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Notice

Medicine is an ever-changing science. As new research and clinical experience broaden our
knowledge, changes in treatment and drug therapy are required. The authors and the publisher of
this work have checked with sources believed to be reliable in their efforts to provide information
that 1s complete and generally in accord with the standards accepted at the time of publication.
However, in view of the possibility of human error or changes in medical sciences, neither the
authors nor the publisher nor any other party who has been involved in the preparation or
publication of this work warrants that the information contained herein is in every respect accurate
or complete, and they disclaim all responsibility for any errors or omissions or for the results
obtained from use of the information contained in this work. Readers are encouraged to confirm
the information contained herein with other sources. For example and in particular, readers are
advised to check the product information sheet included in the package of each drug they plan to
administer to be certain that the information contained in this work is accurate and that changes
have not been made in the recommended dose or in the contraindications for administration. This
recommendation is of particular importance in connection with new or infrequently used drugs.
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PREFACE

Why did we go to medical school? What was the beautiful vision of yourself in the future, when you
set out to challenge obstacles, conquer barriers and commit yourself to medicine?

Hold On! You are ALMOST DONE!

The energy you need for your final push lies in the sacred vision you had of yourself when you
started. Go back. Go back in time and remember your MCAT and medical school application essay
and your personal statement for your residency application. I still have mine.

I wrote in flowery words about compressing all the desire of thousands of years of human history
in the single moment of cosmic understanding that allows us to heal the world, grow an immortal soul,
have a heart perfumed by love and bring into existence by our own constant work a better civilization
where there are no separate groups, and people live with hope, peace, art, music, science and
freedom from fear and pain.

My faculty advisor said, “Conrad, aren’t you weird enough already? Take that out of your
statement.”

I kept it in.

Go back to beginning. Don’t stop five minutes too soon. What you have in your hands will help
you.

Save the world. Save the world outside you with medicine. Save the world inside you with hard
work and eternally fragrant love.

Conrad Fischer, MD






INTRODUCTION AND HOW TO USE THIS
BOOK

Look for the precise sequence through time to manage the computer-based case simulation (CCS)
portion of the exam. That is the primary purpose of Correlations and Clinical Scenarios: Internal
Medicine. You will find direction on exactly how long to move the clock forward in time and the
precise sequence of which text or treatment should be done first in managing a patient. This will
cover the order in which to give treatments, order tests and how to respond to test results. All CCS-
related instructions appear in RED TYPE.

If you have never seen a particular case or you are a physician in a specialty other than internal
medicine, this book is especially for you. It never has statements about “using your judgment” because
you basically do not have any in these areas. If you want a cookbook that says, “Do this, do that, do
this”, then you have the right book in your hands. All initial case presentations and their continuing
scenarios appear in yellow boxes.

This book will prepare you for the multiple choice questions that comprise the majority of the
exam as well as the computer-based case simulations and the new basic science foundations that have
just been added to the exam.

USMLE Step 3 or COMLEX Part 3 is the last phase in getting your license. Most of you are in
residency and have no time to study. /¢ s totally uncool that they changed the exam just before YOU
are about to take it! I am 100% sure it was not meant personally to torture you alone.

Here is how to best use this book:

First read the disease or subspecialty in any standard text book. I personally suggest either my own
Master the Boards Step 3, or Current Medical Diagnosis and Treatment.

The cases in this book are meant to further interrogate your understanding of the subject. There are
hundreds of new multiple choice questions that are not in anyone’s Q bank.

Every single case has numerous basic science foundations (which appear in blue boxes) added to
it so you will have a solid understanding of it simply by following along in the case. You do not have
to search through any of your old step 1 books or basic science texts. If I thought a basic science
correlate was important, [ have put it in. If I did not think it was important I left it out.

Finally, I always wanted to write something specifically for CCS. This is it. Because new test
changes are frightening and the basic science questions are new for step 3, I decided to make one
book to cover both things.

Bon appetite!
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CHAPTER 1




CARDIOLOGY

CASE 1: Pulmonary Edema

Setting: emergency department (ED)
CC: “I can’t breathe.”

VS: R: 28 breaths/minute; BP: 150/98 mm Hg,; P: 118 beats/minute; T: 97°F

HPI: 4 63-year-old woman presents to the ED with shortness of breath that started earlier in
the day and worsened over several hours. She says the dyspnea is “like swimming a whole
pool underwater.” It is worsened by exertion and relieved by sitting up.

She has a history of hypertension and a myocardial infarction 2 years ago. She takes “a
bunch of pills” every day, which she cannot remember the name of. Her physician does not have
privileges at your hospital, so the record is not available.

ROS:
. No chest pain
. No history of valve disease

PE:
. Chest: rales 2/3 up bilaterally
. Cardiovascular: jugulovenous distention (JVD), an extra sound on auscultation

. Extremities: bilateral pitting edema up to the knees

What is the mechanism of the finding on the heart examination?

a. Rapid filling of the ventricle during diastole

b. Rupture of the chordae tendineae

c. Fibrinous exudate in between the heart and the pericardium
d. Aberrant conduction tract at the atrioventricular (AV) node

e. Increased gradient of pressure between the left ventricle (LV) and the aorta

Answer a. Rapid filling of the ventricle during diastole

An S5 gallop is most likely in pulmonary edema from congestive heart failure (CHF). When the mitral
valve opens in diastole, the massive fluid overload in the lungs rapidly spills into the ventricle
making a “splash” of fluid called an “S; gallop.”



Rupture of the chordae tendineae (choice b) happens acutely as a complication of myocardial
infarction 1 to 2 weeks after the muscle dies and necroses. Fibrinous exudate (choice ¢) is the cause
of a rub in pericarditis. Aberrant conduction (choice d) is from short PR or preexcitation syndromes
such as Wolft-Parkinson-White (WPW) syndrome. The ausculatory finding of WPW is a loud S, from

early closure of the mitral valve. Increased gradient of pressure is from aortic stenosis. The stenotic
valve blocks flow out, so that in severe disease, the pressure in the LV is 50 to 70 mm Hg greater than
what is found in the aorta.

Orthopnea i1s venous pooling in the chest when lying flat.

Edema is found on examination. What is the mechanism?

a. Decreased hydrostatic pressure of the interstitial fluid
b. Decreased oncotic pressure

c. Alteration of the diffusion coefficient (Ky) of the capillary

d. Increased hydrostatic pressure in the peripheral capillaries

e. Increased hydrostatic pressure in the glomerular capillaries

Answer d. Increased hydrostatic pressure in the peripheral capillaries

Peripheral edema of CHF is from back pressure from the heart resulting in increased hydrostatic
pressure in peripheral capillaries. Because of gravity, the lowest, or most “dependent” areas of the
body have the highest hydrostatic pressure. This increases filtration across the capillary membrane.
There 1s no change in the oncotic pressure in CHF, and the intrinsic nature of the capillary wall, or
Ky, does not change.

The patient is moved from the stretcher in the triage area of the ED already wearing a face
mask for oxygen set at 50% forced inspiratory oxygen (FiO,). The nurses sit her upright.

Initial Orders:

. Oxygen

. Oximeter continuously

. Furosemide and morphine IV

. Nitroglycerin (paste cutaneously)

. Chest x-ray, electrocardiogram (ECG), arterial blood gas (ABG) analysis

. B-type natriuretic peptide (BNP) for equivocal cases when diagnosis is uncertain

As you move the clock forward 15 to 30 minutes, the patient begins to feel better. If a loop
diuretic such as furosemide is effective, urine will be made within 30 minutes. If not, give an



additional 1V dose of a loop diuretic at least every 30 minutes until urine is made. Make
sure you repeat vital signs in acutely ill patients every 15 to 30 minutes especially when
giving medications that can lower blood pressure (BP) such as diuretics, nitrates, morphine,
and angiotensin-converting enzyme (ACE) inhibitors. On a single-best-answer question,
never consult a cardiologist for pulmonary edema management. You are expected to manage
cases like this on your own. The majority of patients with acute pulmonary edema will
respond to preload reduction alone.

Nitrates:
* Mainly venous dilators
* Decrease preload more than afterload

If furosemide is not in the choices, which drug should you choose as an
alternative that has the same mechanism of action?

a. Spironolactone
b. Acetazolamide
c. Bumetanide

d. Chlorthalidone

e. Conivaptan

Answer ¢. Bumetanide

The loop diuretics are furosemide, bumetanide, torsemide, and ethacrynic acid. They inhibit the

Na*/K*/2C1™ pump in the thick ascending limb of the loop of Henle. This is the site where 25% of
sodium is reabsorbed in the kidney. Spironolactone blocks aldosterone’s effect at the late distal
tubule and early collecting duct. Spironolactone and eplerenone specifically block the epithelial
sodium channel (ENaC). Acetazolamide inhibits carbonic anhydrase. It is effective at the proximal
tubule and is rarely used as a diuretic and never for acute pulmonary edema. Chlorthalidone is a
thiazide diuretic inhibiting approximately 6% to 7% of total sodium absorption at the distal tubule.
Conivaptan inhibits the V, receptor of the collecting duct. V,-receptor antagonists are replacing

demeclocycline in the treatment of the syndrome of inappropriate secretion of antidiuretic hormone
(SIADH). Conivaptan and tolvaptan exclusively block water reabsorption by blocking antidiuretic
hormone (ADH).

