia 
or due to a disease such as tuberculosis, histoplasmosis, 
toxoplasmosis or non-Hodgkin or Hodgkin lymphoma.

KAPOSI SARCOMA

It is a multicentric neoplasm which may involve any part of 
the skin, mucosa or the viscera. There is excessive prolifera-
tion of spindle cells of vascular origin. It is noninvasive and 
respects the fascial planes. In the oral cavity, Kaposi sarcoma 
is mostly seen in the palate, but may occur on the tongue or 
gingiva or on the posterior wall of the pharynx. It appears 
purplish in colour and may need to be differentiated from 
angioma or pyogenic granuloma. It can occur at any stage of 
HIV infection, even in those with normal CD4 counts. Size 
of the tumour may vary from a few mm to several centime-
tres. Diagnosis is based on biopsy which may show prolifera-
tion of spindle cells, endothelial cells, extravasation of red 
blood cells and haemosiderin-laden macrophages. Treat-
ment includes localized radiation, intralesional vinblastine 
or cryotherapy. Systemic chemotherapy may be given in 
those with multiple lesions.

NON-HODGKIN LYMPHOMA

HIV patients have high incidence of lymphomas. B-cell 
lymphomas are more common (90%) and many are due to 
Epstein–Barr virus. Risk of lymphomas increases as disease 
progresses generally in patient with CD4+ count less than 

200/mm3. CNS lymphomas occur in late stages of the dis-
ease while systemic ones can occur early. Both nodal and 
extranodal sites can be involved; the latter include nose and 
paranasal sinuses, tonsils, nasopharynx, tongue, orbit and 
larynx. They also involve gastrointestinal tract, lung and 
bone marrow. Cervical lymphadenopathy can occur.

Hodgkin lymphoma is less common.

HAIRY LEUKOPLAKIA

It is a white, vertically corrugated lesions on the anterior 
part of the lateral border of tongue. It is probably caused 
by Epstein–Barr virus. It develops early and gives clue to 
HIV infection. AIDS develops in 50% of such patients in 16 
months or 80% in 30 months. Differential diagnosis includes 
leukoplakia, carcinoma in situ, hypertrophic candidiasis or 
lichen planus. Biopsy should be done to confirm.

DIAGNOSTIC TESTS

Diagnostic tests are based on identification of antibodies or 
viral antigens. Antibodies are formed within 3 months (2 
weeks–12 weeks) of infection.

 1.  ELISA test (enzyme-linked immunosorbent assay). It is a 
very sensitive test (sensitivity more than 95.5%).

 2.  Western blot. It is a confirmatory test and specific for 
HIV antibodies.

 3.  CD4 count. Normal count is 600–1500/mm3. Decreasing 
counts indicate immune compromise and the correspond-
ing risk for development of opportunistic infections and 
malignancies. Disease has been classified according to CD4 
counts such as (i) less than 500 cells/mm3; (ii) 200–499 
cells/mm3 or (iii) less than 200 cells/mm3; AIDS-defining 
illnesses appear when CD4 count fall below 200/mm3.

 4.  p24 antigen assay. It detects p24 core protein of HIV. 
The test is positive even prior to seroconversion. High 
levels of p24 antigen are present before development of 
 antibodies and are useful in those suspected of acute HIV 
syndrome.

 5.  PCR tests. They determine HIV-RNA. Two important 
tests are reverse transcriptase PCR and branched DNA 
assay. They determine number of copies of RNA per mil-
lilitre of plasma and indicate viral load.

HIV INFECTION AND HEALTHCARE 
WORKERS

Doctors, particularly the surgeons, nurses and laboratory 
staff handling the blood, blood-stained body fluids and 
other secretions may contract the disease as occupational 
hazard. They should follow the universal precautions (vide 
infra) considering that every sample they handle is poten-
tially infected. The risk is due to:

 1.  Needle-stick injury. Hollow needle (e.g. injection nee-
dle) is more dangerous than solid needle (e.g. suture 
needle). The risk is. 0.3%, i.e. (1:300).

 2.  Cuts with contaminated knife or other sharp instruments.
 3.  Exposure of open wound to infected blood or body 

fluid. Entry of virus can also occur through an area of 
dermatitis.
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 4.  Large mucous membrane exposure, e.g. by splatter of 
blood, amniotic fluid, etc. Risk is 0.09%.

 5.  Exposure of skin to infected blood and body fluids. Use 
of gloves and gown/coat is protective.

MANAGEMENT

Several factors need to be taken into account before a pro-
phylactic treatment is started.

 1.  Hollow needle vs solid needle. Hollow needles (injec-
tion needle) have more chance to introduce infected 
blood.

 2.  Superficial vs deep cut. Deeper cuts are more dangerous.
 3.  Source patient having or not having HIV and if yes, how 

serious is his condition due to advanced HIV disease and 
the antiretroviral drugs being used by him (Ist or IInd 
line) for the possibility of exposure to drug resistant virus.

 4.  Condition of healthcare worker, e.g. pregnancy and other 
diseases he/she suffer from and medication he/she is 
using for such ailments.

First step after exposure is to wash the area thoroughly 
with water and apply an antiseptic. ELISA test should be 
done as soon as possible to establish negative base line and 
to repeat the test at 6 weeks, 3 months and 6 months for any 
seroconversion.

If decision is made to start drug prophylaxis, it is recom-
mended to start two drugs of nucleoside analogue reverse 
transcriptase inhibitor group for 4 weeks for routine exposures 
(zidovudine and lamivudine or lamivudine and stavudine) and 
three drug regimen for high-risk exposure. Treatment should 
be started immediately certainly not later than 24 h. Serocon-
version has been noted in spite of this prophylaxis, therefore 
avoidance of exposure by universal precaution is the best.

UNIVERSAL PRECAUTIONS

	•	 	Wash	hands	before	and	after	patient	or	specimen	contact.
	•	 	Handle	the	blood	of	all	patients	as	potentially	infectious.
	•	 	Wear	 gloves	 for	 potential	 contact	 with	 blood	 and	 body	

fluids. All sharps like blades, needles, etc. to be put in 
impermeable container and destroyed.

	•	 	During	 operation,	 knife	 to	 be	 passed	 to	 the	 surgeon	 in	 
a tray.

	•	 	Place	used	syringes	immediately	in	a	nearby	impermeable	
container; DO NOT recap, bend or manipulate needle in 
anyway!

	•	 	Use	double	gloves	where	they	are	likely	to	be	pierced	as	
in fracture surgery. Quality of gloves is important as many 

of them may have holes. Impermeable gloves are also 
available.

	•	 	Wear	protective	eyewear	and	mask	if	splatter	with	blood	
or body fluids is anticipated (e.g. bronchoscopy, oral 
surgery).

	•	 	Wear	 gowns	 when	 splash	 with	 blood	 or	 body	 fluids	 is	
anticipated.

	•	 	Handle	all	linen	soiled	with	blood	and/or	body	secretions	
as potentially infectious.

	•	 	Refrain	from	patient	care	if	you	suffer	from	exudative	or	
weeping skin lesion or dermatitis.

	•	 	Process	all	laboratory	specimens	as	potentially	infectious.
	•	 	Wear	 mask	 to	 protect	 against	 TB	 and	 other	 respiratory	

organisms (HIV is not airborne).

ANTIRETROVIRAL DRUGS

There are four major classes of antiretroviral drugs:

 1.  Nucleoside reverse transcriptase inhibitors (prevent con-
version of RNA to DNA.).

	 •	 	Zidovudine (AZT)
	 •	 	Didanosine (ddI)
	 •	 	Zalcitabine (ddC)
	 •	 	Stavudine (d4T)
	 •	 	Lamivudine (3TC)
 2.  Non-nucleoside reverse transcriptase inhibitors (pre-

vent conversion of RNA to DNA). They bind to reverse 
transcriptase.

	 •	 	Delavirdine
	 •	 	Nevirapine
	 •	 	Efavirenz
	 •	 	Tenofovir (nucleotide analogue)
 3.  Protease inhibitors (prevent cleavage of viral proteins 

into their functional forms by binding to viral protease 
enzyme.

	 •	 	Saquinavir
	 •	 	Ritonavir
	 •	 	Indinavir
 4.  Fusion inhibitors (interfere with entry of virus into target 

cells). They bind to HIV–gp 41
	 •	 	Enfuvirtide

Antiretroviral drugs can prevent progression of HIV to 
AIDS. Drug resistance can occur. Second line drugs are 
more expensive. Toxicity of drugs should be kept in mind. 
Drug interactions are common and should be avoided. 
Combination drug therapy is more effective and prevents 
drug resistance; it is the standard of treatment today to com-
bine two or more drugs.
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EQUIPMENT, HISTORY TAKING AND 
GENERAL SETUP

Evaluation of the patient with disease of ear, nose and throat 
requires skill in eliciting a meaningful history and masterly 
dexterity in the examination of darker cavities of the ear, 
nose, pharynx and larynx. A student is expected to learn 
this by regular practice in ENT clinics.

EQUIPMENT FOR ENT EXAMINATION  
(FIGURE 76.1)

The requirements of equipment in a clinic may vary but 
the essential instruments for routine examination are listed 
here.

 1.  Bull’s eye lamp. It provides a powerful source of light. 
The lamp can be tilted, rotated, raised or lowered 
according to the needs.

 2.  Head mirror. It is a concave mirror used to reflect light 
from the Bull’s eye lamp onto the part being examined. 
It has a focal length of approximately 25 cm. The exam-
iner sees through the hole in the centre of the mirror. 
Diameter of the mirror is 89 mm (3½") and that of the 
central hole is 19 mm (3/4").

 3.  Tongue depressors. Different sizes for children and 
adults should be available. It is used in the examination 
of oral cavity and oropharynx.

 4.  Nasal specula. Two types are commonly used, namely 
Thudicum and Vienna types. The size of the nasal spec-
ulum is selected according to the age of the patient and 
size of the nostril.

 5.  Laryngeal mirrors. They are used to examine the lar-
ynx and laryngopharynx. Various sizes, from 6 to 30 mm 
diameter, are available. To prevent fogging, a mirror is 
always warmed over a spirit lamp or by dipping it in hot 
water and then tested on the back of hand before inser-
tion into the mouth.

 6.  Postnasal mirror. It is used to examine the nasopharynx 
and posterior part of nasal cavity. Like laryngeal mirror, 
it is also warmed and tested on the back of hand before 
use.

 7.  Ear specula. Various sizes are available to suit different 
sizes of the ear canal. The largest speculum which can be 
conveniently inserted in the ear canal should be used.

 8.  Siegle’s speculum. Essential in examination of tympanic 
membrane; it gives magnified view of tympanic mem-
brane and helps to test its mobility. It is also used to 
elicit the fistula sign.

 9.  Tuning forks. Commonly used tuning fork has a fre-
quency of 512 Hz. Forks of other frequencies, e.g. 256 
and 1024 Hz should also be available.

 10.  Jobson–Horne’s probe. One end of the probe is used to 
form a cotton bud to clean the ear of discharge and the 
other end (with ring curette) is used to remove the wax.

 11.  Blunt probe. It is used for palpation in the nasal cavity 
or ear canal.

 12.  Tilley’s or Hartman’s forceps. It is used in packing of 
ear canal or nasal cavity.

 13.  Eustachian catheter. It is used to test patency of the 
eustachian tube and can also be used to remove for-
eign bodies from the nose. To test the patency of 
eustachian tube, the nose is first anaesthetized, the 
catheter is then passed along the floor of nose into the 
nasopharynx, turned medially and then slightly with-
drawn till it engages on the posterior free border of the 
nasal septum. At this point, it is rotated 180° laterally 
to lie against the opening of eustachian tube. A bulb 
is attached and air insufflated. If the tube is patent, air 
enters the middle ear and can be detected by an auscul-
tation tube which connects patient’s ear to that of the 
examiner (see p. 59).

 14.  Otoscope. It is an electric or battery operated device 
with a magnifying glass. Sometimes it has an arrange-
ment to attach a bulb to function as Siegel’s speculum. 
It is useful for detailed examination of the ear. It is an 
essential instrument to examine the ear of an infant, a 
child or a bedridden patient.

 15.  Spirit lamp. It is used to warm the laryngeal or postnasal 
mirror (Figure 76.2).

 16.  Gloves. They are essential for intraoral palpation.
 17.  Spray. It is used to apply local anaesthetic to abolish the 

gag reflex.
 18.  Suction apparatus. To clear the ear or nose of discharge 

or blood for detailed examination.

HISTORY TAKING

 1.  History of present illness. A patient presents with cer-
tain presenting complaints. They are asked in detail, with 
particular reference to the duration of symptoms, their 
onset, progression, severity and other accompanying 
complaints. Inquiry should also be made of any systemic 
disease the patient may be suffering from, e.g. diabetes, 
hypertension, coronary artery disease, liver or kidney dis-
ease, or a bleeding disorder. Also find out about the treat-
ment patient has taken or is still taking for the present 
ailment.

76 Clinical Methods in ENT
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 2.  History of past illness. It includes history of similar com-
plaints in the past, treatment taken, history of any operation 
which the patient has undergone and allergy to any drug.

 3.  Personal history. Inquire about the patient’s profession 
and nature of job, personal habits (smoking, chewing 
pan or tobacco, use of alcohol) and food habits (exces-
sive use of tea or coffee). It is also important to know 
about his activities, exercise, or sedentary habits.

 4.  Family history. Some diseases have a genetic basis, e.g. 
otospongiosis, certain types of sensorineural hearing loss 
and autoimmune disorders while others are the result of 
close contact between different members of the family, 
e.g. tuberculosis, syphilis, pediculosis, scabies, etc.

GENERAL SETUP AND POSITION OF PATIENT

The patient is examined in a semi-dark room. He is seated on 
a stool or chair opposite the examiner and is made to sit erect 
leaning slightly forward towards the examiner. He should not 

slump in the seat. Bull’s eye lamp is kept on the left at the level 
of his shoulder. The examiner uses a head mirror to reflect 
light from the Bull’s eye lamp on to the area of examination.

A head mirror gives good illumination and permits free-
dom to use both hands for other activities. Some prefer to use 
a head light in place of Bull’s eye lamp and a head mirror.

I. EXAMINATION OF EAR

SYMPTOMATOLOGY
A patient with ear disease presents with one or more of the 
following complaints:

 1.  Hearing loss.
 2.  Tinnitus.
 3.  Dizziness or vertigo.
 4.  Ear discharge.
 5.  Earache.

Figure 76.1B (1) Jobson–Horne probe. (2) Vienna 
nasal speculum. (3) Hartmann’s packing forceps.  
(4) Wilde’s packing forceps. (5) Eustachian tube cath-
eter. (6) Thudicum nasal speculum. (7) Laryngeal mirror. 
(8) Postnasal mirror. (9) Blunt probe. (10) Ear specula. 
(11) Lacks tongue depressor.

B

Figure 76.1A Left to right. (1) Tuning fork. (2) Siegel’s 
speculum. (3) Otoscope. (4) Head mirror. (5) Barany’s 
noise box.

A
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 6.  Itching in the ear.
 7.  Deformity of the pinna.
 8.  Swelling around the ear.

The details of history of these symptoms particularly in 
reference to the onset, duration, progression and severity should 
be noted.

EXAMINATION

It includes both physical and functional examination.

A. PHYSICAL EXAMINATION
It includes examination of:

 1.  Pinna and the surrounding area.
 2.  External auditory canal
 (a)  Without speculum
 (b)  With speculum

 3.  Tympanic membrane.
 4.  Middle ear.
 5.  Mastoid.
 6.  Eustachian tube.
 7.  Facial nerve and other cranial nerves.

1. Pinna and the surrounding area. The pinna is examined 
by inspection and palpation. Both of its surfaces, the lateral 
and the medial, should be examined.

Look for size (microtia, macrotia); shape (abnormalities 
of contour, cauliflower ear); position (bat ear). Also look for 
redness (furuncle or abscess); swelling (haematoma, abscess); 
vesicles in concha and retroauricular groove (herpes zoster); 
scars (trauma or operation); ulceration or neoplasm.

Also examine the area above, in front, below and behind 
the pinna and look for a swelling (mastoid or zygomatic 
abscess, neoplasm or lymph nodes); sinus (preauricular 
sinus); fistula (mastoid fistula) scar (endaural or postaural 
scar due to previous operation).

Palpation of pinna is essential to look for raised temperature 
(perichondritis or abscess); thickness of tissues (perichondri-
tis); fluctuation (seroma or abscess) and tenderness. Movement 
of pinna is painful in furunculosis of the external canal.

2. Examination of external auditory canal

 (a)  Examination without a speculum. This is an important 
part of the examination and precedes introduction of 
speculum. The pinna is pulled upwards and backwards 
while the tragus is pulled forwards to spread open the 
meatus. Look for the size of meatus (narrow or wide), 
contents of lumen (wax, debris, discharge or polyp) or 
swelling of its wall (furuncle, neoplasm).

 (b)  Examination with a speculum. Once the size of the meatus 
is known, proper speculum is selected and introduced 
(Figure 76.3). Use the largest speculum that can eas-
ily enter the canal. Look for wax, debris, discharge, 
polyp, granulations, exostosis, benign or malignant 
neoplasm, sagging of posterosuperior area (coalescent 
mastoiditis).

3. Examination of tympanic membrane. Normal tympanic 
membrane is pearly white in colour and semi-transparent 
and obliquely set at the medial end of the meatus. It has two 
parts—pars tensa and pars flaccida, both of which should 

Figure 76.2 Warming a laryngeal mirror over a spirit lamp. Warm 
only the glass side of the mirror.

A B

Figure 76.3 Examination of ear with a speculum: (A) Right ear. (B) Left ear.
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be carefully examined. Its various landmarks are shown in 
Figure 76.4. A tympanic membrane is examined for:

 (a)  Colour. Red and congested in acute otitis media, bluish in 
secretory otitis media or haemotympanum. A chalky 
plaque is seen in tympanosclerosis.

 (b)  Position. Tympanic membrane may be retracting or 
bulging. General retraction is seen in tubal occlusion, 
retraction pockets are seen in attic or posterosuperior 
region and may collect epithelial flakes. Sometimes, 
tympanic membrane is very thin, deeply retracted and 
is fixed to promontory as in adhesive otitis media.

Bulging tympanic membrane is seen in acute otitis 
media, haemotympanum or neoplasm of middle ear 
which has not yet perforated the drum.

 (c)  Surface of tympanic membrane. It may show vesicles or bullae 
(herpes zoster or myringitis bullosa), a perforation (acute 
or chronic otitis media). A perforation may be central (in 
pars tensa) or attic (in pars flaccida) or marginal (at the 
periphery involving the annulus). A central perforation 
may be small, medium, subtotal or total.

 (d)  Mobility. It is tested with a Siegle’s speculum ( Figure 
76.5). A normal tympanic membrane is mobile. 

Restricted mobility is seen in the presence of fluid or 
adhesions in the middle ear. An atrophic segment of 
tympanic membrane may be hypermobile.

4. Examination of middle ear. Normally, middle ear cannot 
be examined directly. When tympanic membrane is semi-
transparent, some structures can be seen through it. In the 
presence of a perforation, it is possible to know the condi-
tion of middle ear mucosa and any in-growth of squamous 
epithelium from the edges of the perforation.

5. Examination of mastoid. Look for a swelling (abscess or 
enlarged nodes), obliteration of retroauricular groove (furun-
cle), fistula (burst abscess), scar (previous operation).

Normally, mastoid surface feels irregular on palpation. 
These irregularities are “ironed out” and surface feels smooth 
in periosteal inflammation as in subperiosteal abscess.

Tenderness of mastoid is seen in mastoiditis. It is elicited 
by pressure at three sites:

 (a)  Over the antrum (just above and behind the meatus).
 (b)  Over the tip.
 (c)  Over the part between the mastoid tip and mastoid 

antrum.

6. Examination of eustachian tube. Tympanic orifice of 
eustachian tube can be seen in the anterior part of middle 
ear if there is perforation of tympanic membrane. Pharyn-
geal opening of tube can be seen by posterior rhinoscopy.

Function of tube can be tested by Valsalva manoeuvre. In 
the presence of a perforation, air can be felt to escape from 
the ear when patient tries to blow with mouth and nose closed.

7. Examination of facial nerve. Paralysis of facial nerve may 
coexist with disease of the ear, e.g. acute or chronic sup-
purative otitis media, herpes zoster oticus, malignant otitis 
externa, tumours of external or middle ear and trauma. 
It is essential to test for facial nerve in every case of ear 
disease.

B. FUNCTIONAL EXAMINATION
1. Auditory function

 (a)  Voice test
 (b)  Tuning fork tests
	 •	 	Rinne test
	 •	 	Weber test
	 •	 	Schwabach test
	 •	 	Absolute bone conduction test.

2. Vestibular function

 (a)  Spontaneous nystagmus
 (b)  Fistula test (p. 41)
 (c)  Positional tests (p. 42).

II. EXAMINATION OF NOSE AND 
PARANASAL SINUSES

SYMPTOMATOLOGY

A patient with disease of the nose and paranasal sinuses 
presents with one or more of the following complaints:

 1.  Nasal obstruction.
 2.  Nasal discharge.

Shrapnell’s
membrane
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of malleus

Anterior
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malleal fold

Figure 76.4 Landmarks of a normal tympanic membrane (right side).

Figure 76.5 Use of Siegel’s speculum to see mobility of tympanic 
membrane.
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 3.  Postnasal drip.
 4.  Sneezing.
 5.  Epistaxis.
 6.  Headache or facial pain.
 7.  Swelling or deformity.
 8.  Disturbances of smell.
 9.  Snoring.
 10.  Change in voice (hyper- or hyponasality).

A detailed history of these symptoms with special regard to 
their onset, duration, progression, severity should be asked. 
They are discussed in the relevant sections of the book.

A. EXAMINATION OF NOSE

Nasal examination includes:

 1.  Examination of external nose.
 2.  Examination of vestibule.
 3.  Anterior rhinoscopy.
 4.  Posterior rhinoscopy.
 5.  Functional examination of nose.

1. EXTERNAL NOSE
Examine the skin and osteocartilaginous framework of nose 
both by inspection and palpation.

Skin is examined for signs of inflammation (furuncle, sep-
tal abscess), scars (operation or trauma), sinus (congenital 
dermoid), swelling (dermoid or glioma) or a neoplasm (basal 
cell or squamous cell carcinoma).

Osteocartilaginous framework is examined for deformity, e.g. 
deviated or twisted nose, hump, depressed bridge, bifid or 
pointed tip, destruction of nose (trauma, syphilis, cancer).

Palpation of nose is done to find raised temperature, fix-
ity of skin, thickening of soft tissues, tenderness, fluctuation 
or crepitation.

2. VESTIBULE
It is the anterior skin-lined part of nasal cavity having vibris-
sae and can be easily examined by tilting the tip of nose 
upwards. It is examined for a furuncle, a fissure (chronic 
rhinitis), crusting, dislocated caudal end of the septum, and 
tumours (cyst, papilloma or carcinoma).

3. ANTERIOR RHINOSCOPY
Technique. Patient is seated facing the examiner. A Thudi-
cum or Vienna type of speculum is used to open the vestibule. 
The speculum is held in the left hand (by a right-handed 
person) (Figure 76.6). It should be fully closed while intro-
ducing and partially open when removing from the nose to 
avoid catching the hair. Light is focussed at different sites in 
the nose to examine the nasal septum, roof, floor and the 
lateral wall. For this, patient’s head may need to the tilted in 
different directions. Look for the following points:

 (a)  Nasal passage. Narrow (septal deviation or hypertrophy 
of turbinates, growth) and wide (atrophic rhinitis).

 (b)  Septum. Deviation or spur, ulcer, perforation, swelling 
(haematoma or abscess) and growth (rhinosporidiosis, 
haemangioma).

 (c)  Floor of nose. Defect (cleft palate or fistula), swelling 
(dental cyst), neoplasm (haemangioma) or granula-
tions (foreign body or osteitis).

 (d)  Roof. Usually not seen except in cases of atrophic 
rhinitis.

 (e)  Lateral wall. Look at the turbinates and meatuses. 
Only the inferior and middle turbinates and their 
corresponding meatuses can be visualized. Examine 
the colour of mucosa (congested in inflammation and 
pale in allergy), size of turbinates (enlarged and swol-
len in hypertrophic rhinitis, small and rudimentary in 
atrophic rhinitis), discharge (discharge in the middle 
meatus indicates infection of maxillary, frontal or ante-
rior ethmoidal sinuses), mass (polyp, rhinosporidiosis, 
carcinoma). A probe test should be done. It ascertains 
the site of attachment, consistency, mobility and sensi-
tiveness of the mass. Attachment of the mass is found by 
passing the probe on all its surfaces. Bleeding during 
probing indicates vascular nature of the mass.

4. POSTERIOR RHINOSCOPY
Technique. Patient sits facing the examiner, opens his 
mouth and breathes quietly from the mouth. The examiner 
depresses the tongue with a tongue depressor and intro-
duces posterior rhinoscopic mirror, which has been warmed 
and tested on the back of hand (Figure 76.7). The mirror 

BA

Figure 76.6 (A) Anterior rhinoscopy. (B) Technique of holding a Thudicum nasal speculum.
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is held like a pen and carried behind the soft palate. With-
out touching it on the posterior third of tongue to avoid 
gag reflex, light from the head mirror is focussed on the 
rhinoscopic mirror which further illuminates the part to be 
examined. Patient’s relaxation is important so that soft pal-
ate does not contract.

Structures normally seen on postrhinoscopy are shown in 
Figure 76.8. Look for the following:

 (a)  Choanal polyp or atresia.
 (b)  Hypertrophy of posterior ends of inferior turbinates.
 (c)  Discharge in the middle meatus. It is seen in infections 

of maxillary, frontal or ethmoidal sinuses. Discharge 
above the middle turbinate indicates infection of the 
posterior ethmoid or the sphenoid sinuses.

5. FUNCTIONAL EXAMINATION OF NOSE
Test for patency of the nose and sense of smell.

(a) Patency of nose. (i) Spatula test. A clean cold tongue 
depressor is held below the nostrils to look for the area of 
mist formation, when patient exhales (Figure 76.9), the two 
sides are compared.
 (ii) Cotton-wool test. A fluff of cotton is held against each 
nostril and its movements are noticed when patient inhales 
or exhales.

(b) Sense of smell. A simple test is to ask the patient to 
identify the smell of a solution or substance held before 
the nostril while keeping the eyes closed. Each nostril is 
tested separately. Common substances used are the clove oil, 

peppermint, coffee and essence of rose. Ammonia stimulates 
the fibres of CN V and is not used to test the sense of smell.

B. EXAMINATION OF PARANASAL SINUSES

 1.  Maxillary sinus
 2.  Frontal sinus
 3.  Ethmoid sinuses
 4.  Sphenoid sinus

1. MAXILLARY SINUS
It is examined by inspection, palpation and trans - 
illumination.

Maxillary sinus has five walls and except for the posterior, 
all other walls can be examined directly.

Examine:

 (a)  the soft tissues of cheek, lip, lower eye lid and the molar 
region,

 (b)  the orbit and its contents, and the vision,
 (c)  the vestibule of mouth by everting the lip,
 (d)  upper alveolus, teeth and palate,
 (e)  the nose by anterior and posterior rhinoscopy,
 (f)  tenderness by pressure over the canine fossa (Figure 

76.10).

Figure 76.7 Technique of posterior rhinoscopy.
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Figure 76.8 Structures seen on posterior rhinoscopy.

Figure 76.9 Testing the patency of nose. Note the area of mist for-
mation on the tongue depressor when patient exhales from nose.

Figure 76.10 Testing for tenderness of maxillary sinus by pressure 
on the canine fossa.
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Transillumination of maxillary sinus is done by placing 
a specially made light source centrally in the mouth and 
closing the lips. Normally, a crescent of light in the inferior 
fornix and glow in the pupil, equally bright on both sides, 
can be seen. In the presence of pus, thickened mucosa or 
a neoplasm, the affected side does not transmit light. This 
test has limited value and has practically been abandoned in 
favour of X-rays.

2. FRONTAL SINUS
It is also examined by inspection, palpation and transillu-
mination.

Frontal sinus has three walls: anterior, posterior and floor. 
Only the anterior wall and floor lend themselves to external 
examination.

(a) External examination. For this, examine the forehead, root 
of nose, orbital margins, the orbit and its contents. Look for 
redness, swelling, fistula, proptosis and displacement of the 
eye balls.

Tenderness of the frontal sinus can be elicited by pressure 
or percussion with a finger on its anterior wall above the 
medial part of eyebrow, or by pressing upwards on its floor 
above the medial canthus (Figure 76.11).

(b) Examination of nose. Nose should be examined by ante-
rior as well as posterior rhinoscopy for evidence of discharge 
in the middle meatus and for any neoplasm.

Transillumination is done by placing a small light source 
in the superomedial angle of the orbit and observing the 
transmission of light from the anterior wall of the sinus. It is 
compared on both sides. Transillumination of frontal sinus 
is of limited value and has practically been abandoned in 
favour of X-rays.

3. ETHMOID SINUSES
They are divided into two groups: the anterior and poste-
rior. The former drains below the middle turbinate and 
the latter above it. They are examined by inspection and 
palpation.

(a) External examination. It includes examination of orbit, 
upper and lower eye lids, root of nose, eye ball and vision.

Tenderness can be elicited only in the anterior ethmoid 
sinuses. This is done by gentle pressure applied on the 
medial wall of orbit just behind the root of nose. The area is 
tender in acute ethmoiditis.

(b) Nasal examination. Anterior rhinoscopy may reveal pus, 
polypi, or growth in the middle meatus (anterior group of 
ethmoid sinuses) or between the middle turbinate and the 
septum (posterior group of ethmoid sinuses). Probe test 
should be done to find the consistency, attachment and fri-
ability of the mass.

Posterior rhinoscopy may reveal pus or growth, below or 
above the middle turbinate.

4. SPHENOID SINUS
Sphenoid sinus lies deep and is not easy to examine directly. 
Sometimes, its anterior wall can be seen in atrophic rhinitis 
or in marked deviation of the septum to the opposite side.

(a) Anterior rhinoscopy. Sphenoid sinus opens in the sphe-
noethmoidal recess. Attention should therefore be paid to 

the findings in the olfactory fissure near the roof of nose. It 
may show discharge, crusts, polyp or growth. A probe can be 
used to palpate the mass.

(b) Posterior rhinoscopy. It may reveal pus in the nasopharynx 
or the choana, above the middle or superior turbinate. A 
growth or a polyp may also be seen.

III. EXAMINATION OF NASOPHARYNX

SYMPTOMATOLOGY

A patient with disease of nasopharynx presents with:

 1.  Nasal obstruction.
 2.  Postnasal discharge.
 3.  Epistaxis.
 4.  Deafness (tubal block).
 5.  Cranial nerve palsies.
 6.  Enlargement of lymph nodes in the neck.

A detailed history of these symptoms regarding their 
onset, duration, progression and severity should be asked. 
(These have been discussed in the relevant sections.)

EXAMINATION

Clinical examination of nasopharynx includes:

 1.  Anterior rhinoscopy.
 2.  Posterior rhinoscopy.
 3.  Other methods.
 (a)  Digital examination
 (b)  Endoscopy
 (c)  Retraction of soft palate with catheters and mirror 

examination
 4.  Cranial nerves.
 5.  Cervical lymph nodes.

1. ANTERIOR RHINOSCOPY
It is possible to see only a small part of the nasopharynx on 
anterior rhinoscopy. The view can be facilitated by decon-
gestion of nasal and turbinal mucosa with vasoconstrictors.

Figure 76.11 Testing for tenderness of frontal sinus.
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2. POSTERIOR RHINOSCOPY
The technique is described on p. 378. Structures to be 
examined are:

 (a)  Anterior wall. Posterior border of nasal septum, choa-
nae, posterior ends of turbinates and their meatuses.

 (b)  Lateral walls. Torus tubarius, opening of eustachian 
tube, pharyngeal recess.

 (c)  Floor. Upper surface of soft palate.
 (d)  Roof of posterior wall.

Only a small part of nasopharynx can be seen in the mir-
ror at one time. The examiner tilts the mirror in different 
directions to see all the walls of the nasopharynx and then 
mentally reconstitutes the entire picture.

Abnormal findings in the nasopharynx include:

 (a)  Discharge. It may be seen below the middle turbinate 
(anterior group of sinuses) or above the middle turbi-
nate (posterior group of sinuses).

 (b)  Crusting. Atrophic rhinitis or nasopharyngitis.
 (c)  Mass
 (i)  Smooth pale mass—antrochoanal polyp.
 (ii)  Pink lobulated mass—angiofibroma.
 (iii)  Irregular bleeding mass—carcinoma.
 (iv)  Smooth swelling in the roof—Thornwaldt’s cyst or 

abscess.
 (v)  Irregular mass with radiating folds-adenoids.
 (vi)  Irregular mass filling the lower part of choana—

mulberry hypertrophy of inferior turbinate.
 (d)  Bleeding. Due to posterior nasal or nasopharyngeal 

pathology.

3. OTHER METHODS
(a) Digital examination. It is a quick method to examine 
the nasopharynx by palpation but is uncomfortable for the 
patient. The examiner stands behind and to the right of 
the patient, invaginates patient’s cheek with his left fin-
ger and inserts right index finger behind the soft palate 
into the nasopharynx. He first examines the posterior 
border of the nasal septum, then the choana, lateral wall 
and finally the posterior wall of nasopharynx. Adenoids, 
antrochoanal polyp and other masses in the nasopharynx 
can be examined. Avoid this examination if angiofibroma 
is suspected.

(b) Endoscopy. A rigid nasal endoscope is passed through 
the nose after local anaesthesia and decongestion of nasal 
mucosa. It gives a bright and magnified view of the naso-
pharyngeal structures. Using endoscopes with different 
angles of view, it is possible to examine structures situated 
at an angle. Flexible nasopharyngoscope can also be used. 
It is also passed through the nose and gives a magnified 
view.

(c) Retraction of soft palate with catheters and mirror exam-
ination. This method is reserved for difficult cases where 
view of nasopharynx is not obtained by other methods. It 
requires good local or general anaesthesia.

A soft rubber catheter is passed through each nostril 
and recovered from the oropharynx. Both ends of catheter 
are held together and clamped. In this way, soft palate is 
retracted forwards. Now a mirror can be introduced and the 
nasopharynx examined.

4. EXAMINATION OF CRANIAL NERVES
Malignancy of nasopharynx can involve any of the CN II to 
XII, more often CN IX, X and XI.

5. EXAMINATION OF CERVICAL LYMPH NODES
It is not unusual for nasopharyngeal malignancy to present 
primarily as a lymph node mass in the neck. Lymph nodes 
commonly involved are upper internal jugular and those 
along the accessory nerve in the posterior triangle of the neck.

IV. EXAMINATION OF ORAL CAVITY

Oral cavity extends from the lips to the level of anterior ton-
sillar pillars. Structures included in it are:

 1.  Lips.
 2.  Buccal mucosa.
 3.  Gums and teeth.
 4.  Hard palate.
 5.  Anterior two-thirds of tongue.
 6.  Floor of mouth.
 7.  Retromolar trigone.

SYMPTOMATOLOGY

A patient with disease of the oral cavity may present with one 
or more of the following complaints:

 1.  Pain. It may be localized to a particular site in the oral 
cavity, e.g. tooth, tongue, buccal mucosa, floor of mouth, 
etc. Sometimes, pain is referred to the ear from pathol-
ogy in the oral cavity.

 2.  Disturbance of salivation. Xerostomia (dryness of mouth) 
can result from mouth breathing, irradiation or general-
ized disease of the salivary glands. Excessive salivation can 
result from ulcers of mouth and pharynx, poor orodental 
hygiene, ill-fitting denture and iodide therapy.

 3.  Disturbance of taste. Sweet, sour and salt tastes are appre-
ciated by taste buds on the anterior two-thirds of tongue. 
Patient may complain of unilateral or bilateral loss of 
taste, diminished or perverted taste. Lesions in these 
cases may be local on the tongue, e.g. heavily coated 
tongue, or injury to chorda tympani or the facial nerve.

 4.  Trismus. There are several causes of trismus but the 
important ones related to the oral cavity include ulcer-
ative lesions, dental abscess, trauma to mandible or max-
illa, and malignant lesions of tongue, buccal mucosa and 
retromolar trigone that have infiltrated deeply.

 5.  Lesion or oral cavity. Patient can easily see several parts 
of his oral cavity in the mirror and present with an abnor-
mal growth, coating of tongue, a cleft (lip or palate) or a 
fistula (oroantral). It is not unusual for some patients of 
cancerophobia to fix their attention on the circumvallate 
papillae as cancer.

EXAMINATION

Examine in seriatim the following structures:

1. LIPS
Examine both the lips—the upper and lower, by inspection 
and palpation. Each lip has an outer (cutaneous), an inner 
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(mucosal) surface and a vermilion border. Look for any swell-
ings, vesicles, ulcers, crusts, scars, unilateral or bilateral clefts.

2. BUCCAL MUCOSA
It can be examined by asking the patient to open the mouth 
and by retracting the cheek with a tongue depressor. Exam-
ine the mucosa of cheek and vestibule of mouth. Look for:

 (a)  Change in colour.
 (b)  Change in surface appearance, e.g. ulceration, vesicles 

or bullae (pemphigus), white stria (lichen planus), 
blanched appearance with submucosal scars (submu-
cous fibrosis), leukoplakia, erythroplakia, pigmenta-
tion, atrophic change in mucosa, swelling or growth. 
Opening of parotid duct is seen opposite the upper sec-
ond molar tooth. It may be red and swollen with secre-
tions flowing through it on massage of parotid gland 
(viral or suppurative parotitis).

3. GUMS AND TEETH
Examine the gums and teeth in both the upper and lower 
jaws. Outer surface of gums is examined by retracting the 
cheeks and lips and the inner surface by pushing the tongue 
away with a tongue depressor.

 (a)  Red and swollen gums. Gingivitis.
 (b)  Ulcerated gums covered with a membrane. Viral ulcers 

or Vincent infections.
 (c)  Hyperplasia. Pregnancy or dilantin therapy.
 (d)  Growths. Benign or malignant neoplasms.
 (e)  Loose teeth. Maxillary or mandibular growth, 

periodontitis.
 (f)  Carious infected tooth or teeth. Cause of maxillary 

sinusitis if upper, and Ludwig’s angina, if lower.
 (g)  Malocclusion. Fractures of mandible or of teeth max-

illa, abnormalities of temporomandibular joint.

4. HARD PALATE
Look for:

(a) Cleft palate : Congenital
(b) Oronasal fistula : Trauma or syphilis
(c) High-arched palate : Mouth breathers
(d) Bulge : Tumours of palate, nose 

or antrum
(e) Bony growth in midline : Torus palatinus
(f) Mass or ulcer : Cancer

5. TONGUE
Only oral tongue (anterior two-thirds) is included in the 
oral cavity. First, examine the tongue in its natural position 
and then ask the patient to protrude it, move it to the right 
and left and then up. Examine the tip, dorsum, lateral bor-
ders and undersurface.

 (a)  Large size. Macroglossia, haemangioma, lymphangi-
oma, cretinism, oedema or abscess.

 (b)  Inability to protrude. Congenital ankyloglossia, cancer 
tongue or floor of mouth, painful ulcer, abscess.

 (c)  Deviation on protrusion. Paralysis CN XII on the side 
of deviation.

 (d)  Bald tongue. Iron-deficiency anaemia, median rhom-
boid glossitis (single patch in midline on the dorsum), 
geographical tongue.

 (e)  Fissures. Congenital (Melkersson syndrome), syphilitic. 
A single nonhealing fissure may be malignant.

 (f)  Ulcers. Aphthous traumatic (jagged tooth or denture), 
malignant, syphilitic or tubercular.

 (g)  White thick patch or plaque. Leukoplakia.
 (h)  Proliferative growth. Malignancy.

6. FLOOR OF MOUTH
Examine anterior part which lies under the tongue and two 
lateral gutters. Lateral gutters are better examined by two 
tongue depressors; one retracting the tongue and the other, 
the cheek.

Opening of the submandibular duct is seen as a raised 
papilla on either side of the frenulum.

 (a)  Short frenulum. Congenital ankyloglossia (i.e. 
tongue-tie).

 (b)  Scar. Trauma or corrosive burn.
 (c)  Ulcer. Trauma, erosion of submandibular duct stone, 

aphthous ulcer, malignancy.
 (d)  Swelling. Ranula, sublingual dermoid, calculus of sub-

mandibular duct, benign or malignant tumours, Lud-
wig’s angina.

7. RETROMOLAR TRIGONE
Look for the inflammation due to impaction of last molar 
tooth or a malignant lesion of this area.