After a second dose of furosemide, the patient fails to produce urine in significant amount
and her shortness of breath worsens. Her respiratory rate increases from 26 to 36
breaths/minute. Her BNP level is markedly elevated, but it is of marginal value in a person
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who comes in with an obvious presentation of pulmonary edema.

Which test will make the most difference in the management of acute pulmonary
edema?

a. BNP
b. Chest x-ray
c. ABG
d. ECG

e. Echocardiogram

Answer d. ECG

If the ECG shows an arrhythmia such as ventricular tachycardia (VT) or atrial fibrillation (AFib) or
flutter, you may be able to quickly restore cardiac output by performing immediate synchronized
cardioversion. In a healthy person, atrial systole provides only a small amount to the overall LV
filling and cardiac output, on the order of 10% to 15%. In a person with dilated cardiomyopathy or
valve disease, atrial systole or “kick” is essential to providing a much greater percentage, such as
30% to 50%. With cardiomyopathy, AFib can propel the patient into flash pulmonary edema.
Echocardiography does not change acute management. It is essential to long-term treatment to know if
there is systolic or diastolic dysfunction, but this has no effect on acute pulmonary edema
management.

You move the clock forward 10 to 20 minutes, and the results of the test are automatically
sent to you. You will receive the notice, “report available.”

. ECG: Sinus tachycardia
« ABG: pH 7.48; partial pressure of carbon dioxide (PCO,) 28 mm Hg, partial pressure of

oxygen (PO,) 58 mm Hg on 50% face mask

. Chest x-ray: Pulmonary vascular congestion, cardiac enlargement, and pleural effusion

Pleural effusion in CHF is from increased pulmonary capillary hydrostatic pressure. The
mechanism is the same as in peripheral edema (Figure 1-1).



.

Figure 1-1. Pulmonary edema. Note indistinct vasculature, perihilar opacities, and peripheral interstitial reticular opacities. Although this
is an anteroposterior film, making cardiac size more difficult to assess, the cardiac silhouette still appears enlarged. (Reproduced with
permission from Loscalzo J. Harrison’s Pulmonary and Critical Care Medicine, 2nd ed. New Y ork: McGraw-Hill Education; 2013.)

Atrial stretch creates BNP production. BNP excretes water and salt through the kidney.

Additional doses of diuretic and morphine are given. IV nitroglycerin is given with no effect.
As you move the clock forward, oxygen saturation on 50% or 100% face mask hovers near
90%. Always recheck vital signs every 15 to 30 minutes in patients as unstable as this. On
the computer-based case simulation (CCS), you should order a consultation with cardiology

and critical care on a patient not responding to preload reduction. Consultants on CCS will
never give specific treatment or testing advice.

Maximum Preload Treatment + Persistent Hypoxia = Intensive Care Unit Placement

Morphine works by dilating pulmonary veins and decreasing hydrostatic pressure in capillaries.

What is the mechanism of the medication you should try next?
a. Dilation of afferent arteriole of glomerulus

b. Beta-hydroxy-beta-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibition
c. Vasoconstriction of arterioles



d. Positive inotrope and vasodilation

e. Venodilation

Answer d. Positive inotrope and vasodilation

Dobutamine acts as both a positive inotrope, increasing contractility, and as a peripheral vasodilator.
This allows greater forward flow of blood. Dopamine will increase contractility but is a
vasoconstrictor on peripheral vessels. Dopamine increases afterload.

The patient in placed on dobutamine and transferred to the intensive care unit (ICU). Many
patients in these circumstances are intubated for mechanical ventilation. If your case
describes a failure to improve with dobutamine or the phosphodiesterase inhibitors milrinone
or inamrinone, then intubation is correct. Continuous positive airway pressure (CPAP) or
bilevel positive airway pressure (BiPAP) can be tried to keep the patient from being
intubated. Ventilators have frequent complications with pneumonia, and CPAP or BiPAP can
save a person from this complication.

On Step 3 CCS, it is unlikely to combine the details of acute pulmonary edema
management with long-term treatment issues such as ACE inhibitors, angiotensin receptor
blockers (ARBs), beta-blockers, spironolactone, and digoxin. These issues are addressed in
separate cases.

The final point of management addressed is why a patient develops acute pulmonary
edema. Less than 0.1% of patients with CHF are admitted in this condition. If someone
presents with acute pulmonary edema, the most likely precipitants of decompensation are

. Nonadherence to medication
. Ischemia

. Arrhythmia

. Infection

If you see patients who are taking their medications but still develop pulmonary edema,
the most important first step is to exclude arrhythmia. If there are no arrhythmias, you must
exclude ischemia as a cause of decompensation. People do not develop pulmonary edema for

no reason. Exclude coronary artery disease when you have no clear reason for the acute
episode of pulmonary edema.

Pulmonary Edema Precipitants
* [schemia

* Arrhythmia

* Infection

» Nonadherence to medications
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CASE 2: Congestive Heart Failure

CC: “I've been short of breath off and on for a few months.”

VS: R: 18 breaths/minute; BP: 142/92 mm Hg, P: 78 beats/minute; T: 97°F

HPI: 4 54-year-old man with a history of hypertension for the last 5 years presents to the
ambulatory care center with intermittent episodes of dyspnea. These episodes are worse with
exertion, particularly walking up stairs.

ROS:

. No chest pain

. No palpitation

. No syncope

. Occasional orthopnea and paroxysmal nocturnal dyspnea

PE:
. Cardiovascular: no JVD, 2/6 murmur at the apex radiating to the axilla, S, gallop

. Extremities: 2" pitting edema

What is the mechanism of the S4 gallop on examination?

a. Rapid ventricular filling in diastole

b. Calcification of the mitral valve

c. Atrial systole into the noncompliant ventricle
d. Shunt from left to right

Answer c. Atrial systole into the noncompliant ventricle

Normally, the atrium should contract and the blood will easily enter the ventricle without a sound.
This 1s because the ventricle should relax to receive the blood. Hypertension causes thickening of the
LV. Compliance = volume change/pressure change. A noncompliant ventricle exhibits a large
change in pressure with only a small change in volume.

Calcification of the mitral valve (choice b) is from mitral stenosis. Mitral stenosis gives a
diastolic murmur. Shunt from left to right (choice d) is a ventricular septal defect, which gives a
continuous “machinery murmur.”

Initial Orders:

. ECG
. Chest x-ray



. Transthoracic echocardiogram

On a CCS case, as you move the clock forward, results of tests will automatically be sent to
your screen. You will see the notice “report available.” In a relatively stable office or
ambulatory case, you do not have to see the patient each time a result comes back. You can let
the test results accumulate and see the patient in 1 to 2 weeks for a case such as this.

Test Results:
. ECG: left ventricular hypertrophy, SV, and RVs>35 mm

. Chest x-ray: left ventricular hypertrophy

. Echocardiogram: dilated left ventricle; 32% ejection fraction (EF); modest mitral
regurgitation (MR)
. Some segmental wall motion abnormalities present

Because of dilated cardiomyopathy, you start an ACE inhibitor, such as lisinopril or
enalapril. CCS does not allow you to test doses, and you cannot order medications by class
name. You must enter “lisinopril” on a CCS case, and are not allowed to order just “ACE
inhibitor.” In a single-best-answer question, never order a cardiology consultation in a CHF
case. You are expected to manage CHF without consultation. The only way to know if this
person had systolic or diastolic dysfunction is with echocardiogram. Hypertension initially
gives hypertrophic cardiomyopathy, but over time, the heart tires and begins to dilate. This
can eventually lead to a dilated cardiomyopathy.

What is the main difference between ACE inhibitors?
a. Efficacy in lowering mortality in CHF

b. Usefulness in hypertension
c. Dosing
d. Propensity to cause cough

e. Propensity to cause hyperkalemia

Answer c. Dosing

The only major difference between ACE inhibitors is dosing. All lower mortality in systolic
dysfunction and all cause cough and hyperkalemia.

ACE increases bradykinin, which causes cough.

ACE inhibitors increase potassium by blocking aldosterone release.