PALPATION

All lesions of the oral cavity, particularly of the tongue, floor 
of mouth, cheek, lip and palate, must be palpated. A swell-
ing in the floor of mouth should be examined by bimanual 
palpation, to differentiate a swelling of submandibular 
(Figure 76.12) salivary gland from that of submandibular 
lymph nodes.

V. EXAMINATION OF OROPHARYNX

Oropharynx lies opposite the oral cavity. It starts at the level 
of anterior pillars and is bounded above by the junction of 
hard and soft palate and below by the V-shaped row of cir-
cumvallate papillae.

Figure 76.12 Palpation of oral cavity.
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Structures included in it are:

 1.  Tonsils and pillars
 2.  Soft palate
 3.  Base of tongue
 4.  Posterior pharyngeal wall

SYMPTOMATOLOGY

A disease of the oropharynx can disturb swallowing, pho-
nation, respiration and hearing. A patient with disease of 
oropharynx presents with one or more of the following 
complaints:

 1.  Sore throat. Acute or chronic tonsillitis, pharyngitis, 
ulcerative lesions of pharynx, etc.

 2.  Odynophagia (painful swallowing). Ulcers, peritonsillar 
or retropharyngeal abscess, lingual tonsillitis, etc.

 3.  Dysphagia (difficulty in swallowing). Tonsillar enlarge-
ments; parapharyngeal tumour; benign or malignant 
disease of tonsils, base of tongue or posterior pharyngeal 
wall; paralysis of soft palate; globus hystericus.

 4.  Change in voice. Paralysis of palate causes hypernasality. 
Space-occupying lesions of the oropharynx cause muf-
fled or hot-potato voice.

 5.  Earache. Benign ulcers or malignant lesions of the base 
of tongue, tonsil, pillars and palate cause referred pain in 
the ipsilateral ear.

 6.  Snoring. Large tonsils and other oropharyngeal lesions 
may obstruct respiration and cause snoring or sleep 
apnoea syndrome.

 7.  Halitosis (bad smell from the mouth). In the orophar-
ynx, cause may be infected tonsils, postnasal discharge or 
malignancy of oral cavity or oropharynx.

 8.  Hearing loss. A conductive hearing loss due to dis-
turbance of eustachian tube function can result from 
enlarged tonsils (which interfere with movements of soft 
palate), cleft palate, submucous palate, palatal paralysis, 
recurrent pharyngitis or tonsillitis.

 9.  Abnormal appearance. A patient may notice an abnor-
mal finding while looking at his throat in the mirror and 
then consult the doctor. It is not unusual for patient to 
be concerned about hypertrophic circumvallate papillae 
and have fear of cancer.

EXAMINATION

First, examine the oropharynx by asking the patient to open 
the mouth widely. Tongue depressor is used when this prelimi-
nary examination is unsatisfactory, or when it is required to dis-
place the tongue to one side to examine tonsillolingual sulcus, 
or to press on the tonsils to look for the contents of tonsillar 
crypts. The base of tongue is examined by laryngeal mirror. 
Following structures of oropharynx are carefully examined.

1. TONSILS AND PILLARS
(a) Tonsils

 (i)  Presence. Look for presence or absence of tonsils.
 (ii)  Size: Large and obstructive, small or embedded.
 (iii)  Symmetry. Unilateral or bilateral enlargement.
 (iv)  Crypts. White or yellow spots at the openings of 

crypts (follicular tonsillitis), white excrescences not 
easily wiped off (keratosis).

 (v)  Membrane. Diphtheria, Vincent’s angina, membra-
nous tonsillitis, etc.

 (vi)  Ulcer. Cancer, Vincent’s angina, tuberculosis, ulcerat-
ing tonsillolith.

 (vii)  Mass. Cystic (retention cyst), pedunculated or ses-
sile solid mass (papilloma, fibroma), proliferative 
growth (cancer).

 (viii)  Bulge. Peritonsillitis, parapharyngeal abscess, para-
pharyngeal tumour.

Pressure on the anterior pillar with the edge of tongue 
depressor may express cheesy material from the crypts 
(normal) of frank fluid pus (septic tonsil).

Palpation of the tonsil with a gloved finger is essential to 
know the consistency of the mass (hard in malignancy or ton-
sillolith), pulsation in tonsillar area (internal carotid artery 
aneurysm), palpation for an elongated styloid process.

(b) Pillars. Uniform congestion of the pillars, tonsils and 
pharyngeal mucosa is seen in acute tonsillitis. Conges-
tion of only the pillars may be a sign of chronic tonsillitis. 
Ulceration or proliferative growth may be an extension of 
malignancy from the tonsil base of tongue or the retromolar 
trigone.

2. SOFT PALATE
Look for redness (peritonsillitis), bulge or swelling. Normally, 
uvula is the midline. It becomes oedematous and displaced 
to the opposite side in peritonsillar abscess. Note movements 
of soft palate when the patient says “Aa.” Deviation of the 
uvula and soft palate to the healthy side is a sign of vagal 
paralysis. This may be associated with paralysis of posterior 
pharyngeal wall which shows a “curtain effect” (the paralyzed 
side moves like a sliding curtain to the healthy side).

A bifid uvula may be a sign of submucous cleft palate. In 
such cases, a notch can be palpated in the hard palate at its 
junction with soft palate in the midline.

3. POSTERIOR PHARYNGEAL WALL
It can be seen directly. Look for lymphoid nodules (granular 
pharyngitis), purulent discharge trickling down the posterior 
pharyngeal wall (sinusitis), hypertrophy of lateral pharyn-
geal bands just behind the posterior pillars (chronic sinus-
itis), thin glazed mucosa and crusting (atrophic pharyngitis).

4. BASE OF TONGUE AND VALLECULAE
Posterior one-third of tongue forms the base of tongue and 
lies between the V-shaped row of circumvallate papillae and 
the valleculae. Valleculae are two shallow depressions which 
lie between the base of tongue and the epiglottis.

Base of tongue and valleculae are best examined by indi-
rect laryngoscopy and finger palpation.

(a) Indirect laryngoscopy. Look for the colour of mucosa 
(normal or congested); prominent veins, varicosities at the 
base of tongue or lingual thyroid, ulceration (malignancy, 
tuberculosis or syphilis), solid swelling (lingual tonsil, lin-
gual thyroid, lymphoma, carcinoma base of tongue), cystic 
swelling (vallecular cyst, dermoid or thyroglossal cyst).

(b) Palpation of base of tongue. It should never be omitted. 
Extent of tumour which infiltrates deeper into the tongue 
is better appreciated by palpation than by inspection. If the 
patient fails to relax sufficiently, palpation should be done 
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under general anaesthesia. When palpating any structure 
in the oropharynx in a child, the examiner should invagi-
nate the patient’s cheek between his teeth with finger of the 
opposite hand to prevent biting on the examiner’s finger.

VI. EXAMINATION OF LARYNX AND 
LARYNGOPHARYNX

SYMPTOMATOLOGY

A patient with disease of the larynx presents with one or 
more of the following complaints:

 1.  Disorders of voice. e.g. hoarseness aphonia, puberpho-
nia or easy fatiguability of voice.

 2.  Respiratory obstruction.
 3.  Cough and expectoration.
 4.  Repeated clearing of throat (chronic laryngitis, benign 

or malignant tumours of larynx).
 5.  Pain in throat (ulcerative lesions of larynx, perichondritis 

of laryngeal cartilages, arthritis of laryngeal joints).
 6.  Dysphagia (epiglottitis, aspiration of secretions due to 

laryngeal paralysis).
 7.  Mass in the neck (cervical nodes, direct extension of 

growth, laryngocele).

EXAMINATION

Clinical examination of larynx includes:

 1.  External examination of larynx.
 2.  Indirect laryngoscopy.
 3.  Flexible or rigid fibreoptic endoscopy.
 4.  Assessment of voice.
 5.  Assessment of cervical lymph nodes.

1. EXTERNAL EXAMINATION OF LARYNX
Both inspection and palpation are employed.

Look for:

 (a)  Redness of skin (abscess, perichondritis).
 (b)  Bulge or swelling (extension of growth or enlarged 

lymph nodes).
 (c)  Widening of larynx (growth of pyriform fossa).
 (d)  Surgical emphysema (accidental or surgical trauma).
 (e)  Change in contour or displacement of laryngeal structures 

(trauma or neoplasm). Palpate the hyoid bone, thyroid 
cartilage, thyroid notch, cricoid cartilage, and the tra-
cheal rings.

 (f)  Movements of larynx. Normally, larynx moves with deglu-
tition. It can also be moved from side to side producing 
a characteristic grating sound (laryngeal crepitus). Fix-
ity of larynx indicates inflammation of infiltration of 
growth into the surrounding structures. Loss of laryn-
geal crepitus is due to postcricoid carcinoma.

2. INDIRECT LARYNGOSCOPY
Technique. Patient is seated opposite the examiner. He 
should sit erect with the head and chest leaning slightly 
towards the examiner. He is asked to protrude his tongue 
which is wrapped in gauze and held by the examiner between 
the thumb and middle finger. Index finger is used to keep 
the upper lip or moustache out of the way (Figure 76.13).  

Gauze piece is used to get a firm grip of the tongue and to 
protect it against injury by the lower incisors.

Laryngeal mirror (size 4–6) which has been warmed and 
tested on the back of hand is introduced into the mouth 
and held firmly against the uvula and soft palate. Light is 
focussed on the laryngeal mirror and patient is asked to 
breathe quietly. To see movements of the cords, patient is 
asked to take deep inspiration (abduction of cords), say 
“Aa” (adduction of cords) and “Eee” (for adduction and 
tension). Movements of both the cords are compared.

Structures seen on indirect laryngoscopy (Figure 76.14). 
Indirect laryngoscopy permits examination of structures of 
the oropharynx, larynx and laryngopharynx.

	•	 	Larynx. Epiglottis, aryepiglottic folds, arytenoids, cunei-
form and corniculate cartilages, ventricular bands, 
ventricles, true cords, anterior commissure, posterior 
commissure, subglottis and rings of trachea.

	•	 	Laryngopharynx. Both pyriform fossae, postcricoid region, 
posterior wall of laryngopharynx.

	•	 	Oropharynx. Base of tongue, lingual tonsils, valleculae, 
medial and lateral glossoepiglottic folds.

3. FLEXIBLE OR RIGID FIBREOPTIC ENDOSCOPY
(a) Flexible endoscopy. In difficult cases, where laryngeal 
examination cannot be performed with a mirror due to 
anatomical abnormalities or intolerance of mirror by the 
patient, a flexible rhinolaryngoscope can be used. It is 
passed through the nose under local anaesthesia and gives 

Figure 76.13 Indirect laryngoscopy.
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Figure 76.14 Structures seen on indirect laryngoscopy.
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a good view of the larynx, laryngopharynx, subglottis and 
even upper trachea. It is an outdoor procedure.

(b) Rigid endoscopy. For this purpose, a rigid fibreoptic 
telescope is used. It gives a clear, wide-angle view of the lar-
ynx and laryngopharynx. It is also an outdoor procedure.

Stroboscopy. A stroboscope is a device which emits light in 
pulses, the frequency of which can be set by the examiner. If 
frequency of pulses is same at which vocal cords are moving, 
the latter appear stationary giving more time to study the cord. 
If frequency of pulses is more or less than that of vocal cord 
movements, the cords are seen in slow motion. Stroboscopes 
are synchronized with rigid or fibreoptic endoscopes and 
the vocal cord movements can be recorded on video (video 
stroboscopy). Stroboscopy has been found very useful in diag-
nosis of laryngeal paralysis, completeness of glottic closure 
during phonation, very small early laryngeal cancer, vocal 
cord scarring, laryngeal cyst versus polyp and sulcus vocalis.

4. ASSESSMENT OF VOICE
The examiner should make note of the quality of voice of 
the patient such as hoarse, rough, breathy, bitonal, dys-
phonic, whispered or feeble.

5. ASSESSMENT OF CERVICAL LYMPH NODES
No examination of the larynx and hypopharynx is complete 
without thorough search for cervical lymph nodes.

VII. LYMPH NODES OF THE HEAD  
AND NECK

CLASSIFICATION (FIGURE 76.15)

1. Upper horizontal chain of nodes

 (a)  Submental
 (b)  Submandibular
 (c)  Parotid
 (d)  Postauricular

 (e)  Occipital
 (f)  Facial

2. Lateral cervical nodes. They include nodes, superficial 
and deep to sternocleidomastoid muscle and in the poste-
rior triangle.

 (a)  Superficial external jugular group
 (b)  Deep group
 (i)  Internal jugular chain (upper, middle and lower 

groups)
 (ii)  Spinal accessory chain
 (iii)  Transverse cervical chain

3. Anterior cervical nodes

 (a)  Anterior jugular chain
 (b)  Juxtavisceral chain
 (i)  Prelaryngeal
 (ii)  Pretracheal
 (iii)  Paratracheal

1. NODES OF UPPER HORIZONTAL CHAIN
(a) Submental nodes. They lie on the mylohyoid muscle in 
the submental triangle, 2–8 in number.

Afferents come from the chin, middle part of lower lip, 
anterior gums, anterior floor of mouth and tip of tongue.

Efferents go to submandibular nodes and internal jugular 
chain.

(b) Submandibular nodes. They lie in submandibular tri-
angle in relation to submandibular gland and facial artery.

Afferents come from lateral part of the lower lip, upper lip, 
cheek, nasal vestibule and anterior part of nasal cavity, gums, 
teeth, medial canthus, soft palate, anterior pillar, anterior 
part of tongue, submandibular and sublingual salivary glands 
and floor of mouth. Efferents go to internal jugular chain.

(c) Parotid nodes. They lie in relation to the parotid salivary 
gland and are extraglandular and intraglandular. Preauricu-
lar and infraauricular nodes are part of the extraglandular 
group.

Parotid
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Upper jugular
nodes

Spinal accessory
chain
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jugular nodes
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cervical chain

Lower jugular nodes

Paratracheal
node

Pretracheal
node

Prelaryngeal
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nodes

Submandibular
nodes
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Figure 76.15 Lymph nodes of head and neck.
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Afferents come from the scalp, pinna, external auditory 
canal, face, buccal mucosa.

Efferents go to internal jugular or external jugular chain.

(d) Postauricular nodes (mastoid nodes). They lie behind 
the pinna over the mastoid.

Afferents come from the scalp, posterior surface of pinna 
and skin of mastoid.

Efferents drain into infra-auricular nodes and into inter-
nal jugular chain.

(e) Occipital nodes. They lie both superficial and deep to 
splenius capitus at the apex of the posterior triangle.

Afferents come from scalp, skin of upper neck. Efferents 
drain into upper accessory chain of nodes.

(f) Facial nodes. They lie along facial vessels and are grouped 
according to their location. They are midmandibular, buc-
cinator, infraorbital and malar (near outer canthus) nodes.

Afferents come from upper and lower lids, nose, lips and 
cheek.

Efferents drain into submandibular nodes.

2. LATERAL CERVICAL NODES
They are divided into:

(a) Superficial group. It lies along external jugular vein and 
drains into internal jugular and transverse cervical nodes.

(b) Deep group. It consists of three chains: internal jugular, 
spinal accessory and transverse cervical.

 (i)  Internal jugular chain. Lymph nodes of internal jugu-
lar chain lie anterior, lateral and posterior to internal 
jugular vein and extend from the digastric muscle to 
the junction of internal jugular vein with the subclavian 
vein. They are arbitrarily divided into upper, middle 
and lower groups.

Upper group (jugulodigastric node) drains oral 
cavity, oropharynx, nasopharynx, hypopharynx, larynx 
and parotid.

Middle group drains hypopharynx, larynx, thyroid, 
oral cavity, oropharynx.

Lower jugular group drains larynx, thyroid and cer-
vical oesophagus.

 (ii)  Spinal accessory chain. It lies along the spinal accessory 
nerve. Upper nodes of this chain coalesce with upper 
jugular nodes. Spinal accessory chain drains the scalp, 
skin of the neck, the nasopharynx, occipital and postau-
ricular nodes.

Efferents from this chain drain into transverse cervi-
cal chain.

 (iii)  Transverse cervical chain (supraclavicular nodes). It lies 
horizontally, along the transverse cervical vessels, in the 
lower part of the posterior triangle. The medial nodes 
of the group are called scalene nodes. Afferents to those 
nodes come from the accessory chain and also infra-
clavicular structures, e.g. breast, lung, stomach, colon, 
ovary and testis.

3. ANTERIOR CERVICAL NODES
They lie between the two carotids and below the level of 
hyoid bone and consist of two chains:

(a) Anterior jugular chain. It lies along anterior jugular vein 
and drains the skin of anterior neck.

(b) Juxtavisceral chain. It consists of prelaryngeal, pretra-
cheal, and paratracheal nodes.

Prelaryngeal node (Delphian node) lies on cricothyroid 
membrane and drains subglottic region of larynx and pyri-
form sinuses.

Pretracheal nodes lie in front of the trachea, deep to pre-
tracheal fascia, and drain thyroid gland and the trachea. 
Efferents from these nodes go to paratracheal, lower inter-
nal jugular and anterior mediastinal nodes.

Paratracheal nodes (recurrent nerve chain) lie along 
recurrent laryngeal nerve and drain the thyroid lobes, sub-
glottic larynx, trachea and cervical oesophagus.

LYMPH NODES NOT CLINICALLY PALPABLE
(a) Retropharyngeal nodes. They lie behind the pharynx and 
are divided into lateral and medial groups. Lateral group lies at 
the level of atlas, close to the base of skull. Most superior node 
of the lateral group is called node of Rouviere (Figure 76.16).

Medial group lies near the midline but at a little lower level.
Retropharyngeal nodes drain the nasal cavity, paranasal 

sinuses, hard and soft palate, nasopharynx, posterior wall 
of the pharynx and send efferents to the upper internal 
jugular group.

(b) Sublingual nodes. They lie deep along the lingual vessels 
and drain anterior part of the floor of mouth and ventral 
surface of tongue. Lymphatics from these nodes end in the 
submandibular or upper jugular nodes.

EXAMINATION OF NECK NODES

Examination of neck nodes is important, particularly in 
head and neck malignancies and a systematic approach 
should be followed.

Neck nodes are better palpated while standing at the back 
of the patient. Neck is slightly flexed to achieve relaxation 
of muscles (Figure 76.17). The nodes are examined in the 
following manner so that none is missed.

 1.  Upper horizontal chain. Examine submental, subman-
dibular, parotid, facial, postauricular and occipital nodes.

 2.  External jugular chain. It lies superficial to sternomastoid.

Node of Rouviere

Lateral

Medial

Figure 76.16 Medial and lateral groups of retropharyngeal lymph 
nodes seen from behind. Node of Rouviere is the uppermost node 
of lateral group.
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 3.  Internal jugular chain. Examine the upper, middle and 
lower groups. Many of them lie deep to sternomastoid 
muscle which may need to be displaced posteriorly.

 4.  Spinal accessory chain.
 5.  Transverse cervical chain.
 6.  Anterior jugular chain.
 7.  Juxtavisceral chain. Prelaryngeal, pretracheal and para-

tracheal nodes.

When a node or nodes are palpable, look for the following 
points:

 1.  Location of nodes.
 2.  Number of nodes.
 3.  Size.
 4.  Consistency. Metastatic nodes are hard; lymphoma nodes 

are firm and rubbery; hyperplastic nodes are soft. Nodes 
of metastatic melanoma are also soft.

 5.  Discrete or matted nodes.
 6.  Tenderness. Inflammatory nodes are tender.
 7.  Fixity to overlying skin or deeper structures. Mobility 

should be checked both in the vertical and horizontal 
planes.

CLASSIFICATION OF NECK NODES ACCORDING 
TO LEVELS (SEE TABLE 76.1 AND FIGURE 76.18)

LEVEL I: SUBMENTAL (IA) AND SUBMANDIBULAR (IB) 
NODES
IA   Submental nodes, which lie in the submental triangle, 

i.e. between right and left anterior bellies of digastric 
muscles and the hyoid bone.

IB   Submandibular nodes, lying between anterior and 
posterior bellies of digastric muscle and the lower 
border of the body of mandible.

LEVEL II: UPPER JUGULAR NODES
They are located along the upper third of jugular vein, i.e. 
between the skull base above and the level of lower border 
of hyoid bone (or bifurcation of carotid artery) below.

LEVEL III: MIDDLE JUGULAR NODES
They are located along the middle third jugular vein, from 
the level of hyoid bone above, to the level of lower border 
of cricoid cartilage (or where omohyoid muscle crosses the 
jugular vein) below.

LEVEL IV: LOWER JUGULAR NODES
They are located along the lower third of jugular vein; from 
lower border of cricoid cartilage to the clavicle. Virchow’s 
node is included into this level.

LEVEL V: POSTERIOR CERVICAL GROUP
They are located in the posterior triangle, i.e. between pos-
terior border of sternocleidomastoid (anteriorly), anterior 
border of trapezius (posteriorly) and the clavicle below. 
They include lymph nodes of spinal accessory chain, trans-
verse cervical nodes and supraclavicular nodes. Level V 
nodes are further subdivided into upper, middle and lower, 
corresponding to planes that define levels II, III and IV.

Figure 76.17 Examination of neck nodes.

Hyoid bone

Cricoid cart.

VI

IV
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Figure 76.18 Classification of neck nodes according to levels. 
Levels are shown in Table 76.1.

Table 76.1  Division of neck nodes according to levels

Level I 	•	 	Submental (IA)
	•	 	Submandibular (IB)

Level II Upper jugular
Level III Mid jugular
Level IV Lower jugular
Level V Posterior triangle group (spinal accessory 

and transverse cervical chains)
Level VI 	•	 	Prelaryngeal

	•	 	Pretracheal
	•	 	Paratracheal

Level VII Nodes of upper mediastinum
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LEVEL VI: ANTERIOR COMPARTMENT NODES
They are located between the medial borders of sternoclei-
domastoid muscles (or carotid sheaths) on each side, hyoid 
bone above and suprasternal notch below. They include pre-
laryngeal, pretracheal and paratracheal nodes.

LEVEL VII
They are located below the suprasternal notch and include 
nodes of the upper mediastinum.

Lymph nodes of supraclavicular zone or fossa (Ho’s 
triangle) (Figure 76.19). Supraclavicular zone is situated 
between (i) upper border of medial end of clavicle, (ii) 
upper border of lateral end of clavicle and (iii) point where 
neck meets the shoulder. Nodes in this triangle are impor-
tant in carcinoma of the nasopharynx. Metastases in these 
nodes, irrespective of their size, would place them in N3 
category (AJCC, 1977). Nodes in this zone include lower 
part of levels IV and V.

OTHER GROUPS
	•	 	Retropharyngeal
	•	 	Facial
	•	 	Preauricular
	•	 	Postauricular	(mastoid)
	•	 	Intraparotid
	•	 	Suboccipital

NECK DISSECTION

It is a procedure to remove lymph nodes and the surround-
ing fibrofatty tissues from the neck, to eradicate metastases to 
cervical lymph nodes from cancer of the aerodigestive tract.

CLASSIFICATION OF NECK DISSECTION

 1.  Radical neck dissection.
 2.  Modified radical neck dissection.
 (a)  Type I—Preserves CN XI

 (b)  Type II—Preserves CN XI and internal jugular vein
 (c)  Type III—Preserves CN XI, internal jugular vein and 

sternocleidomastoid muscle.
 3.  Selective neck dissection
 (a)  Supraomohyoid (or anterolateral) (removes level I  

to III)
 (b)  Lateral (removes nodes in level II, III, IV)
 (c)  Posterolateral (removes level II to V suboccipital and 

postauricular nodes)
 (d)  Anterior compartment (removes level VI nodes)
 4.  Extended neck dissection (vide infra).

RADICAL NECK DISSECTION
In this procedure, all lymph nodes, extending from the man-
dible above to the clavicle below and from lateral border of 
sternomastoid, hyoid bone and contralateral anterior belly of 
digastric, medially, to the anterior border of trapezius poste-
riorly, are removed. The dissection specimen would include:

 1.  Lymph nodes of submental, submandibular, upper, 
 middle and lower jugular, and lateral (posterior) trian-
gle regions, i.e. level I to V along with its fibrofatty tissue.

 2.  Sternomastoid muscle.
 3.  Internal jugular vein.
 4.  Spinal accessory nerve.
 5.  Submandibular salivary gland.
 6.  Tail of the parotid.
 7.  Omohyoid muscle.

It saves following structures:

	•	 	Carotid	artery.
	•	 	Brachial	plexus,	phrenic	nerve,	vagus	nerve,	cervical	sym-

pathetic chain, marginal mandibular branch of facial, lin-
gual and hypoglossal nerves.

Radical neck dissection does not remove nodes of post-
auricular, suboccipital, parotid (except those in the tail), 
facial, retropharyngeal and paratracheal regions.

Incision used in radical neck dissection (Figure 76.20) will 
depend on the incision being used to remove the  primary 
growth and whether patient received any preoperative 
radiation.

Commonly, the incisions used are:

 1.  Schobinger
 2.  Mc Fee
 3.  Hockey-stick
 4.  Extensions from Gluck-Sorenson’s incision, used for lar-

yngectomy with neck dissection (Figure 76.21).

Contraindications to radical neck dissection include:

 1.  Untreatable primary cancer.
 2.  Distant metastases.
 3.  Inoperable neck nodes when they are fixed to important 

structures.
 4.  Medical illness which makes the patient unfit for major 

surgery.

MODIFIED NECK DISSECTION
It is similar to radical neck dissection but with preservation 
of one or more of the following structures:

 1.  Spinal accessory nerve
 2.  Internal jugular vein
 3.  Sternocleidomastoid muscle.

Figure 76.19 Supraclavicular fossa (or Ho’s triangle) is bounded by 
medial and lateral ends of clavicle and the point where neck meets 
the shoulder. Nodes in this zone include nodes of lower parts of levels 
IV and V.
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SELECTIVE NECK DISSECTION
It consists of preservation of one or more lymph node groups 
and all the three nonlymphatic structures, i.e. spinal acces-
sory, sternocleidomastoid muscle and internal jugular vein.

• Supraomohyoid or anterolateral. Removes levels I to III, 
usually done in cancer of oral cavity.

• Lateral. Removes levels II to IV.
Used in cancer of pharynx, hypopharynx and larynx.

• Posterolateral. Removes levels II to V with postauricular 
and occipital nodes.

Used in cancer or melanoma of skin, located in poste-
rior scalp or posterior upper neck behind the line passing 
through the tragus.

• Anterior compartment. Removes nodes at level VI, i.e. pre-
tracheal, paratracheal and prelaryngeal.

Used in differentiated thyroid cancer, subglottic, cervical 
tracheal or hypopharyngeal cancers.

EXTENDED NECK DISSECTION
It consists of any of the neck dissections as described and 
further extended to include additional lymph node groups 
or nonlymphatic structures or both. Additional lymph node 
groups include retropharyngeal, parotid or level VI nodes 
and nonlymphatic structures may include external carotid 
artery, hypoglossal nerve, parotid gland and levator scapu-
lae, etc. that are not routinely included in that dissection.

A B C

Figure 76.20 Incisions commonly used in radical neck dissection. (A) Schobinger. (B) Mc Fee. (C) Hockey-stick.

Figure 76.21 Gluck-Sorenson’s incision used for laryngec-
tomy. Dotted lines showing extensions of incisions for radical neck 
dissection.
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Clinically, neck masses can be divided into: (i) those in the 
midline (Figure 77.1) and (ii) those in the lateral aspect of 
neck (Figure 77.2). The latter can be grouped according 
to triangles of neck. Only the clinically important ones are 
described in this chapter.

THYROGLOSSAL DUCT CYST

It presents as a cystic midline swelling, usually affecting 
young children but can occur at any age (Figure 77.3). It 
is usually rounded with a diameter of 2–4 cm. It increases 
in size with upper respiratory tract infection. Sometimes it 
presents as a draining sinus if it has burst due to infection or 
has been surgically drained. Because of the attachment of 
thyroglossal duct to foramen caecum at the base of tongue, 
it moves with tongue protrusion.

During development, thyroid anlage starts at foramen 
caecum, passes through base of tongue and then descends 
in front, behind or through the hyoid bone to form the 
thyroid gland. Thyroglossal cyst can occur anywhere in the 
course of thyroid duct (Figure 77.4). It may contain the only 
functioning thyroid tissue in the body. Rarely carcinoma 
develops in the cyst.

Treatment is complete surgical excision, including with it 
the body of hyoid bone and core of tongue tissue around 
the tract in the suprahyoid tongue base to the foramen cae-
cum (Sistrunk’s operation). Simple excision of cyst without 
removal of its tract leads to recurrence.

SUBLINGUAL DERMOID CYST

It presents as a midline submental swelling but does not 
move on protrusion of the tongue as it is not attached to 
foramen caecum. Sometimes it arises from the floor of 
mouth and needs differentiation from ranula. Treatment is 
surgical excision. A midline dermoid is also seen just above 
the suprasternal notch.

SUBMENTAL NODES

There are two to eight nodes situated in the submental tri-
angle between the platysma and mylohyoid muscle. They 
drain chin, middle part of lower lip, incisor region of gin-
giva, anterior floor of mouth and the tip of tongue.

When enlarged, the draining areas should be looked for 
infections or malignancy.

PRELARYNGEAL AND PRETRACHEAL 
NODES

They belong to juxtavisceral chain of nodes and lie in front 
of the larynx and trachea. They drain the larynx and tra-
chea, thyroid isthmus and anteromedial aspect of thyroid 
lobes. In case of enlargement of the above nodes, draining 
areas should be examined.

77 Neck Masses

1. Submental lymph node
2. Dermoid
3. Ludwig’s angina

4. Thyroglossal duct cyst

5. Aberrant thyroid

6. Delphian node enlargement
7. Thyroid isthmus tumour
8. Advanced laryngeal malignancy
9. Suprasternal dermoid or
    lymph node enlargement

Submental
triangle}

Figure 77.1 Midline swellings of neck.
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Occipital triangle
• Lymph nodes:

Supraclavicular triangle
• Metastatic nodes from 
 infraclavicular primaries:

• Cystic hygroma
• Subclavian aneurysm
• Cervical rib

Breast
Lung
GI tract
Kidney
Ovary, testis

Anterior triangle
(Including its three subdivisions; digastric, 
carotid and muscular triangles)

Submandibular sialadenitis or tumour
Submandibular lymph nodes:

Inflammatory
Neoplastic
Metastatic

Plunging ranula
Jugular lymph nodes
Branchial cyst
Swelling thyroid lobe
Carotid body tumour
Parotid (tail) swelling
Parapharyngeal tumour
Laryngocele
Pharyngeal pouch

•
•

•
•
•
•
•
•
•
•
•

Inflammatory
Neoplastic
Metastatic

Figure 77.2 Lateral swellings of neck as seen in different triangles of neck.

Figure 77.3 Thyroglossal cyst.

Foramen cecum

Thyroglossal
cysts (1–5)

Hyoid bone

Thyroid gland

1
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5

Figure 77.4 Sites of thyroglossal duct cysts. 1. Base of tongue,  
2. Suprahyoid, 3. Subhyoid (most common), 4. On the thyroid cartilage 
and 5. In front of cricoid.

THYMIC CYST

Thymus develops from the third pharyngeal pouch and then 
descends through the neck to the mediastinum. Thymic rem-
nants may persist anywhere in its path from angle of the man-
dible to the midline of neck. Swelling is either cystic or solid. 
It can occur in children or adults and presents as a neck mass 
anterior and deep to middle third of sternocleidomastoid mus-
cle. It is a very rare condition. Treatment is surgical excision. 
Sternotomy is required if it also extends into the mediastinum.

BRANCHIAL CYST

It is common in the second decade of life but can occur at 
any age with equal frequency in both sexes. Cyst presents 
as a swelling in the upper part of the neck anterior to ster-
nocleidomastoid muscle. Mass is smooth, round, fluctuant, 
nontender and nontransilluminant. A painful increase in 
size at the time of upper respiratory infection can occur. 
Anomalies of the second branchial arch are the most com-
mon. A branchial cyst may be associated with a sinus or a 
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fistula. A second arch branchial sinus has an external open-
ing at the junction of lower and middle of the anterior bor-
der of sternomastoid and may exude mucoid discharge. It 
may have an internal opening in the tonsillar fossa. When 
both internal and external openings are present, it is called 
a branchial fistula.

Treatment of branchial cyst is surgical excision along with 
its tract, if present.

BRANCHIAL SINUS OR FISTULA  
(FIGURE 77.5)

A second arch fistula has a typical course, the knowledge of 
which can help in the total surgical extirpation of the tract. 
It has:

 1.  An external opening along the anterior border of sterno-
cleidomastoid muscle.

 2.  A tract which ascends just deep to deep cervical fascia 
along the carotid artery.

 3.  The tract passes deep to second arch structures, i.e. 
external carotid artery, stylohyoid and posterior belly of 
digastric but superficial to third arch structure, i.e. inter-
nal carotid artery (the tract passes between internal and 
external carotid arteries). It also runs superficial to hypo-
glossal nerve.

 4.  Pierces the pharyngeal wall and ends in the tonsillar 
fossa.

Complete excision of the tract can be accomplished by 
step-ladder incisions.

Third branchial cleft sinus is uncommon. Its external 
opening is at the same place as second cleft sinus but inter-
nal opening is situated in pyriform sinus. Tract passes behind 
both internal and external carotid vessels but is superficial to 
vagus and hypoglossal nerves.

PLUNGING RANULA

It is a pseudocyst caused by extravasation of mucus from 
obstruction to sublingual salivary gland. It presents as an 
isolated swelling in the submandibular area and is transil-
luminant. Sometimes plunging ranula coexists with a ranula 
in the floor of mouth. Treatment is total excision along with 
removal of sublingual gland.

CAROTID BODY TUMOUR

It arises from the chemoreceptor cells in the carotid body, 
hence also called chemodectoma. Mostly presents after 40 
years. It is a very slow-growing tumour and the history of 
mass in the neck may extend into several years. It presents as 
a painless swelling which is pulsatile. Bruit can be heard with 
a stethoscope. It moves from side to side but not vertically. 
It may extend into the parapharyngeal space and present in 
the oropharynx (Figure 77.6).

Contrast-enhanced CT and MRI with gadolinium are 
diagnostic and also show the extent of the tumour. MRI 
angiography shows splaying of internal and external carotid 
arteries (Lyre’s sign). Some tumours are functional and 
secrete catecholamines. Hence serum catecholamines and 
urinary metanephrines and vanillylmandelic acid (VMA) 
should be estimated. Fine-needle aspiration cytology 
(FNAC) or biopsy should not be done because of the vascu-
larity of tumour.

Treatment is surgical when the patient is younger than 50 years 
and surgically fit, or when the tumour extends into the oro-
pharynx causing difficulty in speech, swallowing or breathing.

Radiotherapy is also effective and is used in older patients 
and those unfit for surgery or those who refuse surgery or 
have a metastatic disease.

PARAPHARYNGEAL TUMOURS

These tumours present in the upper neck near the angle of 
mandible or retromandibular area.

They may also be seen intraorally displacing the tonsil, 
lateral pharyngeal wall and soft palate medially. Though 
majority of these tumours are of salivary gland origin (pleo-
morphic adenomas being the most common) others like 
schwannoma, neurofibroma, lipoma, haemangioma, para-
ganglioma or lymph node metastasis in parapharyngeal 
nodes are also seen. Diagnosis can be established by imaging 
techniques and FNAC.

CYSTIC HYGROMA

Also called lymphangioma or cavernous lymphangioma, it occurs 
most commonly in the posterior triangle of the neck (Figure 
77.7). It arises from obstruction or sequestration of jugular 
lymph sac.

It may be seen in the neonate, early infancy or childhood. 
Ninety per cent are seen before 2 years of age. When present 
at birth, they cause difficulty in labour.

Most commonly cystic hygroma is seen in the supracla-
vicular region and may extend to involve the whole of pos-
terior triangle or extend into the axilla and mediastinum. 
Other common sites are axilla and groin. It may occur in the 
tongue and floor of mouth.

Cystic hygroma is soft, cystic, multilocular, partially com-
pressible and brilliantly transilluminant. It may involve 
several tissue planes and neural and vascular structures. It 
may extend to involve laryngeal or pharyngeal structures 
to cause stridor, respiratory difficulty or feeding problems. 

Figure 77.5 Left-sided branchial sinus discharging pus.
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Balls of cells
(Zellballen of
chief cells)

Figure 77.6 (A) A 23-year-old female patient with carotid body tumour where surgery was earlier attempted. (B) MRI neck showing the tumour. 
(C) MRI angiography. Note splaying of the external carotid artery (ECA) and internal carotid artery (ICA). This is also called Lyre’s sign. (D) Tumour 
after removal. (E) Histopathology of tumour showing a Zellballen pattern having chief cells and sustentacular cells (H&E, x200).

When inflamed due to infection, it becomes painful and 
increases in size. Spontaneous regression is unpredictable.

Treatment is surgical excision with preservation of neural 
and vascular structures. Complete excision may not be pos-
sible in a single operation. Bipolar diathermy is useful. Rup-
ture of cyst makes dissection difficult. Recurrence rate after 
surgical excision is only 5% if whole tumour is removed mac-
roscopically but it is 50% if some part is left. Cystic hygroma 
causing respiratory distress may be aspirated or may require 
tracheostomy to relieve respiratory obstruction.

Injection of sclerosing agents is not favoured as it makes 
later dissection more difficult.

TUBERCULAR LYMPH NODES

Mass due to tubercular lymph nodes in the neck is very com-
mon in India. Any lymph node group can be involved. It can 
occur in any age or sex. Involved lymph node may be single, 
multiple or matted due to periadenitis. Tubercular abscess 
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may form when node(s) caseate. It may become adherent to 
the skin and underlying structures or a draining tubercular 
sinus may develop (Figures 77.8 and 77.9).

Diagnosis is usually made by FNAC or lymph node 
biopsy which reveals a granulomatous lesion. Sometimes 
acid fast bacilli (AFB) can be demonstrated. AFB from the 
aspirated or biopsy material can be cultured and sensitivity 
established, to be prepared for multidrug resistant lesions.

X-ray chest, skin test and work-up for other nodal group 
involvement should be done. Tuberculosis is also becoming 
more common due to AIDS.

Treatment consists of initial 2 months course of four drugs 
(rifampicin, isoniazid, pyrazinamide and ethambutol) fol-
lowed by 4 months course of rifampicin and isoniazid. 
Nodes may initially increase in size during treatment before 
they finally subside. Surgical excision of lymph node mass or 
abscess is occasionally required when drug treatment fails.

METASTATIC LYMPH NODES

Any lymph node group can be involved depending on 
the site of primary malignancy. Upper cervical lymph 

nodes are commonly involved in malignancies of upper 
aerodigestive tract. Nasopharyngeal malignancies spread 
to accessory chain of nodes in the posterior triangle. In 
many cases primary malignant lesion is not discernible 
(occult primary), and in such cases the most common 
sites are tonsil, base of tongue, nasopharynx and pyriform 
sinus. Node(s) in supraclavicular area should alert the 
surgeon to the possibility of an infraclavicular primary in 
the lung, breast, stomach, colon, kidney, ovary and testis.

LYMPHOMAS

Both Hodgkin and non-Hodgkin lymphomas may present 
with cervical lymphadenopathy. Other lymphatic struc-
tures of the Waldeyer ring may also be involved and cause 
symptoms of dysphagia, serous otitis media or respiratory 
obstruction. In such cases, other lymph nodes in the axilla, 
groin and abdomen should be examined in addition to 
spleen and liver enlargement.

CERVICAL RIB

Occasionally an extra rib may arise from the seventh cervical 
vertebra and end anteriorly by attaching to the first rib. This 
rib may produce a bony hard lump in the supraclavicular 
region. Most often it is seen on the right but may be present 
on the left or is bilateral.

Subclavian artery and brachial plexus which normally 
pass between anterior and middle scalene muscles over 
the first rib have now to pass over the cervical rib (a verte-
bral space higher) and are thus compressed. It produces 
neurological or vascular symptoms. Patient may complain 
of tingling sensation or numbness along the upper side of 
forearm and hand due to compression of the lower part 
of brachial plexus. When subclavian artery is compressed, 
hand becomes cold and numb with intermittent claudica-
tion of upper limb. Due to arterial compression an aneu-
rysm may develop with mural thrombus which may shoot 
emboli to the distal arterial system of the upper limb. 
Cervical rib, if asymptomatic, does not require treatment 

A B

Figure 77.7 (A) Cystic hygroma neck in a 27-year-old male. (B) CT scan neck of the same point.

Figure 77.8 Multiple tubercular nodes in the neck.
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but symptomatic ones are excised by supraclavicular or 
transaxillary approach.