Which of the following is most likely to lower this patient’s mortality?

a. Metoprolol

b. Digoxin

c. Furosemide

d. Spironolactone

e. Hydrochlorothiazide

Answer a. Metoprolol

Beta-blockers lower mortality in systolic dysfunction. The effect of beta-blockers is not ubiquitous to
the entire class of medications. Beta-blockers useful for CHF are:

* Metoprolol
* Carvedilol
* Bisoprolol

Digoxin does not lower mortality in CHF. Spironolactone is most useful in severe class III and IV
CHF in which there is dyspnea with minimal exertion or at rest. Loop diuretics such as furosemide
are frequently used to decrease fluid overload, but they do not lower mortality. Thiazide diuretics are
used for hypertension, but the effect in CHF is not beneficial beyond just controlling BP.

The patient returns a week after starting the ACE inhibitor and beta-blocker. He denies
having a cough, but his dyspnea is not improved. You increase the dose, and on follow-up a
week later, he is still symptomatic. Spironolactone is added orally. Although spironolactone
was invented as a potassium-sparing diuretic, the dose used in CHF is well below the
diuretic dose. Like most medications in CHF that lower mortality, it is used to inhibit the
rennin-angiotensin-aldosterone system. Loop diuretics such as furosemide are used to
control symptoms of fluid overload such as edema. Two weeks later, the patient’s symptoms
of dyspnea are well controlled.

Which should you test for?

a. Potassium level

b. Sodium level

c. Repeat echocardiogram

d. Holter (24-hour) ambulatory ECG monitor

e. Urine electrolytes



Answer a. Potassium level

All the medications the patient is on can alter the potassium level. ACE inhibitors, beta-blockers, and
mineralocorticoid-receptor blockers such as spironolactone can increase potassium levels, and
furosemide can lower potassium levels. Although CHF and a number of the medications used can
alter sodium levels, there is no point in routinely monitoring the blood or urine sodium level because
there 1s nothing you will do different therapeutically. In the absence of symptoms, neither the Holter
monitor nor echocardiogram are useful. To assess intermittent arrhythmia, such as nonsustained VT or
AFib, 24-hour ambulatory ECG or Holter monitoring is useful. If there is severe hyperkalemia with
the use of ACE inhibitors or ARBs, the solution is to switch to hydralazine and nitrates. This
combination both dilates arterioles directly with hydralazine and dilates coronary arteries so blood is
not “stolen” away from the coronary arteries.

Furosemide inhibits potassium reabsorption at the thick ascending limb of the loop of Henle.

If there are persistent symptoms despite the use of ACE inhibitors, beta-blockers,
spironolactone, and loop diuretics, the next medication to add is digoxin. Digoxin does not
lower mortality. This is the most commonly tested point about digoxin. It decreases
symptoms and decreases rates of hospitalization, but does not lower mortality.

Which of these is most likely to inhibit androgens?

a. Enalapril

b. Losartan

c. Carvedilol

d. Spironolactone

e. Digoxin

f. Furosemide

g. Indapamide

h. Hydrochlorothiazide

Answer d. Spironolactone

Spironolactone is a direct antagonist of the androgens (dehydroepiandrosterone [DHEA] and
androstenedione) that originate from the adrenal gland as well as an inhibitor of the gonadal androgen
testosterone. It inhibits both the receptor as well as androgen production. When this occurs, switch
spironolactone to eplerenone. Eplerenone has a proven mortality benefit without the antiandrogenic
adverse effects. Spironolactone is so antiandrogenic that it is used with the specific therapeutic intent



of inhibiting androgens in women with acne, hirsutism, and male pattern hair loss.

The vast majority of cases of CHF are controlled with ACE inhibitors, beta-blockers,
spironolactone, diuretics, and digoxin. If the patient is still short of breath, and the QRS
interval is wide, resynchronization with a biventricular pacemaker is very useful in getting
both ventricles to contract together. An implantable defibrillator will decrease mortality, but
because its only function is to restart the heart if the person actually has sudden death, it will

not decrease symptoms.

Ultimately, cardiac transplantation is sometimes needed if there are persistent symptoms
despite maximum medical therapy.

Do not combine ACE with ARB medication. Combining will not improve morbidity or lower
mortality.

Which decreases mortality in diastolic dysfunction?

a. Metoprolol
b. Digoxin

c. Furosemide
d. Enalapril
e. Eplerenone
f. Valsartan

g. Nothing is proven to lower mortality in diastolic dysfunction.

Answer g. Nothing is proven to lower mortality in diastolic dysfunction.

Diastolic dysfunction is also called “heart failure with preserved EF” because there is a normal EF.
There is no medication that is clearly proven to lower mortality in this diastolic dysfunction. We use
beta-blockers, diuretics, and sometimes calcium channel blockers (CCBs), but that does not mean

they are proven to lower mortality.

The most accurate method for assessing EF is nuclear ventriculogram or multigated angiogram
(MUGA). Nucleotide angiography surpasses echocardiogram for accuracy of EF measurement.

CASE 3: Acute Coronary Syndrome



Setting: ED
CC: “My chest hurts, Doc.”
VS: R: 23 breaths/minute; BP: 144/94 mm Hg; P: 104 beats/minute; T: 99.8°F

HPI: 4 68-year-old man who has had crushing, substernal chest pain for the past 15 to 20
minutes arrives at the ED. He immediately called 911 for an ambulance right after the pain
began. He has had “chest discomfort” a few times before when walking up stairs in his home,
but it was a “vague soreness” that lasted I to 2 minutes and stopped right after he got to the
top of the stairs. Today, the pain was more severe in intensity and did not stop.

PMI:

. Hypertension

. Tobacco smoking—quit 5 years ago
. Hyperlipidemia

Medications:
. Nifedipine
. Vitamins

PE:

. Cardiovascular: normal

. Lung sounds normal

. Head, ears, eyes, nose, throat (HEENT): normal

On the CCS, choose parts of the physical examination based on what could be abnormal.

Initial Orders:

. ECG

. Creatine kinase myocardial band (CK-MB)
. Troponin

. Myoglobin

. Aspirin

. Nitroglycerin sublingual

. Morphine



All patients admitted to the hospital need complete blood counts (CBCs), urinalysis (UA), basic
metabolic panels, and chest x-rays.

As the clock is moved forward 15 to 20 minutes, the CK-MB, troponin, and myoglobin levels
all revert to normal. The ECG shows ST-segment elevation in leads V, through V,. The

patient describes his pain as “sore, squeezing, and pressure-like.” He is somewhat short of
breath.

What test becomes abnormal first?
a. CK-MB

b. Troponin

c. Myoglobin

Answer c¢. Myoglobin

Myoglobin level increases as early as 1 to 4 hours after the onset of myocardial damage. Elevation of
myoglobin level is absolutely not specific to cardiac muscle. You do not see an elevated myoglobin
level because of its specificity to heart tissue. You order a myoglobin test because a normal test at 4
hours strongly excludes a current infarction. CK-MB and troponin levels do not begin to increase
until 4 to 6 hours after the onset of damage.

What is the mechanism of the drug you should add?
a. Blockade of P2Y |, adenosine diphosphate (ADP) receptor

b. Potentiation of antithrombin III

¢. Thrombin inhibition

d. Plasmin inhibition

e. Dihydropyridine receptor inhibition

Answer a. Blockade of P2Y |, ADP receptor

All patients with unstable angina (acute coronary syndrome [ACS]) need two antiplatelet
medications. A second drug is added to aspirin. Clopidogrel, prasugrel, and ticagrelor work through
inhibiting the ADP receptor on the platelet. Heparin is not as useful in an acute ST-segment elevation
myocardial infarction (MI) as it is in unstable angina or non-ST segment elevation MI (NSTEMI).

* Potentiation of antithrombin III = heparin

 Thrombin inhibition = argatroban, lepirudin

* Plasmin inhibition = aminocaproic acid (This is always wrong in coronary syndromes. )
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* Dihydropyridine receptor inhibition = CCB

Aspirin and clopidogrel are started. Nitroglycerin, morphine, ACE inhibitor, metoprolol,
and a statin are given as well. Medications on CCS are considered to be administered as
soon as you verify them on the electronic order system. There is no time delay to drug
administration on CCS. There is a modest improvement in pain and no change in vital signs.
Angioplasty is superior to thrombolytics in terms of outcomes such as mortality, incidence
of CHF, and recurrences of chest pain. Only 20% of hospitals in the United States can do
urgent angioplasty with intervention. Your question will clearly tell you if the
catheterization laboratory is close enough to get the balloon inflated within 90 minutes of
the patient with chest pain arriving at the ED.