STERNOMASTOID TUMOUR

Mostly seen in the newborns due to birth trauma. Fibrosis 
and later shortening of the sternocleidomastoid muscle 
causes torticollis. Face is turned to opposite side but the 

head is tilted on the ipsilateral shoulder. A mass can be pal-
pated in the sternocleidomastoid muscle on physical exami-
nation. In long-standing cases, asymmetry of face and head 
can develop as a sequel.

Treatment is passive exercises of the neck in early stages. 
Surgery is done when the condition is persistent and likely 
to cause facial hemihypoplasia. It consists of division of ster-
nomastoid muscle.

A B

Figure 77.9 (A) Caseating tubercular suprasternal node forming abscess. (B) Tubercular nodes in supraclavicular area (same patient).



     
This page intentionally left blank



397

OPERATIVE SURGERY SECTION X

78.  Myringotomy 
79.  Cortical Mastoidectomy
80.  Radical Mastoidectomy
81.  Modified Radical Mastoidectomy
82.  Myringoplasty
83.  Proof Puncture (Syn. Antral Lavage)
84.  Intranasal Inferior Meatal 

Antrostomy
85.  Caldwell–Luc (Anterior Antrostomy) 

Operation
86.  Submucous Resection of Nasal 

Septum (SMR Operation)

87.  Septoplasty 
88.  Diagnostic Nasal Endoscopy 
89.  Endoscopic Sinus Surgery 
90.  Direct Laryngoscopy 
91.  Bronchoscopy
92.  Oesophagoscopy
93.  Tonsillectomy
94.  Adenoidectomy
95.  Radiology in ENT

SECTION OUTLINE
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It is incision of the tympanic membrane with the purpose 
to drain suppurative or nonsuppurative effusion of the 
middle ear or to provide aeration in case of malfunctioning 
eustachian tube. Ventilation tube (grommet) may also be 
required in the latter case.

INDICATIONS

 1.  Acute suppurative otitis media
 (a)  Severe earache with bulging tympanic membrane.
 (b)  Incomplete resolution with opaque drum and persis-

tent conductive deafness.
 (c)  Complications of acute otitis media, e.g. facial paraly-

sis, labyrinthitis or meningitis with bulging tympanic 
membrane.

 2.  Serous otitis media.
 3.  Aero-otitis media (to drain fluid and “unlock” the eusta-

chian tube).
 4.  Atelectatic ear (grommet is often inserted for long-term 

aeration).

CONTRAINDICATIONS

Suspected intratympanic glomus tumour. Myringotomy in 
these cases can cause profuse bleeding. Tympanotomy is 
preferred.

ANAESTHESIA

In infants and children, always use general anaesthesia. 
For adults, general anaesthesia is used only when tympanic 
membrane is acutely inflamed. If there is no inflammation, 
myringotomy can be done under local anaesthesia or no 
anaesthesia at all.

STEPS OF OPERATION

 1.  Ear canal is cleaned of wax and debris.
 2.  Operation is ideally performed under operating micro-

scope using a sharp myringotome and a good suction 
apparatus.

 3.  In acute suppurative otitis media, a circumferential inci-
sion is made in the posteroinferior quadrant of tympanic 
membrane, midway between handle of malleus and tym-
panic annulus, avoiding injury to incudostapedial joint 
(Figure 78.1A).

 4.  In serous otitis media, a small radial incision is given in 
the posteroinferior or anteroinferior quadrant and all 
the effusion sucked out (Figure 78.1B).

When ventilation tube is to be inserted, incision should 
be just enough to admit the tube (Figure 78.2).

PITFALLS OF MYRINGOTOMY

 1.  When tympanic membrane is thick, incision may remain 
only in the superficial layers of drum head without cut-
ting through its entire thickness.

 2.  Incision in the posterior meatal wall. This may happen 
when distinction between drum head and posterior 
meatal wall is lost, when both are inflamed.

78 Myringotomy

A
B

Figure 78.1 (A) Circumferential incision used in acute suppurative 
otitis media. (B) Radial incision used in serous otitis media.

Figure 78.2 Grommet in right tympanic membrane.



399 CHAPTER 78 — MYRINGOTOMY

POSTOPERATIVE CARE

Daily mopping of ear discharge will be required in cases of 
acute suppurative otitis media. In serous otitis media, just 
leave a wad of cotton wool for 24–48 h.

Drum incisions usually heal rapidly. No water should be 
permitted to enter the ear canal for at least 1 week, and if  
a grommet has been inserted, entry of water is prevented so 
long as grommet is in position.

COMPLICATIONS

 1.  Injury to incudostapedial joint or stapes.
 2.  Injury to jugular bulb with profuse bleeding, if jugular 

bulb is high and floor of the middle ear dehiscent.
 3.  Middle ear infection.
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INTRODUCTION TO EAR AND MASTOID 
SURGERY

TERMINOLOGY FOR OPERATIONS PERFORMED 
FOR CHRONIC EAR INFECTIONS

MYRINGOPLASTY
It is an operation in which reconstructive procedure is lim-
ited to repair of tympanic membrane perforation.

TYMPANOPLASTY WITHOUT MASTOIDECTOMY 
(TYMPANUM = MIDDLE EAR)
It is an operation to eradicate disease in the middle ear and 
to reconstruct the hearing mechanism without mastoid sur-
gery, with or without tympanic membrane grafting. This 
means ossicular reconstruction only or ossicular reconstruc-
tion with myringoplasty.

TYMPANOPLASTY WITH MASTOIDECTOMY
It is an operation to eradicate disease in both the mastoid 
and middle ear cavity, and to reconstruct the hearing mech-
anism with or without tympanic membrane grafting.

CORTICAL MASTOIDECTOMY (SIMPLE 
MASTOIDECTOMY OR SCHWARTZ OPERATION)
It is an exenteration of all accessible mastoid air cells preserv-
ing the posterior meatal wall.

MODIFIED RADICAL MASTOIDECTOMY
It is an operation to eradicate disease of the attic and mas-
toid, both of which are exteriorized into the external audi-
tory canal by removal of the posterior meatal and lateral 
attic walls. Tympanic membrane remnant, functioning ossi-
cles and the reversible mucosa and function of the eusta-
chian tube are preserved. These structures are necessary to 
reconstruct hearing mechanism at the time of surgery or in 
a second-stage operation.

RADICAL MASTOIDECTOMY
It is an operation to eradicate disease of the middle ear and 
mastoid in which mastoid, middle ear, attic and the antrum 
are exteriorized into the external ear by removal of posterior 
meatal wall. All remnants of tympanic membrane, malleus, 
incus (not the stapes), chorda tympani and the mucoperi-
osteal lining are removed, and the opening of eustachian 
tube closed by packing a piece of muscle or cartilage into 
the eustachian tube.

MEATOPLASTY
Meatoplasty is an operation in which a crescent of conchal 
cartilage is excised to widen the meatus. It is invariably com-
bined with all canal wall down procedures, i.e. modified rad-
ical and radical mastoidectomies for easy access to mastoid 
cavity for periodic inspection and cleaning. It is also done 
as an isolated procedure in a sagging auricle seen in older 
people. Sagging auricle obstructs the ear canal and causes 
hearing loss and retention of wax.

MASTOID OBLITERATION
It is an operation to eradicate mastoid disease, when pres-
ent, and to obliterate the mastoid cavity. Obliteration of 
mastoid cavity is done with pedicled temporalis muscle or 
musculofascial tissue raised as flaps.

SURGICAL APPROACHES TO THE EAR  
AND INCISIONS

1. Endomeatal or transcanal approach. It is used to raise 
a tympanomeatal flap in order to expose the middle ear. 
Rosen’s incision is the most commonly used for stapedectomy. 
It requires the meatus and canal to be wide enough to work. It 
consists of two parts: (i) a small vertical incision at 12 o’clock 
position near the annulus and (ii) a curvilinear incision 
starting at 6 o’clock position to meet the first incision in the 
posterosuperior region of the canals, 5–7 mm away from the 
annulus (Figure 79.1) Posterior meatal canal skin is raised 
in continuity with tympanic membrane, after dislocating the 
annulus from the sulcus. It gives a good view of the middle 
ear and ossicles. Stapes, if still covered by posterosuperior 
overhang of bony meatus, can be exposed by removing this 
part of the overhang. This incision is also used commonly 
for exploratory tympanotomy to find cause for conductive 
hearing loss, inlay myringoplasty or ossicular reconstruction.

2. Endaural approach. It is used for:

 (a)  Excision of osteomas or exostosis of ear canal.
 (b)  Large tympanic membrane perforations.
 (c)  Attic cholesteatomas with limited extension into the 

antrum.
 (d)  Modified radical mastoidectomy where disease is lim-

ited to attic, antrum and part of mastoid.

Endaural approach is made through Lempert’s incision 
(Figure 79.2). It consists of two parts:

Lempert I. It is semicircular incision, made from 12 
o’clock to 6 o’clock position in the posterior meatal wall at 
the bony–cartilaginous junction.

79 Cortical Mastoidectomy
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Lempert II. Starts from the first incision at 12 o’clock 
and then passes upwards in a curvilinear fashion between 
tragus and the crus of helix. It passes through the incisura 
terminalis and thus does not cut the cartilage. Both mastoid 
and external canal surgery can be done.

3. Postaural (or Wilde’s) incision (Figure 79.3). It starts at 
the highest attachment of the pinna, follows the curve of 
retroauricular groove, lying 1 cm behind it, and ends at the 
mastoid tip. In infants and children up to 2 years of age, 
the mastoid process is not developed and the facial nerve 
lies exposed near its exit, and the incision therefore is slant-
ing posteriorly, avoiding lower part of the mastoid. Some 
surgeons prefer to make the postaural incision in the sulcus 
(retroauricular groove). Postaural incision is used for:

 (a)  Cortical mastoidectomy.
 (b)  Modified radical and radical mastoidectomy.
 (c)  Tympanoplasty: when perforation extends anterior to 

handle of malleus.

 (d)  Exposure of CN VII in vertical segment.
 (e)  Surgery of endolymphatic sac.

CORTICAL MASTOIDECTOMY

Cortical mastoidectomy, known as simple or complete mastoid-
ectomy or Schwartz operation, is complete exenteration of 
all accessible mastoid air cells and converting them into a 
single cavity. Posterior meatal wall is left intact (Figure 79.4). 
Middle ear structures are not disturbed.

INDICATIONS

 1.  Acute coalescent mastoiditis.
 2.  Incompletely resolved acute otitis media with reservoir 

sign.
 3.  Masked mastoiditis.
 4.  As an initial step to perform:
 (a)  endolymphatic sac surgery
 (b)  decompression of facial nerve
 (c)  translabyrinthine or retrolabyrinthine procedures 

for acoustic neuroma.

5 to
 7

mm

Figure 79.1 Rosen’s incision.

A

B

Lempert’s endaural incision

12 o’clock

Lempert I

Lempert II

6 o’clock

Figure 79.2 Endaural (Lempert’s) incision. (A) Incision in the canal 
and incisura terminalis. (B) Magnified view of A. Note position of 
Lempert I and Lempert II incisions.

A

B

C

Figure 79.3 Types of postaural incisions. (A) Sulcus incision. (B) 
Postaural incision in adults. (C) Postaural incision in infants.

Horizontal
semicircular canal Short process

of incus

Sinus plate

Tegmen tympani

Facial nerve

Figure 79.4 Cortical mastoidectomy. Posterior meatal wall is left intact.
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Figure 79.5 shows the various structures and landmarks 
seen after cortical mastoidectomy.

ANAESTHESIA

General anaesthesia.

POSITION

Patient lies supine with face turned to one side and the ear 
to be operated uppermost.

STEPS OF OPERATION

1. Incision. A curved postaural incision about 1 cm 
behind but parallel to the retroauricular sulcus, start-
ing at the highest attachment of pinna to the mastoid tip 
(Figure 79.3B).

In infants and children up to 2 years, the incision is short 
and more horizontal. This is to avoid cutting facial nerve which 
is superficial in the lower part of mastoid (Figure 79.3C).

Incision cuts through soft tissues up to the periosteum. 
Temporalis muscle is not cut in the incision.

2. Exposure of lateral surface of mastoid and MacEwen’s 
triangle. Periosteum is incised in the line of first incision.  
A horizontal incision may be made along the lower border 
of temporalis muscle for more exposure.

Periosteum is scraped from the surface of mastoid and 
posterosuperior margin of osseous meatus. Tendinous 
fibres of sternomastoid are sharply cut and scraped down. A 
self-retaining mastoid retractor is applied.

3. Removal of mastoid cortex and exposure of antrum. Mas-
toid cortex is removed with burr, or gouge and h ammer. 
Mastoid antrum is exposed in the area of suprameatal tri-
angle (MacEwen’s triangle). In an adult, antrum lies 12–15 
mm from the surface. Horizontal semicircular canal is iden-
tified. Keep in mind the presence of Korner’s septum which 
would need removal to explore the antrum.

4. Removal of mastoid air cells. All accessible mastoid air 
cells are removed leaving behind the bony plate of tegmen 
tympani above, sinus plate behind and posterior meatal wall 
in front.

5. Removal of mastoid tip and finishing the cavity. Lateral 
wall of the mastoid tip is removed, exposing muscle fibres 
of posterior belly of digastric. Zygomatic cells situated in the 
root of zygoma, retrosinus cells lying between sinus plate 
and cortex, behind the sinus, are removed. A finished cavity 
should have bevelled edges so that soft tissue can easily sit in 
and obliterate the cavity.

6. Closure of wound. Mastoid cavity is thoroughly irrigated 
with saline to remove bone dust and the wound is closed in 
two layers. A rubber drain may be left at the lower end of 
incision for 24–48 h in case of infection or excessive bleed-
ing. A meatal pack should be kept to avoid stenosis of ear 
canal. Mastoid dressing is applied.

POSTOPERATIVE CARE

 1.  Antibiotics started preoperatively are continued postop-
eratively for at least 1 week. Culture swab taken from the 
mastoid, during operation, may dictate a change in the 
antibiotic.

 2.  Drain, if put, is removed in 24–48 h and sterile dressing 
done.

 3.  Stitches are removed on the sixth day.

COMPLICATIONS

 1.  Injury to facial nerve.
 2.  Dislocation of incus.
 3.  Injury to horizontal semicircular canal. Patient will have 

postoperative giddiness and nystagmus.
 4.  Injury to sigmoid sinus with profuse bleeding.
 5.  Injury to dura of middle cranial fossa.
 6.  Postoperative wound infection and wound breakdown.

Sigmoid sinus plate

Digastric ridge

Site of endolymphatic sac

Donaldson’s line

CN VIIIncus

Trautmann’s
triangle

Sinodural
(Citelli’s) angle

Posterior

Anterior

Up Down

Figure 79.5 Various structures and landmarks seen after cortical mastoidectomy.
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Radical mastoidectomy is a procedure to eradicate disease 
from the middle ear and mastoid without any attempt to 
reconstruct hearing. Posterior meatal wall is removed and 
the entire area of middle ear, attic, antrum and mastoid 
is converted into a single cavity. All remnants of tympanic 
membrane, ossicles (except stapes footplate) and mucoperi-
osteal lining are removed (Figure 80.1). Eustachian tube is 
obliterated by a piece of muscle or cartilage. Aim of the 
operation is to permanently exteriorize the diseased area 
for inspection and cleaning. The radical mastoidectomy is 
infrequently required these days.

INDICATIONS

 1.  When all cholesteatoma cannot be safely removed,  
e.g. that invading eustachian tube, round window niche, 
perilabyrinthine or hypotympanic cells.

 2.  If previous attempts to eradicate chronic inflammatory 
disease or cholesteatoma have failed.

 3.  As an approach to petrous apex.
 4.  Removal of glomus tumour.
 5.  Carcinoma middle ear. Radical mastoidectomy followed 

by radiotherapy is an alternative to en bloc removal of 
temporal bone in carcinoma middle ear.

ANAESTHESIA

Mostly, general anaesthesia is given. Local anaesthesia can 
be used in selected cases.

POSITION

Same as for cortical mastoidectomy.

STEPS OF OPERATION

1. Incision. Postaural (Figure 80.2) or endaural (Figure 80.3).

2. Retraction of soft tissues and exposure of mastoid area. 
Mastoid area from posterior root of zygoma to behind the 
suprameatal triangle and from temporal line above to the 
lower part of mastoid tip below is exposed by elevating the 
periosteum and the wound retracted.

3. Removal of bone and exposure of attic and antrum. With 
the help of burr, bone is removed from the area of supra-
meatal triangle, spine of Henle, root of zygoma to just above 
the anterior meatal wall, upper part of superior meatal wall 
is also removed. This will expose attic and antrum. Identify 
the tegmen antri and lateral semicircular canal.

4. Removal of the “bridge” and the buttresses. Deeper part 
of superior osseous meatal wall that bridges over the notch 
of Rivinus is removed.

Anterior spine of the notch (anterior buttress) and 
posterior spine of the notch (posterior buttress) are also 
removed. This removes the lateral attic wall. The incus and 
the malleus are also removed.

5. Lowering the facial ridge. The deeper part of posterior 
meatal wall that overlies the vertical part of facial nerve is 
called facial ridge. It is removed as much as possible within 
the safety of VIIth nerve so that the mastoid cavity is freely 
accessible from the meatus.

6. Toilet of middle ear. Remnants of tympanic membrane 
with its annulus and sulcus tympanicus are removed. Mid-
dle ear mucoperiosteum along with any polyp or granula-
tion tissue is removed. Malleus and incus are removed if 
not already done. Stapes is left intact. Eustachian tube 
opening is closed by curetting its mucosa and plugging 
the opening with tensor tympani muscle or piece of 
cartilage.

7. Inspection of the cavity and irrigation. It is necessary 
to ensure complete exteriorization of the attic, antrum 
and middle ear and mastoid cavity into external audi-
tory meatus. Any bony overhangs are removed and cavity 
smoothened with polishing burr. Finally, it is irrigated with 
saline to remove any blood or bone particles.

80Radical Mastoidectomy

Mastoid cavity Horizontal
semicircular canal

VII N

Facial ridge

Round window

Eust. tube
opening closed
with muscle

Figure 80.1 Radical mastoidectomy. The entire area of mastoid, 
middle ear, attic and antrum is exteriorized. Eustachian tube is oblit-
erated and no attempt is made to reconstruct the hearing mechanism.
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8. Meatoplasty. A flap, based laterally at the concha is raised 
from posterior and superior meatal wall and turned into 
the mastoid cavity to cover the area of the facial ridge. This 
helps in the epithelialization of the mastoid cavity. A piece 
of conchal cartilage can be removed to enlarge the meatus 
and to facilitate inspection and access to cavity.

9. Obliteration of the cavity. If mastoid cavity is very large, it 
may be obliterated with temporalis muscle or other soft tis-
sues, taking care that no vestige of disease (cholesteatoma) 
is buried underneath.

10. Closure of wound. The cavity is packed with ribbon 
gauze, impregnated with an antibiotic/antiseptic and the 
wound is closed with interrupted sutures. Mastoid dressing 
is applied.

POSTOPERATIVE CARE

1. Dressing. First dressing is done on third or fourth day. 
Replace the outer gauze and cotton and look for any signs 
of perichondritis or infection of meatal pack.

Second dressing is done on sixth or seventh day 
when stitches are removed and meatal pack is changed. 

Thereafter, change the pack at weekly intervals or leave the 
cavity unpacked with regular suction and cleaning till epi-
thelialization is complete.

2. Antibiotic. A suitable antibiotic is given for about a 
week.

3. Cavity care. Usually, cavity is fully epithelialized in 2–3 
months. It should be periodically checked (every 4–6 
months) in the first year and then annually for removal of 
any debris or infection. Any granulation tissue which delays 
epithelialization is removed or cauterized.

COMPLICATIONS

 1.  Facial paralysis.
 2.  Perichondritis of pinna.
 3.  Injury to dura or sigmoid sinus.
 4.  Labyrinthitis, if stapes gets dislocated.
 5.  Severe conductive deafness of 50 dB or more. This is due 

to removal of all ossicles and tympanic membrane.
 6.  Cavity problems. Twenty-five per cent of the cavities do 

not heal and continue to discharge, requiring regular 
aftercare.

A

B

C

Anterior

Posterior

Up Down

Figure 80.2 Types of postaural incisions.
Figure 80.3 Endaural incision.
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It is a modification of radical mastoidectomy where as much 
of the hearing mechanism as possible is preserved. The dis-
ease process which is often localized to the attic and antrum 
is removed and the whole area fully exteriorized into the 
meatus by removal of the posterior meatal and lateral attic 
wall (Figure 81.1).

INDICATIONS

 1.  Cholesteatoma confined to the attic and antrum.
 2.  Localized chronic otitis media.

Irreversibly damaged tissues are removed, preserving the 
rest to conserve or reconstruct hearing mechanism.

ANAESTHESIA

Mostly general, local anaesthesia can be used in selected 
cases.

POSITION

Same as for cortical mastoidectomy.

STEPS OF OPERATION

 1.  Incision, postaural or endaural.
 2.  Retraction of soft tissues and exposure of mastoid area.
 3.  Removal of cortical bone and exposure of antrum and 

attic.
Steps 2 and 3 are the same as in radical mastoidectomy.

 4.  Removal of diseased tissue. Cholesteatoma, granulations 
or unhealthy mucosa is removed. Incus and head of mal-
leus often require removal, if cholesteatoma engulfs 
them or extends medial to them. They are preserved if 
possible. Lateral attic wall is removed to fully exteriorize 
the attic.

 5.  Facial ridge is lowered.
 6.  Mastoid cavity is smoothened with polishing burr, 

removing any overhangs and then irrigated with normal 
saline.

 7.  Reconstruction of hearing mechanism. Pars tensa of 
tympanic membrane and middle ear, if healthy, are left 
undisturbed. If disease extends into middle ear, only 
the irreversible tissues are removed. Reconstruction of 
tympanic membrane or ossicular chain, if damaged, 
can also be done (mastoidectomy with tympanoplasty 
operation).

 8.  Meatoplasty and closure of wound are same as in radical 
mastoidectomy.

POSTOPERATIVE CARE AND 
COMPLICATIONS

Same as in radical mastoidectomy.

81Modified Radical 
Mastoidectomy

Mastoid cavity

Horizontal semicircular canal

VII N.

Facial ridge

Figure 81.1 Modified radical mastoidectomy. Posterior meatal wall 
is removed to exteriorize the diseased area into the meatus and the 
hearing mechanism reconstructed.
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Closure of perforation of pars tensa of the tympanic mem
brane is called myringoplasty. It has the advantage of:

 1.  restoring the hearing loss and in some cases the tinnitus.
 2.  checking repeated infection from external auditory 

canal and eustachian tube (nasopharyngeal infection 
ascends more easily via eustachian tube in the presence 
of perforation than otherwise).

 3.  checking aeroallergens reaching the exposed middle ear 
mucosa, leading to persistent ear discharge.

Myringoplasty should be differentiated from type I tympa
noplasty. Though both refer to repair of tympanic membrane, 
tympanoplasty entails exposure of the middle ear to inspect 
the middle ear and also ensure ossicular integrity.

Myringoplasty can be combined with ossicular reconstruc
tion when it is called tympanoplasty.

Physiologic principles for middle ear reconstruction are 
discussed on p. 29.

CONTRAINDICATIONS

 1.  Active discharge from the middle ear.
 2.  Nasal allergy. It should be brought under control before 

surgery.
 3.  Otitis externa.
 4.  Ingrowth of squamous epithelium into the middle ear. 

In such cases, excision of squamous epithelium from the 
middle ear or a tympanomastoidectomy may be required.

 5.  When the other ear is dead or not suitable for hearing 
aid rehabilitation.

 6.  Children below 3 years.

ANAESTHESIA

Local or general, the former is preferred.

POSITION

Supine with face turned to one side; the ear to be operated 
is up.

Graft materials used are:

 1.  Temporalis fascia (most common)
 2.  Areolar fascia overlying the temporal fascia
 3.  Perichondrium from the tragus
 4.  Cartilage

 5.  Vein
 6.  Periosteum

Incision for exposure of tympanic membrane depends on 
the size of the ear canal; it may be endomeatal, endaural or 
postaural.

TECHNIQUE

UNDERLAY TECHNIQUE

1. Harvesting the graft, e.g. of temporalis fascia; or peri
chondrium from the tragus.

2. Preparing the tympanic membrane for grafting. An inci
sion is made along the edge of perforation and the ring of 
epithelium removed. Remove also a strip of mucosal layer 
from the inner side of perforation.

3. Inspecting the middle ear. A stapestype incision is made 
and the tympanomeatal flap raised to see the integrity and 
mobility of the ossicular chain and to ensure that no squa
mous epithelium has grown into the middle ear.

4. Placing the graft. Middle ear is packed with gelfoam 
soaked with an antibiotic. A propersized graft is placed so 
that its edges extend under the margins of perforation all 
round and a small part also extends over the posterior canal 
wall. Tympanomeatal flap is replaced. An underlay tech
nique has the advantage that the squamous epithelium is 
not buried in the middle ear (Figure 82.1).

OVERLAY TECHNIQUE

 1.  Temporal fascia or perichondrial graft is harvested as 
above.

 2.  Incision is made in the meatus as shown in Figure 82.2 
and meatal skin raised along with all epithelium from the 

82 Myringoplasty

Malleus
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Graft

Figure 82.1 Myringoplasty. Underlay technique—fascia graft is 
under the anterior annulus. It is supported by gelfoam in the middle 
ear to prevent medial displacement.
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outer surface of tympanic membrane remnant and pre
served to be used later.

 3.  Graft placed on the outer surface of tympanic membrane. 
A slit is made in the graft to tuck it under the handle of 
malleus (Figure 82.3).

 4.  Meatal skin removed earlier is now replaced, covering 
the periphery of the graft.

 5.  Ear canal packed with gelfoam and then with a small anti
biotic pack.
A modification of the overlay technique is to place the 
anterior edge of fascia graft under the annulus after 
removing the epithelium from its undersurface. This pre
vents blunting of anterior canal which is seen as a compli
cation of overlay technique.

 6.  Closure of endaural or postaural incision.
 7.  Mastoid dressing.

POSTOPERATIVE CARE

 1.  Stitches are removed after 5–6 days.
 2.  Ear pack is removed after 5–6 days without disturbing the 

gelfoam.

 3.  Patient is seen at 3 and 6 weeks after operation.
 4.  Complete epithelialization of graft takes 6–8 weeks.

COMPLICATIONS

UNDERLAY TECHNIQUE

 1.  Middle ear becomes narrow.
 2.  Graft may get adherent to the promontory.
 3.  Anteriorly, graft may lose contact from the remnant of 

tympanic membrane leading to anterior perforation.

OVERLAY TECHNIQUE

 1.  Blunting of the anterior sulcus.
 2.  Epithelial pearls. They are epidermal cysts, when squa

mous epithelium is buried under the graft.
 3.  Lateralization of graft. Graft loses contact from the mal

leus handle resulting in conductive loss. It is prevented 
by tucking the graft under the handle.

OTHER PROCEDURES FOR CLOSURE OF 
TYMPANIC MEMBRANE PERFORATION

1. Splintage. It is used in fresh traumatic perforations. 
The torn edges of the perforation are carefully everted 
under the microscope and splinted with absorbable gel
foam placed in the middle ear through the tear. Smaller 
tears can be splinted on the outer surface of the tympanic 
membrane with a piece of cigarette paper, gelfilm or sili
con sheet.

2. Cautery patching. This is useful in small, longstanding 
central perforations where the margins have become epi
thelialized and chronic. In this procedure, margins of the 
perforation are cauterized with 50% trichloracetic acid to 
remove the epithelialized edge (or freshened with a fine 
pick used for myringoplasty) and then supported with a cig
arette paper moistened with 1% phenol in glycerine. This 
procedure can be repeated at 2 weeks interval. Instead of 
cigarette paper, other material such as steristrip, gelfilm or 
silicone sheets have also been used.

3. Fat-graft myringoplasty. It is also used to close small 
perforations. After local anaesthesia, edges of perforation 
are freshened with 1 mm stapes hook. The inside of per
foration is also scrapped. A small piece of fat harvested 
from the ear lobule is plugged into the perforation like an 
hourglass. Over a time, the fat graft adheres and closes the 
perforation.

A B
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Temporalis
fascia graft

Raw bone

Replaced skin

Figure 82.2 Overlay technique. (A) Incision to raise medial meatal 
skin with tympanic membrane epithelium. (B) Placement of graft.  
(C) Replacement of skin.

Malleus

Anterior
annulus

Meatal skin

Graft

Figure 82.3 Myringoplasty. Overlay technique—fascia graft lies lat-
eral to anterior annulus onto the anterior bony canal wall. It is placed 
medial to malleus handle to prevent lateralization.
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This procedure involves puncturing the medial wall of max-
illary sinus in the region of inferior meatus and irrigating 
the sinus.

INDICATIONS

 1.  Chronic and subacute maxillary sinusitis with dual pur-
pose of: (i) confirming the diagnosis and (ii) washing out 
the pus.

 2.  To collect the specimen of the antral contents for cul-
ture and sensitivity, or cytological examination to exclude 
early malignancy.

CONTRAINDICATIONS

Acute maxillary sinusitis for fear of osteomyelitis.

ANAESTHESIA

In adults, local anaesthesia is preferred. A pack of 4% ligno-
caine with adrenaline is kept in inferior meatus for 10–15 
min. In children, general anaesthesia is required. Area of 
middle meatus should be decongested to open the maxil-
lary ostium for easy return of fluid.

POSITION

Sitting position is preferred in all adults, when using local 
anaesthesia. When using general anaesthesia, patient is 
placed in tonsillectomy position.

TECHNIQUE

The lateral wall of inferior meatus is punctured with Lich-
twitz trocar and cannula at a point 1.5–2.0 cm from anterior 
end of inferior turbinate and near the attachment of con-
cha with lateral wall. Here, the bone is very thin and can 
be easily pierced. Trocar and cannula are directed towards 
the homolateral ear. The nasoantral wall pierces with a 
“crack.” Now remove the trocar and advance the cannula 
till it reaches the opposite antral wall and then withdraw a 
little. The antrum can now be irrigated with normal saline 
at 37°C with a 20 mL or Higginson’s syringe (Figure 83.1). 
Syringing is continued till return is clear. After the puncture 

is over, cannula is removed and a pack kept in the inferior 
meatus to control bleeding.

DIAGNOSIS OF ANTRAL PATHOLOGY

 1.  Thin amber-coloured fluid, flowing from cannula imme-
diately on puncture and containing cholesterol crystals, 
indicates presence of antral cyst.

 2.  Blobs of mucopus in washings indicate hyperplastic 
sinusitis.

 3.  Presence of foul-smelling pus which easily mixes with irri-
gating fluid indicates suppuration. In such cases, antral 
wash may be repeated once or twice a week.

POSTOPERATIVE CARE

 1.  Pack is removed after about an hour.
 2.  Antibiotics should be given for 5–6 days in cases of 

suppuration.
 3.  Nasal decongestant drops should be used to improve 

patency of the ostium.
 4.  Analgesics may be required for headache or postopera-

tive pain.

COMPLICATIONS

 1.  Swelling of cheek. This is due to faulty technique. In this 
case, cannula lies in the soft tissues over the anterolateral 
wall of the maxilla and has failed to pierce the nasoantral 
wall.

 2.  Orbital injury and cellulites. If trocar and cannula pierces 
the roof of antrum.

83 Proof Puncture  
(Syn. Antral Lavage)

Opening of
max. sinus in
middle meatus

Cannula

Interior meatus

Middle turbinate

Figure 83.1 Antral puncture.



409 CHAPTER 83 — PROOF PUNCTURE (SYN. ANTRAL LAVAGE)

 3.  Puncture of the posterior antral wall. This would cause 
swelling in posterior part of cheek.

 4.  Bleeding. It occurs due to injury to nasal mucosa.
 5.  Air embolism. It is rare but may prove fatal. This compli-

cation can be prevented by avoiding insufflation of air 
into the antrum after lavage.

Note: This operation is now being performed less often. 
Most surgeons prefer to get a CT to find the middle 
meatal pathology causing obstruction to sinus ostium and 
deal with sinus disease and meatal pathology together by 
functional endoscopic sinus surgery (FESS) at the same 
time.
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Intranasal inferior meatal antrostomy is a process of mak-
ing an opening in the nasoantral wall of the inferior meatus 
by intranasal route. This operation is now rarely required 
and has been superseded by functional endoscopic sinus 
surgery.

INDICATIONS

Chronic purulent maxillary sinusitis.

CONTRAINDICATIONS

 1.  Irreversible change in sinus mucosa, e.g. polypoidal 
hypertrophy.

 2.  Presence of osteitis.
 3.  Suspicion of malignancy.

ANAESTHESIA

Local or general anaesthesia.

POSITION

Same as in submucous resection (SMR) operation (see 
Chapter 86).

TECHNIQUE

Inferior turbinate is fractured medially and upwards with a 
large periosteal elevator. Nasoantral wall of inferior meatus 
is perforated with a curved haemostat and then this open-
ing is enlarged, forwards with Kerrison’s bone forceps or 

reverse backbiting forceps and backwards with Luc’s or 
straight through cut forceps. Opening should be 1.5–2 cm 
in diameter and as close to the floor of nose as possible 
(Figure 84.1). Intrasinus pus/debris is removed by suction. 
Packing into the sinus and nose may be required if there is 
severe bleeding.

POSTOPERATIVE CARE

Intrasinus and nasal pack is removed in 24–48 h.

COMPLICATIONS

Few complications.

 1.  Postoperative bleeding.
 2.  Injury to nasolacrimal duct.

Note: These days, intranasal antrostomy is performed in 
the middle meatus. Middle meatal antrostomy is more physi-
ological and is performed with nasal endoscopes and other 
surgical instruments used in functional endoscopic sinus 
surgery.

84 Intranasal Inferior  
Meatal Antrostomy

Nasal cavity

Inferior turbinate

Natural opening
maxillary sinus

Maxillary
sinus

Figure 84.1 Intranasal antrostomy in the inferior meatus.
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Caldwell–Luc operation is a process of opening the maxil-
lary antrum through canine fossa by sublabial approach and 
dealing with the pathology inside the antrum. Operation is 
also called anterior antrostomy as access to maxillary sinus is 
made through anterior wall of the sinus.

INDICATIONS

 1.  Chronic maxillary sinusitis with irreversible changes in 
the sinus mucosa.

 2.  Removal of foreign bodies or root of a tooth.
 3.  Dental cyst.
 4.  Oroantral fistula.
 5.  Suspected neoplasm in the antrum and its biopsy.
 6.  Recurrent antrochoanal polyp.
 7.  Fracture of maxilla or blow-out fractures of the orbit.
 8.  As an approach to ethmoids (Horgan’s transantral 

ethmoidectomy).
 9.  Approach to pterygopalatine fossa for ligation of maxil-

lary artery.
 10.  Vidian neurectomy.

CONTRAINDICATIONS

Patient below 17 years of age.

ANAESTHESIA

General anaesthesia with cuffed endotracheal tube and a 
pharyngeal pack. Can be done under local anaesthesia.

POSITION

Reclining with head-end of the table raised. Patient lies 
supine with face turned slightly to the opposite side.

TECHNIQUE

1. Incision. A horizontal incision with its ends upward is 
made below the gingivolabial sulcus, from lateral incisor 
to the second molar (Figure 85.1). It cuts through mucous 
membrane and periosteum.

2. Elevation of flap. The mucoperiosteal flap is raised from 
the canine fossa to the infraorbital nerve avoiding injury to 
the nerve.

3. Opening the antrum. Using cutting burr or gouge and 
hammer, a hole is made in the antrum. Opening is enlarged 
using Kerrison’s punch.

4. Dealing with pathology. Once maxillary antrum has been 
opened, pathology is removed. Diseased antral mucosa 
can be removed with elevators, curettes and forceps. Cyst, 
benign tumour, foreign body or a polyp is removed.

5. Making nasoantral window. A curved haemostat is pushed 
into the antrum from the inferior meatus and then this 
opening is enlarged with Kerrison’s and side-biting forceps 
to make a window <1.5 cm in diameter.

6. Packing the antrum. Ribbon gauze, impregnated with liquid 
paraffin or Furacin™ (Furacin™ is 0.2% w/w nitrofurazone) 
ointment can be packed in the antrum and its end brought out 
from the nasoantral window into the nose. Intrasinus packing 
is done if there is severe bleeding. Pack is also kept in the nose.

7. Closure of wound. Sublabial incision is closed with one or 
two catgut sutures.

POSTOPERATIVE CARE

 1.  Ice packs over the cheek in the first 24 h prevent oedema, 
haematoma and discomfort to the patient.

 2.  Packing in the sinus and nose can be removed in 24–48 h.
 3.  Antibiotics are given for 5–7 days.
 4.  Patient should avoid blowing his nose for 2 weeks to 

avoid surgical emphysema.
 5.  Maxillary sinus is irrigated through the antrostomy with 

saline. Patient can do it himself with Higginson’s syringe.

COMPLICATIONS

 1.  Postoperative bleeding. This can be controlled by nasal 
pack.

 2.  Anaesthesia of the cheek due to stretching of infraorbital 
nerve. It may last for a few weeks or months.

 3.  Anaesthesia of teeth.
 4.  Injury to nasolacrimal duct.
 5.  Sublabial fistula.
 6.  Osteomyelitis of maxilla (rare).

PRESENT STATUS

Management of chronic maxillary sinusitis, removal of 
antrochoanal polyp, biopsy of maxillary sinus tumours, 

85Caldwell–Luc (Anterior 
Antrostomy) Operation
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ligation of maxillary artery for posterior epistaxis and 
drainage of maxillary sinus in closure of oroantral fistula 
can all be done through endoscopic surgery. Caldwell–
Luc operation these days may be indicated in limited situ-
ations as (i) initial step in medial maxillectomy, (ii) in  
management of complex midfacial fractures and to repair 
orbital floor fractures, (iii) removal of foreign bodies 

which cannot be removed by endoscopic approach and 
(iv) in management and staging of carcinoma of the 
palate.

Note: Ever since the advent of endoscopic sinus surgery, 
indications for Caldwell–Luc operation have decreased. 
Functional endoscopic sinus surgery can achieve all that can 
be done through Caldwell–Luc operation.

A B

Cut edge of
bone of canine fossa

Antrostomy opening with inferior
turbinate showing through

Incision

Figure 85.1 Caldwell–Luc operation. (A) Incision. (B) Inside view and position of antrostomy.
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INDICATIONS

 1.  Deviated nasal septum (DNS) causing symptoms of nasal 
obstruction and recurrent headaches.

 2.  DNS causing obstruction to ventilation of paranasal 
sinuses and middle ear, resulting in recurrent sinusitis 
and otitis media.

 3.  Recurrent epistaxis from septal spur.
 4.  As a part of septorhinoplasty for cosmetic correction of 

external nasal deformities.
 5.  As a preliminary step in hypophysectomy (trans-septal 

trans-sphenoidal approach) or vidian neurectomy (trans-
septal approach).

CONTRAINDICATIONS

 1.  Patients below 17 years of age. In such cases, a conserva-
tive surgery (septoplasty) should be done.

 2.  Acute episode of respiratory infection.
 3.  Bleeding diathesis.
 4.  Untreated diabetes or hypertension.

ANAESTHESIA

Local anaesthesia is preferred. General anaesthesia is used 
in children and apprehensive adults.

POSITION

Reclining position with head-end of the table raised.

STEPS OF OPERATION

1. Infiltration of nasal septum. It is done in its subperichon-
drial planes with 2% xylocaine and 1:50,000 adrenaline.

2. Incision. A curvilinear incision with forward convex-
ity is made at the mucocutaneous junction on the left 
side of the septum. It cuts only through the mucosa and 
perichondrium.

3. Elevation of mucoperichondrial and periosteal flap. 
Plane of dissection is important. It should be beneath the 
perichondrium and periosteum (Figure 86.1A).

4. Incision of the cartilage. Cartilage is incised just posterior 
to the first incision. Avoid cutting the opposite mucoperi-
chondrium, otherwise, it will result in perforation.

5. Elevation of opposite mucoperichondrium and perios-
teum. With the elevator passed through the cartilage inci-
sion, mucoperichondrial and periosteal flap is raised from 
the opposite side of the septum (Figure 86.1B).

6. Removal of cartilage and bone. Now working between the 
two flaps, cartilage and bone are removed. Cartilage can be 
removed with Ballenger swivel knife and bone with Luc’s 
forceps. Bony spur or ridge can be removed with gouge and 
hammer. Preserve a strip of cartilage about 1 cm wide along 
the dorsal and caudal border of the septum to prevent col-
lapse of the bridge of nose or retraction columella (Figure 
86.2).

7. Stitching. One or two catgut or silk stitches are applied in 
the initial mucoperichondrial incision.

8. Packing. Ribbon gauze, smeared with an antibiotic oint-
ment or liquid paraffin, is packed in each nasal cavity to pre-
vent collection of blood between the flaps. Nasal dressing is 
applied.

POSTOPERATIVE CARE

 1.  Patient is placed in semi-sitting position to prevent ooz-
ing of blood. Outer nasal dressing is changed if soaked in 
blood.

 2.  A soft diet should be taken in the first two postopera-
tive days to minimize active mastication which causes 
bleeding.

 3.  Pain, if any, should be controlled with analgesics.
 4.  Antibiotic cover is given for 5–6 days.
 5.  Nasal packs are gently removed after 24 h and thereaf-

ter, decongestant nasal drops and steam inhalations are 
given daily for 5–6 days.

 6.  Silk stitch, if any, is removed on 5th or 6th day.
 7.  Patient should avoid trauma to the nose for several days.

COMPLICATIONS

 1.  Bleeding. It may require repacking, if severe.
 2.  Septal haematoma. Evacuate the haematoma and give 

intranasal packing on both sides of septum for equal 
pressure.

86Submucous Resection of  
Nasal Septum (SMR Operation)
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 3.  Septal abscess. This can follow infection of septal 
haematoma.

 4.  Perforation. When tears occur on opposing side of 
mucous membrane.

 5.  Depression of bridge. Usually occurs in supratip area 
due to too much removal of cartilage along the dorsal 
border.

 6.  Retraction of columella. Often seen when caudal strip of 
cartilage is not preserved.

 7.  Persistence of deviation. It usually occurs due to inad-
equate surgery and may require revision operation.

 8.  Flapping of nasal septum. Rarely seen, when too much 
of septal framework has been removed. Septum, which 
now consists of two mucoperichondrial flaps, moves to 
the right or left with respiration.

 9.  Toxic shock syndrome. It is rare after septal surgery. It 
can follow staphylococcal (sometimes streptococcal) 
infection and is characterized by nausea, vomiting, puru-
lent secretions, hypotension and rash. It should be diag-
nosed early. It is treated by removal of packing, hydrating 
the patient, maintaining blood pressure and administer-
ing proper antibiotics.

PRESENT STATUS

These days SMR operation has been replaced by septoplasty. 
As much of the cartilage or bone as possible should be 
retained. Sometimes straight pieces of bone or cartilage can 
be put back between the mucosal flaps. Only indication for 
SMR is when cartilage or bone from the septum is required 
for a graft.

A

B

C
Figure 86.1 Submucous resection of nasal septum. (A) Incision and 
elevation of flap on the left. (B) Elevation of flap on the right after incis-
ing the septal cartilage. (C) Closing the incision.

Dorsal strut

Caudal strut

Area of
septum
removed

Figure 86.2 SMR operation. It is necessary to preserve dorsal and 
caudal struts of cartilage to avoid supratip depression or columellar 
recession, respectively.
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Septoplasty is a conservative approach to septal surgery; 
as much of the septal framework as possible is retained. 
Mucoperichondrial/periosteal flap is generally raised only 
on one side. This operation has almost replaced the SMR 
operation.

INDICATIONS

 1.  Deviated septum causing nasal obstruction on one or 
both sides.

 2.  As a part of septorhinoplasty for cosmetic reasons.
 3.  Recurrent epistaxis usually from the spur.
 4.  Sinusitis due to septal deviation.
 5.  Septal deviation making contact with lateral nasal wall 

and causing headaches.
 6.  For approach to middle meatus or frontal recess in endo-

scopic sinus surgery when deviated septum obstructs the 
view and access to these areas.

 7.  Access to endoscopic dacryocystorhinostomy operation 
in some cases.

 8.  As an approach to pituitary fossa (trans-septal trans- 
sphenoidal approach).

 9.  Septal deviation causing sleep apnoea or hypopnoea 
syndrome.

CONTRAINDICATIONS

 1.  Acute nasal or sinus infection.
 2.  Untreated diabetes.
 3.  Hypertension.
 4.  Bleeding diathesis.

ANAESTHESIA

Local or general.

POSITION

Same as for SMR operation.

TECHNIQUE

 1.  Infiltrate the septum with 1% lignocaine with adrenaline, 
1:100,000.

 2.  In cases of deviated septum, make a slightly curvilinear 
incision, 2–3 mm above the caudal end of septal cartilage 
on the concave side (Killian’s incision). In case of caudal 
dislocation, a transfixion or hemitransfixion (Freer’s) 
incision is made. The latter is septocolumellar incision 
between caudal end of septal cartilage and columella.

 3.  Raise mucoperichondrial/mucoperiosteal flap on one 
side only.

 4.  Separate septal cartilage from the vomer and ethmoid 
plate and raise mucoperiosteal flap on the opposite side 
of septum.

 5.  Remove maxillary crest to realign the septal cartilage.
 6.  Correct the bony septum by removing the deformed 

parts. Deformed septal cartilage is corrected by various 
methods, such as:

 (a)  Scoring on the concave side (Figure 87.1).
 (b)  Cross-hatching or morselizing.
 (c)  Shaving.
 (d)  Wedge excision.

Further manipulations like realignment of nasal spine, 
separation of septal cartilage from upper lateral carti-
lages, implantation of cartilage strip in the columella or 
the dorsum of nose may be required.

 7.  Trans-septal sutures are placed to coapt mucoperichon-
drial flaps.

 8.  Nasal pack.

POSTOPERATIVE CARE

 1.  Septal surgery is a daycare surgery and the patient can 
go home after he fully recovers from effects of seda-
tion with no postoperative nausea or bleeding. Patients 
with obstructive sleep apnoea should better be observed 
overnight.

 2.  Avoid strenuous exercise as it may cause bleeding.
 3.  Pack, if kept is removed the next day and patient be 

instructed not to blow the nose or sneeze hard. Secre-
tions can be drawn backwards into the throat by snorting 
rather than blowing the nose.

 4.  Saline spray or steam inhalation are encouraged after 
pack removal.

 5.  Xylo- or oxymetazoline drops are used if nose becomes 
stuffy.

 6.  Nasal splints, if used, are removed on fourth to eighth 
day and gentle suction of nose is done.

 7.  Patient should avoid trauma to nose, wipe the nose 
gently and in no case push the nose from one side to 
another.

87Septoplasty



416 SECTION X — OPERATIVE SURGERY

POSTOPERATIVE COMPLICATIONS

Same as for SMR operation.

 1.  Bleeding.
 2.  Septal haematoma and abscess.
 3.  Septal perforation.
 4.  Supratip depression.

 5.  Saddle nose deformity.
 6.  Columellar retraction.
 7.  Persistence of septal deviation, or external nasal 

deformity.
 8.  Cerebrospinal fluid rhinorrhoea (rare) occurs if perpen-

dicular plate of ethmoid is avulsed.
 9.  Toxic shock syndrome.

A B

C

Figure 87.1 Septal cartilage is straightened by scoring the cartilage on the concave side to remove interlocked cartilage stresses (A), or by 
shaving the convex side of cartilage (B). Dislocated septal cartilage can be replaced in the maxillary groove or on the anterior nasal spine by 
excision of the cartilage along the floor of nose and fixing it with a suture (C).
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Like anterior and posterior rhinoscopy, endoscopy of 
nose and nasopharynx helps in the diagnosis of diseases 
of nose, paranasal sinuses (PNS) and the nasopharynx. 
Because of the brighter illumination, magnification and 
angled view provided by the endoscopes, it is possible to 
examine all clefts and crevices of the nose and nasophar-
ynx. It is an important part of examination of nose and 
nasopharynx.

INDICATIONS

 1.  To diagnose any disease of the nose and PNS.
 2.  To diagnose source of bleeding in epistaxis.
 3.  To assess response to medical or surgical treatment of the 

nose and PNS disease.
 4.  To take a precise biopsy from nose and nasopharynx.

ANAESTHESIA

Topical anaesthesia with 4% xylocaine and a vasoconstric-
tor (oxymetazoline), first as a nasal spray and then nasal 
packs.

POSITION

Sitting or supine.

INSTRUMENTS

 1.  4 mm 30° endoscope
2.7 mm 30° endoscope } Required when nasal
2.7 mm 70° endoscope passages are narrow

 2.  Freer’s elevator or elevator with a suction channel
 3.  Suction tips
 4.  Biopsy forceps
 5.  Antifog solution or Savlon™ to prevent fogging of the 

endoscopic lens.

TECHNIQUE

After nasal packs are removed, endoscopy is performed by 
three passes:

FIRST PASS (EXAMINATION OF NASOPHARYNX 
AND INFERIOR MEATUS)

 1.  First obtain a general view of the nasal cavity. Look for 
any septal deviation or spurs and their size, mucous or 
purulent discharge in the nasal cavity and colour of the 
nasal mucous membrane.

 2.  Pass the endoscope along the floor of nose into the naso-
pharynx and examine: (i) opening of eustachian tube, 
(ii) walls of nasopharynx, (iii) upper surface of soft 
palate and uvula and (iv) opening of eustachian tube 
of opposite side. To see these structures endoscope is 
rotated.

 3.  Withdraw the endoscope slightly and examine the mar-
gins of choana and posterior ends of turbinates.

 4.  Withdraw endoscope slowly and at the same time exam-
ine inferior meatus for opening of nasolacrimal duct and 
Hasner’s valve. Slight pressure over the lacrimal sac may 
express a drop or two of lacrimal fluid through the naso-
lacrimal opening.

SECOND PASS (EXAMINATION OF THE 
SPHENOETHMOIDAL RECESS, SUPERIOR MEATUS 
AND OPENINGS OF SPHENOID SINUS AND 
POSTERIOR ETHMOIDAL CELLS) (FIGURE 88.1)

Endoscope is passed medial to middle turbinate to exam-
ine posterior part of middle turbinate, sphenoethmoidal 

88Diagnostic Nasal Endoscopy
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Rosenmüller

Sphenoethmoidal
recess

Nasal septumTorus tubarius

Figure 88.1 Area of eustachian tube and sphenoethmoidal recess.
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recess, superior turbinate and meatus, openings of poste-
rior ethmoid cells (in the superior meatus) and opening 
of sphenoid sinus in the posterior wall of sphenoeth-
moidal recess between the nasal septum and superior 
turbinate.

THIRD PASS (EXAMINATION OF THE MIDDLE 
MEATUS IN DETAIL)

Endoscope is passed from the front into the middle meatus. 
Sometimes middle turbinate needs to be displaced medially 
or 2.7 mm 30° endoscope have to be used. Examine unci-
nate process, bulla ethmoidalis, hiatus semilunaris, sinus of 
the turbinate (cavity on lateral side of middle turbinate) and 
the frontal recess.

Sometimes middle meatus is better entered from behind 
where the space is wider than from the front and structures 
are seen from behind forward, e.g. basal lamina, bulla eth-
moidalis, hiatus semilunaris, sinus of the turbinate, and unci-
nate process and the frontal recess.

COMPLICATIONS

Occasionally bleeding can occur due to suction or manipu-
lation of instruments. It is usually mild and easily controlled 
by vasoconstrictor nasal drops.
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Endoscopic surgery has made a great contribution towards 
management of sinus disease. Indications for conventional 
operations like those of Caldwell–Luc, frontal sinus opera-
tions and external ethmoidectomy have greatly reduced. 
Endoscopic surgery is minimally invasive surgery and does 
not require skin incisions or removal of intervening bone to 
access the disease. In the sinuses, ventilation and drainage 
of the sinuses is established preserving the nasal and sinus 
mucosa and its function of mucociliary clearance. Advances 
in endoscopic surgery have been possible due to:

 1.  Development of better optics.
 2.  Improved brighter illumination.
 3.  Development of microsurgical instruments to work with 

the endoscopes and precise removal of tissue with sharp 
cuts without stripping the mucosa.

 4.  Concomitant developments in imaging techniques like 
CT and MRI to precisely define the area of pathology.

 5.  Introduction of powered instrumentation in the form 
of soft-tissue shavers also called microdebriders (to remove 
nasal polyps, soft-tissue masses or mucosa) help reduce 
bleeding to a great extent while bone-cutting drills help 
endoscopic surgery of frontal sinus, lacrimal sac, etc. to 
remove bony obstruction.

 6.  The latest advancement has been the computer-assisted 
image-guided navigational surgery in difficult cases or 
revisional surgery when landmarks are not easy to identify.

INDICATIONS

 1.  Chronic bacterial sinusitis unresponsive to adequate 
medical treatment.

 2.  Recurrent acute bacterial sinusitis.
 3.  Polypoid rhinosinusitis (diffuse nasal polyposis).
 4.  Fungal sinusitis with fungal ball or nasal polypi.
 5.  Antrochoanal polyp.
 6.  Mucocele of frontoethmoid or sphenoid sinus.
 7.  Control of epistaxis by endoscopic cautery.
 8.  Removal of foreign body from the nose or sinus.
 9.  Endoscopic septoplasty.

ADVANCED NASAL ENDOSCOPIC 
TECHNIQUES

 1.  Removal of benign tumours, e.g. inverted papillomas or 
angiofibromas.

 2.  Orbital abscess or cellulitis management.
 3.  Dacryocystorhinostomy.

 4.  Repair of CSF leak.
 5.  Pituitary surgery.
 6.  Optic nerve decompression.
 7.  Orbital decompression for Graves’ disease.
 8.  Control of posterior epistaxis (endoscopic clipping of 

sphenopalatine artery).
 9.  Choanal atresia.

CONTRAINDICATIONS

 1.  Inexperience and lack of proper instrumentation.
 2.  Disease inaccessible by endoscopic procedures, e.g. lat-

eral frontal sinus disease and stenosis of internal opening 
of frontal sinus.

 3.  Osteomyelitis.
 4.  Threatened intracranial or intraorbital complication.

ANAESTHESIA

General anaesthesia is preferred by most of the surgeons. 
Local anaesthesia with i.v. sedation can be used in adults 
when limited work is to be done.

POSITION

Patient lies flat in supine position with head resting on a 
ring or head rest. Some also prefer to raise it by 15°.

TECHNIQUES (FIGURE 89.1)

Two surgical techniques are followed:

 1.  Anterior to posterior (Stammberger’s technique). In this 
technique surgery proceeds from uncinate process back-
ward to sphenoid sinus. Advantage of this technique is to 
tailor the extent of surgery to the extent of disease.

 2.  Posterior to anterior (Wigand’s technique). Surgery starts 
at the sphenoid sinus and proceeds anteriorly along the 
base of skull and medial orbital wall. This is mostly done 
in extensive polyposis or in revisional sinus surgery.

STEPS OF OPERATION

 1.  Remove the pledgets of cotton kept for nasal deconges-
tion and topical anaesthesia.

89Endoscopic Sinus Surgery
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 2.  Inspect the nose with 4 mm 0° endoscope or do complete 
nasal endoscopy if not already done.

 3.  Inject submucosally 1% lignocaine with 1:100,000 adren-
aline under endoscopic control (Figure 89.2):

 (a)  On the lateral wall, near the upper end of middle 
turbinate.

 (b)  On the lateral wall, just below the first injection.
 (c)  On the lateral wall, just above the inferior turbinate.
 (d)  In the middle turbinate, posterior aspect.
 (e)  Posterior aspect of nasal septum.
 4.  Replace cotton pledgets and repeat injections on the 

opposite side if bilateral functional endoscopic sinus 
 surgery (FESS) is to be done.

Medialize the middle turbinate and identify the uncinate 
process and bulla ethmoidalis. If middle turbinate is large, 
partial or total turbinectomy is performed. In case of con-
cha bullosa, lateral lamella is removed. Definitive surgical 
steps include:

 1.  Uncinectomy. Uncinate process is incised with sickle 
knife and removed with Blakesley forceps.

 2.  Identification and enlargement of maxillary ostium. 
Maxillary ostium lies above the inferior turbinate and 
posterior to lower third of uncinate process. Once local-
ized, it is enlarged anteriorly with a backbiting forceps or 
posteriorly with a through cut-straight forceps.

 3.  Bullectomy. Bulla ethmoidalis is penetrated with 
curette or Blakesley forceps and removed. Avoid injury 
to medial orbital wall, skull base or anterior ethmoidal 
artery.

 4.  Penetration of basal lamella and removal of posterior 
ethmoid cells. Basal lamella is the dividing thin bony 
septum between anterior and posterior ethmoid cells. It 
is penetrated in the lower and medial part with a small 
curette and then removed with Blakesley forceps. Poste-
rior ethmoid cells are exenterated. Optic nerve is at risk 
if Onodi cell is present. Onodi cell is a posterior ethmoid 
cell which extends into the sphenoid bone lateral and 
superior to the sphenoid sinus.

 5.  Clearance of frontal recess and frontal sinusotomy. If 
frontal sinus is clear on CT scan and patient also does 
not suffer from frontal headaches, nothing need to be 
done. In the event of frontal sinus disease, frontal recess 
is cleared and frontal sinus drainage established.
Opening of frontal sinus is situated lateral to attachment 
of middle turbinate, medial to medial orbital wall, ante-
rior to anterior ethmoidal artery and posterior to agger 
nasi cell(s). Surgery in the area of frontal recess is chal-
lenging as any disrespect to the mucosa in this area would 
lead to stenosis of frontal sinus opening with mucocele 
formation or recurrent frontal sinusitis.

 6.  Sphenoidotomy. This step is done after clearance of pos-
terior ethmoid cells or after frontal sinusotomy. It is omit-
ted if sinus is healthy. In this procedure anterior wall of 
sphenoid sinus is removed, and pus and inspissated mate-
rial from within the sinus removed. There are two ways to 
remove the anterior sinus wall:

 (a)  By entering the sphenoid sinus anterior and infe-
rior to the ethmoid cavity created by the above 
steps.

 (b)  By enlarging the opening of sphenoid sinus with 
Blakesley forceps or J-curette. Sinus opening is iden-
tified after removal of the posterior-inferior portion 
of superior turbinate near the nasal septum and 
about 1.0 cm above the upper border of posterior 
choana.

 7.  Nasal packs. Finally the nasal packs are applied, if sep-
tal surgery has also been done with FESS or to stop any 
bleeding from the nasal cavity.

POSTOPERATIVE CARE

It is individualized according to the extent of surgery 
done.

 1.  Removal of nasal packs. Nasal packs, if kept, are removed 
at the time of discharge 24 h after the operation.

 2.  Antibiotics. An intraoperative intravenous antibiotic 
(amoxiclav, cephalosporin or quinolone) is administered 
and then continued for 7–10 days by oral route.

 3.  Antihistaminics. For allergic patients.
 4.  Analgesics. For relief of postoperative pain.
 5.  Nasal irrigations. Saline irrigations are started after  

1 week postoperatively to remove blood clots, crusts and 
secretions and continued once or twice a day for 1 week.

 6.  Steroid nasal sprays. Required in cases of nasal allergy or 
those operated for nasal polyps.

Figure 89.1 Endoscopic surgery in progress. Endoscope and other 
surgical instruments are passed through the nose and surgery per-
formed by looking at the monitor.
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Figure 89.2 Sites of injection (indicated by stars) just anterior to 
uncinate process on the lateral wall of right side of nose.
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 7.  Endoscopic toilet. Blood clots, crusts and debris are 
removed by suction and forceps from the ethmoid area 
lateral to middle turbinate. Any adhesion formation in the 
nose is divided with suction. Healthy mucosa should not 
be disturbed. Suction can be done from within the maxil-
lary sinus with a curved cannula. Since the endoscopic 
clearance is a painful process, topical nasal anaesthetic 
with a decongestant is sprayed before the procedure.

Patient pays weekly visits for inspection of the cavity for 
4 weeks and thereafter as required till mucosalization of 
the cavity is complete.

COMPLICATIONS

They are similar to conventional surgery of ethmoid com-
plex and can be divided into major and minor. Mostly they 
involve orbit or skull base, or are of general nature (see 
Table 89.1). Many of the complications are preventable by 
careful surgical technique.

Table 89.1  Major and minor complications of 
endoscopic sinus surgery

Major Minor

 1.  Orbital haemorrhage
 2.  Loss of vision/blindness
 3.  Diplopia
 4.  CSF leak
 5.  Meningitis
 6.  Brain abscess
 7.  Massive haemorrhage 

requiring blood transfusion
 8.  Intracranial haemorrhage 

and direct brain trauma
 9.  Anosmia
 10.  Injury to internal carotid 

artery in sphenoid sinus
 11.  Injury to nasolacrimal duct 

and epiphora
 12.  Death

 1.  Periorbital ecchymosis
 2.  Periorbital emphysema
 3.  Postoperative epistaxis
 4.  Postoperative infection: 

rhinitis or sinusitis
 5.  Adhesions
 6.  Stenosis of maxillary or 

frontal sinus opening
 7.  Exacerbation of asthma
 8.  Hyposmia
 9.  Dental pain
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It is direct visualization of larynx and hypopharynx.

INDICATIONS

A. DIAGNOSTIC

 1.  When indirect laryngoscopy is not possible as in infants 
and young children, and the symptomatology points to 
larynx and/or hypopharynx, e.g. hoarseness, dyspnoea, 
stridor and dysphagia.

 2.  When indirect laryngoscopy has not been successful, 
e.g. due to excessive gag reflex or overhanging epiglottis 
obscuring a part or complete view of the larynx.

 3.  To examine hidden areas of:
 (a)  Hypopharynx. Base of tongue, valleculae and lower 

part of pyriform fossa.
 (b)  Larynx. Infrahyoid epiglottis, anterior commissure, 

ventricles and subglottic region.
 4.  To find the extent of growth and take a biopsy.

B. THERAPEUTIC

 1.  Removal of benign lesions of larynx, e.g. papilloma, 
fibroma, vocal nodule, polyp or cyst.

 2.  Removal of foreign bodies from larynx and hypopharynx.
 3.  Dilatation of laryngeal strictures.

CONTRAINDICATIONS

 1.  Diseases or injuries of cervical spine.
 2.  Moderate or marked respiratory obstruction unless the 

airway has been provided by tracheostomy.
 3.  Recent coronary occlusion or cardiac decompensation.

ANAESTHESIA

General anaesthesia is preferred though this procedure can 
be performed under local anaesthesia. In infants and young 
children, no anaesthesia may be required if procedure is for 
diagnostic purpose.

POSITION

Patient lies supine. Head is elevated by 10–15 cm by plac-
ing a pillow under the occiput or by raising head flap of 

the operation table. Neck is flexed on thorax and the head 
extended on atlanto-occipital joint (barking-dog position).

PROCEDURE

 1.  A piece of gauze is placed on the upper teeth to protect 
them against trauma.

 2.  Laryngoscope is lubricated with a little autoclaved liquid 
paraffin or jelly.

 3.  Laryngoscope is held by the handle in the left hand. 
Right hand is used to retract the lips and guide the laryn-
goscope and to handle suction and instruments.

 4.  Laryngoscope is introduced by one side of the tongue 
which is pushed to the opposite side till posterior third 
of tongue is reached. It is then moved to the midline and 
lifted forward to bring the epiglottis in view.

 5.  Laryngoscope is now advanced behind the epiglottis and 
lifted forward without levering it on the upper teeth or jaw 
(Figure 90.1). This gives good view of the interior of the 
larynx.

 6.  If anterior commissure laryngoscope is being used, its tip 
can be advanced further between the ventricular bands 
to examine the ventricles and anterior commissure. It 
can be passed between the vocal cords to examine the 
subglottic region.

 7.  Following structures are examined serially: Base of 
tongue, right and left valleculae, epiglottis, (its tip, lingual 
and laryngeal surfaces), right and left pyriform sinuses, 

90 Direct Laryngoscopy

10–15 cm

Figure 90.1 Direct laryngoscopy.
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aryepiglottic folds, arytenoids, postcricoid region, both 
false cords, anterior and posterior commissure, right and 
left ventricles, right and left vocal cords and subglottic 
area. Mobility of vocal cords should also be observed.

A right-angled telescope can be used to see the undersur-
face of vocal cords and the walls of the subglottis. After the 
procedure is completed, laryngoscope is withdrawn and lips 
and teeth examined for any injury.

POSTOPERATIVE CARE

 1.  Patient is kept in coma position to prevent aspiration of 
blood or secretions.

 2.  Patient’s respiration should be watched for any laryngeal 
spasm and cyanosis.

 3.  Trauma to larynx, especially if repeated attempts at 
laryngoscopy have been made. It may lead to laryngeal 
oedema and respiratory distress.

 4.  Bleeding may occur from the operative site. Patient 
may spit blood. Care should be taken to prevent 
aspiration.

COMPLICATIONS

 1.  Injury to lips and tongue if they are nipped between the 
teeth and the laryngoscope.

 2.  Injury to teeth. They may get dislodged and fall into 
pharynx.

 3.  Bleeding.
 4.  Laryngeal oedema.
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Bronchoscopy is of two types:

 1.  Rigid.
 2.  Flexible fibreoptic.

RIGID BRONCHOSCOPY

INDICATIONS

DIAGNOSTIC
 1.  To find out the cause for wheezing, haemoptysis or  

unexplained cough persisting for more than 4 weeks.
 2.  When X-ray chest shows:
 (a)  Atelectasis of a segment, lobe or entire lung.
 (b)  Opacity localized to a segment or lobe of lung.
 (c)  Obstructive emphysema—to exclude foreign body.
 (d)  Hilar or mediastinal shadows.
 3.  Vocal cord palsy.
 4.  Collection of bronchial secretions for culture and sensi-

tivity tests, acid fast bacilli, fungus and malignant cells.

THERAPEUTIC
 1.  Removal of foreign bodies.
 2.  Removal of retained secretions or mucus plug in cases of 

head injuries, chest trauma, thoracic or abdominal sur-
gery, or comatosed patients.

ANAESTHESIA

General anaesthesia with no endotracheal tube or with only 
a small bore catheter is often preferred. It can also be done 
under topical surface anaesthesia.

POSITION

Same as for direct laryngoscopy.

TECHNIQUE

There are two methods to introduce bronchoscope:

 1.  Direct method. Here bronchoscope is introduced directly 
through the glottis.

 2.  Through laryngoscope. Here glottis is first exposed with 
the help of a spatular type laryngoscope and then the 
bronchoscope is introduced through the laryngoscope 
into the trachea. Laryngoscope is then withdrawn. This 
method is useful in infants and young children, and in 
adults who have short neck and thick tongue.

DETAILS OF TECHNIQUE

 1.  A piece of gauze or a dental guard is placed on the upper 
teeth for their protection against injury.

 2.  Proper-sized bronchoscope is lubricated with a swab of 
autoclaved liquid paraffin or jelly. It is held by the shaft 
in surgeon’s right hand in a pen-like fashion. Fingers of 
the left hand are used to retract the upper lip and guide 
the bronchoscope.

 3.  Now looking through the scope, tip of epiglottis is identi-
fied first and the scope passed behind it and the epiglottis 
lifted forward to expose the glottis. Now bronchoscope is 
rotated 90° clockwise so that its bevelled tip is in the axis 
of glottis to ease its entry into the trachea. Once trachea 
is entered, scope is rotated back to the original position.

 4.  Bronchoscope is gradually advanced and the entire tra-
cheobronchial tree examined. Axis of bronchoscope 
should be made to correspond with axes of the trachea 
and bronchi. To achieve this, head and neck are flexed 
to the left when examining the right bronchial tree and 
vice versa.

Openings of all the segmental bronchi in both the 
lungs are examined in seriatim.

 5.  Direct vision, right angled and retrograde telescopes can 
be used for magnification and detailed examination.

 6.  Biopsy of the lesion of suspicious area can be taken.
 7.  Secretions can be collected for exfoliative cytology, or 

bacteriologic examination.

POSTOPERATIVE CARE

 1.  Keep the patient in humid atmosphere.
 2.  Watch for respiratory distress. This could be due to laryn-

geal spasm or subglottic oedema if the procedure had 
been unduly prolonged or the bronchoscope introduced 
repeatedly. Inspiratory stridor and suprasternal retrac-
tion will indicate need for tracheostomy.

COMPLICATIONS

 1.  Injury to teeth and lips.
 2.  Haemorrhage from the biopsy site.
 3.  Hypoxia and cardiac arrest.
 4.  Laryngeal oedema.

PRECAUTIONS DURING BRONCHOSCOPY

 1.  Select proper size of bronchoscope according to patient’s 
age (see Table A1 in Appendix II).

 2.  Do not force bronchoscope through closed glottis.

91 Bronchoscopy
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 3.  Repeated removal and introduction of bronchoscope 
should be avoided.

 4.  Procedure should not be prolonged beyond 20 min in 
infants and children, otherwise it may cause subglottic 
oedema in postoperative period.

FLEXIBLE FIBREOPTIC BRONCHOSCOPY

These days flexible fibreoptic bronchoscopy has replaced 
rigid bronchoscopy for diagnostic procedures particularly 
in adults. It provides magnification and better illumina-
tion, and because of the smaller size of scope permits  

examination of subsegmental bronchi. It is also easy to use 
in patients with neck or jaw abnormalities and injuries where 
rigid bronchoscopy may almost be impossible technically. 
This procedure can be performed under topical anaesthesia 
and is very useful for bedside examination of the critically 
ill patients. The suction/biopsy channel provided in the 
fibrescope helps to remove secretions, inspissated plugs of 
mucus or even small foreign bodies. Flexible bronchoscope 
can also be easily passed through endotracheal tube or the 
tracheostomy opening. However, it has limited utility in chil-
dren because of the problems of ventilation.

Table 91.1 gives the comparative advantages and disad-
vantages of flexible and rigid bronchoscopy.

Table 91.1  Comparative advantages and disadvantages of flexible and rigid bronchoscopy

Flexible bronchoscopy Rigid bronchoscopy

1. Anaesthesia Topical General
2. Route Nasal or through endotracheal tube Oral only
3. Structures seen 	•	 	Nasal cavity

	•	 	Undistorted view of supraglottic and  glottic 
areas

	•	 	Segmental and even subsegmental bronchi

	•	 	Nose not seen
	•	 	Supraglottic area is difficult to evaluate
	•	 	Only segmental bronchi can be reached

4. Bedside exam Possible Not possible
5. Ventilation Poor control of ventilation especially in  children. 

Airway is compromised by scope
Better control of ventilation especially in children

6. Foreign body removal 	•	 	Difficult
	•	 	Contraindicated in children

	•	 	Easy
	•	 	Ventilation can be done through scope
	•	 	Ideal for foreign body removal in children and 

adults
7. Biopsy Only small piece can be taken Larger piece can be taken
8. Jaw and neck abnormalities or 

injuries
Useful Technically difficult procedure

9. Control of haemorrhage Difficult 	•	 	Better control
	•	 	Useful in massive haemoptysis
	•	 	Tip of bronchoscope can be used to press the 

bleeding area
10. Cost of procedure Less More, require operation theatre facilities with 

costs of operation theatre and anaesthesia
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Oesophagoscopy is of three types:

 1.  Rigid oesophagoscopy.
 2.  Flexible fibreoptic oesophagoscopy.
 3.  Transnasal oesophagoscopy.

RIGID OESOPHAGOSCOPY

INDICATIONS

DIAGNOSTIC
 1.  To investigate cause for dysphagia, e.g. cancer oesopha-

gus, cardiac achalasia, strictures, oesophagitis, divertic-
ulae, etc.

 2.  To find cause for retrosternal burning, e.g. reflux 
oesophagitis or hiatus hernia.

 3.  To find cause for haematemesis, e.g. oesophageal varices.
 4.  Secondaries neck with unknown primary (as a part of 

panendoscopy).

THERAPEUTIC
 1.  Removal of a foreign body.
 2.  Dilatation in case of oesophageal strictures or cardiac 

achalasia.
 3.  Endoscopic removal of benign lesions, e.g. fibroma, pap-

illoma, cysts, etc.
 4.  Insertion of Souttar’s or Mousseau–Barbin tube in pallia-

tive treatment of oesophageal carcinoma.
 5.  Injection of oesophageal varices.

CONTRAINDICATIONS

 1.  Trismus—makes the procedure technically difficult.
 2.  Disease of cervical spine, e.g. cervical trauma, spon-

dylosis, tuberculous spine, osteophytes and kyphosis. 
They make rigid oesophagoscopy technically difficult. 
Flexible fibreoptic oesophagoscopy is performed in 
these cases.

 3.  Receding mandible.
 4.  Aneurysm of aorta for fear of rupture and fatal 

haemorrhage.
 5.  Advanced heart, liver or kidney disease may be a relative 

contraindication.

ANAESTHESIA

General anaesthesia with orotracheal intubation with tube 
in the left corner of the mouth. It can be performed under 
local anaesthesia in selected individuals.

POSITION

Same as for direct laryngoscopy. Patient lies supine, head 
is elevated by 10–15 cm, neck flexed on chest and head 
extended at atlanto-occipital joint. The purpose of this posi-
tion is to attain the axes of mouth, pharynx and oesophagus 
in a straight line to pass the rigid tube easily. This position 
can be achieved with the help of an assistant or a special 
head rest.

TECHNIQUE

 1.  A piece of gauze is placed over the upper teeth to protect 
them or a dental guard.

 2.  Oesophagoscope is lubricated with a swab of autoclaved 
liquid paraffin or jelly.

 3.  The oesophagoscope is held by its proximal end in a pen-
like fashion and introduced into the mouth by the right 
side of the tongue and then towards the middle of its 
dorsum.

Now there are four basic steps:

 1.  Identification of arytenoids. Once oesophagoscope has 
been introduced to the back of tongue, it is advanced 
gently by the left thumb and index finger. Epiglottis is 
first seen, then the endotracheal tube and a little further 
down arytenoids can be identified.

 2.  Passing the cricopharyngeal sphincter. Keeping the tip 
of oesophagoscope strictly in the midline, behind the 
larynx, it is lifted with movements of left thumb to open 
the hypopharynx. With slow but sustained pressure, the 
sphincter will open and then the tip of oesophagoscope 
can be guided easily into the oesophagus. Never apply 
force to open the sphincter. Sometimes, a fine bougie 
can be used to find the lumen. An additional dose of 
muscle relaxant may be required if sphincter does not 
open. Once oesophagus has been entered, it is easier to 
advance the scope, provided oesophageal lumen is kept 
constantly in view.

 3.  Crossing the aortic arch and left bronchus. In an adult, 
this natural narrowing lies about 25 cm from the incisors. 
Aortic pulsation can be seen. When crossing this area, 
head of the patient is slightly lowered so that oesopha-
geal lumen is in line with that of the scope.

 4.  Passing the cardia. Head and shoulders remain below 
the level of the table, head being slightly higher than the 
shoulders and moved slightly to the right. At this stage, 
the oesophagoscope points to the left anterior-superior 
iliac spine. Cardia is identified by its redder and more 
velvety or rugose mucosa.

92 Oesophagoscopy



427 CHAPTER 92 — OESOPHAGOSCOPY

Never forget to inspect the oesophageal wall again when the 
oesophagoscope is withdrawn.

POSTOPERATIVE CARE

 1.  Sips of plain water followed by usual diet may be given in 
an uneventful oesophagoscopy.

 2.  Patient is watched for pain in the interscapular region, 
surgical emphysema of neck and abrupt rise of tempera-
ture. They indicate oesophageal perforation.

COMPLICATIONS

 1.  Injury to lips and teeth.
 2.  Injury to arytenoids.
 3.  Injury to pharyngeal mucosa. They are all the result of 

careless technique and can be avoided.
 4.  Perforation of oesophagus. Most often it occurs at the 

site of Killian’s dehiscence (near cricopharyngeal sphinc-
ter) when undue force has been used to pass the oesoph-
agoscope. Surgical emphysema develops within an hour 
or so and the patient complains of pain in the interscapu-
lar region. This may be complicated by abscess in retro-
pharyngeal space or mediastinum.

 5.  Compression of trachea. Oesophagoscope may press 
on posterior tracheal wall, especially in children, caus-
ing obstruction to respiration and cyanosis. Treatment is 
immediate withdrawal of oesophagoscope.

FLEXIBLE FIBREOPTIC OESOPHAGOSCOPY

Its main advantage over the rigid oesophagoscopy is that it 
is an outdoor procedure, does not require general anaes-
thesia and can be used in patients with abnormalities of 
spine or jaw where rigid endoscopy is technically difficult. 
The oesophagus, stomach and duodenum can all be exam-
ined in one sitting. Good illumination and magnification 
provided by the fibrescope helps in the accurate diagno-
sis of the mucosal disease affecting these sites and permits 
taking of precision biopsies, removal of small foreign bod-
ies or benign tumours, dilatation of webs or strictures and 
even injection of bleeding varices with sclerosing agents 
(Figure 92.1). In cases of malignant disease, oesophageal 
stent can be placed as a palliative measure.

The procedure is performed under local anaesthesia 
with or without intravenous sedation. The patient lies 
in left lateral position and fibrescope is passed through 
a plastic mouth prop into the pharynx, postcricoid 

area and oesophagus, insufflating air as the endoscope 
is advanced, to open the lumen of oesophagus. These 
days flexible fibreoptic oesophagoscopy has practically 
replaced rigid oesophagoscopy except in some cases of 
foreign bodies.

TRANSNASAL OESOPHAGOSCOPY

In contrast to flexible fibreoptic oesophagoscopy, which is 
performed through the oral route by gastroenterologists, 
transnasal oesophagoscopy is performed through nose. 
This flexible fibrescope has a working channel of 2 mm and 
the air can also be inflated through it to distend the walls 
of oesophagus to look for any lesion in its mucosal folds. 
Oesophagus can be examined up to gastric fundus. It is 
being used:

 1.  to look for pathology in oesophagus in cases of dysphagia.
 2.  as a part of panendoscopy in the work-up of a cancer 

patient to look for a second primary and take a biopsy.
 3.  to remove foreign bodies from the oesophagus.
 4.  to perform tracheoesophageal puncture for oesophageal 

speech in laryngectomized patient.
 5.  to take a laryngeal biopsy.

Figure 92.1 Flexible fibreoptic oesophagoscopy.
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INDICATIONS

They are divided into:

A. ABSOLUTE

 1.  Recurrent infections of throat. This is the most common 
indication. Recurrent infections are further defined as:

 (a)  Seven or more episodes in 1 year, or
 (b)  Five episodes per year for 2 years, or
 (c)  Three episodes per year for 3 years, or
 (d)  Two weeks or more of lost school or work in 1 year.
 2.  Peritonsillar abscess. In children, tonsillectomy is done 

4–6 weeks after abscess has been treated. In adults, second 
attack of peritonsillar abscess forms the absolute indication.

 3.  Tonsillitis. It causes febrile seizures.
 4.  Hypertrophy of tonsils. It causes:
 (a)  airway obstruction (sleep apnoea),
 (b)  difficulty in deglutition and
 (c)  interference with speech.
 5.  Suspicion of malignancy. A unilaterally enlarged tonsil 

may be a lymphoma in children and an epidermoid car-
cinoma in adults. An excisional biopsy is done.

B. RELATIVE

 1.  Diphtheria carriers, who do not respond to antibiotics.
 2.  Streptococcal carriers, who may be the source of infec-

tion to others.
 3.  Chronic tonsillitis with bad taste or halitosis which is 

unresponsive to medical treatment.
 4.  Recurrent streptococcal tonsillitis in a patient with valvu-

lar heart disease.

C. AS A PART OF ANOTHER OPERATION

 1.  Palatopharyngoplasty which is done for sleep apnoea 
syndrome.

 2.  Glossopharyngeal neurectomy. Tonsil is removed first 
and then IX nerve is severed in the bed of tonsil.

 3.  Removal of styloid process.

CONTRAINDICATIONS

 1.  Haemoglobin level less than 10 g%.
 2.  Presence of acute infection in upper respiratory tract, 

even acute tonsillitis. Bleeding is more in the presence of 
acute infection.

 3.  Children under 3 years of age. They are poor surgical risks.
 4.  Overt or submucous cleft palate.
 5.  Bleeding disorders, e.g. leukaemia, purpura, aplastic 

anaemia or haemophilia.
 6.  At the time of epidemic of polio.
 7.  Uncontrolled systemic disease, e.g. diabetes, cardiac dis-

ease, hypertension or asthma.
 8.  Tonsillectomy is avoided during the period of menses.

ANAESTHESIA

Usually done under general anaesthesia with endotracheal 
intubation. In adults, it may be done under local anaesthesia.

POSITION

Rose’s position, i.e. patient lies supine with head extended 
by placing a pillow under the shoulders. A rubber ring is 
placed under the head to stabilize it (Figure 93.1). Hyperex-
tension should always be avoided.

STEPS OF OPERATION (DISSECTION AND 
SNARE METHOD)

 1.  Boyle–Davis mouth gag is introduced and opened. It is 
held in place by Draffin’s bipods or a string over a pulley 
(Figures 93.2 and 93.3).