Up to how long after the onset of chest pain should thrombolytics be given?

a. 30 minutes
b. 90 minutes
c. 3 hours

d. 4.5 hours

e. 12 hours

Answer e. 12 hours

Thrombolytics are useful for an ST-segment elevation MI for 12 hours after the onset of pain. They do
not work for NSTEMI. Use them for 3 to 4.5 hours for a stroke. It is very easy to confuse the question
“how long after onset of pain” with “how long after coming to the ED” should thrombolytics be
used. Once in the ED, you should have thrombolytics in the patient’s needle within 30 minutes of
coming to the door.

Tissue plasminogen activator (TPA) is good for 12 hours after onset of chest pain.

TPA is used only for chest pain with ST elevation and new left bundle branch block (LBBB).

The patient is at a hospital with an interventional cardiac catheterization laboratory.
Percutaneous coronary intervention (PCI) is performed. A sirolimus-coated stent is placed
and the vessel diameter is increased in size from 2 mm to 4 mm.
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What is the increase in the amount of flow with this increase in vessel size?

a. 2X
b. 4x
c. 8%

d. 16x

Answer d. 16x

Use Poiseuille’s equation: Flow is proportional to the radius raised to the fourth power. So a
doubling in radius or diameter will increase flow by 2 x 2 x 2 or 16 times. Flow is inversely
proportional to the length of the tube and the viscosity of the liquid. Length and viscosity cannot be
changed in coronary syndromes.

This equation explains why interventions that increase the interior lumen diameter are the ones
that improve flow and mortality. Beta-blockers such as metoprolol lower mortality, but they are not
as dependent on time. In other words, although it is urgent to deliver anticoagulants and PCI, you are
not pressed for time in administering beta-blockers.

Mortality Benefit in Myocardial Infarction
* Aspirin

* Second antiplatelet drug

 Angioplasty

* Thrombolytics

* Beta-blockers

* Statins

CASE 4: Aortic Stenosis

Setting: office or ambulatory care
CC: “I feel short of breath when I push myself.”

VS: R: 12 breaths/minute; BP: 108/72 mm Hg,; P: 64 beats/minute; T: 99.8°F

HPI: 4 78-year-old man, who was a long-term patient of your partner, presents with
exertional dyspnea. Shortness of breath has been occurring for several months. It is slowly
getting worse, and he can count the number of steps he must take into his two-storey house
before it happens. He now feels light-headed as well.

ROS:



. Denies chest pain
. Denies loss of consciousness

PMHXx:

. Hypertension

. Hyperlipidemia
. Osteoarthritis

Medications:

. Enalapril

. Hydrochlorothiazide
. Ibuprofen

. Atorvastatin

PE:

. Cardiovascular: systolic murmur, crescendo-decrescendo heard best in the second right
intercostal area

Where will the murmur radiate to?

a. Axilla
b. Lower left sternal border

c. Carotids

Answer c. Carotids

Aortic stenosis (AS) murmur will project up the aorta toward the direction of the carotid arteries.
MR radiates to the axilla. MR 1s pansystolic (or holosystolic) and will obscure hearing either S; or

S,. Aortic regurgitation (AR) radiates down the lower left sternal border. AR is a diastolic
decrescendo murmur.

Why is there a delay between the closure of the mitral and tricuspid valves (S1)
and the beginning of the murmur?

a. Insufficient backflow of blood
b. Rapid aortic filling

c. Isovolumetric contraction

d. Isovolumetric relaxation

e. Shunt circulation

Answer c. [sovolumetric contraction



At the start of ventricular contraction, blood does not move across the aortic valve. It takes time for
actin and myosin filaments to shorten and to increase LV pressure to the point where blood moves.
Blood does not move until it exceeds diastolic pressure, which is usually around 80 mm Hg. When
LV pressure exceeds diastolic pressure, the aortic valve will open and blood will exit the LV and
enter the aorta. This is when the murmur occurs.

The murmur of AS is delayed after S| until LV pressure increases enough to open the aortic valve.

No Blood Movement = No Murmur

On auscultation, maneuvers are performed in the office to see what the diagnosis is, before
an echocardiogram is performed. Squatting and leg raise increase venous return to the
heart. Standing suddenly and the Valsalva maneuver will decrease venous return to the he
art. This patient’s murmur of AS will become louder with squatting and leg raises and
quieter with standing and Valsalva maneuvers.

AS narrows the aortic valve. According to the Reynolds number, as diameter
decreases, turbulence should decrease. Why does the narrowing caused by AS
provide turbulence enough to produce a murmur, if the total flow is decreased?

a. Viscosity increases.

b. Viscosity decreases.

c. Velocity increases more than diameter decreases.

d. Increased filling actually increases total flow in AS.

e. Dilated cardiomyopathy compensates.

Answer c. Velocity increases more than diameter decreases.

Velocity is inversely proportional to surface area. As the surface area decreases, velocity increases.
However, the velocity increases with the value of nr?. Hence, you have less blood moving through the

aortic valve, much faster. Flow is down, velocity is up. This is what creates the turbulence that
produces a murmur that you can hear.



pdv

Reynolds number =
r|

where

p = density of blood

d = diameter of the blood vessel
v =velocity of blood flow

1 = viscosity of blood

v=Q/A

And A = Ais the area, or ir

Initial Orders and Results:

. Chest x-ray: left ventricular hypertrophy, clear lung fields

. ECG: left ventricular hypertrophy

. Echocardiogram: aortic stenosis, symmetrical ventricular hypertrophy
. Oximeter: normal

The patient returns to discuss the findings with you after several weeks. His symptoms of
breathlessness are about the same.

Which therapy will decrease the progression of AS?

a. Diuretics

b. ACE inhibitors

¢. HMG-CoA reductase inhibitors (statins)
d. Beta-blockers

e. CCBs

f. None

Answer f. None

No medication has ever been shown to decrease the rate of progression of AS. AS is an idiopathic
disorder of increasing fibrosis, sclerosis, and calcification of the aortic valve (Figure 1-2). None of
these medications will decrease progression, and some, such as diuretics, can be dangerous in terms
of decreasing LV filling pressure.
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Figure 1-2. Parasternal long-axis plane demonstrating a thickened, stenotic aortic valve. Ao, aorta; LA, left atrium; LV, left ventricle.
(Reproduced with permission from Fuster V, et al., ed. Hurst’s The Heart, 13th ed. New York: McGraw-Hill; 2011.)

The patient reports worsening
dyspnea and he has had an episode of syncope. You recommend valve repair. He is now 79
years old.

Which is best for this patient?

a. Balloon valvuloplasty
b. Open aortic valve commissurotomy
c. Replace with metal valve

d. Replace with bioprosthetic valve

Answer d. Replace with bioprosthetic valve

Balloon valvuloplasty is not a good choice for stenotic aortic valves. The valve will only restenose
and worsen. In addition, the procedure may simply create aortic regurgitation. The same is true of an
open commissurotomy.

Replacement of aortic valves is clearly the best choice when symptoms of shortness of breath or
syncope develop. A bioprosthetic valve is preferred because it does not need anticoagulation with
warfarin. On average it will last 10 years, but in an elderly, relatively sedentary person, it may last



15 years. Metal valves need an international normalized ratio (INR) higher than 2 to 3 because metal
valves are so thrombogenic. This puts an elderly person at very high risk of bleeding.

The patient refuses to undergo valve replacement surgery. He says, “I’'m too old,” and leaves
the office. He comes back a few months later. His exercise tolerance has decreased, and he
becomes dyspneic even walking across his own living room. He had two more episodes of
syncope. He is now ready for valve replacement.

What test should you do prior to surgery?

a. Holter monitor

b. Troponin or CK-MB

c. Arterial blood gas

d. Cardiac catheterization

e. Positron emission tomography (PET) scan

Answer d. Cardiac catheterization

There is a very high incidence of coronary artery disease in those with AS. Frequently, simultaneous
coronary bypass surgery is done in 50% to 70% of patients. Troponin and CK-MB testing are only for
ACS. A PET scan measures the uptake of 18-fluorodeoxyglucose. It is useful to tell the content of
solid lesions to see if there is cancer inside. Cancers generally have an increased metabolic rate of
glucose, and the PET scan will light up with a cancer.

Which has the shortest survival in AS?
a. Syncope

b. Angina

c. CHF

d. Left ventricular hypertrophy

Answer ¢. CHF

By the time the heart dilates in size, nothing can be done to restore it to normal size and shape. This is
why replacement of the aortic valve should occur before cardiac dilation has occurred. Angina is the
most common and earliest finding of AS and can be easily reversed by coronary bypass surgery.

CASE 5: Mitral Stenosis

Setting: office or ambulatory clinic



CC: “I get short of breath.”
VS: R: 26 breaths/minute; BP: 108/72 mm Hg,; P: 104 beats/minute; T: 99.8°F

HPI: 4 26-year-old woman comes to the office with increasing shortness of breath and
palpitations over the last several months. She also has hemoptysis. She emigrated from South
America several years ago. She has no fever.