 2.  Tonsil is grasped with tonsil-holding forceps and pulled 
medially.

 3.  Incision is made in the mucous membrane where it 
reflects from the tonsil to anterior pillar. It may be 
extended along the upper pole to mucous membrane 
between the tonsil and posterior pillar.

 4.  A blunt curved scissor may be used to dissect the tonsil 
from the peritonsillar tissue and separate its upper pole.

 5.  Now the tonsil is held at its upper pole and traction 
applied downwards and medially. Dissection is contin-
ued with tonsillar dissector or scissors until lower pole is 
reached (Figure 93.4).

 6.  Now wire loop of tonsillar snare is threaded over the ton-
sil on to its pedicle, tightened, and the pedicle cut and 
the tonsil removed.

 7.  A gauze sponge is placed in the fossa and pressure 
applied for a few minutes.

 8.  Bleeding points are tied with silk. Procedure is repeated 
on the other side.
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POSTOPERATIVE CARE

1. Immediate general care

 (a)  Keep the patient in coma position until fully recovered 
from anaesthesia.

 (b)  Keep a watch on bleeding from the nose and mouth.
 (c)  Keep check on vital signs, e.g. pulse, respiration and 

blood pressure.

2. Diet. When patient is fully recovered he is permitted to 
take liquids, e.g. cold milk or ice cream. Sucking of ice cubes 
gives relief from pain. Diet is gradually built from soft to 
solid food. They may take custard, jelly, soft boiled eggs or 
slice of bread soaked in milk on the second day. Plenty of 
fluids should be encouraged.

3. Oral hygiene. Patient is given Condy’s or salt water gargles 
three to four times a day. A mouth wash with plain water 
after every feed helps to keep the mouth clean.

4. Analgesics. Pain, locally in the throat and referred to the 
ear, can be relieved by analgesics like paracetamol. An anal-
gesic can be given half an hour before meals. Avoid aspirin 
and ibuprofen as it can cause bleeding due to decrease in 
platelet adhesiveness.

5. Antibiotics. A suitable antibiotic can be given orally or by 
injection for a week.

Patient is usually sent home 24 h after operation unless 
there is some complication. Patient can resume his normal 
duties within 2 weeks.

Other methods for tonsillectomy (Table 93.1).

 1.  Guillotine method. Largely abandoned. It can be done 
only when tonsils are mobile and tonsil bed has not been 
scarred by repeated infections.

 2.  Electrocautery. Both unipolar and bipolar electrocautery 
has been used. It reduces blood loss but causes thermal 
injury to tissues.

2
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Figure 93.2 Set of instruments for tonsillectomy. (1) Knife in kidney tray, (2) and (3) toothed and nontoothed Waugh’s forceps, (4) tonsil hold-
ing forceps, (5) tonsil dissector and anterior pillar retractor, (6) Luc’s forceps, (7) scissor, (8) curved artery forceps, (9) Negus artery forceps, (10) 
tonsillars nare, (11) Boyle–Davis mouth gag with three sizes of tongue blades, (12) Doyen’s mouth gag, (13) adenoid curette, (14) tonsil swabs, 
(15) nasopharyngeal pack, (16) towel clips.

Figure 93.3 Tonsillectomy. Boyle–Davis mouth gag is supported on 
Draffin’s bipods.

Figure 93.1 Rose’s position for tonsillectomy. Neck is extended by 
a sand bag under the shoulders and the head is supported on a ring.
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 3.  Laser tonsillectomy. It is indicated in coagulation disor-
ders. Both KTP-512 and CO2 lasers have been used but 
the former is preferred. Technique is similar to the one 
used in dissection method.

 4.  Laser tonsillotomy. Another method is laser tonsillotomy, 
which aims to reduce the size of tonsils. It is indicated in 
patients who are unable to tolerate general anaesthesia. 
Tonsils are reduced by laser ablation up to anterior pil-
lars in stages repeated by applications.

 5.  Intracapsular tonsillectomy. With the use of powered 
instruments (debrider) tonsil is removed but its capsule 
is preserved in the hope to reduce postoperative pain.

 6.  Harmonic scalpel. It uses ultrasound to cut and coagulate 
tissues. It is a cold method and causes less tissue damage 
and less postoperative pain compared to electrocautery 
technique.

 7.  Plasma-mediated ablation technique. In this ablation 
method, protons are energized to break molecular bonds 
between tissues. It is a cold method and does not cause 
thermal injury.

 8.  Coblation tonsillectomy.
 9.  Cryosurgical technique. Tonsil is frozen by application of 

cryoprobe and then allowed to thaw. Two applications, each 
of 3–4 min, are applied. Tonsillar tissue will undergo necro-
sis and later fall off leaving a granulating surface. Bleeding 
is less due to thrombosis of vessels caused by freezing.

COMPLICATIONS

A. IMMEDIATE

 1.  Primary haemorrhage. Occurs at the time of operation. 
It can be controlled by pressure, ligation or electrocoagu-
lation of the bleeding vessels.

 2.  Reactionary haemorrhage. Occurs within a period of 
24 h and can be controlled by simple measures such as 
removal of the clot, application of pressure or vasocon-
strictor. Presence of a clot prevents the clipping action 
of the superior constrictor muscle on the vessels which 
pass through it (compare postpartum uterine bleed-
ing). If above measures fail, ligation or electrocoagula-
tion of the bleeding vessels can be done under general 
anaesthesia.

 3.  Injury to tonsillar pillars, uvula, soft palate, tongue 
or superior constrictor muscle due to bad surgical 
technique.

 4.  Injury to teeth.
 5.  Aspiration of blood.
 6.  Facial oedema. Some patients get oedema of the face 

particularly of the eyelids.
 7.  Surgical emphysema. Rarely occurs due to injury to supe-

rior constrictor muscle.

B. DELAYED

 1.  Secondary haemorrhage. Usually seen between the 
fifth to tenth postoperative day. It is the result of sep-
sis and premature separation of the membrane. Usu-
ally, it is heralded by bloodstained sputum but may be 
profuse.

Simple measures like removal of clot, topical appli-
cation of dilute adrenaline or hydrogen peroxide with 
pressure usually suffice. For profuse bleeding, general 
anaesthesia is given and bleeding vessel is electroco-
agulated. Ligation of bleeding vessel is difficult due 
to friable tissue. Sometimes, approximation of pil-
lars with mattress sutures may be required. External 
carotid ligation may also be required if bleeding is 
uncontrollable.

Transfusion of blood or plasma, depending on blood 
loss, is given. Systemic antibiotics are given for control of 
infection.

 2.  Infection. Infection of tonsillar fossa may lead to para-
pharyngeal abscess or otitis media.

 3.  Lung complications. Aspiration of blood, mucus or tissue 
fragments may cause atelectasis or lung abscess.

 4.  Scarring in soft palate and pillars.
 5.  Tonsillar remnants. Tonsil tags or tissue, left due to inad-

equate surgery, may get repeatedly infected.
 6.  Hypertrophy of lingual tonsil. This is a late complication 

and is compensatory to loss of palatine tonsils.

Sometimes, lymphoid tissue is left in the plica triangu-
laris near the lower pole of tonsil, which later gets hyper-
trophied. Plica triangularis should therefore be removed 
during tonsillectomy.

Figure 93.4 (A) Tonsil being dissected from its 
bed. (B) The pedicle at the lower pole of tonsil 
being cut with a snare.A B

Snare

Table 93.1  Techniques of tonsillectomy/tonsillotomy

	•	 	Cold methods
	 •	 	Dissection and snare (most common)
	 •	 	Guillotine method
	 •	 	Intracapsular (capsule preserving) tonsillectomy with 

debrider
	 •	 	Harmonic scalpel (ultrasound)
	 •	 	Plasma-mediated ablation technique
	 •	 	Cryosurgical technique

	•	 	Hot methods
	 •	 	Electrocautery
	 •	 	Laser tonsillectomy or tonsillotomy (CO2 or KTP)
	 •	 	Coblation tonsillectomy
	 •	 	Radiofrequency
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Adenoidectomy may be indicated alone or in combina-
tion with tonsillectomy. In the latter event, adenoids are 
removed first and the nasopharynx packed before starting 
tonsillectomy.

INDICATIONS

 1.  Adenoid hypertrophy causing snoring, mouth breath-
ing, sleep apnoea syndrome or speech abnormalities, i.e. 
(rhinolalia clausa).

 2.  Recurrent rhinosinusitis.
 3.  Chronic otitis media with effusion associated with ade-

noid hyperplasia.
 4.  Recurrent ear discharge in benign CSOM associated with 

adenoiditis/adenoid hyperplasia.
 5.  Dental malocclusion. Adenoidectomy does not correct 

dental abnormalities but will prevent its recurrence after 
orthodontic treatment.

CONTRAINDICATIONS

 1.  Cleft palate or submucous palate. Removal of adenoids 
causes velopharyngeal insufficiency in such cases.

 2.  Haemorrhagic diathesis.
 3.  Acute infection of upper respiratory tract.

ANAESTHESIA

Always general, with oral endotracheal intubation.

POSITION

Same as for tonsillectomy. Hyperextension of neck should 
always be avoided.

STEPS OF OPERATION

 1.  Boyle–Davis mouth gag is inserted. Before actual removal 
of adenoids, nasopharynx should always be examined by 
retracting the soft palate with curved end of the tongue 
depressor and by digital palpation, to confirm the diag-
nosis, to assess the size of adenoids mass and to push the 
lateral adenoid masses towards the midline. A laryngeal 
mirror helps to assess the size and extent of adenoid mass.

 2.  Proper size of “adenoid curette with guard” is introduced 
into the nasopharynx till its free edge touches the pos-
terior border of nasal septum and is then pressed back-
wards to engage the adenoids. At this level, head should 
be slightly flexed to avoid injury to the odontoid process.

 3.  With gentle sweeping movement, adenoids are shaved 
off (Figure 94.1). Lateral masses are similarly removed 
with smaller curettes; small tags of lymphoid tissue left 
behind are removed with punch forceps. Take care not 
to injure pharyngeal ends of eustachian tubes.

 4.  Haemostasis is achieved by packing the area for some-
time. Persistent bleeders are electrocoagulated under 
vision. If bleeding is still not controlled, a postnasal pack 
is left for 24 h.

ENDOSCOPIC ADENOIDECTOMY

These days adenoids can be removed more precisely by 
using a debrider under endoscopic control.

POSTOPERATIVE CARE

Same as in tonsillectomy. There is no dysphagia and patient 
is up and about early.

COMPLICATIONS

 1.  Haemorrhage. It usually seen in immediate postopera-
tive period. Nose and mouth may be full of blood or the 
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Figure 94.1 Adenoidectomy.
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only indication may be vomitus of dark-coloured blood 
which the patient had been swallowing gradually in the 
postoperative period. Rising pulse rate is another indi-
cator. Treatment is same as for preoperative haemor-
rhage. Postnasal pack under general anaesthesia is often 
required.

 2.  Injury to eustachian tube opening.
 3.  Injury to pharyngeal musculature and vertebrae. This 

is due to hyperextension of neck and undue pres-
sure of curette. Care should be taken when operating 
patients of Down syndrome as 10–20% of them have 
atlantoaxial instability. An X-ray neck in extension 

and flexion should be taken to rule out atlantoaxial 
instability.

 4.  Grisel syndrome. Patient complains of neck pain and 
develops torticollis. Mostly it is due to spasm of paraspi-
nal muscles, but can be due to atlantoaxial dislocation 
requiring cervical collar and even traction.

 5.  Velopharyngeal insufficiency. It is necessary to check 
for submucous cleft palate by inspection and palpation 
before removal of adenoids.

 6.  Nasopharyngeal stenosis. It occurs due to scarring.
 7.  Recurrence. This is due to regrowth of adenoid tissue left 

behind.
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TEMPORAL BONE

1. Law’s view (Figure 95.1). It is lateral oblique view of mastoid.
Patient lies in such a way that sagittal plane of the skull is 

parallel to the film and X-ray beam is projected 15°cephalo-
caudal. Structures seen are:

 (a)  External auditory canal superimposed on internal 
auditory canal.

 (b)  Mastoid air cells.
 (c)  Tegmen.
 (d)  Lateral sinus plate.
 (e)  Temporomandibular joint.

“Key area” of the mastoid, i.e. attic, aditus and antrum are 
not well seen.

2. Schuller’s view. Similar to Law’s view but cephalocaudal 
beam makes an angle of 30° to the sagittal.

Structures seen are:

 (a)  External canal superimposed on internal canal.
 (b)  Mastoid air cells.
 (c)  Tegmen.
 (d)  Lateral sinus plate.
 (e)  Condyle of mandible.
 (f)  Sinodural angle.
 (g)  Antrum and upper part of attic (i.e. key area).

This view is taken to see the extent of pneumatization, 
destruction of intercellular septa (as in mastoiditis), loca-
tion of sinus plate and tegmen, cholesteatoma and longitu-
dinal fracture of petrous pyramid.

3. Stenver’s view. This view is taken in such a way that long 
axis of the petrous bone lies parallel to the film.

Structures seen are:

 (a)  Entire petrous pyramid.
 (b)  Arcuate eminence.
 (c)  Internal auditory meatus.
 (d)  Labyrinth with its vestibule.
 (e)  Cochlea.
 (f)  Mastoid antrum.

4. Towne’s view. It is anteroposterior view with 30° tilt from 
above and in front. It shows both petrous pyramids which 
can be compared.

Structures seen are:

 (a)  Arcuate eminence and superior semicircular canal.
 (b)  Mastoid antrum.
 (c)  Internal auditory canal.

 (d)  Tympanic cavity.
 (e)  Cochlea.
 (f)  External auditory canal.

This view is usually taken for acoustic neuroma and apical 
petrositis.

5. Transorbital view (Figure 95.2). This view is taken with 
occiput on the film with orbitomeatal line at right angles to 
the film. X-ray beam passes through the orbit.

Structures seen are:

 (a)  Internal auditory canal.
 (b)  Cochlea.
 (c)  Labyrinth.
 (d)  Entire petrous pyramid projected through the orbit.

Since both petrous pyramids are seen, structures on one 
side can be compared with those of the opposite side.

This view is usually done for acoustic neuroma and 
petrous pyramid.

6. Submentovertical view. This view is taken with vertex near 
the film and X-ray beam projected at right angles to the film 
from the submental area.

Structures seen are:

 (a)  External auditory canal.
 (b)  Middle ear cleft, i.e. mastoid cells, middle ear and 

eustachian tube.
 (c)  Internal auditory canal.
 (d)  Sphenoid sinus.
 (e)  Foramen ovale and spinosum.
 (f)  Carotid canal.

PARANASAL SINUSES

1. Waters’ view (Figures 95.3–95.5) (occipitomental view or 
nose-chin position). It is taken in such a way that nose and 
chin of the patient touch the film while X-ray beam is pro-
jected from behind. Waters’ view with open mouth is pre-
ferred as it also shows sphenoid sinus. In this view, petrous 
bones are projected below the maxillary antra.

Structures seen are:

 (a)  Maxillary sinuses (seen best).
 (b)  Frontal sinuses.
 (c)  Sphenoid sinus (if the film is taken with open mouth).
 (d)  Zygoma.
 (e)  Zygomatic arch.
 (f)  Nasal bone.
 (g)  Frontal process of maxilla.
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 (h)  Superior orbital fissure.
 (i)  Intratemporal fossa.

2. Caldwell view (Occipitofrontal view or nose-forehead 
position). The view is taken with nose and forehead touch-
ing the film and X-ray beam is projected 15–20° caudally.

Structures seen are:

 (a)  Frontal sinuses (seen best).
 (b)  Ethmoid sinuses.
 (c)  Maxillary sinuses.
 (d)  Frontal process of zygoma and zygomatic process of 

frontal bone.
 (e)  Superior margin of orbit and lamina papyracea.
 (f)  Superior orbital fissure.
 (g)  Foramen rotundum (inferolateral to superior orbital 

fissure).

3. Lateral view. Lateral side of the skull lies against the film 
and X-ray beam is projected perpendicular from the other 
side. Structures seen are:

 (a)  Anterior and posterior extent of sphenoid, frontal and 
maxillary sinuses.

 (b)  Sella turcica.
 (c)  Ethmoid sinuses.
 (d)  Alveolar process.
 (e)  Condyle and neck of mandible.

4. Submentovertical (basal) view. This view is taken as 
described earlier.

Structures seen are:

 (a)  Sphenoid, posterior ethmoid and maxillary sinuses 
(seen best in that order).

 (b)  Zygoma.
 (c)  Zygomatic arch.
 (d)  Mandible along with coronoid and condyloid processes.

5. Right and left oblique views. They are taken to see the 
posterior ethmoid sinuses and the optic foramen of the cor-
responding side.

X-RAYS FOR NASAL FRACTURES

1. Lateral view of nasal bones (Figure 95.8). Both right and 
left lateral views should be taken. Fracture line and depres-
sion or elevation of the fractured segment is seen. Lower 
part of nasal bones is thin and fractured more frequently. 
Groove for ethmoidal nerve and vessels can be seen running down-
wards and forwards and may look like fracture line.

2. Occlusal view of nasal bone. In this the X-ray film is held 
between the teeth, and central beam is projected perpen-
dicular to the film. Both sides of the nasal pyramid are seen. 
Fracture line and lateral displacement of the nasal pyramid 
is seen clearly.

3. Waters’ view. It gives end-on view of nasal arch. Fractures 
of right and left nasal bones and their lateral displacement 
can be seen.

NECK, LARYNX AND PHARYNX

1. Lateral view of neck. It is an extremely useful view in ENT. 
In a normal person, it shows:

 (a)  Outline of base of tongue.
 (b)  Vallecula.
 (c)  Hyoid bone.
 (d)  Epiglottis and aryepiglottic folds.
 (e)  Arytenoids.
 (f)  False and true cords with ventricle in between them.
 (g)  Thyroid and cricoid cartilages.
 (h)  Subglottic space and trachea.
 (i)  Prevertebral soft tissues.
 (j)  Cervical spine.
 (k)  Pretracheal soft tissues and thyroid.

This view helps in the diagnosis of:

 (a)  Foreign bodies of larynx, pharynx and upper oesopha-
gus and to differentiate a foreign body of the airway 
from that of the food passage.

 (b)  Acute epiglottitis (Thumb sign).
 (c)  Retropharyngeal abscess.
 (d)  Position of tracheostomy tube, T-tube or laryngeal 

stent.
 (e)  Laryngeal stenosis.
 (f)  Fractures of larynx and hyoid bone and their 

displacement.
 (g)  Compression of trachea by thyroid or retropharyngeal 

masses.
 (h)  Caries of cervical spine, associated with retropharyn-

geal abscess or osteophytes in cervical vertebrae or 
injuries of spine.

2. Anteroposterior view of neck (Figure 95.10). This view 
is useful to differentiate a foreign body of larynx from that 
of oesophagus. It is also done to see any compression or 
displacement of trachea by lateral neck masses, e.g. thyroid 
tumours or enlargement.

3. Soft tissue lateral view of nasopharynx (Figure 95.26). This 
is usually taken to assess soft tissue masses in the nasopharynx,  
e.g. adenoids, antrochoanal polyp or angiofibroma.

The structures seen are:

 (a)  Nasal cavity. A foreign body in the nose can be seen. 
Interruption of air column from nose to nasopharynx 
may indicate a tumour or choanal atresia.

 (b)  Soft palate.
 (c)  Roof and posterior wall of nasopharynx. Adenoid mass 

may be seen arising from posterosuperior wall of naso-
pharynx and compromising the airway.

Antrochoanal polyp may also show a soft tissue density, 
but usually a column of air is seen between the mass and 
posterior wall of nasopharynx. This column of air differ-
entiates antrochoanal polyp from other nasopharyngeal 
masses arising from posterosuperior wall of nasopharynx, 
e.g. angiofibroma.
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A
Figure 95.1 Law’s view of mastoid. (A) Note normal structures and pneumatization on the right. (B) On the left side mastoid is sclerotic with 
destruction (arrows) of the “key area” due to cholesteatoma.

Figure 95.2 Transorbital view. Note both petrous pyramids are projected through the orbits. Internal auditory meatus and labyrinths are seen 
on both sides. Internal auditory canals of both sides are normal in shape and dimensions (arrows).
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Figure 95.3 Waters’ view with open mouth. Note haziness of left 
maxillary sinus due to mucosal hypertrophy (arrow). Other sinuses 
appear normal.

Figure 95.4 Waters’ view. Note opacity in right maxillary sinus due 
to sinusitis (arrow).

R

Figure 95.5 Waters’ view showing a globular cyst in the right (arrow) 
and mucosal hypertrophy in the left maxillary sinus.

Figure 95.6 Lateral view of nasal bones showing fracture.
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Figure 95.7 Waters’ view showing carcinoma right maxillary sinus. Note: (i) Soft tissue expansion. (ii) Bony destruction of walls of maxillary sinus.

Figure 95.8 Lateral view—nasal bones. Note fracture of nasal bone 
(arrow).

Figure 95.9 Occlusal view showing a stone in right submandibular 
duct.
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Figure 95.10 PA view. A radio-opaque foreign body (coin) in the 
oesophagus at the level of thoracic inlet.

Figure 95.11 Lateral view neck showing a foreign body (coin) in 
oesophagus. Note the end-on position of coin in this position.

Figure 95.12 PA view—neck and chest showing a ring at the level of thoracic inlet.
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Figure 95.14 Open safety pin in the oesophagus. Note its point is 
directed downwards.

Figure 95.15 X-ray lateral view neck showing a chicken bone in the 
oesophagus opposite C7 and C8 (arrows).

BA

Figure 95.13 (A) PA view—neck and chest with denture at the level of thoracic inlet. Denture is radiolucent but two metallic hooks are visible 
(arrow). (B) Lateral view—neck of the same patient showing metallic hooks at thoracic inlet (arrow).
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Figure 95.16 PA view chest. A radio-opaque foreign body (nail) in 
the right bronchus.

Figure 95.17 Soft tissue lateral view neck showing a fruit seed 
(Chiku) in the subglottic region of larynx (arrow). Note: The patient 
needed tracheostomy (black arrow) to relieve obstruction.

Figure 95.18 PA chest in a child with a radiolucent foreign body (a 
peanut) in right bronchus. Note: (i) Collapse of right lung and shift of 
mediastinum to the same side. (ii) Raised dome of diaphragm on the 
right. (iii) Emphysema left lung. Figure 95.19 PA view chest showing a hair pin in the right bronchus.
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Figure 95.21 Hypodermic injection needle in the trachea in an adult. 
Sudden gasp due to a pat on the back from an unnoticed friend when 
he was busy picking his teeth.

C6

C2

Figure 95.22 Radiograph (lateral view neck) showing retropha-
ryngeal abscess. Note increase in width of prevertebral soft tissues 
opposite C6 and also gas shadow due to gas-producing organisms. 
To diagnose retropharyngeal abscess, the prevertebral soft tissue 
shadow should exceed width of body of C2 (or should be more than 
7 mm) in both children and adults opposite C2. Opposite C6, the soft 
tissue shadow should exceed 14 mm in children less than 15 years 
and 22 mm in adults.

Epiglottis

Hyoid bone

Laryngeal
stenosis

Trachea

Prevertebral
shadow

Figure 95.23 Xeroradiograph (lateral view neck). Note laryngeal ste-
nosis involving supraglottic, glottic and subglottic regions.

Figure 95.20 Soft tissue lateral view neck showing retropharyngeal 
and retro-oesophageal abscess due to a fish bone in a 25-year-old 
female. Note: (i) Increased prevertebral soft tissue shadow (maximum 
against C7). (ii) Compression of trachea compromising the airway. (iii) 
Straightening of cervical spine. (iv) Vertebral bodies and intervertebral 
spaces are normal.
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Figure 95.25 Lateral view neck showing calcification in the thyroid 
gland.

Figure 95.26 Soft tissue lateral view—nasopharynx. Note a large 
adenoid mass almost completely obstructing the nasopharyngeal air-
way (arrowheads).

Figure 95.27 Barium swallow in a patient with dysphagia. Note 
irregular narrowing of lower oesophagus due to carcinoma.

Figure 95.24 Soft tissue radiograph (lateral neck) showing tracheal 
compression due to thyroid mass.
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Figure 95.28 Cardiac achalasia (megaoesophagus). There is a failure of lower oesophageal sphincter to relax with dilatation of oesophagus due 
to stasis of food. Achalasia is due to degeneration of ganglion cells of Auerbach’s plexus.
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 1.  Acute epiglottitis in children is caused by Haemophilus 
influenzae type B. It produces a typical “Thumb sign” on 
lateral X-ray film. Ampicillin was considered the drug 
of choice but now many organisms have become resis-
tant to it and ceftriaxone is preferred.

 2.  Acute fulminant fungal sinusitis is an invasive sinusitis and 
is commonly seen in diabetics, HIV infected patients and 
transplant patients receiving chemotherapy for immu-
nosuppression. Therapy in such cases should be urgent, 
aggressive surgical debridement and amphotericin-B.

 3.  Acute laryngotracheobronchitis or croup is a viral infec-
tion caused by parainfluenzae type 1, 2, and sometimes 
3. Critical area involved is subglottic larynx producing 
oedema with stridor and respiratory distress. X-ray (PA 
view) larynx shows typical “steeple sign” but X-rays are 
avoided as any manipulation may precipitate acute 
obstruction.

 4.  Adenocarcinoma of ethmoid is mostly seen in those 
exposed to wood dust.

 5.  Adenoid facies, seen in adenoid hyperplasia, consists 
of crowded teeth, high-arched palate and underdevel-
oped pinched nostrils.

 6.  Ammonia is not used to test sense of smell as it stimu-
lates fibres of trigeminal nerve supplying the nose and 
not the olfactory ones.

 7.  Angio-oedema. Deficiency of C1 esterase inhibitor 
causes angio-oedema. Deficiency of this inhibitor 
causes increased levels of C1 esterase. This leads to 
anaphylatoxins which cause capillary permeability and 
oedema. Deficiency of C1 esterase inhibitor is an inher-
ited condition.

 8.  Area of adult tympanic membrane is 90 mm2, of which 
only 55 mm2 is functional. Area of stapes footplate is 
3.2 mm2. Area ratio (or hydraulic ratio) is 17:1. Accord-
ing to other workers, functional area is 45 mm2 and 
area ratio 14:1.

 9.  Arnold nerve. It is auricular branch of jugular gan-
glion of vagus. It enters the mastoid canaliculus and 
exits the tympanomastoid suture and supplies skin of 
posterior part of pinna on medial surface of concha, 
and posterior wall of external auditory canal and tym-
panic membrane.

*Note: For details and better understanding, the reader is advised to 
refer the relevant sections of the book.

 10.  Arnold–Chiari malformation. Cerebellar tonsils proj-
ect through the foramen magnum.

 11.  Axis of ossicular rotation passes between anterior pro-
cess of malleus to short process of incus.

 12.  Barrett’s oesophagus. In the distal oesophagus, squa-
mous epithelium is replaced by columnar epithelium 
(similar to the one that lines the stomach). It is due to 
gastroesophageal reflux disease. Carcinoma can develop 
in 2–5% of patients with Barrett's oesophagus.

 13.  Battle's sign is ecchymosis over the mastoid seen in 
fractures of temporal bone.

 14.  Bell's phenomenon is seen in lower motor neuron 
paralysis of CN VII. The eyeball turns up and out when 
trying to close the eye.

 15.  Bezold abscess. It is an abscess under the mastoid and/
or in the digastric triangle when empyema of mastoid 
bursts through its medial side of the tip.

 16.  Bill's island. It is a thin plate of bone left on sigmoid 
sinus when it is to be retracted during surgery. It 
should be differentiated from Bill's bar.

 17.  Blue drum is seen in haemotympanum (due to tem-
poral bone fracture), glue ear, glomus tumour or hae-
mangioma of middle ear.

 18.  Boerhaave syndrome. It is spontaneous rupture of 
oesophagus due to severe vomiting.

 19.  Broyles' ligament. Small ligament which connects both 
the vocal cords at the anterior commissure to the thy-
roid cartilage.

 20.  Bryce's sign. Seen in laryngocele. When the swelling is 
pressed, a gurgling sound is produced.

 21.  Carcinoma of nasopharynx is caused, among other 
factors, by Epstein–Barr virus. Most common site of 
origin is fossa of Rosenmüller (pharyngeal recess). 
Most common histological variety is squamous cell car-
cinoma and radiotherapy is the treatment of choice.

 22.  Carhart's notch is seen in otosclerosis. Bone conduc-
tion curve shows maximum loss at 2000 Hz.

 23.  Caroticotympanic artery is a branch of internal carotid 
artery. It anastomoses with branches of external carotid 
system in the middle ear.

 24.  CHARGE syndrome consists of Coloboma, Heart 
defects, choanal Atresia, Retarded growth, Genital 
hypoplasia and Ear anomalies.

APPENDIX I Some Memorable Nuggets 
for Rapid Review*
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 25.  Choanal atresia is more often unilateral, more com-
mon in females (2:1), more often on the right side and 
more often bony than membranous (9:1).

 26.  Chordoma arises from the remnants of notochord. 
Characteristic appearance on histology is physaliferous 
cells—foamy cells with compressed nuclei.

 27.  Chvostek's sign. Seen in hypocalcaemia as after total 
thyroidectomy where parathyroids have also been 
removed. Tapping over the distribution of facial nerve 
produces a twitch.

 28.  Cleft palate patients have eustachian tube dysfunction 
and develop persistent otitis media with effusion and 
recurrent acute otitis media.

 29.  Cochlea is a coiled tube making 2.5 to 2.75 turns. 
When straightened it measures 32 mm.

 30.  Costen syndrome is abnormality of temporoman-
dibular joint due to defective bite. It is characterized 
by otalgia, feeling of blocked ear, tinnitus and some-
times vertigo. Pain also radiates to frontal, parietal and 
occipital region.

 31.  Dalrymple's sign. Seen in Grave disease. It is a clinical 
sign showing retraction of upper lid with upper scleral 
show.

 32.  Dandy syndrome/oscillopsia (i.e. difficulty to read 
boards or hoardings while walking). Seen in bilateral 
loss of vestibular function, e.g. after systemic strepto-
mycin therapy.

 33.  Donaldson's line passes through horizontal canal and 
bisects the posterior canal. It is landmark for endolym-
phatic sac which lies anterior and inferior to it (Figure 
76.4)

 34.  Dysphagia lusoria is due to compression of oesophagus 
by subclavian artery. It occurs when right subclavian 
artery arises from thoracic aorta and passes in front of 
or behind the oesophagus.

 35.  Eagle syndrome (Syn. syndrome of elongated styloid 
process). Manifested with discomfort in throat, pain in 
the ear and upper neck and dysphagia.

 36.  Elastic fibrocartilage is seen in pinna, epiglottis, 
corniculate, cuneiform cartilages and apices of the 
arytenoid cartilages. It does not undergo calcifica-
tion. Hyaline cartilage is seen in thyroid, cricoid and 
greater part of arytenoid cartilages. It undergoes 
calcification.

 37.  Endolymph is produced by cells of stria vascularis of 
the cochlea and dark cells of the vestibular labyrinth. 
It is absorbed by endolymphatic sac.

 38.  Endolymphatic sac. It is located posterior to mastoid 
segment of CN VII, inferior to posterior semicircular 
canal and superior to jugular bulb.

 39.  Eustachian tube is 36 mm long, one-third is bony 
and two-thirds are cartilaginous. Normally, it remains 
closed. Opening of the tube is an active process due to 
contraction of tensor veli palatini muscle while closure 
is passive due to recoil of the cartilage.

 40.  Exostosis of external auditory canal are multiple and 
usually associated with cold water swimming while oste-
oma of external canal is usually single and occurs at 
suture lines, e.g. tympanomastoid.

 41.  External auditory canal of an adult is 24 mm in length. 
Outer one-third (8 mm) is cartilaginous and inner two-
thirds (16 mm) are bony.

 42.  Fluctuating hearing loss. It is seen in otitis media with 
Ménière’s disease, perilymph fistula, autoimmune 
disorder of inner ear and syphilitic labyrinthitis and 
malingering.

 43.  Frenzel manoeuvre. It is used to open the eustachian 
tube and ventilate the middle ear by contracting mus-
cles of the floor of mouth and pharynx while nose, 
mouth and glottis are closed. It is a little more difficult 
to learn than Valsalva manoeuvre.

 44.  Frey’s syndrome. There is flushing and sweating of 
skin of parotid region during eating. It is seen after 
parotidectomy. Parasympathetic fibres supplying the 
parotid gland are misdirected after parotidectomy and 
innervate sweat glands of the parotid area. Tympanic 
neurectomy (section of tympanic branch of CN IX) 
will interrupt these fibres and give relief.

 45.  Fungal sinusitis is mostly caused by Aspergillus.

 46.  Galen's anastomosis. It is anastomosis between supe-
rior and recurrent laryngeal nerves.

 47.  Gelle's test compares intensity of bone-conducted tun-
ing fork sound without and with raising pressure on 
the tympanic membrane with Siegel's speculum. Nor-
mally, Gelle's test is positive because intensity of hear-
ing decreases when air pressure is raised in external 
auditory canal. In ossicular fixation or ossicular dis-
continuity, increased air pressure makes no changes in 
the sound intensity (Gelle's negative).

 48.  Gradenigo syndrome consists of (i) ear discharge (sup-
purative otitis media), (ii) diplopia (CN VI paralysis) 
and (iii) retro-orbital pain (CN V) involvement. It is 
due to petrositis—a complication of otitis media.

 49.  Grisel syndrome. It is atlanto-axial dislocation. Can 
follow adenoid surgery or nasopharyngeal infections. 
Manifests with painful neck and torticollis.

 50.  Griesinger's sign is oedema over the mastoid and is 
seen in lateral sinus thrombosis. It is due to thrombo-
sis of mastoid emissary vein impeding venous drainage 
and thus causing oedema over the mastoid.

 51.  Gutmann's pressure test. It is done in puberphonia. 
Pressing on the thyroid prominence in a backward and 
downward direction relaxes the overstretched vocal 
cords and thus low-pitched voice can be produced.

 52.  Habenula perforata. It is the area where branches of 
cochlear nerve enter the cochlea. Openings may be 
wide leading to a perilymph gusher in stapes surgery. 
This condition is associated with enlarged internal 
acoustic meatus and stapes fixation of congenital ori-
gin. It is an X-linked disease and can be diagnosed 
on CT.



448 APPENDIX I — SOME MEMORABLE NUGGETS FOR RAPID REVIEW

 53.  Hennebert's phenomenon. Dysequilibrium following 
nose blowing or lifting a heavy object. Seen in peri-
lymph fistula (do not confuse with Hennebert's sign).

 54.  Hennebert's sign is a positive fistula sign in the absence 
of fistula. Seen in congenital syphilis due to formation 
of adhesions between stapes footplate and saccule. 
Also seen in some cases of Ménière’s disease.

 55.  Hidden areas of the larynx include infrahyoid epiglot-
tis, anterior commissure, subglottis, ventricle and apex 
of pyriform fossa.

 56.  Horner syndrome consists of ptosis, miosis (constric-
tion of pupil), anhidrosis and enophthalmos due to 
paralysis of cervical sympathetics.

 57.  Hyrtl's fissure, also called tympanomeningeal hiatus, 
it is an embryonic remnant that connects CSF space to 
middle ear just anterior and inferior to the round win-
dow. It runs parallel to cochlear aqueduct. It can be a 
source of congenital CSF otorrhoea or meningitis from 
middle ear infections. Normally it gets obliterated.

 58.  In any case of unilateral otitis media with effusion in 
an adult, rule out nasopharyngeal pathology especially 
the carcinoma.

 59.  In Fitzgerald–Hallpike (bithermal caloric) test, ther-
mal stimulation occurs in the horizontal semicircu-
lar canal. Cold water (30°C) causes nystagmus to the 
opposite side while warm water (44°C) to the same 
side. Remember COWS (Cold-Opposite-Warm-Same).

 60.  Inverted papilloma or Ringertz tumour arises from the 
lateral wall of nose. It is characterized by squamous or 
transitional cell epithelium with fibrovascular stroma. 
Inward growth of epithelium towards stroma lends the 
name of inverted papilloma to it. It is associated with 
squamous cell carcinoma in 10–15% of patients.

 61.  Jacobson's nerve (Syn. tympanic branch of glosso-
pharyngeal nerve). Forms tympanic plexus, supplies 
mucosa of the middle ear cleft. Its preganglionic para-
sympathetic fibres leave the middle ear as lesser petro-
sal nerve and supply the parotid gland. Section of this 
nerve is sometimes done to treat Frey’s syndrome.

 62.  Jugular foramen syndrome is paralysis of CN IX, X and 
XI. It is seen in carcinoma nasopharynx, glomus jugu-
lare, large acoustic neuroma or thrombophlebitis of 
jugular bulb.

 63.  Kallmann syndrome is anosmia and congenital 
hypogonadism.

 64.  Kartagener syndrome consists of recurrent sinusitis, 
bronchiectasis and situs inversus. Ciliary motility is dis-
turbed. Electron microscope shows absence of dye in 
side arms in A-tubules of nasal respiratory mucosa.

 65.  Korner's septum, sometimes seen during mastoid sur-
gery, is a bony plate separating superficial squamous cells 
from the deeper petrosal air cells. Antrum lies deep to it.

 66.  Krause's nodes are lymph nodes situated in the jugular 
foramen. Enlargement of these nodes compresses on 
CN IX, X and XI causing jugular foramen syndrome.

 67.  Larynx has three important spaces: pre-epiglottic, para-
glottic and Reinke's. The first two are important because 
they are invaded by carcinoma arising in the laryngeal 
mucosa. Reinke's space is often affected by oedema and 
causes polypoid degeneration of vocal cords.

 68.  Lermoyez syndrome is a variant of Ménière’s disease. 
Patient first gets hearing loss and tinnitus. An attack 
of vertigo follows and relieves tinnitus and improves 
hearing.

 69.  Lever ratio between the handle of malleus and the 
long process of incus is 1.3:1.

 70.  Lhermitte's sign. A rare sign seen after radiation of 
cervical spine. Electrical current-like sensation is felt 
in both arms, dorsal spine and both legs on flexing the 
neck.

 71.  Lyre's sign. It is splaying apart of internal and external 
carotid arteries on angiogram in cases of carotid body 
tumour of the neck.

 72.  Malleus and incus are derived from the first arch. Sta-
pes develops from second arch except its footplate 
and annular ligament which are derived from the otic 
capsule.

 73.  Marcus Gunn pupil. This is due to interruption of 
afferent papillary pathway due to retrobulbar neuri-
tis or any other optic nerve disease. When light is put 
on the diseased side, the pupils of both sides remain 
dilated but when the light is put on the healthy side it 
constricts both the pupils. In the latter case pupil on 
diseased side constricts due to consensual light reflex 
because the efferent pathway on the diseased side is 
normal. It is an important sign during endoscopic 
sinus surgery for any injury to the optic nerve.

 74.  Marcus Gunn syndrome. Opening of mouth causes 
opening of eyes and closing of mouth causes ptosis. 
This is due to associated movements following facial 
paralysis and faulty regeneration of facial nerve fibres.

 75.  Mastoid antrum lies 12–15 mm deep from the surface 
of suprameatal triangle in an adult. The thickness of 
the bone overlying the antrum is only 2 mm at birth 
and then increases at the rate of 1 mm every year.

 76.  Mastoid tip does not develop till 2 years; hence postau-
ral incision to open the mastoid before this age needs 
to be modified to avoid injury to the facial nerve.

 77.  Michel aplasia. There is total lack of development of 
inner ear. It can be confused radiologically with laby-
rinthine ossification and can be distinguished by MRI 
which may show membranous labyrinth in the latter.

 78.  Modiolus is the central bony axis of cochlea and mea-
sures 5 mm in length.

 79.  Most common organism responsible for acute bacte-
rial sinusitis is Streptococcus pneumoniae followed by Hae-
mophilus influenzae. Anaerobic and mixed infections 
are seen in sinusitis of dental origin.

 80.  Most common organisms in acute otitis media are S. 
pneumoniae, H. influenzae and Moraxella catarrhalis in 
decreasing order.
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 81.  Most common site for epistaxis (90%) is Little's area 
situated on anteroinferior part of nasal septum.

 82.  Most common site of involvement in stapedial otoscle-
rosis is located at the anterior edge of oval window in 
the area of fissula ante fenestram.

 83.  Mouse-nibbled appearance of vocal cords is caused by 
tuberculosis.

 84.  Mucormycosis is acute invasive fungal infection involv-
ing nose and paranasal sinuses, where fungal hyphae 
invade blood vessels causing ischaemic necrosis. Com-
monly involves lateral nasal walls and turbinates and 
quickly spreads to orbit, palate, face and cranium. Treat-
ment is surgical debridement and amphotericin-B.

 85.  Müller's manoeuvre. Used to find the level and degree 
of obstruction in sleep-disordered breathing. It is per-
formed while using flexible nasopharyngoscope. First 
the examiner sees the upper airways at rest and then 
during the time when patient makes maximal inspi-
ratory effort with nose and mouth closed. Base of 
tongue, lateral pharyngeal wall and palate are exam-
ined for collapsibility and then rated from 0 (minimal 
collapse) to 4+ (complete collapse).

 86.  Multiple juvenile laryngeal papillomatosis is a benign 
condition caused by human papilloma virus subtype 6 
and 11. Treatment of choice is repeated excision with 
CO2 laser. Malignant change is uncommon unless radi-
ation has been used as a mode of treatment.

 87.  Nearly 80% of carcinomas involving paranasal sinuses 
are squamous cell. Maxillary sinus is the most frequently 
involved sinus. Other sites in decreasing order are nasal 
cavity, ethmoid sinuses, frontal and sphenoid sinuses.

 88.  Necrotizing otitis externa, also called malignant oti-
tis externa, is caused by pseudomonas infection in an 
elderly patient with diabetes.

 89.  Nerve of Wrisberg (syn. nervus intermedius). It is a 
part of facial nerve and carries sensory and parasym-
pathetic fibres.

 90.  Node of Rouviere is the most superior node of the lat-
eral group of retropharyngeal nodes.

 91.  Noise-induced hearing loss shows a dip at 4000 Hz in 
air conduction curve of audiogram.

 92.  Noninvasive forms of fungal sinusitis are (i) fungal 
ball and (ii) fungal allergic sinusitis presenting with 
polyps. They do not require antifungal treatment.

 93.  Numbness in the posterosuperior meatal wall (sup-
plied by CN VII) is seen in acoustic neuroma and is 
called Hitzelberger sign.

 94.  Ortner’s syndrome is paralysis of recurrent laryngeal 
nerve and cardiomegaly.

 95.  Otic capsule—the so-called bony labyrinth ossifies 
from 14 centres. Ossification starts at 16th week and 
ends by 20–21st week of gestation.

 96.  Paralysis of stapedial muscle (supplied by CN VII) 
causes hyperacusis or phonophobia.

 97.  Paterson–Brown–Kelly syndrome (Syn. Plummer–Vinson 
syndrome). Consists of iron-deficiency anaemia, dyspha-
gia (due to oesophageal web), koilonychias and angular 
cheilitis. It is a risk factor for postcricoid carcinoma.

 98.  Pemberton's manoeuvre. Done to see thoracic inlet 
obstruction in substernal extension of thyroid mass. Rais-
ing the arms above the head causes respiratory discom-
fort, venous neck vein distension and suffusion of face.

 99.  Pierre-Robin sequence (syndrome). A triad of micro-
gnathia, glossoptosis and cleft palate.

 100.  Posterior cricoarytenoid is the only abductor muscle of 
the larynx. It is supplied by recurrent laryngeal nerve.

 101.  Pouch of Luschka. During development, notochord is 
attached to the endoderm in the area of nasopharynx 
producing an invagination pouch. Persistence of this 
pouch causes Thornwaldt's cyst which may get infected 
to form an abscess.

 102.  Preoperative open biopsy. It is not done in an angiofi-
broma of nasopharynx, glomus tumour of the middle 
ear, carotid body tumour of the neck and parapharyn-
geal tumours which appear to be benign.

 103.  Prussak's space lies medial to pars flaccida, lateral to 
the neck of malleus and above the lateral process of 
malleus. Anteriorly, posteriorly and superiorly, it is 
bounded by lateral malleal ligament. Posteriorly, it also 
has a gap through which the space communicates with 
epitympanum.

 104.  Psammoma bodies. Found in papillary carcinoma of 
thyroid gland and meningiomas.

 105.  Rathke's pouch. A diverticulum of nasopharyngeal 
mucosa that forms the anterior lobe of pituitary. Its 
track may persist as craniopharyngeal canal and give 
rise to craniopharyngioma.

 106.  Recruitment is an abnormal growth in loudness and is 
seen in cochlear lesions.

 107.  Rhinophyma is due to hypertrophy of sebaceous glands 
of nasal tip. It is associated with acne rosacea.

 108.  Rhinoscleroma is caused by a Gram-negative cocco-
bacillus Klebsiella rhinoscleromatis. The disease passes 
through three stages—catarrhal, granulomatous and 
cicatricial. It causes woody infiltration of the upper lip. 
Other areas involved are larynx (subglottic region) 
and trachea leading to airway obstruction. Mikulicz 
cells and Russell bodies are characteristically seen on 
histology.

 109.  Risk factors associated with laryngeal cancer are smok-
ing, use of alcohol, gastro-oesophageal reflux, expo-
sure to wood dust, asbestos and volatile chemicals, 
nitrogen mustard and previous ionizing radiation. 
Genetic susceptibility also plays a great role.

 110.  Risk factors associated with nasal and paranasal sinus 
malignancy are wood dust, nickel and chromium plat-
ing industries, isopropyl oil, volatile hydrocarbons and 
smoking.
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 111.  Russell bodies. Seen in rhinoscleroma. Plasma cells 
are seen to contain rounded eosinophilic structures 
on histopathology.

 112.  Samter's triad consists of nasal polypi, bronchial 
asthma and aspirin sensitivity.

 113.  Schaumann's bodies. Seen in sarcoid granuloma.

 114.  Schneiderian membrane (mucosa). It is another name 
for respiratory mucosa of nose and consists of pseu-
dostratified ciliated columnar cells.

 115.  Schwartz sign is a pink reflex, seen through intact tym-
panic membrane, in the area of oval window. It indi-
cates active otosclerosis usually during pregnancy.

 116.  Sinodural angle, also called Citelli's angle, is situated 
between the sigmoid sinus and middle fossa dura plate.

 117.  Sipple’s syndrome. Consists of medullary carcinoma of 
thyroid, pheochromocytoma and parathyroid hyper-
plasia or adenoma.

 118.  Sluder's neuralgia. It is characterized by neuralgic pain 
in lower half of face with nasal congestion, rhinor-
rhoea and increased lacrimation. It is due to neuralgia 
of sphenopalatine ganglion.

 119.  Solid angle is the area where three bony semicircular 
canals meet.

 120.  Structures of ear fully formed by birth are middle ear, 
malleus, incus, stapes, labyrinth and the cochlea.

 121.  Tone decay, also called auditory fatigue, is change 
in auditory threshold when a continuous tone is pre-
sented to the ear. It is seen in acoustic neuroma and 
other retrocochlear lesions.

 122.  Trautmann's triangle is bounded by the bony labyrinth 
anteriorly, sigmoid sinus posteriorly and the dura or 
superior petrosal sinus superiorly (Figure 76.4).

 123.  Treatment of choice for antrochoanal polyp in a child 
is functional endoscopic sinus surgery (FESS) or intra-
nasal polypectomy. Caldwell–Luc operation is avoided.

 124.  Trotter (or Sinus of Morgagni) syndrome or triad is 
seen in nasopharyngeal carcinoma which spreads lat-
erally to involve the sinus of Morgagni involving man-
dibular nerve. It is characterized by:

 (a)  Conductive hearing loss (due to eustachian tube 
obstruction).

 (b)  Ipsilateral immobility of soft palate.

 (c)  Neuralgic pain in the distribution of V3.

Trismus and preauricular fullness may be associated 
with the above.

 125.  Tullio phenomenon. Loud sound produces vertigo. It 
is seen in congenital syphilis or when three functioning 
windows are present in the ear, e.g. fistula of semicircu-
lar canal or fenestration operation in the presence of 
mobile footplate of stapes.

 126.  Turban epiglottis is due to oedema and infiltration of 
the epiglottis and is caused by laryngeal tuberculosis. 
Lupus—a form of tuberculosis, on the other hand, eats 
away and destroys the epiglottis.

 127.  Tympanic membrane develops from all the three ger-
minal layers: ectoderm (outer epithelial layer) meso-
derm (middle fibrous layer) and endoderm (inner 
mucosal layer).

 128.  Ventricle of Morgagni (Syn. laryngeal ventricle between 
true and false cords).

 129.  Vertical and anteroposterior dimensions of middle 
ear are 15 mm each while transverse dimension is 2 
mm at mesotympanum, 6 mm above at the epitympa-
num and 4 mm below in the hypotympanum. Thus, 
middle ear is the narrowest between the umbo and 
promontory.

 130.  Vocal nodules occur at the junction of anterior with 
middle third of vocal cords as this is the maximum 
vibratory area during speech.

 131.  Volume of middle ear varies between 0.5 and 1.0 mL. It 
is important when giving intratympanic injections, e.g. 
gentamicin in Ménière’s disease and steroids in sud-
den deafness.

 132.  Vomeronasal organ. It is a vestigial structure earlier 
related to smell. It can sometimes be visualized as a pit 
on the anteroinferior part of nasal septum.

 133.  Wallenberg syndrome (posterior inferior cerebellar 
artery syndrome) or lateral medullary syndrome is due 
to thrombosis of posterior inferior cerebellar artery 
causing ischaemia of lateral part of medulla. It is char-
acterized by:

 (a)  Vertigo, nausea and vomiting
 (b)  Horner syndrome
 (c)  Dysphagia
 (d)  Dysphonia
 (e)  Ataxia with tendency to fall to the involved side
 (f)  Loss of pain and temperature sensation on same 

side of face and contralateral side of limbs.

 134.  Woodruff's plexus. It is a plexus of veins situated infe-
rior to posterior end of inferior turbinate. It is a site of 
posterior epistaxis in adults.

 135.  Wrisberg's cartilage. Another name for cuneiform car-
tilage situated in aryepiglottic fold. It is fibroelastic car-
tilage and does not undergo calcification.
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Instruments

This section intends to introduce only the commonly used instruments in operative surgery and is by no means an exhaustive 
list. Other instruments used for routine diagnostic ENT examination are dealt with on p. 374.

EAR INSTRUMENTS

Myringotome. Used for myringotomy.

Mollison’s mastoid retractor. Used in mastoidectomy to retract soft tissues after incision and elevation of flaps. It is self-
retaining and haemostatic.

Jansen’s self-retaining mastoid retractor. Used in mastoidectomy similar to Mollison’s retractor.

APPENDIX II 
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Lempert’s endaural retractor. Used for endaural approach to ear surgery. It has two lateral blades which retract the flaps and 
a third central blade with holes. The central blade retracts the temporalis muscle. The central blade can be fixed to the body 
of the retractor by its hole.

Lempert’s endaural speculum. It is like Vienna model nasal speculum but curved. It is used to spread open the meatus when 
giving local injection or making an endaural incision.

Mastoid gouge. Used to remove bone in mastoid surgery. Various sizes are available.

Lempert’s curette (scoop). Used for removal of bony septa and granulations in mastoid surgery.

MacEwen’s curette and cell seeker. Used in mastoid surgery to explore the air cells with one end and to curette the interven-
ing septa and granulations with the other.

Farabeuf periosteal elevator. Used for elevation of periosteum from the mastoid cortex in mastoidectomy.
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NOSE INSTRUMENTS

Lichtwitz trocar and cannula. Used for proof puncture (antral lavage). Puncture is done in the inferior meatus as this site is 
easily accessible and safe.

Tilley’s harpoon. Used for intranasal antrostomy in the inferior meatus. Its advantage lies in the removal of the bony chips 
when the instrument is withdrawn so that they do not fall in the sinus cavity. It is rarely used these days.

Tilley’s antral burr. Used to enlarge and smoothen the hole made by harpoon in intranasal inferior meatal antrostomy. No 
longer used now.

Rose’s sinus douching cannula. Used in irrigation of maxillary sinus, which already has a nasoantral window due to intranasal 
antrostomy or Caldwell–Luc operation. Direction of the tip is indicated by the hook outside.

Luc’s forceps. Used in Caldwell–Luc operation (to remove mucosa), submucosal resection (SMR) operation (to remove 
bone or cartilage), polypectomy (to grasp and avulse polyp) and to take biopsy from the nose or throat.
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Nasal snare (Krause’s). Used for removal of nasal polypi. Polyp is engaged in the wire loop and avulsed. Its use has greatly 
declined now. Wire used in this snare is 30 SWG.

St. Clair Thomson’s nasal speculum. It has long blades which are concave from inside. Used in nasal surgery, e.g. SMR opera-
tion or septoplasty.

Killian’s long-bladed nasal speculum. Used in SMR or septoplasty operation to keep mucoperiosteal flaps away.

Tilley’s dressing forceps. Used for nasal packing, ear dressing, removal of foreign bodies from the nose. It has a box joint.

Hartmann’s dressing forceps. Similar to above forceps. It has a screw joint. The jaw is serrated and grooved.
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Wilde’s dressing forceps. Used for packing the nasal cavity or ear canal. It acts on spring action.

Ballenger swivel knife. Used in removal of septal cartilage in SMR operation. The blade of knife revolves automatically and 
changes direction when cutting the cartilage anteroposteriorly downwards, and posteroanteriorly. Different sizes of blades 
are also shown. Can be used to harvest septal cartilage as a graft for reconstruction.

Killian’s nasal gouge (bayonet-shaped). Used for removal of septal spurs or bony crests and ridges in SMR operation.

Freer’s double-ended elevator. Used for elevation of mucoperichondrium or periosteum in SMR or septoplasty operation.

Walsham’s forceps. Used for disimpacting and reducing fractures of nasal bone.

   

Asch’s septum forceps. Used for reducing fractures of nasal septum.
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THROAT INSTRUMENTS

Boyle-Davis mouth gag. Used for opening the mouth and retracting the tongue anteriorly. Tongue blades of various sizes can 
be interchanged according to the age of the patient. It is used for various operations on the oral cavity (palate surgery), oro-
pharynx (tonsillectomy, surgery of soft palate, pharyngoplasty), and nasopharynx (adenoidectomy, excision of angiofibroma).

Doyen’s mouth gag. Used to keep the mouth open for intraoral surgery when retraction of the tongue is not required or 
desirable. Mostly used for tongue surgery. It is applied on one side of the mouth on molar teeth.

Jenning’s mouth gag. Use is similar to the one above. It is applied in the centre of the mouth.

Draffin’s bipod. Each pod has four rings. They can be assembled to vary the height at which the tongue blade of the Boyle-
Davis mouth gag can be suspended. The lower end of each pod can be placed in one of the several depressions in Magauran’s 
plate (vide infra).
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Tonsil holding forceps (Denis Browne’s). Used for holding the tonsil during tonsillectomy by dissection method.

Tonsil dissection forceps with teeth (Waugh’s). For incision in mucous membrane and dissection of tonsil.

Yankauer suction tube. Used for suction in tonsillectomy and other oral or oropharyngeal operations.

Tonsil dissector and anterior pillar retractor. One end is used to dissect the tonsil and the other to retract the anterior pillar 
to inspect the fossa for any bleeding point.

Tonsil artery forceps (straight and curved). Straight forceps is used to catch the bleeding point and curved one is used as 
replacement forceps before tying with a ligature.



458 APPENDIX II — INSTRUMENTS

Negus artery forceps. Its tip is sharply curved. The forceps is used as replacement forceps to ligate the bleeding point.

Negus knot tier. Helps to carry the ligature knot up to the tip of artery forceps holding the vessel and tie it.

Eves’ tonsil snare. Used for tonsillectomy. After the tonsil has been dissected till its lower pole, snare is passed round the 
tonsil to engage the pedicle and then firmly closed. It crushes and cuts the pedicle thereby minimizing bleeding. Wire used 
in snare is number 25 SWG.

Peritonsillar abscess forceps. Used for drainage of peritonsillar abscess. Not used these days; instead a number 11 blade 
covered with micropore plaster except its tip and distal part is used.

St. Clair Thompson’s adenoid curette with guard. Used in adenoidectomy. Curette shaves off the adenoid mass while the 
guard holds the tissue and prevents its slipping.
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Leighton tonsillotome (Guillotine)

LARYNX AND TRACHEA INSTRUMENTS

Tracheal hook (blunt and sharp). Blunt tracheal hook (A) is used to retract thyroid isthmus upwards or downwards to expose 
the trachea.

Sharp tracheal hook (B) is applied to lower border of cricoid cartilage to stabilize the trachea and prevents its movements 
during respiration when making incision in the tracheal wall.

A

B

Tracheal dilator. Used to keep open the tracheal edges after incision in the trachea so that tracheostomy tube can be easily 
inserted. A curved artery forceps can be easily used in place of a tracheal dilator.

Laryngoscope. Used for direct laryngoscopy (diagnostic or therapeutic). It has a single or a twin light carrier which can be 
connected to a cold-light source through a flexible cable. Older models have a small electric bulb which works on batteries or 
a transformer. There are several models of laryngoscope. The size of laryngoscope used will vary with the age of the patient.

  



460 APPENDIX II — INSTRUMENTS

Instruments used for microlaryngeal surgery

 1.  Laryngoscope
 2.  Chest support
 3.  Suction tip and other instruments
 4.  Fibreoptic cord
 5.  Various types of microlaryngeal instruments
 6.  Specimen bottle

1 2 3

4 6

5

Oesophagoscope. Used for diagnostic or therapeutic oesophagoscopy. Length of oesophagoscope and its lumen vary with 
the age of the patient. Mechanism of illumination is similar to that of laryngoscope. Handle, at the proximal end of oesopha-
goscope, indicates the direction of the bevel at the distal end. Illustrated below is Negus oesophagoscope with twin proximal 
lighting.

Bronchoscope. Similar to oesophagoscope but has openings at the distal part of the tube which help in ventilation of con-
tralateral lung or side bronchi. Its distal tip is also bevelled to facilitate its passage between the cords. Size of bronchoscope 
will vary with the age of the patient. For indications and technique of bronchoscopy see p. 424. Size of bronchoscope for 
different age groups is given in Table A1.
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Smallest flexible fibreoptic bronchoscope is 2 mm diameter. It can be easily passed through endotracheal tube of 3–3.5 mm 
inner diameter.
Ventilation bronchoscope. Various sizes are available for infants, children and adults.

A

B

C

D

  

1 2 3 4

Proximal end of bronchoscope consists of the following:
 A.  Prism light deflector where fibreoptic cord is connected.
 B.  Main portal of the tube through which instruments like section tube or forceps for biopsy or forceps for foreign body 

removal or a telescope can be passed.
 C.  For introducing flexible instruments like fine suction tube or flexible forceps or for jet ventilation.
 D.  For connecting to any type of respirator for ventilation or assisted respiration, any of the openings B, C or D can be closed 

with a suitable plug.

Doesel–Huzly bronchoscopes (Storz)
Paediatric ventilation bronchoscope sizes
 •  20 cm × 2.5 mm
 •  20 cm × 3.0 mm
 •  20 cm × 3.5 mm
 •  30 cm × 3.5 mm
 •  30 cm × 4.0 mm
 •  30 cm × 5.0 mm
 •  30 cm × 6.0 mm
Adult ventilation bronchoscope sizes
 •  43 cm × 6.5 mm
 •  43 cm × 7.5 mm
 •  43 cm × 8.5 mm

Tracheostomy tubes for adults. Various types available are:
 1.  Uncuffed and cuffed tubes.
 2.  Double cuff tube. Each cuff can be inflated alternately to prevent pressure necrosis at one site.

Table A1 Size of tracheostomy tube and bronchoscope according to age*

Age Inner diameter of tracheostomy tube (mm) Size of bronchoscope tube (mm)

Preterm–1 month 2.5–3.0 2.5
1–6 months 3.5 3.0
6–18 months 4 3.5
18 months to 3 years 4.5 4.0
3–6 years 5 4.5
6–9 years 5.5 5.0
9–12 years 6.0 6.0
12–14 years 7.0 6.0
 

Source: Wyatt ME, Bailey CM, Whiteside JC. Update on paediatric tracheostomy tubes. Laryngol. Otol. 1999;113: 35–40 and Tracheos-
tomy: A Multi-professional Handbook. Claudia, Russell and Basil Matta (editors). GMM: London, 2004.

*Smallest size of rigid bronchoscope has inner diameter of 2.5 mm and outer diameter of 3.3 mm.
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 3.  Fenestrated tube. Single or multiple holes are situated at the upper curvature. The hole(s) help in speech production or 
in weaning from tracheostomy. Fenestrated tube is used in children for decannulation.

 4.  Adjustable flange long tube. Extra length tracheostomy tubes are used when pretracheal tissues are thick or swollen or to 
by-pass a growth or stenosis in trachea. Flange in these cases can be adjusted.

 5.  Single lumen tube. There is no inner cannula
 6.  Double lumen tube. They have an inner cannula inside an outer cannula. It is easier to remove, clean and replace the 

inner cannula, keeping outer cannula in place for breathing.
 7.  Suction-aid tracheostomy tubes. They have a small tube ending above the cuff to suck out pharyngeal secretion and pre-

vent their aspiration.
 8.  Tracheostomy with speaking valve. A valve is fitted at the outer end of tracheostomy tube. It allows ingress of air when 

breathing in but closes when breathing out. In the latter situation air finds its way to vocal cords to produce sound. It is 
used in long-term treatment of bilateral abductor paralysis or laryngeal stenosis. Digital closure of tracheostomy tube to 
speak is thus avoided.

Classification of tubes according to the material they are made of. A tracheostomy tube may be made of:
 1.  Silver. An alloy of silver, copper and phosphorus, e.g. Fuller, Negus or Jackson’s tube.
 2.  PVC (polyvinyl chloride). They are disposable, single use tubes and thermolabile, and thus adjust to tracheal lumen.
 3.  Silicone. Bacteria and secretions do not adhere to the tube and there is minimum of crusting.
 4.  Siliconized PVC. It has the properties of both PVC and silicon, i.e. it is thermolabile and adjusts to tracheal wall while 

silicon prevents crusting.
 5.  Silastic. It is soft and nonirritating, and minimizes crusting.
 6.  Armoured tubes. They are plastic tubes reinforced by a spiral or rings of stainless steel. They are not easily kinked.

Fuller’s tracheostomy tube. It consists of an outer tube and an inner tube, the latter being slightly longer. Outer tube  
is made of two blades, which when pressed together, can be easily introduced into the tracheostomy opening. Inner tube 
has a hole in the centre so that patient can still have a chance to breathe from the larynx even when tube is blocked at its 
outer end.

Jackson’s tracheostomy tube. It has three parts: outer tube, inner tube and an obturator. Outer tube is not split, inner tube 
can be fixed to the shield of the outer tube by a lock. The obturator helps in the introduction of tube into the trachea.

Cuffed tracheostomy tube. When cuff is inflated, it prevents aspiration of pharyngeal secretions into the trachea. It can also 
prevent air-leak. It is used when there is danger of aspiration of pharyngeal secretions as in unconscious patient or when 
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patient is put on a respirator. Cuff should be deflated every 2 h for 5 min to prevent damage to trachea and cartilage necrosis. 
Nowadays, tubes with two cuffs are available and inflation of the cuff can be alternated to avoid cuff pressure at one site in 
trachea.

Cuffed suction – aid tracheostomy tube. It is like an ordinary cuffed tube but also has a suction tube which reaches above the 
cuff. It helps to suck out pharyngeal secretion collected above the cuff. Suction should always be done before deflating the 
cuff so that accumulated pharyngeal secretions do not get aspirated into the trachea.

For aspiration
above the cuff

For inflating cuff

How to select size of endotracheal tube in a child (for tracheostomy tube in a child see Table A1, page 461)

Length of the tube = Size of tube × 3 (in cm)

For example, in a 4-year-old child size of the tube =  + 4 = 5 mm

Length of the tube = 5 × 3 = 15 cm

Roughly size of the tube is size of the child’s little finger.

How to select size of tracheostomy tube in adults

Tracheostomy tube for adults is selected by size (or number) of the tube. Larger the size (number) greater is the inner 
diameter (see Table A1). In adults, tubes of inner diameter varying between 6 and 9 or 10 mm are used. Sometimes size of 
tube is expressed in French gauge (FG), which is 3.14 times the outer diameter of the tube.

FG = outer diameter × π (π = 3.14 or approx 3)

For example, a tube of 36 FG will have an outer diameter of nearly 12.0 mm. Size of Jackson’s or Negus tube is usually 
indicated by FG.

Laryngeal mask airway. Laryngeal mask airway (LMA) is a device with a tube and a laryngeal mask which fits over the 
supraglottic region. Size of mask is selected according to the weight of the patient. The cuff of mask is first deflated and 
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positioned over the larynx and later inflated. It is used where face mask is ineffective and intubation of the larynx difficult. 
Other advantages of LMA include:

	•	 	To	intubate	the	patient	with	endotracheal	tube	(less	than	6	mm	inner	diameter)	directly	or	to	first	pass	a	stylet	and	then	
rail-road endotracheal tube.

	•	 	To	pass	flexible	bronchoscope	for	fibreoptic	assessment	of	airway	and	then	pass	the	stylet.

LMA is not as effective as endotracheal tube to prevent aspiration of gastric secretions. Its use is contraindicated in 
obstruction in the area of glottis and subglottis, and cannot be used in patients with trismus.
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A
ABC test. See Absolute bone conduction test
ABI. See Auditory brainstem implant
ABR. See Auditory brainstem response
Abscess

acute mastoiditis and, 78–79, 78f–79f
Bezold, 78, 79f, 446
extradural, 81
intratonsillar, 261
behind mastoid (Citelli), 79
meatal (Luc), 79
nasal septum and septal, 150–151, 150f
orbital, 200
otogenic brain, 82–84, 83f
parapharyngeal, 266f–267f, 267–268
parapharyngeal or retropharyngeal, 79
parotid, 263
peritonsillar, 264–265, 265f
postauricular, 78
retropharyngeal, 265–266, 266f

acute, 266, 266f
chronic, 266–267

subdural, 81
subperiosteal, 200
zygomatic, 78, 78f

Absolute bone conduction test (ABC test), 
22, 22t

Acellular mastoid cells, 6
Acinic cell carcinoma, 235
Acoustic neuroma, 46

classification of, 112
clinical features of, 112
differential diagnosis of, 114, 114t
incidence of, 112
investigations and diagnosis of, 112–114
origin and growth of, 112, 113f
pathology of, 112
treatment of, 114

Acoustic reflex test, 24, 25f
Acoustic trauma, 34
Acoustics, 19–20
Acquired immunodeficiency syndrome 

(AIDS), 369–370
Actinomycin-D, 368t
Acute suppurative parotitis, 231–232, 232f
Adenocarcinomas, 108, 235

of ethmoid, 446
Adenoid facies, 446
Adenoidectomy, 431–432, 431f
Adenoids

aetiology of, 243
anatomy and physiology of, 243, 243f
clinical features of, 243–244, 244f
cystic carcinoma of, 235
diagnosis of, 244, 244f
eustachian tube disorders and, 60
treatment of, 244

Adenolymphoma, 234
Aditus, 5

ad antrum, 6

Adriamycin, 368t
Agger nasi, 138
Agranulocytosis, 260
AIDS. See Acquired immunodeficiency 

syndrome
AJCC classification. See American Joint Com-

mittee on Cancer classification
Alexander dysplasia, 115
Allergic fungal sinusitis, 172
Allergic rhinitis and its impact on asthma 

(ARIA), 167, 168t
Alport syndrome, 116t–117t
Alternate binaural loudness balance test, 26, 26f
Alveolar ridges, upper and lower, 216, 216f

carcinoma of, 228–229
Ameloblastoma, 205
American Joint Committee on Cancer clas-

sification (AJCC classification), 207, 208t
Aminoglycoside antibiotics, 33, 34t
Ammonia, 446
Amyloid tumour, 304
Anaplastic carcinoma, 332
Angiofibroma, 203
Angiofibroma, nasopharyngeal, 246–250, 

247f–248f, 249t
Angio-oedema, 446
Ankyloglossia, 220, 220f
Anotia, 48, 48f
Anterior antrostomy. See Caldwell–Luc 

operation
Anterior suspensory ligament, 326
Anticancer drugs, 367, 368t
Anticholinergics, 169
Antihistaminics, 168
Anti-IgE, 169
Antiretroviral drugs, 372
Antral lavage

anaesthesia for, 408
complications with, 408–409
diagnosis of, 408
indications for, 408
position for, 408
postoperative care for, 408
technique for, 408, 408f

Antrochoanal polyp, 173–175, 173t–175t, 
174f, 450

Apert syndrome, 116t–117t
Aphthous ulcers, 218, 218f, 260
Apnoea index, 276
Aqueduct of cochlea, 9, 10f
Area ratio, 446
ARIA. See Allergic rhinitis and its impact on 

asthma
Arnold nerve, 446
Arnold-Chiari malformation, 446
Arousal, 276
Arousal index, 276
Arytenoid cartilages, 282
Aspergillosis, 159
Aspirin intolerance, 172

ASSR. See Auditory steady state response
Asthma, 172
Atresia

choanal, 163, 447
external auditory meatus and acquired, 

54, 55f
of external ear canal, 50
of nares, 146, 146f

Audiogram, 23, 23f, 32, 71
Audiology, 19–20
Audiometric zero, 20
Audiometry, 64, 101, 102t

behaviour observation, 118
Bekesy, 24
evoked response, 26–27, 27f, 119
impedance, 24–26, 25f, 65, 119
pure tone, 23, 23f, 87, 101, 102f
speech, 23–24, 23f, 24t, 101

Auditory brainstem implant (ABI), 127
Auditory brainstem response (ABR), 26, 27f
Auditory neural pathways, 13, 14f
Auditory steady state response (ASSR), 27
Auditory system, 13. See also Hearing.
Auditory training, 127
Auricle, 2. See also Pinna.

development of, 11, 12f
frost bite and, 49–50
haematoma of, 49, 49f
keloid of, 50, 50f
lacerations of, 49, 49f
trauma to, 49–50
tumours of

benign, 106–107, 106f
malignant, 107, 107f

Autoimmune inner ear disease, 36
Autonomous nodule, 334
Axis of ossicular rotation, 446

B
BAHA. See Bone-anchored hearing aid
Basal cell carcinoma, 107–108, 145, 145f
Basal lamella, 420
Bat ear, 48
Battle's sign, 446
Behaviour observation audiometry, 118
Behçet syndrome, 218
Bekesy audiometry, 24
Bell palsy, 95, 95f
Bell's phenomenon, 446
Benign mucous membrane pemphigoid 

(BMMP), 219
Benign paroxysmal positional vertigo 

(BPPV), 45
Berry's ligament, 326
Betatron, 364
Bilateral ethmoidal polypi, 172–173, 175t
Bill's island, 446
Bing test, 22
Bing–Siebenmann dysplasia, 115

Index

Note: Page numbers with “f” denote figures; “t” tables; “b” boxes.
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Bithermal caloric test, 43, 43f–44f, 448
Bleomycin, 368t
Blepharospasm, 99
Blow out fractures, 184, 184f
Blue drum, 446
BMMP. See Benign mucous membrane 

pemphigoid
Body equilibrium, maintenance of, 18
Boerhaave syndrome, 446
Boil, 145, 145f
Bone-anchored hearing aid (BAHA), 

122–123, 122f–123f, 123t
Bony cochlea, 9, 10f
Bony labyrinth, 9–11, 9f
BPPV. See Benign paroxysmal positional vertigo
Brachytherapy, 362
Brainstem, tumours of, 46–47
Branchial cyst, 391–392
Branchial sinus or fistula, 392, 392f
Branchio-oto-renal syndrome, 116t–117t
Bronchial foreign body, 321, 322f, 323
Bronchoscopy

flexible fibreoptic, 425, 425t
rigid, 424–425, 425t

Broyles'ligament, 446
Bryce's sign, 446
Buccal mucosa, 216, 216f

carcinoma of, 226–227, 226f
examination of, 382

Bulla ethmoidalis, 137–138, 137f–139f
Bullectomy, 420

C
Caldwell–Luc operation, 411–412, 412f
Caloric test, 43–44, 43f–44f, 102
Calorigram, 43, 44f
Canal for facial nerve, 5
Candidiasis. See Moniliasis
Capillary haemangioma, 211–212
Cardiac achalasia, 344, 443f
Carhart's notch, 87, 87f, 446
Caroticotympanic artery, 446
Carotid body tumour, 392, 393f
Catheterization, of eustachian tube, 59, 59f
Cauliflower ear, 49, 49f
Cavernous sinus thrombosis, 201, 201t
CD4 count, 371
Cellulitis, orbital, 200, 201t
Central auditory tests, 28
Cerebellar disease, 46
Cerebellar dysfunction, test of, 42
Cerebrospinal fluid. See CSF rhinorrhoea
Ceruminoma, 107
Cervical lymph nodes

anterior, 386
examination of, 381, 385
lateral, 386
not clinically palpable, 386, 386f

Cervical rib, 394–395
Cervical vertigo, 47
CHARGE syndrome, 446
Cheek mucosa, 216, 216f
Chemodectoma, 392, 393f
Chemotherapy, 230, 250, 252

drugs used in, 367, 368t
pretreatment work-up of patient for, 367
radiotherapy with, 365
single agent compared to multidrug 

 combination therapy, 367
toxicity of, 367
types of, 367

Chest, fixation of, 286
Chevallet fracture, 147, 148f
Chloroquine, 34

Choanal atresia, 163
Cholesteatoma, 67–68, 75

bone destruction and expansion of, 68
classification of, 67–68, 68f
congenital, 67
origin of, 67, 68f
primary acquired, 67
secondary acquired, 67
structure of, 68f

Chondrodermatitis nodularis chronica 
helicis, 50

Chondroma, 203, 306
Chorda tympani nerve, 8, 90
Chordoma, 447
Chronic recurrent sialadenitis, 232
Chronic suppurative otitis media (CSOM), 

68–74
atticoantral type of, 69, 69t, 72–74

aetiology of, 72
complications with, 73
investigations in, 71f, 73
pathology of, 72
signs of, 72–73
symptoms of, 72
treatment of, 73–74, 73t

epidemiology of, 68
tubotympanic type of, 69, 69t

aetiology of, 69
alternative classification of, 70, 70f
bacteriology of, 70
clinical features of, 70–71, 71f
investigations in, 71
pathology of, 69–70, 70f
treatment of, 71–72

types of, 69
Churg–Strauss syndrome, 172
Chvostek's sign, 447
Cisplatin paclitaxel, 368t
CM. See Cochlear microphonic
CN VIII, electrical potentials of, 15–16
Cobalt 60 machines, 364
Cochlea, 447

aqueduct of, 9, 10f
bony, 9, 10f
CM in, 15
compound action potential in, 16
electrical potentials of, 15–16
endocochlear potential in, 15, 16f
frequency localization in, 15, 15f
SP in, 15–16

Cochlear duct, 10, 10f
Cochlear hydrops, 102, 103f
Cochlear implants, 124–127

advanced bionics, 125f
components and functioning of, 124–125, 

126f
evaluation of, 125–126
MED-EL, 125f
nucleus, 125f
outcomes of, 125
postoperative mapping and habilitation of, 

126–127
surgery and, 126

complications of, 127t
Cochlear microphonic (CM), 15
Cochleosaccular dysplasia, 115
Cold-air caloric test, 43–44
Collaural fistula, 50–51
Colloid nodule, 333–334
Coloboma, 48
Compound action potential, 16
Congenital tumours, 250
Contact ulcer or granuloma, 304
Continuous positive airway pressure  

(CPAP), 278

Contralateral routing of signals (CROS), 122
Corniculate cartilages, 282
Corticosteroids, 168
Costen syndrome, 447
Cottle test, 149, 149f
Cowden syndrome, 331
CPAP. See Continuous positive airway pressure
Cranial nerve examination, 381
Cricoarytenoid joint, 282, 449
Cricoid, 282
Cricopharyngeal spasm, 344
Cricothyroid joint, 283
Cricothyrotomy, 320
Crista, 16, 16f
Crocodile tears, 98
Crooked or deviated nose, 143, 143f
CROS. See Contralateral routing of signals
Crouzon syndrome, 116t–117t
Crus commune, 9
Cryoimmunization, 360
Cryosurgery

advantages of, 361
disadvantages of, 361
technique of, 360
uses of, 360

CSF rhinorrhoea, 163–165
aetiology of, 163
diagnosis of, 164
laboratory tests for, 164
localization of site for, 164
nasal secretions compared to, 164t
physiology of, 163
sites of leakage, 163, 163f
treatment of, 164–165, 165f

CSOM. See Chronic suppurative otitis media
Cuneiform cartilages, 282
Cup ear, 48
Cutaneous horn, 106
Cyclophosphamide, 368t
Cylindroma, 235
Cystic fibrosis, 172
Cystic hygroma, 392–393, 394f
Cystic lesions, 304–305, 305f
Cytotoxic drugs, 34, 34t

D
Dacarbazine, 368t
Dalrymple's sign, 447
Dandy syndrome, 447
dB. See Decibel
Deaf, definition of, 38
Deaf child

aetiology of, 115–117
postnatal causes, 117
prenatal causes, 115, 116t–117t

education of, 119–120
evaluation of

assessment methods for, 118–119, 118t
causation for, 117–118

management of, 119–120, 120f
Decannulation, 318–319
Decibel (dB), 19
Deferoxamine, 34
Dehydration, 360
Denaturation, 360
Dermoid cyst, 106, 143, 144f, 212, 212f, 224

sublingual, 390
Deviated nasal septum (DNS), 148–150

aetiology of, 148
treatment for, 149–150
types of, 148–149, 148f–149f

Diagnostic nasal endoscopy, 417–418, 417f
Diphtheria, 259
Diploetic mastoid cells, 6
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Disability, 38
Disc batteries, ingestion of, 351–352
Diuretics, 33–34, 34t
Dizziness, 18. See also Vertigo
DNS. See Deviated nasal septum
Dominant nodule, 334
Donaldson's line, 447
Down syndrome

eustachian tube disorders and, 60
hearing loss and, 116t–117t

Doxorubicin, 368t
Drop attacks, 103
Drumhead. See Tympanic membrane
Ductal cysts, 304, 305f
Dynamic range, 20
Dysphagia

aetiology of, 347
barium swallow in patient with, 442f
investigations for, 347–348
lusoria, 447
oesophageal causes of, 347, 348f
preoesophageal causes of, 347

Dysphonia, 314–315
abductor, 314–315
adductor, 314
mixed, 314
ventricular, 313–314

Dysphonia plica ventricularis (ventricular 
dysphonia), 313–314

E
Eagle syndrome. See Styalgia
Ear. See also External ear; Internal ear; 

 Labyrinth; Middle ear.
development of, 11–12
examination of

functional, 377
physical, 376–377, 376f–377f
symptomatology, 375–376

external, 2–4
facial paralysis from surgery of, 96–97
foreign bodies of, 54
instruments for, 451–452
internal, 9–11
middle, 4–8
operations of

surgical approaches to, 400–401, 401f
terminology for, 400

syringing of, 53, 54f
wax, 53, 53f–54f

Ear, nose and throat (ENT). See also specific 
anatomy

examination of
equipment for, 374, 375f
general setup and patient position for, 375
history taking for, 374–375

HIV manifestations in, 370–371
lymph nodes of head and neck, classifica-

tion of, 385–386, 385f
radiofrequency surgery in, 358

Ear lobule deformities, 48
Ear surgery, lasers in, 356
Earache. See Otalgia
EcoG. See Electrocochleography
Elastic fibrocartilage, 447
Electrocochleography (EcoG), 26, 27f, 101, 

102f
Electromagnetic spectrum, lasers and, 

355–356, 355f
Electromyography (EMG), 94
Electron beams, 362, 363f
Electroneuronography (ENoG), 93–94
Electronystagmography, 44
ELISA test, 371

Embolization, 180
EMG. See Electromyography
Encephalocele, 144
Endaural incision, 400, 401f
Endocochlear potential, 15, 16f
Endolymph, 10, 11t, 447
Endolymphatic duct, 10
Endolymphatic hydrops. See Ménière's disease
Endolymphatic sac, 10, 447
Endomeatal incision, 400, 401f
Endoscopic sinus surgery, 173, 197, 197f

anaesthesia for, 419
complications with, 421, 421t
contraindications of, 419
indications of, 419
position for, 419
postoperative care for, 420–421
steps of, 419–420, 420f
techniques in, 419, 420f

advanced, 419
Endoscopy, 381

diagnostic nasal, 417–418, 417f
flexible, 384–385
rigid, 385

Endotracheal intubation, 319–320
End-to-end anastomosis, 99
ENoG. See Electroneuronography
ENT. See Ear, nose and throat
Epiglottis, 282, 450

acute, 289–290, 290t, 446
Epilepsy, 47
Epistaxis

anterior nasal packing for, 179, 179f
causes of

general, 177
local, 176–177

cauterization for, 179
classification of, 178, 178t
first aid for, 179
general measures in, 180
ligation of vessels and, 179–180
posterior nasal packing for, 179, 180f
sites of, 177–178, 449
SMR operation for, 179