PMHX: rheumatic fever as a child
Medications: none

PE:

Cardiovascular:
. Third heart sound in diastole just after S,

. Diastolic rumbling murmur
. All heard best at apex
. Loud S,

What is the basis of the loud S1?

a. Calcium is crunchy.

b. Fibrous bands are being broken.

c. The mitral valve is still open when LV pressure becomes high.
d. AFib eliminates atrial systole.

e. There is left ventricular noncompliance.

Answer c. The mitral valve is still open when LV pressure becomes high.

S| 1s created by the sound of the mitral valve closing. The loudness is created by a delay in closure

from fibrous tissue delaying its movement. This means LV pressure builds to a much higher level
before it closes than it would in a healthy person. It is like “slamming” a stuck door.

The sound is not caused by breaking either calcium or fibrous tissue. AFib does not impair mitral
closure in anyone. The LV has normal compliance in mitral stenosis (MS). MS is a problem with
emptying the atrium that has nothing to do with LV compliance.

Rheumatic fever is by far the most common cause of MS.



Loud S, 1s a “slam of the door.”

What causes the hemoptysis?

a. Tricuspid stenosis

b. Left-to-right shunting

c. Right-to-left shunting

d. Pulmonary hypertension

e. Atrial septal defect

Answer d. Pulmonary hypertension

Stenosis of the mitral valve causes pulmonary hypertension. This “stretches” the vessels of the
pulmonary vasculature until they burst. It is a kind of super-exaggerated increase in the hydrostatic
pressure of the pulmonary veins to the point where the integrity of the delicate pulmonary capillaries
bursts.

The majority of the symptoms of MS can be related back to the pulmonary hypertension.
* Dyspnea and orthopnea
* Ascites, edema, and hepatosplenomegaly if right heart failure occurs

Besides obstruction of flow, which of these contributes to create pulmonary
hypertension?

a. Increased carbon dioxide (CO,) content
b. Decreased pH

c. Hypoxia

d. Respiratory alkalosis

Answer c. Hypoxia

Hypoxia constricts pulmonary blood vessels. Pulmonary vasculature has profound autoregulatory
controls that shunt blood flow away from the hypoxic parts of the lung. This is because flow in the
lungs is supposed to collect oxygen, therefore, vasoconstriction in hypoxic areas is to decrease flow
away from those areas. If the whole lung has hypoxic flow, there will be a global vasoconstriction of
the pulmonary vessels.

Pulmonary hypertension is the root of all MS symptoms.



The patient has been getting progressively more short of breath. Although dyspnea used to
occur only with significant exertion, it is now interfering with the patient’s ability to walk
up stairs. She occasionally has palpitations. An ECG in the office shows normal sinus
rhythm.

Initial Orders:

. Chest x-ray

. Echocardiogram

. Basic metabolic panel (CHEM-7)
. Sodium-restricted diet

. Furosemide orally

As you move the clock forward 3 to 4 days, the results come back as:

Chest x-ray:
. Straightening of left heart border, elevation of left mainstem bronchus, second density

behind the heart

Echocardiogram:
. Moderate MS with marked dilation of left atrium (LA)

. Valve diameter 1.2 cm?
. No thrombi in atrium
. Mild calcification of mitral valve

Chemistry:

. Sodium 129 mEq/L (normal 135—145 mEq/L)
. Blood urea nitrogen (BUN) 24 mg/dL (normal 6—14 mg/dL)

On chest x-ray, what elevates the left mainstem bronchus?
a. The LV pushes it up.

b. The LA pushes it up.

c. The pulmonary artery is enlarged.

d. The right ventricle (RV) is hypertrophic.

Answer b. The LA pushes it up.

The LA is the most posterior structure in the heart. It sits behind the heart and can appear as a “double
density” behind the heart. LA enlargement obliterates the aortopulmonary knob or window on the left-
hand side (Figure 1-3).



Figure 1-3. The typical fish-mouth appearance of rheumatic mitral stenosis is shown. (Reproduced with permission from Otto CM, ed.
Valvular Heart Disease. Philadelphia, PA: Saunders; 1999:13-42.)

What is the mechanism of hyponatremia and hich BUN?

a. From sodium-restricted diet

b. Atrial natriuretic peptide

c. Decreased aldosterone level

d. Decreased permeability of collecting duct

e. Decreased stimulation macula densa

Answer b. Increased ADH and atrial natriuretic peptide

Stretching of the atrium releases atrial natriuretic peptide (ANP) as it does in all forms of CHF or
anything that increases fluid in the heart. It is very hard to decrease serum sodium levels just from a
sodium-restricted diet. Low tissue perfusion and decreased sodium load to the kidney should increase
stimulation of the macula densa and increase renin and not decrease it. Both low perfusion of the
juxtaglomerular complex and stimulation of the macula densa will increase aldosterone levels, not
decrease them in any form of CHF.

Low perfusion pressure of the carotid body will signal the brain to make more ADH in the
hypothalamus. Increased ADH increases the permeability of the collecting duct; it does not decrease
it. Increased permeability of the collecting duct will reabsorb free water into the body, not lose free
water.

Decreased renal perfusion results in prerenal azotemia and an elevation of BUN. This is true of
cirrhosis, nephrotic syndrome, or CHF.

Which finding will be present on ECG?
a. SVI + RV5 >35 mm



b. Enlarged P wave in V,
c. Biphasic P wave in V;

d. aVL >13 mm

Answer c. Biphasic P wave in V;

A biphasic P wave in V| is a sign of left atrial hypertrophy. The LA is the most posterior structure in
the heart. Enlargement will pull electrical forces away from the anterior chest wall. The first
deflection will be upright from the right atrium. The second deflection will be sharply posterior from
the enlarged LA, pulling the electricity backward.

SV, + RV5 >35 mmor aVL > 13 mm = Left Ventricular Hypertrophy
Enlarged P wave in V,; = Right Atrial Hypertrophy

Muscle = Electricity on Electrocardiogram
More Muscle = More Electricity

The patient comes back in 2 weeks to discuss her test results. Her symptoms are not better
despite diuretics and salt restriction. Palpitations are more frequent. An in-office ECG
shows AFib. You offer the patient balloon valvuloplasty, but she declines it. Metoprolol is
started to control her heart rate. The patient does not return for 6 months. She is pregnant
and her obstetrician has referred her to you because of markedly worse dyspnea,
palpitations, and the new onset of dysphagia (Figure 1-4).

Figure 1-4. Parasternal long-axis view of mitral stenosis. The LA is enlarged, mitral opening is limited, and doming of the anterior mitral
leaflet is present. Ao, aorta; LA left atrium; L, left ventricle; RV, right ventricle. (Reproduced with permission from Fuster V, et al., ed.

Hurst’s The Heart, 13th ed. New York: McGraw-Hill; 2011.)



Dysphagia in MS is from an enlarged LA pressing on the esophagus.

Plasma volume increases by 50% in pregnancy, worsening fluid overload in MS.

What is the mechanism of the increase in plasma volume in pregnancy?

a. Red blood cell production decreases.

b. Aldosterone level increases.

¢. The maximum osmolarity of urine decreases.

d. Hypothalamic osmoreceptors reset and ADH level increases.

e. Glomerular filtration rate decreases.

Answer d. Hypothalamic osmoreceptors reset and ADH level increases.

Pregnancy changes the level at which the osmolarity receptors in the hypothalamus would shut oft
ADH production. ADH secretion continues at an osmolarity of 280 mOsm when a nonpregnant person
would have it shut off. Pregnancy increases the glomerular filtration rate (GFR) and increases
permeability of the collecting duct, thereby increasing free water reabsorption.

The patient agrees to balloon valvuloplasty in the sixth month of her pregnancy, which
markedly relieves symptoms. To control her heart rate, metoprolol is continued.

Beta-blockers and calcium channel blockers are safe in pregnancy.

Endocarditis prophylaxis is not used for MS.

CASE 6: Atrial Fibrillation

Setting: ED
CC: “I feel a fluttering in my chest.”
VS: R: 32 breaths/minute; BP: 118/88 mm Hg, P:128 beats/minute, irregularly irregular; T:
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98.1°F

HPI: A 42-year-old gastroenterologist comes to the office with 1 single day of palpitations
and fluttering in his chest. He has never had this before. He denies chest pain,
light-headedness, or shortness of breath. He is very anxious. He drinks a large amount of
vodka at night four to five times a week and frequently travels to present papers at
international meetings.

PMHX: none

Medications: none

Each part of the physical examination on CCS takes the same amount of time, no matter the
case.

PE:

. Neurological: normal

. Cardiovascular: no murmurs, rubs, or gallops
. Abdomen. normal

. Extremities: no edema

Initial Orders:
. ECG

. CHEM-7

. Chest x-ray

. Oximeter

. CBC

As you move the clock forward 10 to 20 minutes, all the laboratory results come back as
normal except for the ECG. The ECG shows AFib at a rate of 125 to 130 beats/minute. The
ORS duration is normal (Figure 1-5).
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Figure 1-5. Atrial fibrillation. (Reproduced with permission from Tintinalli JE, et al. Tintinalli’s Emergency Medicine, A
Comprehensive Study Guide, 7th ed. New York: McGraw-Hill; 2011.)

When is immediate electrical cardioversion for AFib correct?

a. Palpitations not improved with medication



b. Severe anxiety
c. Pallor, sweating, and decreased capillary refill
d. BP 78/50 mm Hg and chest pain

Answer d. BP 78/50 mm Hg and chest pain

Electrical cardioversion is indicated for tachyarrhythmias when there is life-threatening
hemodynamic instability, such as chest pain, CHF caused by the arrhythmia, decreased systolic BP, or
hemodynamically related confusion.

Although uncomfortable, none of the other symptoms described here are severe enough to put the
patient through the risk and discomfort of electrical cardioversion. Pallor, anxiety, sweating, and
palpitations are all subjective, hard to measure, and not life-threatening,

Cardioversion works by causing the simultaneous depolarization of all the myocytes in the heart.

What is the most common cause of AFib?

a. Caffeine

b. Cocaine

c. Hypertension

d. Hyperthyroidism

e. Ischemia (coronary disease)

Answer c¢. Hypertension

AFib occurs most commonly as a result of structural abnormalities of the heart caused by
hypertension, cardiomyopathy, or valvular heart disease.

Although it is commonly believed that caffeine causes AFib, this has not been shown to be true.
Caffeine and cocaine can speed up rate-controlled atrial arrhythmia, but it is unlikely that caffeine
alone can cause AF1b in a normal heart.

Hyperthyroidism can cause AFib, but it is a far less common cause than hypertensive heart
disease. It is rare for ischemia or coronary disease to present with AFib in the absence of other
structural heart disease.

The patient is uncomfortable from palpitations but is hemodynamically stable.
What treatment is first?

a. Quinidine

b. Heparin
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c. Warfarin
d. Metoprolol

e. Depends on results of the echocardiogram

Answer d. Metoprolol

Rate control with either a beta-blocker, CCB, or digoxin is the first step in managing rapid AFib.
Rate control is more important than trying medications such as quinidine, amiodarone, flecainide, or
propafenone to chemically convert AFib into normal sinus rhythm. Anticoagulation is not needed for
AFib present for <48 hours. The echocardiogram results may help tell who needs anticoagulation, but
controlling the rapid ventricular response is not dependent on echocardiogram findings.

What is the mechanism of rate control in AFib or flutter (Figure 1-6)?
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Figure 1-6. Atrial flutter. (Reproduced with permission from Conrad Fischer.)

a. Inhibition of “Funny” sodium channels in the sinoatrial (SA) node
b. Stimulation of outward potassium channels

c. Inhibition of conduction in the AV node

d. Blocking Purkinje fibers

Answer c. Inhibition of conduction in the AV node

Any beta-blocker will work to slow AV nodal conduction in atrial arrhythmias. Only the CCBs
diltiazem or verapamil slow conduction to control rapid rate.

Alcohol intoxication causes atrial fibrillation.



After metoprolol or diltiazem, the patient’s heart rate reduces to 80 beats/minute. All
symptoms resolve. Admittance to the ICU is not necessary and the patient is placed on a
regular hospital ward. Heparin is not necessary. The echocardiogram shows a normal heart
size and shape with no significant valvular disease and no thrombi. The AFib does not stop,
but the rate remains controlled and there are no symptoms.

What is the best therapy?
a. Aspirin

b. Warfarin

c. Dabigatran

d. Rivaroxaban

Answer a. Aspirin

CHADS is an acronym for risk factors for stroke in AFib. If the CHADS score is 0 or 1, aspirin alone
is sufficient. If the CHADS score is 2 or more, use warfarin, dabigatran, or rivaroxaban.

C = Congestive heart failure
H = Hypertension

A = Age > 75 years

D = Diabetes

S = Stroke or transient ischemic attack (TIA) (Either of these alone is worth 2 points and
indicates automatic anticoagulation medication.)

This patient has a CHADS score of zero, and aspirin alone is sufficient.

Dabigatran is a direct thrombin inhibitor. No INR monitoring is needed.

Rivaroxaban is a factor Xa inhibitor. No INR monitoring is needed.

CASE 7: Supraventricular Tachycardia, Ventricular Tachycardia, and
Wolff-Parkinson-White Syndrome

Setting: ED



CC: “I think I have palpitations.”
VS: R: 34 breaths/minute; BP: 138/88 mm Hg; P: 160 beats/minute; T: 99.8°F

HPI: 4 19-year-old woman presents to the ED complaining of palpitations. She is anxious and
her chest is uncomfortable from the rapid heart rate. She is not confused, and there is no
“chest pain.” She is a generally healthy person, and this is the first time she has been to an
ED. She drank four Red Bull energy drinks today.

PMHX: none
Medications: none

Initial Orders:

. CHEM-7

. CBC

. Echocardiogram

. ECG

. Calcium and magnesium levels

What does the ECG show (Figure 1-7)?
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Figure 1-7. Supraventricular tachycardia. (Reproduced with permission from Conrad Fischer.)

a. AFib

b. Atrial flutter

c¢. Supraventricular tachycardia (SVT)
d. VT

Answer c. Supraventricular tachycardia (SVT)

The first part of the ECG reading, on the left, shows sinus rhythm because of the presence of P waves
and a normal QRS duration <100 msec. On the right, there is a narrow complex (<100 msec)
tachycardia with no P waves, no fibrillatory waves, and no flutter waves. That is the definition of
SVT. If there are clear P waves, then it 1s not SVT.

SVT and atrial flutter are regular in rhythm. Fibrillation is irregular.

What is the mechanism of the patient’s SVT today?

a. Caffeine

b. Ischemia

c¢. Abnormal conduction pathway at the AV node
d. Ectopic focus in the ventricle

e. Thrombus in the atrium

Answer c¢. Abnormal conduction pathway at the AV node

The vast majority of SVT is based on abnormal “wiring” at the AV node or an AV nodal reentry.
Caffeine does not create SVT. Ischemia is a prominent cause of ventricular arrhythmias but, virtually
never, atrial arrhythmias. Ectopic ventricular foci create VT, not SVT. AFib leads to stasis in the
atrium that creates thrombi, but thrombi do not create SVT.

The patient is lying on her stretcher continuing to feel palpitations. Her BP is now 112/82
mm Hg. Carotid sinus massage is attempted, but it is not effective. Adenosine is given with
two sequential boluses, but the SVT persists. Move the clock forward 5 to 10 minutes on
CCS after vagal maneuvers and adenosine administration.

Carotid massage increases vagal tone to convert SVT.



Adenosine most often works to convert SVT.

If you are uncertain about patient status, click on “Interval History” to getan update.

Because the patient is hemodynamically stable, there is no indication for cardioversion.
Palpitations do not count as hemodynamic instability. BP remains at 118/80 mm Hg.
Diltiazem or verapamil is given as an IV bolus, and you move the clock forward 5 to 10
minutes. Al IV agents that may potentially affect the cardiac conduction system should be
given under telemetry or continuous cardiac monitoring. The telemetry monitor now shows
VT (Figure 1-8).
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Figure 1-8. Ventricular tachycardia. (Reproduced with permission from Stern SDC, et al. Symptom to Diagnosis: An Evidence-Based
Guide. New Y ork: McGraw-Hill; 2010.)

What should you do first?

a. Consult cardiology.

b. Transfer the patient to the ICU.

c. Check vital signs.

d. Perform synchronized cardioversion.

e. Perform unsynchronized cardioversion.

Answer c. Check vital signs.

Any change in a patient’s cardiac rhythm requires the BP to be checked immediately. If VT results in
hypotension, you need immediate synchronized cardioversion. If VT persists, but BP stays normal,
use amiodarone first, possibly followed by lidocaine or procainamide if there is no response to
amiodarone.



Do not ever order consultations for a person who is unstable and needs immediate help. The CCS
Step 3 examination expects you to help the patient, not to defer responsibility. On CCS, consultants
never tell you what to do. They just say “I saw your patient; I have no specific recommendations. Do
what you think is right.”

Do not ever transfer an unstable or potentially unstable patient to another part of the hospital
without first starting treatment and ordering tests. Both a transfer and a consultation are inappropriate

first responses on the Step 3 examination because they make you look like an idiot who cannot care
for a sick patient.