Epithelioma. See Squamous cell carcinoma
Epley's manoeuvre, 45
Epworth sleepiness scale, 277t
Equilibrium, maintenance of body, 18
Erythema multiforme, 218
Erythroplakia, 225
Esthesioneuroblastoma, 204
Ethmoidal sinuses, 188

examination of, 380
malignant neoplasms of, 209

clinical features of, 209, 209f
prognosis of, 209
treatment of, 209

mucociliary clearance of, 189f, 190
Eustachian tube, 447

anatomy of, 57, 58f
catheterization of, 59, 59f
disorders of, 60

adenoids causing, 60
cleft palate and, 60, 447
Down syndrome and, 60
tubal blockage, 60, 60t

examination of, 61, 61f, 377
functions of

middle ear clearance secretions, 59
protective, 58
tests for, 59–60
ventilation and middle ear pressure 

regulation, 57–58
of infant compared to adult, 57, 58t
lining of, 57

Eustachian tube (Continued)
muscles related to, 57, 58f
nerve supply of, 57
patulous, 61
retraction pockets and, 61

Evoked response audiometry, 26–27, 27f, 119
Exostoses, 107, 447
Exposure keratitis, 98
External beam therapy, 362
External ear, 2–4

diseases of, 48–56
natural resonance of, 15, 15t
nerve supply of, 4
tumours of, 106–108

External ear canal. See Meatus, external 
auditory

atresia of, 50
congenital disorders in, 50–51
exostosis of, 447
inflammations of, 51–53
primary cholesteatoma of, 53
trauma to, 51

Extranasal ethmoidectomy, 173
Extrinsic muscles, 284

F
Face injuries

bone injuries and, 181
fractures of

lower third, 182t, 185–186
middle third, 182f, 182t, 185–186
upper third, 181–182, 182t

general management of, 181
soft tissue, 181

Facial lacerations, 181
Facial nerve

anatomy and functions of, 90–94
blood supply to, 91, 92f
branches of, 90–91
course of, 90, 91f
electrodiagnostic tests for, 92–94
examination of, 377
hyperkinetic disorders of, 98–99
intracranial part of, 90
intratemporal part of, 90
nerve structure in, 92, 94f
nucleus of, 90, 91f
severed, 181
severity of injury to, 92
surgery of, 99

landmarks of, 91, 92f
variation and anomalies of, 91–92, 93f

Facial paralysis
causes of, 94–97, 94t

Bell palsy, 95, 95f
ear or mastoid surgery, 96–97
herpes zoster oticus, 96, 96f
Melkersson syndrome, 96
neoplasms, 97
temporal bone fractures, 96, 96f, 97t

central, 97
complications following, 98
end-to-end anastomosis for, 99
facial lesion localization in, 97–98
hypoglossal-facial anastomosis for, 99
nerve graft in, 99
otitis media complications and, 80
peripheral, 97
topodiagnostic tests for intratemporal part 

lesions in, 97–98, 98f
tubercular otitis media and, 74

Facial recess, 5
Falling, 42
False vocal cords, 284
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Faucial diphtheria, 260
Fibroma, 223, 224f
Fibrous dysplasia, 205, 206f
Fick's operation, 104
Fistula

branchial, 392, 392f
collaural, 50–51
oroantral, 186
perilymph, 46
test, 41

Fitzgerald–Hallpike test, 43, 43f–44f, 448
5-Fluorouracil, 368t
Follicular adenoma, 333
Follicular carcinoma, 331
Fordyce spots, 220
Foreign bodies

of air passages, 441f–442f
aetiology of, 321
clinical features of, 321
diagnosis of, 322–323, 322f–323f
management of, 323, 323f
nature of, 321

in bronchus, 440f
of ear, 54
of food passages

aetiology of, 349
clinical features of, 349–350
complications of, 351
disc batteries and, 351–352
investigations of, 350, 350f–351f
management of, 350–351, 351t
site lodgement of, 349

in larynx, 440f
in nasal cavity, 161
in oesophagus, 437f–439f
in submandibular duct, 438f
in thoracic inlet, 438f–439f

Fractures. See also Temporal bone fractures.
blow out, 184, 184f
Chevallet, 147, 148f
of face

lower third, 182t, 185–186
middle third, 182–185, 182f, 182t
upper third, 181–182, 182t

frontal bone, 182
frontal sinus, 181
Jarjaway, 147, 148f
of mandible, 185–186, 185f
maxilla, 184, 185f
nasal, 182–183, 182f–183f

X-rays, 434
of nasal septum, 147–148

aetiopathogenesis of, 147, 148f
complications of, 148
treatment of, 148

naso-orbital, 183
of orbital floor, 184, 184f
supraorbital ridge, 181
of zygoma, 183–184, 183f
zygomatic arch, 184

Frenzel manoeuvre, 447
Frequency, 19

cochlea localization of, 15, 15f
normal range of, 20
speech, 20

Frey's syndrome, 98, 236, 447
Frontal bone fractures, 182
Frontal sinus, 187–188

examination of, 380, 380f
malignant neoplasms of, 209–210

clinical features of, 210
treatment of, 210

mucocele of, 198–199, 199f
mucociliary clearance of, 189f, 190
osteoma of, 205, 205f

Frontal sinus fractures, 181
Frost bite, 49–50
Functional aphonia, 314
Fungal ball, 196
Furuncle, 51, 145, 145f
Fusion inhibitors, 372

G
Gait, 41
Galen's anastomosis, 447
Galvanic test, 44
Gardner's syndrome, 331
Gastro-oesophageal reflux, 344–345
Gelle's test, 22–23, 447
Gingivae. See Gums
Glandular tumours, 306
Glioma, 144, 203
Globus pharyngeus, 344
Glomus tumour, 109–110

aetiology and pathology of, 109
clinical features of, 109–110
diagnosis of, 110
spread of, 109
treatment of, 110

Glottis, 284, 284f
Glue ear, 64
Glycerol test, 102
Goldenhar syndrome, 116t–117t
Gradenigo syndrome, 447
Granular cell tumour, 223, 306
Granulomatous diseases of nose

bacterial, 156–158, 157t
fungal, 157t, 158–159
of unspecified cause, 157t, 159–160

Graves ophthalmopathy, 211
Graves's disease, 330, 330t
Griesinger's sign, 447
Grisel syndrome, 447
Grommet insertion, 65, 65f
Gums (gingivae), 216, 216f

examination of, 382
Gustatory lacrimation, 98
Gustatory sweating, 98, 236
Gutmann's pressure test, 447

H
Habenula perforata, 447
Haemangiomas, 106, 203, 203f, 223, 224f, 

269
capillary, 211–212
of larynx, 306
of orbit, 211
of salivary glands, 234

Haemangiopericytoma, 204
Hair cells, 13

inner compared to outer, 14t
nerve supply of, 13
types of, 16, 16f

Hallpike manoeuvre, 42, 42f, 42t
Hand, foot and mouth disease, 217
Handicap, 38

degree of hearing, 39, 40t
Hard palate, 216, 216f

carcinoma of, 228
examination of, 382

Hashimoto thyroiditis, 329
HBOT. See Hyperbaric oxygen therapy
Head and neck space infections, 263–268, 

268t
Head trauma, 46
Hearing

mechanism of, 13–15
physiology of, 13–16

Hearing aids
BAHA, 122–123, 122f–123f, 123t
conventional, 121–122
disadvantages of conventional, 124t
fitting of, 121–122
implantable, 123–124, 124f
indications for, 121
types of, 121, 122f

Hearing assessment, 21–28
audiometric tests for, 23–26
clinical tests for, 21–23

finger friction test, 21
speech (voice) test, 21
tuning fork tests, 21–23, 22f, 22t, 64
watch test, 21

special tests for, 26–28
Hearing impaired, rehabilitation of. See also 

Cochlear implants; Hearing aids.
assistive devices for, 127
implants for, 124–127

ABI, 127
instrumental devices for, 121–124
training for, 127

Hearing level (HL), 20
Hearing loss

autoimmune inner ear disease and, 36
classification of, 29, 38, 38f
conductive, 21, 450

aetiology of, 29, 30t
in different lesions of conductive 

 apparatus, 29
management of, 29–32

Down syndrome and, 116t–117t
fluctuating, 447
handicap degree in, 39, 40t
labyrinth inflammations causing, 33
Ménière's disease and, 101
mixed, 21
noise trauma and, 34–36, 449
noise-induced, 34

permissible exposure in, 35, 35t
permissible limits in, 35, 35t
preventing, 35, 35t

non-organic, 37–38
in otitis media, 72
ototoxic drugs and, 33–34, 34t
presbycusis and, 37
sensorineural, 21

aetiology of, 32
characteristics of, 32–33
diagnosis of, 32
familial progressive, 33
management of, 33

social and legal aspects of, 38–39
specific forms of, 33–37
SSNHL, 358–359
sudden, 36–37

aetiology of, 36
management of, 36–37
prognosis of, 37, 37t
treatment of, 37

syndromes associated with, 116t–117t
tubercular otitis media and, 74
unilateral, 39

Heimlich manoeuvre, 323, 323f
Helicot, 9
Hemifacial spasm, 98, 98f
Hennebert's phenomenon, 448
Hennebert's sign, 448
Hereditary haemorrhagic telangiectasia, 180
Herpangina, 217
Herpes zoster oticus, 52, 55

facial paralysis from, 96, 96f
Herpetic gingivostomatitis, 217
Hiatus hernia, 343
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Hitzelberger sign, 449
HIV. See Human immunodeficiency virus
HL. See Hearing level
Hoarseness, 313, 313t
Hormonal therapy, 249–250
Horner syndrome, 448
Human immunodeficiency virus (HIV)

AIDS patients and, 369–370
antiretroviral drugs for, 372
course of, 370
diagnostic tests for, 371
ENT manifestations of, 370–371
healthcare workers and infection of, 

371–372
management of, 372
universal precautions for, 372

HIV-I virion, structure of, 369, 370f
India history and epidemiology with, 369, 

370t
life cycle of, 369–370
transmission modes of, 369

Hump nose, 143
Hurthle cell

adenoma, 334
carcinoma, 331–332

Hydraulic ratio, 446
Hydrochloroquine, 34
Hyperbaric oxygen therapy (HBOT), 

358–359, 359f
Hypernasality, 315, 315t
Hyperthyroidism, 330, 330t
Hypoglossal-facial anastomosis, 99
Hyponasality, 315, 315t
Hypopharynx

anatomy of, 241, 241f–242f
functions of, 242
lymphatic drainage of, 241–242
tumours of, 273–274

postcricoid region carcinoma, 273–274
posterior pharyngeal wall carcinoma, 

274
pyriform sinus carcinoma, 273

Hypopnoea, 276
Hypothyroidism, 100

rhinitis due to, 171
symptoms and signs of, 329–330, 330t

Hyrtl's fissure, 448

I
Idiopathic orbital inflammation, 211
Immunotherapy, 169
Impairment, 38
Impedance audiometry, 24–26, 25f, 65, 119
Incisura terminalis, 2, 3f
Incus, 7
Infectious mononucleosis, 259–260
Inferior turbinate, 135
Inflammatory oedema of lids, 200
Instruments

ear, 451–452
for hearing impaired rehabilitation, 

121–124
larynx and trachea, 459–464
nose, 453–455
throat, 456–459
for tinnitus, 131

Intermittent low-pressure pulse therapy, 104, 
105f

Internal ear, 9–11. See also Labyrinth.
autoimmune disease of, 36
bony labyrinth of, 9, 9f
fluids and circulation in, 10
membranous labyrinth of, 9f, 10

Intranasal ethmoidectomy, 173

Intranasal inferior meatal antrostomy, 410, 
410f

Intranasal meningoencephalocele, 203
Intratonsillar abscess, 261
Intratympanic gentamicin therapy, 104
Intratympanic muscles, 7–8
Intrinsic muscles, 283–284, 283f–284f
Intubation granuloma, 304

J
Jacobson's nerve, 448
Jarjaway fracture, 147, 148f
Jaw thrust, 319
Jervell and Lange-Nielson syndrome, 

116t–117t
Jugular chain, anterior, 386
Jugular foramen syndrome, 448
Juvenile nasopharyngeal angiofibroma, 

246–250, 247f–248f, 249t
Juxtavisceral chain, 386

K
Kallmann syndrome, 448
Kaposi sarcoma, 229–230, 371
Kartagener syndrome, 172, 448
Keloid, 106, 106f
Keratoacanthoma, 106–107
Keratosis obturans, 54, 304
Kiesselbach's plexus, 147
Killian's dehiscence, 238
Killian's polyp. See Antrochoanal polyp, 

173–175
Kilovoltage machines, 364
Klippel-Feil syndrome, 116t–117t
Korner's septum, 7, 448
Krause's nodes, 448

L
Labyrinth

anatomy of, 86
blood supply of, 10–11, 11f
bony, 9–11, 9f
fluids in, 10
inflammations, 33
membranous, 9f, 10

development of, 12, 12t
otic, 86
otic capsule, 86
periotic, 86

Labyrinthectomy, 104
Labyrinthitis, 33

circumscribed, 45, 80
purulent, 45
serous, 45, 80–81
suppurative, 81

Laryngeal foreign body, 321, 322f–323f, 323
Laryngeal mask airway, 319, 319f, 463–464
Laryngeal web, 295, 296f
Laryngectomy, total, 310

vocal rehabilitation after, 312, 312f, 312t
Laryngitis

acute, 289
atrophic, 293
chronic

without hyperplasia, 291–292
hypertrophic, 292

persistent, 201
supraglottic, 289–290, 290t

Laryngocele, 295, 304, 305f
Laryngomalacia, 295, 295f
Laryngo-oesophageal cleft, 295
Laryngopharynx. See Hypopharynx

Laryngoscopy
direct, 297, 310

anaesthesia for, 422
complications with, 423
contraindications of, 422
indications of, 422
position for, 422
postoperative care for, 423
procedure for, 422–423, 422f

flexible fibreoptic, 297
indirect, 309

structures seen in, 384, 384f
technique for, 384, 384f

micro, 310
Laryngotracheal trauma

aetiology of, 287
clinical features of, 287
complications of, 288
diagnostic evaluation of, 287–288
pathology of, 287
treatment of, 288

Laryngotracheobronchitis, 290, 290t, 446
Larynx

anatomy of, 282–285
artificial, 312, 312f
benign tumours of

neoplastic, 303t, 305–306
non-neoplastic, 303–305, 303t
rare, 306

cancer of, 449
aetiology of, 307
classification and staging of, 307, 307f, 

307t–308t
diagnosis of, 309–310
epidemiology of, 307
glottic, 309, 309f, 311, 311f
histopathology of, 307–309
subglottic, 309, 311
supraglottic, 309, 311
treatment of, 310–311

cartilages of, 282, 282f
cavity of, 284–285, 284f
congenital legions of, 295, 295f–296f
cyst of, 295
diphtheria of, 290–291
embryological development of, 285
examination of, 384–385
foreign bodies in, 440f
haemangiomas of, 306
hidden areas of, 448
infraglottic, 284
inlet of, 284, 284f
instruments for, 459–464
joints of, 282–283
leprosy of, 293
lupus of, 293
lymphatic drainage of, 285
membranes of, 282f–283f, 283
mucous membrane of, 285
muscles of, 283–284, 283f–284f
mycosis of, 294
nerve supply of, 285, 298, 298f
oedema of, 291
paediatric, 285–286
paralysis of

causes of, 298, 299t
classification of, 298
combined (complete), 301
phonosurgery for, 301–302
recurrent, bilateral, 300, 300f
recurrent, unilateral, 298–300, 299t
of superior nerve, 300–301

physiology of, 286
scleroma of, 294
sinus of, 284
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Larynx (Continued)
spaces of, 283f, 285, 285f
syphilis of, 293
total laryngectomy for, 310

vocal rehabilitation after, 312, 312f, 312t
tuberculosis of, 293
vestibule of, 284

Lasers
advantages and disadvantages of, 356
Argon, 356
clinical applications of, 356–357
CO2, 357
diode, 357
in ear surgery, 356
electromagnetic spectrum and, 355–356, 

355f
invisible, 355
KTP, 356–357
operational parameters of, 356
photodynamic therapy with, 358
principle of, 354–358
properties and effects of, 355
safety precautions in use of, 357–358
tissues effects and damage from, 354–355, 

354f–355f
types of, 354, 355t
visible, 355f, 355
YAG, 357

Lateral sinus thrombophlebitis, 84–85
Lateral wall of nose, blood supply in, 176, 

178f
Lederman's classification, 207, 207f
Leiomyoma, 345
Lempert's incision, 400, 401f
Leprosy, of nose, 157–158, 157f
Lermoyez syndrome, 103, 448
Leukaemia, 260
Leukoplakia, 224–225, 225f, 304

hairy, 371
Leukotriene receptor antagonists, 169
Lever ratio, 448
Lhermitte's sign, 448
Lichen planus, 219
Lids, inflammatory oedema of, 200
Linear accelerator, 364
Lingual thyroid, 328, 328f
Lips, 216, 216f

carcinoma of
classification of, 228t
clinical presentation and treatment of, 

226, 226f
sites of, 226–229
staging of, 228t

examination of, 381–382
Little's area, 147

blood supply in, 176
Loudness, 19
Loudness discomfort level, 20
Ludwig's angina, 263–264, 264f
Lupus erythematosus, chronic discoid, 219
Lupus vulgaris of nose, 157
Lymphangioma, 223, 234
Lymphoma, 204, 212, 229, 236, 394

Non-Hodgkin, 371
thyroid, 333

Lyre's sign, 448

M
MacEwen's triangle, 5, 6f
Macrotia, 48
Macula, 10

structure of, 16, 16f–17f
Maggots, nose, 161–162, 162f
Malignant ceruminoma, 108

Malignant melanoma, 108
Malignant mixed tumour, 235
Malleus, 7, 448
Marcus Gunn pupil, 448
Marcus Gunn syndrome, 448
Masking, 19
Mastoid

abscess behind, 79
air cell system of, 6–7, 7f
antrum, 5, 6f, 448
development of, 7
examination of, 377
facial paralysis from surgery of, 96–97
obliteration of, 400
surgery, 400–402
tip, 448
tumours of

carcinoma, 110–111
classification of, 109
glomus, 109–110
sarcomas, 111, 111f
secondary, 111

Mastoidectomy
cortical, 400–402, 401f

complications of, 402
indications for, 401–402, 402f
operation steps for, 401f, 402
position for, 402
postoperative care for, 402

modified radical, 400, 405f
indications for, 405
operations steps for, 405

radical, 400, 403f
anaesthesia for, 403
complications with, 404
indications for, 403
operations steps for, 403–404, 404f
position for, 403
postoperative care for, 404

tympanoplasty with, 400
tympanoplasty without, 400

Mastoiditis
acute, 76–79

abscesses in relation to, 78–79, 78f–79f
aetiology of, 76
clinical features of, 76–77, 77f
complications of, 78
differential diagnosis for, 77–78
investigations with, 77
pathology of, 76, 77f
treatment of, 78

masked (latent), 79
petrositis and, 79–80

Maxilla fractures, 184, 185f
Maxillary sinus, 187–188, 187f, 449

carcinoma of, 205–209
classification of, 207, 207f, 208t
clinical features of, 205–207, 206f
diagnosis of, 207
prognosis of, 208–209
treatment of, 207–208

examination of, 379–380
mucociliary clearance of, 190

Maximal stimulation test (MST), 93
MCL. See Most comfortable level
Meatoplasty, 400
Meatus, external auditory, 2, 447

acquired atresia and stenosis of, 54, 55f
bony part of, 2
cartilaginous part of, 2
development of, 11–12
examination of, 376, 376f
nerve supply of, 4
relations of, 3
tumours of, 107–108, 107f

Meatus, nasal
middle, 137f, 136–137, 136f–137f

atrium of, 138
superior, 138

Median rhomboid glossitis, 220
Medullary carcinoma, 332–333, 332t
Melanoma, 107, 145, 229

malignant, 204
Melanosis, 225
Melkersson syndrome, 96
Membranous labyrinth, 9f, 10

development of, 12, 12t
Ménière's disease, 45

aetiology of, 100, 101f
clinical features of, 100–101
diagnosis of, 103
examination of, 101
hearing loss and, 101
investigations of, 101–102, 102f, 102t
Ménière's syndrome compared to, 103
pathology of, 100, 101f
staging of, 103, 103t
treatment of

acute attack management, 103–104
chronic phase management, 104
general measures, 103
surgery and, 104–105, 105f

variants of, 102–103, 103f
vertigo and, 100–101

Ménière's syndrome, Ménière's disease 
 compared to, 103

Meningioma, 203
Meningitis, 81–82
Meningoencephalocele, 144
Metastatic lymph nodes, 394
Methotrexate, 368t
Methylene blue test, 59–60
Michel aplasia, 115, 448
Microtia, 48, 48f
Microtron, 364
Microwick, 104
Middle ear, 4–8, 450

anterior wall of, 5, 5f
blood supply of, 8
cleft

development of, 12, 12f
lining of, 8

disorders of, 62–66
divisions of, 4, 5f
eustachian tube clearance of secretions 

in, 59
eustachian tube regulating pressure in, 

57–58
examination of, 377
floor of, 5, 5f
lateral wall of, 5
lymphatic drainage of, 8, 9t
medial wall of, 5, 6f
natural resonance of, 15, 15t
ossicles of, 7, 8f, 14
posterior wall of, 5, 6f
roof of, 5, 5f
transformer action of, 14
tumours of

carcinoma, 110–111
classification of, 109
glomus, 109–110
sarcomas, 111, 111f
secondary, 111

volume of, 450
Middle turbinate, 136
Migraine, basilar, 46
Mikulicz cells, 156, 156f
Minimal nerve excitability test, 93
Modified Kobrak test, 43
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Modiolus, 9, 448
Mondini dysplasia, 115
Moniliasis (candidiasis), 217
Most comfortable level (MCL), 20
Motion sickness, 18
Mouth, floor of, 216, 216f

carcinoma of, 229, 229f
examination of, 382

MST. See Maximal stimulation test
Mucocele, 224, 225f
Mucoepidermoid carcinoma, 235–236
Mucormycosis, 159, 449
Mucosal hyperpigmentation, 225
Mucous retention cysts, 198–199, 269
Müller's manoeuvre, 449
Multiple sclerosis, 46
Multiple sleep latency test, 276
Mumps (viral parotitis), 231
Myringitis bullosa, 55
Myringitis granulosa, 55
Myringoplasty, 29–30, 31f, 400

complications with, 407
contraindications for, 406
fat-graft, 407
position for, 406
postoperative care for, 406
technique for, 406–407, 407f

Myringotomy, 65, 65f
anaesthesia for, 398
complications of, 399
contraindications of, 398
indications of, 398
operation steps of, 398, 398f
pitfalls of, 398–399
postoperative care for, 399

N
Nares, stenosis and atresia of, 146, 146f
Nasal cavity, 135–138

bilateral obstruction of, 174t
carcinoma of, 204
choanal atresia and, 163
floor of, 138
foreign bodies in, 161
lateral wall of, 135–138
medial wall of, 138
nasal synechia obstructing, 162–163, 163f
neoplasms of

benign, 202–204, 202t
malignant, 202t, 204

rhinolith in, 161
roof of, 138

Nasal dermoid, 204
Nasal fracture X-rays, 434
Nasal mastocytosis, 172
Nasal myiasis (maggots in nose), 161–162, 

162f
Nasal packs, 420
Nasal polypi

antrochoanal polyp, 173–175, 173t–175t, 
174f

bilateral ethmoidal, 172–173, 175t
important point to remember on, 175

Nasal provocation test, 168
Nasal secretions, CSF rhinorrhoea compared 

to, 164t
Nasal septum

anatomy of, 147, 147f
blood supply in, 176, 177f
DNS, 148–150

aetiology of, 148
clinical features of, 149, 149f
treatment for, 149–150
types of, 148–149, 148f–149f

Nasal septum (Continued)
fractures of, 147–148

aetiopathogenesis of, 147, 148f
complications of, 148
treatment of, 148

perforation of, 151, 151f
septal abscess and, 150–151, 150f
septal haematoma and, 150, 150f

Nasal synechia, 162–163, 163f
Naso-orbital fractures, 183
Nasopharyngeal airway, 319
Nasopharyngeal angiofibroma, 246–250, 

247f–248f, 249t
Nasopharyngeal bursa, 239, 239f
Nasopharyngeal cancer

aetiology of, 250
classification of, 252, 253t
clinical features of, 251–252, 251f
epidemiology and geographic distribution 

of, 250–252
pathology of, 250–251, 250t
spread of, 251, 251f
treatment of, 252

Nasopharyngeal tonsil, 239
Nasopharyngitis

acute, 244
chronic, 244–245

Nasopharynx. See also Adenoids
acute nasopharyngitis of, 244
anatomy of, 238–240, 239f
bilateral obstruction of, 174t
carcinoma of, 446
chronic nasopharyngitis of, 244–245
epithelial lining of, 240
examination of, 380–381
functions of, 240
lymphatic drainage of, 240
pharyngeal bursitis and, 245
tumours of

benign, 246–250, 246t
malignant, 246t, 250–253

X-ray, soft tissue lateral view of, 434
Neck. See also Head and neck space 

infections.
dissection, 388–389

classification of, 388–389
extended, 389
modified, 388–389
radical, 388, 389f
selective, 389

masses of, 390–396, 390f–391f
nodes

classification by level of, 387–388, 
387f–388f, 387t

examination of, 386–387, 387f
X-ray, anteroposterior view of, 434
X-ray, lateral view of, 434

Neoplasms, 97
Neurodermatitis, 52
Neurofibroma, 107
Nicotine stomatitis, 220
Noise, 19
Noise trauma, 34–36
Noise-induced hearing loss, 34

permissible exposure in, 35, 35t
permissible limits in, 35, 35t
preventing, 35, 35t

Non-nucleotide reverse transcriptase inhibi-
tors, 372

Non-organic hearing loss, 37–38
Non-REM sleep, 277, 278t
Nose. See Ear, nose and throat

air-conditioning of inspired air by, 140
anatomy of, 133–139
bilateral obstruction of, 174t

Nose (Continued)
blood supply in, 139, 176, 177f–178f
cellulitis of, 143
deformities of, 143
examination of, 378–379

functional, 379, 379f
symptomatology for, 377–378

external, 134
diseases of, 143–145
examination of, 378
tumours of, 143–145, 144t

fractures of, 182–183, 182f–183f
granulomatous diseases of

bacterial, 156–158, 157t
fungal, 157t, 158–159
of unspecified cause, 157t, 159–160

instruments for, 453–456
internal, 135–138

lining membrane of, 138–139
lateral wall of nose, blood supply in, 176, 

178f
leprosy of, 157–158, 157f
lower airway protection by, 140–141, 141f
lupus vulgaris of, 157
lymphatic drainage of, 139
maggots in, 161–162, 162f
musculature of, 134
nerve supply of, 139f, 138–139
olfaction and, 142
osteocartilaginous framework of, 134,  

135f
respiration in, 140, 141f
skin of, 134
syphilis of, 157
tuberculosis of, 157
unilateral obstruction of, 173t
vestibule of, 135

bilateral obstruction of, 174t
diseases of, 145–146
examination of, 378
lining membrane of, 138
tumours of, 146

vocal resonance and, 141
Nucleoside reverse transcriptase inhibitors, 

372
Nut-cracker oesophagus, 344
Nystagmus

caloric test and, 43–44, 43f–44f
cerebellar dysfunction test and, 42
degree of, 42t
electronystagmography and, 44
Fistula test and, 41
Hallpike manoeuvre for, 42, 42f, 42t
optokinetic test and, 44
past-pointing and falling with, 42
positional, 42t
spontaneous, 41

O
OAEs. See Otoacoustic emissions
Obstructive sleep apnoea (OSA)

consequences of, 277t
management of, 279t
pathophysiology of, 277

Ocular vertigo, 47
Oesophageal spasm, diffuse, 344
Oesophageal speech, 312
Oesophagoscopy

flexible fibre optic, 427, 427f
rigid, 426–427
transnasal, 427

Oesophagotomy
cervical, 350
transthoracic, 350
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Oesophagus. See also Dysphagia
acute oesophagitis and, 342
anatomy of, 340, 340f–341f
Barrett's, 446
benign structures of, 343
carcinoma of, 345–346
corrosive burns of, 342–343
dysphagia caused by, 347, 348f
foreign body in, 437f–439f
globus pharyngeus and, 344
hiatus hernia and, 343
lymphatic drainage of, 340
motility disorders of, 344–345
neoplasms of, 345–346
nerve supply of, 340
nut-cracker, 344
perforation of, 342
physiology of, 340
Plummer–Vinson syndrome and, 343–344, 

449
swallowing phases and, 341

Ohngren's line, 207, 207f
Olfaction, 142
Olfactory neuroblastoma, 204
Olfactory pathways, 142
Oncocytoma, 234
Oncovin, 368t
Optokinetic test, 44
Oral cavity

anatomy of, 216, 216f
carcinoma

aetiology of, 225–226
classification of, 228t
clinical presentation and treatment of, 

226
sites of, 226–229
staging of, 228t

examination of, 381–382
lymphatic drainage of, 216
miscellaneous lesions of, 220
nonsquamous malignant lesions of, 

229–230
palpation of, 382, 382f
radiation and care of, 366
tumours of

benign, 223–224
chemoprevention for, 230
classification of, 223
cystic lesions, 224
malignant lesions, 225–230
premalignant lesions, 224–225
solid, 223–224

ulcers of, 217–220
blood disorders, 219, 219f
causes of, 217t
drug allergy, 219
immune disorders, 218, 218f
infection, 217–218
miscellaneous, 220
neoplasms, 218
skin disorders, 218–219
trauma, 218, 219f

Oral submucous fibrosis (OSF),  
220–222

aetiology of, 220–221
clinical features of, 221, 222f
pathogenesis of, 221, 221f
pathology of, 221
treatment of, 221

Orbital apex syndrome, 200, 200f
Orbital cellulitis, 200, 201t
Orbital floor fractures, 184, 184f
Organ of Corti, 13
Oroantral fistula, 186
Oropharyngeal airway, 319

Oropharynx
anatomy of, 240
boundaries of, 240, 241f
examination of, 382–384
functions of, 241
lymphatic drainage of, 240
styalgia and, 272
tumours of

benign, 269
malignant, 269–272, 270t

Orphan Annie eye appearance, 330–331
Ortner syndrome, 449
OSA. See Obstructive sleep apnoea
Oscillopsia, 447
OSF. See Oral submucous fibrosis
Osseous spiral lamina, 9
Ossicles, of middle ear, 7, 8f, 14
Ossicular necrosis, 72
Ossicular reconstruction, 30, 31f, 31t
Ossiculoplasty, 29
Ossifying fibroma, 205
Osteoma, 107, 107f

in frontal sinus, 205, 205f
Osteomyelitis, 199–200, 199f–200f
Osteotomies, 279
Otalgia (earache)

local causes of, 128
psychogenic causes of, 129
referred causes of, 128–129, 128f

Otic capsule, 449
Otitic hydrocephalus, 85
Otitis externa

diffuse, 51
eczematous, 52
haemorrhagica, 52
malignant, 52
necrotizing, 449
seborrhoeic, 52

Otitis media, 201. See also Chronic suppura-
tive otitis media; Mastoiditis

acute necrotizing, 63
acute suppurative, 62–63

aetiology of, 62
pathology and clinical features of,  

62–63
predisposing factors of, 62
route of infection of, 62
treatment of, 63, 63t, 64f

aero-, 66
complications of

facial paralysis and, 80
factors influencing development of, 75
intracranial, 75–76, 76f, 81–85
intratemporal, 75–81, 76f
pathways of spread of infection in, 75

with effusion, 64–66
aetiology of, 64
clinical features of, 64, 65f
hearing tests for, 64–65
pathogenesis of, 64
treatment of, 65, 65f

hearing loss in, 72
mucoid, 64
organisms in acute, 448
ossicular necrosis and, 72
recurrent acute, 66
secretory, 64

sequelae of, 65–66
sequelae of, 76
serous, 64
syphilitic, 74
tubercular, 74
unilateral with effusion, 448

Otoacoustic emissions (OAEs), 27–28
Otomycosis, 52

Otosclerosis, 86–89
aetiology of, 86
differential diagnosis of, 88
pathology of, 87
signs of, 87, 87f
sites of stapedial, 449
symptoms of, 87
treatment of, 88–89
types of, 86, 87f

Ototoxic drugs, hearing loss and, 33–34, 34t
Oval window, 5, 9

round window phase differential between, 
15

Overtones, 19

P
P24 antigen assay, 371
Pachydermia laryngis, 292–293
Palatine arch, carcinoma of, 271, 271f
Papillary cystadenoma lymphomatosum, 234
Papillary thyroid carcinoma, 330–331
Papilloma, 106, 108, 223, 269

inverted, 202, 203f, 448
Schneiderian, 202, 203f, 450
Squamous, 202, 202f

adult-onset, 306
juvenile, 305–306, 305f, 449

transitional cell, 202, 203f
Paraglottic space, 283f, 285, 285f
Paranasal sinuses. See also Ethmoidal sinuses; 

Frontal sinus; Maxillary sinus; Sinusitis; 
Sphenoid sinus.

anatomy of, 187–190
development and growth of, 189, 189t
examination of, 379–380
functional endoscopic surgery of, 197, 

197f
functions of, 190
fungal infections of, 196–197
lymphatic drainage of, 189–190
mucocele of, 198–199, 199f
mucociliary clearance of, 190
mucous membrane of, 188–189
neoplasms of

benign, 205
malignant, 205–210, 206f

physiology of, 190
risk factors associated with, 449
X-ray of

Caldwell view of, 434
lateral view of, 434, 437f
right and left oblique views of, 434
submentovertical view of, 434
Waters' view of, 433, 436f

Parapharyngeal abscess, 266f–267f, 267–268
Parapharyngeal tumours, 272, 392
Parathyroid glands, 327
Parotid abscess, 263
Parotid gland and duct, 181
Pars flaccida, of tympanic membrane, 2, 4f
Pars tensa, of tympanic membrane, 2, 3f–4f
Passavant's ridge, 240
Past-pointing, 42
Paterson–Brown–Kelly syndrome, 343–344, 

449
PB max. See Phonetically balanced max
PCR tests, 371
Pemberton's manoeuvre, 449
Pemphigus vulgaris, 218
Perichondritis, 50, 50f
Perilymph, 10, 11t

fistula, 46
Peripheral receptors, 16, 16f–17f
Peritonsillar abscess, 264–265, 265f
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Petrositis, 79–80
Pharyngeal bursitis, 245
Pharyngeal pouch

aetiology of, 274
clinical features of, 274–275
pathology of, 274
sites of, 274–275, 274f
treatment of, 275

Pharyngeal wall, 238, 239f
lateral, carcinoma of, 271–272
posterior

carcinoma of, 271–272, 274
examination of, 383

Pharyngitis, 201
acute, 254–255, 255t
atrophic, 256
chronic, 255–256, 256f
fungal, 254
keratosis, 256
viral infections causing, 254

Pharyngotympanic tube. See Eustachian  
tube

Pharynx. See also Hypopharynx; Nasophar-
ynx; Oropharynx

anatomy of, 238
divisions of, 238–242, 239f
spaces of, 238

Phonasthenia, 314, 314f
Phonation, 286
Phonetically balanced max (PB max), 24
Photodynamic therapy, 358
Photon beams, 362, 363f
Pierre-Robin sequence, 116t–117t, 449
Pillars, examination of, 383
Pinna, 2. See also Auricle.

avulsion of, 49
development of, 11, 12f
diseases of, 48–50

auricle trauma, 49–50
congenital disorders, 48–49
inflammatory disorders, 50

examination of, 376
nerve supply of, 4

Pitch, 19
Plasmacytoma, 204
Pleomorphic adenoma, 202, 234, 269
Plummer–Vinson syndrome, 343–344, 449
Politzer test, 59
Polychondritis, relapsing, 50
Polypectomy, 173
Polysomnography, 278

split-night, 278
Ponticulus, 5
Positional test. See Hallpike manoeuvre
Postaural incision, 401, 401f
Postcricoid region, carcinoma of, 273–274
Posterior inferior cerebellar artery syndrome 

(Wallenberg syndrome), 46, 450
Posterior suspensory ligament, 326
Posturography, 44
Pouch of Luschka, 449
Preauricular sinus, 49, 49f, 106
Preauricular tags or appendages, 48, 49f
Pre-epiglottic space of Boyer, 283f, 285,  

285f
Pregnancy

granuloma, 223
rhinitis, 170–171

Prelaryngeal nodes, 390
Preoperative open biopsy, 449
Presbycusis, 37
Pretracheal nodes, 390
Processus cochleariformis, 5
Promontory, 5
Proof puncture. See Antral lavage

Proptosis
aetiology of, 211–213, 211t
evaluation of, 212–213
management of, 213

Prosthesis, 32, 32f
Protease inhibitors, 372
Prussak's space, 449
Psammoma bodies, 449
Psychogenic vertigo, 47
Puberphonia, 314
Pure tone, 19
Pure tone audiometry, 23, 23f, 87, 101, 102f
Pyogenic granuloma, 223, 224f
Pyriform sinus, carcinoma of, 273

Q
Quinine, 34
Quinsy. See Peritonsillar abscess

R
Radiation. See also Radiotherapy.

cancer treatment modes of, 364–365, 364t
cyberknife stereotactic, 364
dose, 364
infection prevention for, 366
nutrition and, 366
oral cavity care with, 366
particle, 362
postoperative, 365
preoperative, 365
skin care with, 366
sources of, 364, 364t
teeth care with, 366
types of beams, 362, 363f
unit of, 364, 364t

Radioactive material, 364
Radioallergosorbent test (RAST), 168
Radiofrequency surgery in ENT, 358
Radiological test, 59
Radiotherapy, 249, 252. See also Radiation.

chemotherapy combined with, 365
complications of, 365–366, 366t
conformal, 362
curative, 310
intensity modulated, 362–364
modes of, 362–364
for palliation, 365
patient care during, 366
planning, 365
surgery and, 365

Ramsay–Hunt syndrome. See Herpes zoster 
oticus

Ranula, 224, 225f
plunging, 392

RAST. See Radioallergosorbent test
Rathke's pouch, 239–240, 449
RDI. See Respiratory disturbance index
Recruitment, 26, 26f, 449
Recurrent laryngeal nerve, 326
Regenerative nodule, 334
Reinke's space, 285, 448

oedema of, 304
REM sleep, 277, 278t
Respiration, 286
Respiratory disturbance index (RDI),  

276
Retromolar trigone, 216, 216f

examination of, 382
Retropharyngeal abscess, 265–266, 266f

acute, 266, 266f
chronic, 266–267

Retropharyngeal nodes, 386, 386f
Rhabdomyosarcoma, 111, 111f, 212

Rhinitis
acute, 152

bacterial, 152
irritative, 152
viral, 152

allergic
aetiology of, 166
clinical features of, 167
complications of, 168
diagnosis and classification of, 167, 168t
investigations on, 167–168
pathogenesis of, 166–167, 166f–167f
treatment for, 168–169

atrophic, 153–155
medical treatment for, 154
primary, 153–154
secondary, 154–155
surgery for, 154
unilateral, 155

caseosa, 155
chronic, 152–155

hypertrophic, 153
simple, 152–153

drug-induced, 170
emotional, 171
gustatory, 171
honeymoon, 171
hypothyroidism and, 171
medicamentosa, 170
non air-flow, 171
of pregnancy, 170–171
sicca, 155
vasomotor, 170

Rhinolalia aperta, 315, 315t
Rhinolalia clausa, 315, 315t
Rhinolith, in nasal cavity, 161
Rhinophyma, 144, 144f
Rhinoscleroma, 156–157, 156f, 449
Rhinoscopy

anterior, 378, 378f, 380
posterior, 378–379, 379f, 381

Rhinosinusitis, chronic, 172
Rhinosporidiosis, 158–159, 158f–159f
Rima glottidis, 284, 284f
Ringertz tumour, 202, 203f, 448
Rinne test, 22, 22t
RLN triangle, 328
Rodent ulcer. See Basal cell carcinoma
Roll over phenomenon, 24
Romberg test, 41
Rosen's incision, 400, 401f
Rose's position, 428, 429f
Rotation test, 44
Round window, 5

oval window phase differential between, 15
Rouviere node, 449
Russell bodies, 156, 156f, 450