Shock Unstable Ventricular Tachycardia Unstable =
* Chest pain

* Systolic <90 mm Hg

* CHF

* Confusion from hypoperfusion

As you order vital signs, the clock will automatically move forward 2 minutes. If you have
not already done so, order calcium, magnesium, oxygen, and potassium levels. Low levels of
all of these are associated with developing arrhythmias, particularly ventricular
arrhythmias. Do not wait for the results to give magnesium. Giving magnesium can help

correct ventricular arrhythmia. Do not give calcium or potassium without being sure the
level is low.

When the clock is moved forward 2 minutes, the patient’s BP is 140/90 mm Hg.
Palpitations are the only symptom. VT persists.

What should you do?

a. Perform synchronized cardioversion.
b. Perform unsynchronized cardioversion.
c. Give amiodarone.

d. Give quinidine.

Answer c¢. Give amiodarone.

Use amiodarone first for hemodynamically stable VT. Amiodarone is a clear first choice as an
antiarrhythmic for both VT and ventricular fibrillation. Although lidocaine is a second-line drug, Step
3 does not put you in “hairsplitting” decisions where lidocaine could be a choice. The wrong answers
are clearly wrong. Quinidine is a rarely used class Ia agent for atrial arrhythmias, and there is no
point in cardioverting VT until medications have been tried and failed.
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After amiodarone, the rhythm converts to normal sinus at a rate of 70 beats/minute.
Symptoms of palpitations resolve.

What most likely led to this situation in which SVT deteriorates to VT after the
use of verapamil?

a. Dilated cardiomyopathy

b. Hypertrophic cardiomyopathy
c. WPW syndrome

d. Brugada syndrome

Answer ¢. WPW syndrome

WPW is notorious for worsening after the use of CCBs (Figure 1-9). WPW is one of the only
syndromes to alternate SVT with VT. Dilated cardiomyopathy may have worsening systolic function
with the use of a prominent negative inotrope such as verapamil, but neither dilated nor hypertrophic
cardiomyopathy alone will result in an arrhythmia just from use of a CCB.
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Figure 1-9. Left: Wolff-Parkinson-White (WP W)-type preexcitation and short PR-type preexcitation. Right: (top) Delta waves of
different magnitude: (A) minor preexcitation and (B, C) significant preexcitation; middle: three consecutive QRS complexes with
evident preexcitation; (below) short PR-type preexcitation. (Reproduced with permission from Fuster V, et al., ed. Hurst’s The Heart,
13th ed. New York: McGraw-Hill; 2011.)

Brugada syndrome is a genetic disorder leading to syncope and sudden death in association with a



right bundle branch block pattern on an ECG. It is more common in persons of Asian ethnicity.

What is the mechanism of arrhythmia formation in WPW?

a. Elimination of normal AV node
b. Bundle branch block in ventricles
c. Accessory bundle of Kent

d. Loss of normal calcium channel in the AV node

Answer c. Accessory bundle of Kent

WPW is an anatomic defect in the conduction system of the AV node. An abnormal accessory
pathway is present. Calcium channel blocking medications produce blockade in the normal AV nodal
tissue forcing cardiac conduction down the abnormal accessory pathway in the bundle of Kent. This
can lead to either SVT or VT, although SVT is more common.

Besides the CCBs that were used in this patient, what is the medication most
dangerous in WPW?

a. Digoxin

b. Beta-blockers

c. Procainamide

d. Sotalol

Answer a. Digoxin

Digoxin has a strong blocking effect on normal AV nodal conduction tissue. This effect forces
conduction down the abnormal pathway. This occurrence is much less common with beta-blockers.
Procainamide is the best therapy for WPW during arrhythmia. In this case, it was not known that
WPW was the cause of the VT and that is why the standard of care for VT, which is amiodarone, was
used. In the future, if WPW leads to SVT or VT, procainamide is the best drug therapy.

Which part of the ECG is most affected by WPW (Figure 1-10)?
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Figure 1-10. The PR interval is shortened (double arrow) and a delta wave (upsloping initial QRS segment) is seen (arrow, shaded
area). (Reproduced with permission from Knoop KJ, et al. The Atlas of Emergency Medicine, 3rd ed. New Y ork: McGraw-Hill;
2010.)

a. PR segment depression
b. PR interval <120 msec
c. PR interval >200 msec
d. Wide QRS complex

e. Long QT interval

Answer b. PR interval <120 msec

The accessory bundle of Kent conducts faster than the normal AV node. This make the PR interval
shorter than the lower limit of normal, which 1s 120 msec.

The slowest conduction in the normal heart 1s the AV node.

The patient is admitted to the ICU, which is appropriate for patients with WPW presenting
with VT. Patients with asymptomatic WPW or just SVT can be sent to the regular hospital
ward. Order an echocardiogram if not already done. Now that the patient is stable, consult
cardiology and electrophysiology. The patient needs evaluation for a permanent repair with
radiofrequency catheter ablation.

WPW syndrome is readily cured with catheter ablation.



Case 8: Pericardial Tamponade

Setting: ICU
CC: His blood pressure is low.
VS: R: 26 breaths/minute; BP: 102/52 mm Hg, P:110 beats/minute; T: 100.4°F

HPI: It is 2 o’clock in the morning on July 2 during your postgraduate year 2 (PGY-2). The
intern finished medical school about an hour ago and is looking to your expert leadership
with a patient admitted to the hospital a week ago for an anterior wall myocardial infarction
(AWMI). The patient developed hypotension and lightheadedness a few hours ago and was
moved to the ICU. He is a 67-year-old man with recurrent episodes of chest pain during this
hospital stay. He was treated with thrombolytics on admission. An echocardiogram on
hospital day 3 showed EF at 34% and decreased anterior wall motion.

PMHX: hypertension, diabetes, and hyperlipidemia

Medications:
. Aspirin

. Prasugrel

. Metoprolol
. Ramipril

. Cerivastatin

PE:

. Cardiovascular: bilateral JVD, no murmurs
. Chest: clear to auscultation

. Extremities: small amount of edema

. Skin: diaphoretic

What is the mechanism of response to this hypoperfusion?
a. Increased beta-1-stimulation of peripheral vessels

b. Increased beta-2-stimulation of peripheral vessels

c. Decreased vagal stimulation of arterioles

d. Increased alpha-1-stimulation of peripheral vessels

e. Central alpha-2-stimulation

Answer d. Increased alpha-1-stimulation of peripheral vessels

a;-Stimulation is a vasoconstrictor of peripheral vessels. This will shunt blood from the skin, which
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is approximately 5% of blood flow into the central circulation, such as the heart and brain. Alpha-1-
stimulation also constricts muscle vessels resulting in more shunting of blood to central organs. Beta-
2-stimulation dilates skeletal muscle, which is undesirable with cardiac pump dysfunction.

Acetylcholine and parasympathetic stimulation do not touch peripheral vessels. Alpha-2-
stimulation prevents the release of norepinephrine from nerves. Alpha-2-stimulation will result in
vasodilation and will lower BP.

Acetylcholine neither constricts nor dilates skin and muscle arterioles.

Norepinephrine is an alpha-1-agonist.

After moving the clock forward 10 to 15 minutes, repeat vital signs: R: 28 breaths/minute,
BP: 96/58 mm Hg, P:118 beats/minute.

What is the right step?

a. Bolus dextrose 5% in water (D5SW)
b. Bolus half normal saline (NS)

c. Bolus NS

d. NS and dopamine

e. Ringers lactate and levarterenol

Answer c. Bolus NS

It is inappropriate to try to increase BP with DSW. The best initial fluids to raise BP are either NS or
Ringer lactate (RL). Do not start pressors such as dopamine or levarterenol without first trying fluids.
This is particularly true of dopamine in a patient with myocardial ischemia. Dopamine can worsen
myocardial ischemia and oxygen consumption.

Initial Orders:

. Bolus NS

. ABG

. Chest x-ray, portable
. CBC

. CK-MB



Why does the mechanism of NS make it the best fluid for hypotensive patients?

a. Lactate is converted to bicarbonate by the liver.
b. NS has higher tonicity compared to other fluids.
c. DSW increases free water loss at the kidneys.

d. NS increases oncotic pressure of the capillaries.

Answer b. NS has higher tonicity compared to other fluids.

NS has considerably higher osmotic content compared with that of DSW or half NS. This increases
its tonicity and is more likely to keep the fluid in the vascular space. The majority of DSW and half
NS will leave the vascular space and enter the interstitial fluid space. Although this may increase the
overall volume status of the patient, it will not increase the BP as much as either NS or RL. NS does
not contain lactate; RL has the lactate that is converted to bicarbonate by the liver. Because NS has no
protein, it will not increase the oncotic pressure of the vascular space.