S
Saccharine test, 59–60
Saccular cysts, 304
Saccule, 10, 18
Sacculotomy, 104
Saddle nose, 143, 143f
Salicylates, 34
Salivary glands

acute suppurative parotitis and, 231–232, 
232f

calculi of, 232f–233f, 233
chronic recurrent sialadenitis and, 232
granulomatous diseases of, 232–233
haemangiomas of, 234
mumps in, 231
sialectasis and, 232
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Salivary glands (Continued)
Sjogren's syndrome and, 233
tumours of

benign, 234, 234t
malignant, 234t, 235–236
minor, 223, 229, 229f

Samter's triad, 450
Sarcoidosis, 160
Scarpa's ganglion, 16–17
Schatzki's ring, 345
Schaumann's bodies, 450
Scheibe dysplasia, 115
Schirmer test, 97
Schneiderian papilloma, 202, 203f,  

450
Schwabach's test, 22, 22t
Schwannoma, 202
Schwartz sign, 450
Scleroderma, 345
Sclerotic mastoid cells, 6
Screamer's nodes, 303–304, 303f–304f
Scutum, 5
Sebaceous adenoma, 108
Sebaceous cyst, 106
Semicircular canals, 9

malformations of, 115
stimulation of flow in, 17, 17f

Semicircular ducts, 10
Sensation level (SL), 20
Septal abscess, 150–151, 150f
Septal haematoma, 150, 150f
Septoplasty, 150

indications for, 415
postoperative care for, 415–416
postoperative complications with, 416
technique for, 415, 416f

Septum of nose. See Nasal septum
Short increment sensitivity index test  

(SISI test), 26
Sialadenitis, chronic recurrent, 232
Sialectasis, 232
Sicca syndrome, 233
Sigmoid sinus thrombophlebitis, 84–85
Singer's nodes, 303–304, 303f–304f
Sinus of Morgagni, 239f, 240
Sinus tympani, 5
Sinusitis

acute
aetiology of, 191
bacterial, 448
ethmoid, 193
frontal, 192–193, 193f
fulminant fungal, 446
maxillary, 192
pathology of, 191
sphenoid, 193–194
trephination in, 193, 193f

allergic fungal, 196
chronic

clinical features of, 195
diagnosis of, 195
invasive, 196
pathology of, 195
pathophysiology of, 195, 195f
surgery for, 196
treatment of, 195–196

complications of, 198f, 198t
descending infections, 201
focal infections, 201
intracranial, 200–201
local, 198–200
orbital, 200, 200f

fulminant fungal, 196
fungal, 447

noninvasive forms of, 449

Sipple syndrome, 450
SISI test. See Short increment sensitivity 

index test
Sjogren's syndrome, 233
SL. See Sensation level
Sleep apnoea, 276–279

clinical evaluation of case of, 277–279
non-REM sleep, 277, 278t
obstructive

consequences of, 277t
management of, 279t
pathophysiology of, 277

REM sleep, 277, 278t
Sleep efficiency, 276
Sluder's neuralgia, 450
Smell disorders, 142
SMR operation. See Submucous resection 

operation
Snoring, 276–277
Sodium cromoglycate, 168
Soft palate, examination of, 383
Solid angle, 450
Solitary fibrous tumour, 223
Sonotubometry, 60
Sound, 19

complex, 19
conduction of, 14–15
intensity of, 19

Sound level meter, 20
Sound pressure level (SPL), 20
Speech audiometry, 23–24, 23f, 24t, 101
Speech conversation, 127
Speech discrimination score, 23, 23f, 24t
Speech disorders, 313–315
Speech frequencies, 20
Speech reading, 127
Speech reception threshold (SRT), 23
Sphenoethmoidal recess, 138
Sphenoid sinus, 188, 188f

examination of, 380
malignant neoplasms of, 210
mucociliary clearance of, 190

Sphenoidotomy, 420
SPL. See Sound pressure level
Squamous cell carcinoma, 107–108, 107f, 

145, 145f, 235, 235f
Squamous papilloma, 202, 202f

adult-onset, 306
juvenile, 305–306, 305f, 449

SRT. See Speech reception threshold
SSNHL. See Sudden sensorineural hearing 

loss
Stapedectomy, 88–89, 89f
Stapedial muscle paralysis, 449
Stapedial test, 97
Stapedius, 7–8
Stapes, 7, 88, 88f
Steeple sign, 446
Stenosis, of nares, 146, 146f
Sternomastoid tumour, 395
Stickler syndrome, 116t–117t
Strap muscles, 327
Stridor

aetiology of, 296
investigations of, 297
management of, 296–297
physical examination of, 297
treatment of, 297
types of, 296–297, 296f

Stroboscopy, 385
Stuttering, 315
Styalgia (Eagle syndrome), 272, 447
Subglottic space, 284

congenital stenosis of, 295
haemangioma of, 295

Subiculum, 5
Sublingual nodes, 386
Submandibular salivary flow test,  

97–98
Submental nodes, 390
Submucous resection operation (SMR 

 operation), 149–150
complications with, 413–414
for epistaxis, 179
indications for, 413
postoperative care for, 413
present status of, 414
steps of, 413, 414f

Subperiosteal abscess, 200
Sudden sensorineural hearing loss (SSNHL), 

358–359
Summating potential (SP), 15–16
Superior laryngeal nerve, 326
Superior orbital fissure syndrome, 200
Superior turbinate, 138
Supporting cell, 13
Suppurative parotitis, acute, 231–232, 232f
Suprameatal triangle, 5
Supraorbital ridge fractures, 181
Swallowing phases, oesophagus and, 341. See 

also Dysphagia
Sympathomimetic drugs, 168
Synkinesis, 98
Syphilis, 46

nasal, 157
Syringing, of ear, 53, 54f

T
Taste test, 97
T-cell lymphoma, 160
TDDs. See Telecommunication devices for 

deaf
Tectorial membrane, 13
Teeth

examination of, 382
radiation and care of, 366

Tegmen antri, 5
Telecommunication devices for deaf (TDDs), 

127
Teletherapy, 362
Temporal bone fractures

facial paralysis from, 96, 96f, 97t
X-ray of

Law's view of, 433, 435f
Schuller's view of, 433
Stenver's view of, 433
submentovertical view of, 433
Towne's view of, 433
transorbital view of, 433, 435f

Tensor tympani, 7–8
TESPAL. See Transnasal endoscopic 

 sphenopalatine artery ligation
Thermal shock, 360
Thornwaldt's disease, 245
Threshold tone decay test, 26
Throat. See Ear, nose and throat
Thymic cyst, 391
Thyroglossal duct cyst, 390, 391f
Thyroid cyst, 334, 334f
Thyroid gland, 282, 282f

anatomy of, 326b–329b, 327f–328f
arteries of, 326
benign disorders of, 329–330, 330t
capsules of, 326
lymphatic drainage of, 326, 327f
lymphoma of, 333
malignant disorders of, 330–333, 330t
metastases of, 333
physiology of, 328–329, 328f–329f
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Thyroid gland (Continued)
surgery

indications for, 336
preoperative work-up for, 336–337
steps for, 337
types of, 336–337, 336t

veins of, 326
Thyroid nodule

evaluation of, 334–335, 334t, 335f
management of, 335, 335f
types of, 333–335

Tinnitus, 101
causes of, 130, 130t
instrument for, 131
objective, 130
retraining therapy, 131
subjective, 130
treatment of, 130–131
types of, 130

Tissue destruction, mechanism of, 360
Tone decay, 450
Tongue, 216, 216f

carcinoma of, 227–228, 227f, 227t–228t
at base of tongue, 269–271, 270f

examination of, 382
base, 383–384

fissured, 220
geographical, 220, 220f
hairy, 220
miscellaneous lesions of, 220
tie, 220, 220f

Tonsillar cyst, 261
Tonsillar fossa, 271, 271f
Tonsillectomy

anaesthesia for, 428
complications with, 430
contraindications for, 428
indications for, 428
position for, 428, 429f
postoperative care for, 429–430, 430t
steps for, 428–429, 429f–430f
techniques for, 429, 430t

Tonsillitis, 201
acute

aetiology of, 259
complications of, 259
differential diagnosis of, 259–260
signs of, 259
symptoms of, 259
treatment of, 259
types of, 258–260, 258f

chronic, 260–261, 261f
membranous, 259

Tonsilloliths, 261
Tonsils

candidal infection of, 260
carcinoma of, 271, 271f
examination of, 383
lingual, diseases of, 261–262
palatine

anatomy of, 257–258, 258f
function of, 257–258

Topical ear drops, 34
Torus, 223
Toxic shock syndrome, 414
Toynbee's test, 59
Tracheal foreign body, 321, 323, 441f
Tracheal instruments, 459–464
Tracheobronchitis, 201
Tracheo-oesophageal speech, 312
Tracheostomy, 316–320

complications in, 319
elective, 316
emergency, 316, 320
functions of, 316

Tracheostomy (Continued)
indications of, 316, 317t
in infants and children, 318, 318t
mini, 320
operation steps in, 317–318, 317f
percutaneous dilatational, 320
permanent, 316
postoperative care after, 318–319,  

318f
technique for, 317
types of, 316

Tracheostomy tube
for adults, 461
care of, 318
classification of, 462
cuffed, 462–463
Fuller's, 462
Jackson's, 462
size of, 461t, 463

Transantral ethmoidectomy, 173
Transitional cell papilloma, 202, 203f
Transnasal endoscopic sphenopalatine artery 

ligation (TESPAL), 180
Transtracheal jet ventilation, 319
Traumatic ulcer, 218, 219f, 260
Trautmann's triangle, 450
Treacher-Collins syndrome, 116t–117t
Trotter syndrome, 450
True vocal cords, 284
Tubal tonsil, 240
Tubercular lymph nodes, 393–394,  

394f–395f
Tuberculosis, of nose, 157
Tullio phenomenon, 450
Tumarkin's otolithic crisis, 103
Tuning fork tests, 21–23, 22f, 22t, 64
Tunnel of Corti, 13
Tympanic membrane, 2–3, 450. See also 

Myringoplasty.
atrophic, 55–56
cautery-patching of, 407
development of, 12
diseases of, 55–56
examination of, 376–377, 377f
layers of, 3, 4f
nerve supply of, 4
normal, 55, 55f
pars flaccida of, 2, 4f
pars tensa of, 2, 3f–4f
perforations of, 56
procedures for closure of, 407
retracted, 55, 55f
retraction pockets and atelectasis in,  

56
splintage of, 407
traumatic rupture of, 55
tympanosclerosis of, 56

Tympanic plexus, 8
Tympanometry, 24, 25f, 59
Tympanoplasty

with mastoidectomy, 400
without mastoidectomy, 400
principles of, 29–32
types of, 30

Tympanosclerosis, 56

U
Uncinectomy, 420
Undifferentiated carcinoma, 236
UPP. See Uvulopalatoplasty
Upper horizontal chain nodes, 385–386
Usher syndrome, 116t–117t
Utricle, 10, 18
Uvulopalatoplasty (UPP), 279

V
Valleculae, 383–384
Valsalva test, 59
Van der Hoeve syndrome, 116t–117t
Vascular stasis, 360
Vasomotor rhinitis (VMR), 170
Venous varix, of orbit, 212
Ventricle, 284, 450
Vertebrobasilar insufficiency, 46
Vertigo, 18

BPPV, 45
central vestibular disorders causing, 45–47, 

46t
cervical, 47
Ménière's disease and, 100–101
ocular, 47
peripheral vestibular disorders causing, 

45–46, 46t
psychogenic, 47

Vestibular aqueduct, enlarged, 115
Vestibular folds, 284
Vestibular hydrops, 102–103
Vestibular nerve, 16–17
Vestibular neuronitis, 45
Vestibular system, 16–17

assessment of
clinical tests for, 41–42
laboratory tests for, 43–44

central connections of, 17
disorders of

central, 45–47, 46t
peripheral, 45–46, 46t

peripheral receptors of, 16, 16f–17f
physiology of, 17–18

Vestibule, 9
of larynx, 284
of nose, 135

bilateral obstruction of, 174t
diseases of, 145–146
examination of, 378
lining membrane of, 138
tumours of, 146

Vestibulitis, 145–146, 146f
Vestibulotoxic drugs, 45–46
Vibrating ossicular prosthesis (VORP), 123, 124f
Vincent angina, 259
Vincent infection, 217
Vincristine, 368t
Viral parotitis. See Mumps
VMR. See Vasomotor rhinitis
Vocal cords

congenital paralysis of, 295, 301
mouse-nibbled appearance of, 449
polypoid degeneration of, 292
vocal nodules of, 303–304, 303f–304f

Vocal folds, 284
Vocal nodules, 450
Vocal polyp, 304
Voice assessment, 385
Voice disorders, 313–315
Vomeronasal organ, 450
VORP. See Vibrating ossicular prosthesis

W
Waardenburg syndrome, 116t–117t, 117f
Waldeyer's ring, 238, 239f
Wallenberg syndrome. See Posterior inferior 

cerebellar artery syndrome
Warthin tumour, 234
Wax, ear, 53, 53f–54f
Wax granuloma, 53
Weber test, 22, 22t
Wegener's granulomatosis, 159–160
Well-pneumatized mastoid cells, 6
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Western blot test, 371
Wildervanck syndrome, 116t–117t
Wilde's incision, 401, 401f
Woodruff's plexus, 450

blood supply in, 176
Wrisberg's cartilage, 450
Wrisberg's nerve, 449

X
X-ray

mastoids, 65
nasal fractures, 434
nasopharynx, soft tissue lateral view, 434
neck, anteroposterior view, 434

X-ray (Continued)
neck, lateral view, 434
paranasal sinuses

Caldwell view of, 434
lateral view of, 434, 437f
right and left oblique views of, 434
submentovertical view of, 434
Waters' view of, 433, 436f

temporal bone
Law's view of, 433, 435f
Schuller's view of, 433
Stenver's view of, 433
submentovertical view of, 433
Towne's view of, 433
transorbital view of, 433, 435f

Y
Young syndrome, 172

Z
Zygoma fractures, 183–184, 183f
Zygomatic arch fractures, 184


	Front Cover
	DISEASES OF EAR,NOSE AND THROAT& HEAD AND NECK SURGERY
	Copyright
	Dedication
	Memorial
	Preface
	Acknowledgements
	Contents
	SECTION 1 -DISEASES OF EAR
	Chapter 1 - Anatomy of Ear
	THE EXTERNAL EAR
	THE MIDDLE EAR
	THE INTERNAL EAR
	DEVELOPMENT OF EAR

	Chapter 2 - Peripheral Receptors and Physiology of Auditory and Vestibular Systems
	AUDITORY SYSTEM
	PHYSIOLOGY OF HEARING
	VESTIBULAR SYSTEM
	PHYSIOLOGY OF VESTIBULAR SYSTEM

	Chapter 3 - Audiology and Acoustics
	Chapter 4 - Assessment of Hearing
	Assessment of Hearing

	Chapter 5 - Hearing Loss
	CLASSIFICATION
	CONDUCTIVE HEARING LOSS AND ITS MANAGEMENT
	SENSORINEURAL HEARING LOSS AND ITS MANAGEMENT
	SPECIFIC FORMS OF HEARING LOSS
	NONORGANIC HEARING LOSS (NOHL)
	SOCIAL AND LEGAL ASPECTS OF HEARING LOSS

	Chapter 6 - Assessment of Vestibular Functions
	I. CLINICAL TESTS OF VESTIBULAR FUNCTION
	II. LABORATORY TESTS OF VESTIBULAR FUNCTION

	Chapter 7 - Disorders of Vestibular System
	I. PERIPHERAL VESTIBULAR DISORDERS
	II. CENTRAL VESTIBULAR DISORDERS
	OTHER CAUSES OF VERTIGO

	Chapter 8 - Diseases of External Ear
	I. DISEASES OF THE PINNA
	II. DISEASES OF EXTERNAL AUDITORY CANAL
	III. DISEASES OF TYMPANIC MEMBRANE

	Chapter 9 - Eustachian Tube and Its Disorders
	ANATOMY
	STRUCTURE
	FUNCTIONS
	EUSTACHIAN TUBE FUNCTION TESTS
	DISORDERS OF EUSTACHIAN TUBE
	RETRACTION POCKETS AND EUSTACHIAN TUBE
	PATULOUS EUSTACHIAN TUBE
	EXAMINATION OF EUSTACHIAN TUBE

	Chapter 10 - Disorders of Middle Ear
	ACUTE SUPPURATIVE OTITIS MEDIA
	ACUTE NECROTIZING OTITIS MEDIA
	OTITIS MEDIA WITH EFFUSION
	RECURRENT ACUTE OTITIS MEDIA
	AERO-OTITIS MEDIA (OTITIC BAROTRAUMA)

	Chapter 11 - Cholesteatoma and Chronic Otitis Media
	CHOLESTEATOMA
	CHRONIC SUPPURATIVE OTITIS MEDIA
	TUBERCULAR OTITIS MEDIA
	SYPHILITIC OTITIS MEDIA

	Chapter 12 - Complications of Suppurative Otitis Media
	FACTORS INFLUENCING DEVELOPMENT OF COMPLICATIONS
	PATHWAYS OF SPREAD OF INFECTION
	CLASSIFICATION
	SEQUELAE OF OTITIS MEDIA
	I. INTRATEMPORAL COMPLICATIONS OF OTITIS MEDIA
	II. INTRACRANIAL COMPLICATIONS OF OTITIS MEDIA

	Chapter 13 - Otosclerosis (Syn. Otospongiosis)
	ANATOMY OF LABYRINTH
	OTOSCLEROSIS

	Chapter 14 - Facial Nerve and Its Disorders
	ANATOMY AND FUNCTIONS OF FACIAL NERVE
	CAUSES OF FACIAL PARALYSIS
	LOCALIZATION OF FACIAL LESION
	COMPLICATIONS FOLLOWING FACIAL PARALYSIS
	HYPERKINETIC DISORDERS OF FACIAL NERVE
	SURGERY OF FACIAL NERVE

	Chapter 15 - Ménière’s Disease
	PATHOLOGY
	AETIOLOGY
	CLINICAL FEATURES
	EXAMINATION
	INVESTIGATIONS
	VARIANTS OF MÉNIÈRE’S DISEASE
	MÉNIÈRE’S DISEASE VS MÉNIÈRE’S SYNDROME
	DIAGNOSIS OF MÉNIÈRE’S DISEASE
	STAGING OF MÉNIÈRE’S DISEASE
	TREATMENT

	Chapter 16 - Tumours of External Ear
	TUMOURS OF AURICLE
	TUMOURS OF EXTERNAL AUDITORY CANAL

	Chapter 17 - Tumours of Middle Ear and Mastoid
	CLASSIFICATION
	GLOMUS TUMOUR
	CARCINOMA OF MIDDLE EAR AND MASTOID
	SARCOMAS
	SECONDARY TUMOURS

	Chapter 18 - Acoustic Neuroma
	INCIDENCE
	PATHOLOGY
	ORIGIN AND GROWTH OF TUMOUR
	CLASSIFICATION
	CLINICAL FEATURES
	INVESTIGATIONS AND DIAGNOSIS
	DIFFERENTIAL DIAGNOSIS
	TREATMENT

	Chapter 19 - The Deaf Child
	AETIOLOGY
	EVALUATION OF A DEAF CHILD
	MANAGEMENT

	Chapter 20 - Rehabilitation of the Hearing Impaired
	I. INSTRUMENTAL DEVICES
	II. TRAINING

	Chapter 21 - Otalgia (Earache)
	I. LOCAL CAUSES
	II. REFERRED CAUSES
	III. PSYCHOGENIC CAUSES

	Chapter 22 - Tinnitus
	TYPES OF TINNITUS
	CAUSES OF TINNITUS (TABLE 22.1)
	TREATMENT OF TINNITUS


	SECTION II - DISEASES OF NOSE AND PARANASAL SINUSES
	CHAPTER 23 - ANATOMY OF NOSE
	EXTERNAL NOSE
	INTERNAL NOSE
	LINING MEMBRANE OF INTERNAL NOSE

	Chapter 24 - Physiology of Nose
	RESPIRATION
	AIR-CONDITIONING OF INSPIRED AIR
	PROTECTION OF LOWER AIRWAY
	VOCAL RESONANCE
	NASAL REFLEXES
	OLFACTION

	Chapter 25 - Diseases of External Nose and Nasal Vestibule
	DISEASES OF EXTERNAL NOSE
	DISEASES OF NASAL VESTIBULE

	Chapter 26 - Nasal Septum and Its Diseases
	ANATOMY
	FRACTURES OF NASAL SEPTUM
	DEVIATED NASAL SEPTUM (DNS)
	SEPTAL HAEMATOMA
	SEPTAL ABSCESS
	PERFORATION OF NASAL SEPTUM (FIGURE 26.9)

	Chapter 27 - Acute and Chronic Rhinitis
	ACUTE RHINITIS
	CHRONIC RHINITIS

	Chapter 28 - Granulomatous Diseases of Nose
	BACTERIAL INFECTIONS
	FUNGAL INFECTIONS
	GRANULOMAS OF UNSPECIFIED AETIOLOGY

	Chapter 29 - Miscellaneous Disorders of Nasal Cavity
	FOREIGN BODIES
	RHINOLITH
	NASAL MYIASIS (MAGGOTS IN NOSE)
	NASAL SYNECHIA
	CHOANAL ATRESIA
	CSF RHINORRHOEA

	Chapter 30 - Allergic Rhinitis
	AETIOLOGY
	PATHOGENESIS
	CLINICAL FEATURES
	DIAGNOSIS
	INVESTIGATIONS
	COMPLICATIONS
	TREATMENT

	Chapter 31 - Vasomotor and Other Forms of Nonallergic Rhinitis
	VASOMOTOR RHINITIS (VMR)
	OTHER FORMS OF NONALLERGIC RHINITIS

	Chapter 32 - Nasal Polypi
	BILATERAL ETHMOIDAL POLYPI
	ANTROCHOANAL POLYP (SYN. KILLIAN’S POLYP)
	SOME IMPORTANT POINTS TO REMEMBER IN A CASE OF NASAL POLYPI

	Chapter 33 - Epistaxis
	BLOOD SUPPLY OF NOSE (FIGURES 33.1 AND 33.2)
	CAUSES OF EPISTAXIS
	SITES OF EPISTAXIS
	CLASSIFICATION OF EPISTAXIS
	MANAGEMENT
	GENERAL MEASURES IN EPISTAXIS

	Chapter 34 - Trauma to the Face
	GENERAL MANAGEMENT
	SOFT TISSUE INJURIES AND THEIR MANAGEMENT
	BONE INJURIES AND THEIR MANAGEMENT
	I. FRACTURES OF UPPER THIRD OF FACE
	II. FRACTURES OF MIDDLE THIRD OF FACE
	III. FRACTURES OF LOWER THIRD
	OROANTRAL FISTULA

	Chapter 35 - Anatomy and Physiology of Paranasal Sinuses
	ANATOMY OF PARANASAL SINUSES
	PHYSIOLOGY OF PARANASAL SINUSES

	Chapter 36 - Acute Sinusitis
	AETIOLOGY OF SINUSITIS IN GENERAL
	PATHOLOGY OF SINUSITIS
	ACUTE MAXILLARY SINUSITIS
	ACUTE FRONTAL SINUSITIS
	ACUTE ETHMOID SINUSITIS
	ACUTE SPHENOID SINUSITIS

	Chapter 37 - Chronic Sinusitis
	CHRONIC SINUSITIS IN GENERAL
	SURGERY FOR CHRONIC SINUSITIS
	FUNGAL INFECTIONS OF SINUSES
	FUNCTIONAL ENDOSCOPIC SURGERY OF SINUSES (FIGURES 37.3 AND 37.4)

	Chapter 38 - Complications of Sinusitis
	I. LOCAL COMPLICATIONS
	II. ORBITAL COMPLICATIONS
	III. INTRACRANIAL COMPLICATIONS
	IV. DESCENDING INFECTIONS
	V. FOCAL INFECTIONS

	Chapter 39 - Benign and Malignant Neoplasms of Nasal Cavity
	BENIGN NEOPLASMS
	MALIGNANT NEOPLASMS

	Chapter 40 - Neoplasms of Paranasal Sinuses
	BENIGN NEOPLASMS
	MALIGNANT NEOPLASMS

	Chapter 41 - Proptosis

	SECTION III -DISEASES OF ORAL CAVITY AND SALIVARY GLANDS
	CHAPTER 42 - ANATOMY OF ORAL CAVITY
	APPLIED ANATOMY
	LYMPHATIC DRAINAGE OF ORAL CAVITY

	Chapter 43 - Common Disorders of Oral Cavity
	ULCERS OF ORAL CAVITY
	MISCELLANEOUS LESIONS OF TONGUE AND ORAL CAVITY
	SUBMUCOUS FIBROSIS

	Chapter 44 - Tumours of Oral Cavity
	CLASSIFICATION
	I. BENIGN TUMOURS
	II. PREMALIGNANT LESIONS
	III. MALIGNANT LESIONS
	CHEMOPREVENTION

	Chapter 45 - Non-neoplastic Disorders of Salivary Glands
	MUMPS (VIRAL PAROTITIS)
	ACUTE SUPPURATIVE PAROTITIS
	CHRONIC RECURRENT SIALADENITIS
	SIALECTASIS
	GRANULOMATOUS DISEASES
	SALIVARY CALCULI
	SJOGREN'S SYNDROME (SICCA SYNDROME)

	Chapter 46 - Neoplasms of Salivary Glands
	BENIGN TUMOURS
	MALIGNANT TUMOURS


	SECTION IV -DISEASES OF PHARYNX
	CHAPTER 47 - ANATOMY AND PHYSIOLOGY OF PHARYNX
	PHARYNX IN GENERAL
	DIVISIONS OF PHARYNX

	Chapter 48 - Adenoids and Other Inflammations of Nasopharynx
	ADENOIDS
	ACUTE NASOPHARYNGITIS
	CHRONIC NASOPHARYNGITIS
	THORNWALDT’S DISEASE (PHARYNGEAL BURSITIS)

	Chapter 49 - Tumours of Nasopharynx
	BENIGN TUMOURS
	OTHER BENIGN TUMOURS OF NASOPHARYNX
	MALIGNANT TUMOURS
	OTHER MALIGNANT TUMOURS OF NASOPHARYNX

	Chapter 50 - Acute and Chronic Pharyngitis
	ACUTE PHARYNGITIS
	CHRONIC PHARYNGITIS
	ATROPHIC PHARYNGITIS
	KERATOSIS PHARYNGITIS

	Chapter 51 - Acute and Chronic Tonsillitis
	APPLIED ANATOMY OF PALATINE (FAUCIAL) TONSILS
	ACUTE TONSILLITIS
	FAUCIAL DIPHTHERIA
	CHRONIC TONSILLITIS
	DISEASES OF LINGUAL TONSILS

	Chapter 52 - Head and Neck Space Infections
	PAROTID ABSCESS
	LUDWIG’S ANGINA
	PERITONSILLAR ABSCESS (QUINSY)
	RETROPHARYNGEAL ABSCESS
	ACUTE RETROPHARYNGEAL ABSCESS
	CHRONIC RETROPHARYNGEAL ABSCESS (PREVERTEBRAL ABSCESS)
	PARAPHARYNGEAL ABSCESS

	Chapter 53 - Tumours of Oropharynx
	BENIGN TUMOURS
	MALIGNANT TUMOURS
	PARAPHARYNGEAL TUMOURS
	STYALGIA (EAGLE SYNDROME)

	Chapter 54 - Tumours of the Hypopharynx and Pharyngeal Pouch
	TUMOURS OF HYPOPHARYNX
	PHARYNGEAL POUCH

	Chapter 55 - Snoring and Sleep Apnoea
	SNORING
	SLEEP APNOEA


	SECTION V -DISEASES OF LARYNXAND TRACHEA
	Chapter 56 - Anatomy and Physiology of Larynx
	ANATOMY OF LARYNX
	EMBRYOLOGICAL DEVELOPMENT
	PAEDIATRIC LARYNX
	PHYSIOLOGY OF LARYNX

	Chapter 57 - Laryngotracheal Trauma
	AETIOLOGY
	PATHOLOGY
	CLINICAL FEATURES
	DIAGNOSTIC EVALUATION
	TREATMENT
	COMPLICATIONS

	Chapter 58 - Acute and Chronic Inflammations of Larynx
	ACUTE LARYNGITIS
	ACUTE EPIGLOTTITIS (SYN. SUPRAGLOTTIC LARYNGITIS)
	ACUTE LARYNGO-TRACHEO-BRONCHITIS
	LARYNGEAL DIPHTHERIA
	OEDEMA OF LARYNX
	CHRONIC LARYNGITIS
	POLYPOID DEGENERATION OF VOCAL CORDS (REINKE’S OEDEMA)
	PACHYDERMIA LARYNGIS
	ATROPHIC LARYNGITIS (LARYNGITIS SICCA)
	TUBERCULOSIS OF LARYNX
	LUPUS OF THE LARYNX
	SYPHILIS OF THE LARYNX
	LEPROSY OF THE LARYNX
	SCLEROMA OF THE LARYNX
	LARYNGEAL MYCOSIS

	Chapter 59 - Congenital Lesions of Larynx and Stridor
	CONGENITAL LESIONS OF LARYNX
	STRIDOR

	Chapter 60 - Laryngeal Paralysis
	NERVE SUPPLY OF LARYNX
	CLASSIFICATION OF LARYNGEAL PARALYSIS
	CAUSES OF LARYNGEAL PARALYSIS
	RECURRENT LARYNGEAL NERVE PARALYSIS
	PARALYSIS OF SUPERIOR LARYNGEAL NERVE
	COMBINED (COMPLETE) PARALYSIS (RECURRENT AND SUPERIOR LARYNGEAL NERVE PARALYSIS)
	CONGENITAL VOCAL CORD PARALYSIS
	PHONOSURGERY

	Chapter 61 - Benign Tumours of Larynx
	NON-NEOPLASTIC TUMOURS
	NEOPLASTIC

	Chapter 62 - Cancer Larynx
	EPIDEMIOLOGY
	AETIOLOGY
	TNM CLASSIFICATION AND STAGING
	HISTOPATHOLOGY
	DIAGNOSIS OF LARYNGEAL CANCER
	TREATMENT OF LARYNGEAL CANCER
	GLOTTIC CARCINOMA
	VOCAL REHABILITATION AFTER TOTAL LARYNGECTOMY

	Chapter 63 - Voice and Speech Disorders
	HOARSENESS
	DYSPHONIA PLICA VENTRICULARIS (VENTRICULAR DYSPHONIA)
	FUNCTIONAL APHONIA (HYSTERICAL APHONIA)
	PUBERPHONIA (MUTATIONAL FALSETTO VOICE)
	PHONASTHENIA
	DYSPHONIA
	HYPONASALITY (RHINOLALIA CLAUSA)
	HYPERNASALITY (RHINOLALIA APERTA)
	STUTTERING

	Chapter 64 - Tracheostomy and Other Procedures for Airway Management
	TRACHEOSTOMY
	PERCUTANEOUS DILATATIONAL TRACHEOSTOMY

	Chapter 65 - Foreign Bodies of Air Passages
	AETIOLOGY
	NATURE OF FOREIGN BODIES
	CLINICAL FEATURES
	DIAGNOSIS
	MANAGEMENT


	SECTION VI -THYROID GLAND ANDITS DISORDERS
	Chapter 66 - Thyroid Gland and Its Disorders
	SURGICAL ANATOMY OF THYROID GLAND
	PHYSIOLOGY OF THYROID
	BENIGN DISORDERS OF THYROID
	MALIGNANT DISORDERS OF THYROID
	THYROID NODULE AND ITS MANAGEMENT
	THYROID SURGERY


	SECTION VII - DISEASES OF OESOPHAGUS
	Chapter 67 - Anatomy and Physiology of Oesophagus
	APPLIED ANATOMY
	APPLIED PHYSIOLOGY
	PHYSIOLOGY OF SWALLOWING

	Chapter 68 - Disorders of Oesophagus
	ACUTE OESOPHAGITIS
	PERFORATION OF OESOPHAGUS
	CORROSIVE BURNS OF OESOPHAGUS
	BENIGN STRICTURES OF OESOPHAGUS
	HIATUS HERNIA
	PLUMMER–VINSON (PATTERSON–BROWN–KELLY) SYNDROME
	GLOBUS (HYSTERICUS) PHARYNGEUS
	MOTILITY DISORDERS OF OESOPHAGUS
	NEOPLASMS OF OESOPHAGUS

	Chapter 69 - Dysphagia
	AETIOLOGY
	INVESTIGATIONS

	Chapter 70 - Foreign Bodies of Food Passage
	AETIOLOGY
	SITE OF LODGEMENT OF FOREIGN BODY
	CLINICAL FEATURES
	INVESTIGATIONS
	MANAGEMENT
	COMPLICATIONS OF OESOPHAGEAL FOREIGN BODY
	DISC BATTERIES


	SECTION VIII -RECENT ADVANCES
	Chapter 71 - Laser Surgery, Radiofrequency Surgery and Hyperbaric Oxygen Therapy
	I. LASER SURGERY
	II. RADIOFREQUENCY SURGERY IN ENT
	III. HYPERBARIC OXYGEN THERAPY IN ENT

	Chapter 72 - Cryosurgery
	MECHANISM OF TISSUE DESTRUCTION
	TECHNIQUE
	USES OF CRYOTHERAPY
	ADVANTAGES OF CRYOTHERAPY
	DISADVANTAGES OF CRYOTHERAPY

	Chapter 73 - Radiotherapy in Head and Neck Cancer
	TYPES OF RADIATION BEAMS
	MODES OF RADIOTHERAPY
	SOURCES OF RADIATION (TABLE 73.1)
	MODES OF TUMOUR TREATMENT WITH RADIATION (TABLE 73.2)
	PLANNING RADIOTHERAPY
	COMPLICATIONS OF RADIOTHERAPY
	CARE OF PATIENT DURING RADIOTHERAPY

	Chapter 74 - Chemotherapy for Head and Neck Cancer
	TYPES OF CHEMOTHERAPY
	SINGLE AGENT VS MULTIDRUG COMBINATION THERAPY
	DRUGS USED IN CANCER THERAPY
	PRETREATMENT WORK-UP OF THE PATIENT
	TOXICITY OF ANTICANCER DRUGS

	Chapter 75 - HIV Infection/AIDS and ENT Manifestations
	ACQUIRED IMMUNODEFICIENCY SYNDROME
	ENT MANIFESTATIONS OF HIV INFECTION
	HIV INFECTION AND HEALTHCARE WORKERS
	ANTIRETROVIRAL DRUGS


	SECTION IX - CLINICAL METHODS IN ENTAND NECK MASSES
	Chapter 76 - Clinical Methods in ENT
	EQUIPMENT, HISTORY TAKING AND GENERAL SETUP
	I. EXAMINATION OF EAR
	II. EXAMINATION OF NOSE AND PARANASAL SINUSES
	III. EXAMINATION OF NASOPHARYNX
	IV. EXAMINATION OF ORAL CAVITY
	V. EXAMINATION OF OROPHARYNX
	VI. EXAMINATION OF LARYNX AND LARYNGOPHARYNX
	VII. LYMPH NODES OF THE HEAD AND NECK
	NECK DISSECTION

	Chapter 77 - Neck Masses
	THYROGLOSSAL DUCT CYST
	SUBLINGUAL DERMOID CYST
	SUBMENTAL NODES
	PRELARYNGEAL AND PRETRACHEAL NODES
	THYMIC CYST
	BRANCHIAL CYST
	BRANCHIAL SINUS OR FISTULA (FIGURE 77.5)
	PLUNGING RANULA
	CAROTID BODY TUMOUR
	PARAPHARYNGEAL TUMOURS
	CYSTIC HYGROMA
	TUBERCULAR LYMPH NODES
	METASTATIC LYMPH NODES
	LYMPHOMAS
	CERVICAL RIB
	STERNOMASTOID TUMOUR


	SECTION X -OPERATIVE SURGERY
	Chapter 78 - Myringotomy
	INDICATIONS
	CONTRAINDICATIONS
	ANAESTHESIA
	STEPS OF OPERATION
	PITFALLS OF MYRINGOTOMY
	POSTOPERATIVE CARE
	COMPLICATIONS

	Chapter 79 - Cortical Mastoidectomy
	INTRODUCTION TO EAR AND MASTOID SURGERY
	CORTICAL MASTOIDECTOMY

	Chapter 80 - Radical Mastoidectomy
	INDICATIONS
	ANAESTHESIA
	POSITION
	STEPS OF OPERATION
	POSTOPERATIVE CARE
	COMPLICATIONS

	Chapter 81 - Modified Radical Mastoidectomy
	INDICATIONS
	ANAESTHESIA
	POSITION
	STEPS OF OPERATION
	POSTOPERATIVE CARE AND COMPLICATIONS

	Chapter 82 - Myringoplasty
	CONTRAINDICATIONS
	ANAESTHESIA
	POSITION
	TECHNIQUE
	POSTOPERATIVE CARE
	COMPLICATIONS
	OTHER PROCEDURES FOR CLOSURE OF TYMPANIC MEMBRANE PERFORATION

	Chapter 83 - Proof Puncture (Syn. Antral Lavage)
	INDICATIONS
	CONTRAINDICATIONS
	ANAESTHESIA
	POSITION
	TECHNIQUE
	DIAGNOSIS OF ANTRAL PATHOLOGY
	POSTOPERATIVE CARE
	COMPLICATIONS

	Chapter 84 - Intranasal Inferior Meatal Antrostomy
	INDICATIONS
	CONTRAINDICATIONS
	ANAESTHESIA
	POSITION
	TECHNIQUE
	POSTOPERATIVE CARE
	COMPLICATIONS

	Chapter 85 - Caldwell–Luc (Anterior Antrostomy) Operation
	INDICATIONS
	CONTRAINDICATIONS
	ANAESTHESIA
	POSITION
	TECHNIQUE
	POSTOPERATIVE CARE
	COMPLICATIONS
	PRESENT STATUS

	Chapter 86 - Submucous Resection of Nasal Septum (SMR Operation)
	INDICATIONS
	CONTRAINDICATIONS
	ANAESTHESIA
	POSITION
	STEPS OF OPERATION
	POSTOPERATIVE CARE
	COMPLICATIONS
	PRESENT STATUS

	Chapter 87 - Septoplasty
	INDICATIONS
	CONTRAINDICATIONS
	ANAESTHESIA
	POSITION
	TECHNIQUE
	POSTOPERATIVE CARE
	POSTOPERATIVE COMPLICATIONS

	Chapter 88 - Diagnostic Nasal Endoscopy
	INDICATIONS
	ANAESTHESIA
	POSITION
	INSTRUMENTS
	TECHNIQUE
	COMPLICATIONS

	Chapter 89 - Endoscopic Sinus Surgery
	INDICATIONS
	ADVANCED NASAL ENDOSCOPIC TECHNIQUES
	CONTRAINDICATIONS
	ANAESTHESIA
	POSITION
	TECHNIQUES (FIGURE 89.1)
	STEPS OF OPERATION
	POSTOPERATIVE CARE
	COMPLICATIONS

	Chapter 90 - Direct Laryngoscopy
	INDICATIONS
	CONTRAINDICATIONS
	ANAESTHESIA
	POSITION
	PROCEDURE
	POSTOPERATIVE CARE
	COMPLICATIONS

	Chapter 91 - Bronchoscopy
	RIGID BRONCHOSCOPY
	FLEXIBLE FIBREOPTIC BRONCHOSCOPY

	Chapter 92 - Oesophagoscopy
	RIGID OESOPHAGOSCOPY
	FLEXIBLE FIBREOPTIC OESOPHAGOSCOPY
	TRANSNASAL OESOPHAGOSCOPY

	Chapter 93 - Tonsillectomy
	INDICATIONS
	CONTRAINDICATIONS
	ANAESTHESIA
	POSITION
	STEPS OF OPERATION (DISSECTION AND SNARE METHOD)
	POSTOPERATIVE CARE
	COMPLICATIONS

	Chapter 94 - Adenoidectomy
	INDICATIONS
	CONTRAINDICATIONS
	ANAESTHESIA
	POSITION
	STEPS OF OPERATION
	ENDOSCOPIC ADENOIDECTOMY
	POSTOPERATIVE CARE
	COMPLICATIONS

	Chapter 95 - Radiology in ENT
	TEMPORAL BONE
	PARANASAL SINUSES
	X-RAYS FOR NASAL FRACTURES
	NECK, LARYNX AND PHARYNX


	Appendix I -Some Memorable Nuggets for Rapid Review*
	APPENDIX II Instruments
	APPENDIX II -Instruments
	EAR INSTRUMENTS
	NOSE INSTRUMENTS
	THROAT INSTRUMENTS
	LARYNX AND TRACHEA INSTRUMENTS

	INDEX