If two to three fluid boluses with NS do not raise BP >90 mm Hg, then use levarterenol or
pseudoephedrine.

Levarterenol and pseudoephedrine are pure alpha-1-agonists.

After each fluid bolus, move the clock forward 5 to 10 minutes, and recheck BP. This
patient’s BP stays at 94/60 mm Hg and his pulse rate remains 120 beats/minute. His neck
veins are increasingly distended. His lungs remain clear. ABG results show PO, 68 mm Hg

on room air with respiratory alkalosis. A chest x-ray reveals a cardiac shadow slightly
enlarged bilaterally. His CK-MB level is elevated.

Monitoring CK-MB level is better than monitoring troponin level at detecting reinfarction.

What can be done first to detect the etiology?

a. Cardiac catheterization



b. Coronary angiography
c. A >10 mm Hg decrease in BP on inhalation
d. Transesophageal echocardiogram

e. Holter monitoring

Answer c. A >10 mm Hg decrease in BP on inhalation

Hypotension + JVD + Tachycardia = Pericardial Tamponade

Pulsus paradoxus is a >10 mm Hg decrease in BP on inhalation. Pulsus paradoxus can be checked at
the bedside and is a good way to tell if the heart is being compressed. On inhalation, venous return to
the right side of the heart increases. Normally, the heart expands in external diameter. When
compressed by tamponade fluid, the heart cannot enlarge in total size. What happens when there is
right-sided heart enlargement when the total cardiac size cannot increase? The RV enlarges from
venous return on inhalation and compresses the LV. The right side of the heart expands in size; the left
side of the heart is “squished” smaller. This decreases BP.

Tamponade seen on ECG has “electrical alternans,” which is alternating large and small QRS
complexes.

NS is continued and pulsus paradoxus is found on examination. It is far more important to
perform pericardiocentesis to remove fluid than to wait for an echocardiogram or cardiac
catheterization. Removing as little as 50 mL of fluid will allow the heart to expand and
increase BP. On CCS, order the procedure you need. Because you do not know which
procedures will need a consultation on the computer program, just order the procedure and
the program will tell you when a consultation is needed first.

What will be found on echocardiogram as the first sign of cardiac tamponade?
a. LV compression in systole

b. LV compression in diastole

c. RV compression in diastole

d. Opening of ventricular septal defect

e. LA dilation

Answer c¢. RV compression in diastole

The right side of the heart collapses first because the walls are thinner and more easily compressed
(Figure 1-11). All compressions from pericardial effusion happen in diastole when the heart is trying



to fill (Figure 1-12).

Figure 1-11. Right atrial collapse (arrow) in a patient with a small pericardial effusion. LA, left atrium; LV, left ventricle; RA, right
atrium. (Reproduced with permission from Fuster V, et al., ed. Hurst’s The Heart, 13th ed. New York: McGraw-Hill; 2011.)
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Figure 1-12. Pericardial effusion on posteroanterior film radiography. Chest radiogram (anterior) of a patient with rapidly increasing
pericardial effusion and hemodynamic evidence of cardiac tamponade. Note how the cardiac silhouette is rounded in its lower portion

and tapers at the base of the heart, resembling a plastic bag filled with water sitting on a table. (Reproduced with permission from
Belenkie I. Pericardial disease. In: Hall JB, et al: Principles of Critical Care, 3rd ed. New York, McGraw-Hill; 2005).




Cardiac catheterization shows equalization or pressures in all chambers in diastole.

With bedside needle pericardiocentesis, the BP immediately increases after withdrawing 100
mL of straw-colored, nonbloody fluid. As you move the clock forward, the BP drops again the
following day. Management of a recurring pericardial effusion is with surgical placement of
a “window” or hole through which the fluid can drain into the pleural space (Figures 1-13
and 1-14). Once the fluid drains into the pleural space, it can easily be reabsorbed there. The
most likely cause of pericardial effusion in the patient is the recent series of myocardial
infarctions. Dressler syndrome, or post-MI pericardial inflammation is a rare event because
of the routine use of aspirin in all patients. Despite this, the most likely explanation is the
inflammation created by the multiple Mls.

Figure 1-13. Subxiphoid pericardial ultrasound reveals a large pericardial fluid collection. (Reproduced with permission from Brunicardi
FC, et al: Schwartz’s Principles of Surgery, 9th ed. New York: McGraw-Hill; 2010.)
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Figure 1-14. Electrocardiogram of a patient with cardiac tamponade demonstrates low voltages in the limb leads and marked electrical
alternans. (Reproduced with permission from Hall JB, et al. Principles of Critical Care, 3rd ed. New York: McGraw-Hill; 2005.)

CASE 9: Complete Heart Block

Setting: /ICU
CC: Confusion
VS: R: 24 breaths/minute; BP: 70/40 mm Hg; P: 40 beats/minute; T: 97.4°F

HPI: You are called to see a 64-year-old woman admitted last night with an acute MI1. She
underwent angioplasty and was started on aspirin, ticagrelor, atorvastatin, metoprolol,
enalapril, and nitroglycerin, and placed in the ICU. You are now called because the nurse
found the patient to be suddenly confused.

PMHXx:
. Hypertension

. Tobacco use
. MR

Outpatient Medications:
. Nifedipine
. Hydrochlorothiazide

PE:
. General: pale, uncomfortable
. Cardiovascular: cannon A waves in neck
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. Cardiovascular: 2/6 pansystolic murmur found
. Neurological: confusion, examination incomplete secondary to confusion
. Chest: clear to auscultation

Which is most important?

a. Atropine

b. Transcutaneous pacemaker
c. Transvenous pacemaker

d. Epinephrine

e. Levarterenol

Answer a. Atropine

Bradycardia with symptoms needs atropine to speed up the heart rate and raise BP. All of the
treatments listed will raise BP, but atropine is most appropriate. Atropine works faster than either
form of pacemaker and i1s considerably more comfortable than the transcutaneous pacemaker.
Epinephrine will both speed the heart rate and raise BP, but it is a disaster to use in acute ML
Epinephrine will provoke ischemia that can be fatal. It is wrong to use the alpha-1-agonist
levarterenol without first using atropine, fluids, and a pacemaker. Alpha-agonists are used to raise BP
when you cannot correct or control the underlying cause.

Initial Orders:

. Atropine IV

. NS bolus

. ECG

. CK-MB, troponin

. CHEM-7 (electrolytes), calcium, magnesium

Atropine and NS are given. Remember that on CCS, treatments are considered
“administered” the instant you confirm them. However, unless you move the clock forward,
you cannot detect an effect of the treatment. As you move the clock forward 5 minutes,
recheck the vital signs. If atropine is going to be effective, it will work instantly, but this
cannot be detected on CCS unless there is a movement forward in time.

In symptomatic bradycardia, atropine is more important than etiology.



Atropine blocks the effect of acetylcholine at the SA and AV nodes. Acetylcholine slows heart
rate.

How does atropine increase heart rate in bradycardia?

a. Decreases potassium efflux

b. Increases the rate of I or “Funny” sodium channels

c. Prolongs phase-2 calcium entry
d. Increases the velocity in Purkinje fibers

e. Increases the conduction speed at the Bachmann bundle in the atria

Answer b. Increases the rate of Iy or “Funny” sodium channels

Phase 4 in nodal tissue is flattened or slowed by acetylcholine. Atropine makes it rise faster. Phase 4
1s created by “Funny” sodium channels or I;. Faster Ip channels equate to faster depolarization in

nodal tissue. Atropine speeds the rate at which both the SA and AV nodes depolarize. This is
identical to the effect norepinephrine has.

On Nodal Tissue:
Atropine = Decreased Acetylcholine = Increased Norepinephrine Effect
Decreased Acetylcholine = Faster Phase 4 = Faster I = Faster Heart Rate

Phase 4 depolarization in nodal tissue is the site of the vagal effect on heart rate.

As you move the clock forward, the pulse rate increases from 40 to 50 beats/minute; BP
rises from 70/40 to 84/50 mm Hg. You give an addition stat dose of atropine and another
bolus of NS and move the clock forward 5 minutes. Repeat the vital signs, which takes 2
minutes of “simulated time” on CCS. The pulse rate is now 55 beats/minute and BP is
106/60 mm Hg. If the BP had not risen to a systolic above 90 mm Hg, the answer would have
been, “transcutaneous pacemaker.” The stat ECG report returns 10 minutes after ordering
it indicating third-degree (complete) heart block at a rate of 40 beats/minute.

How can the ECG report show the heart rate at 40 beats/minute, when the
heart rate has increased at the time of the report?

a. Any test ordered on CCS is done instantly. It was ordered when the rate was 40 beats/minute.
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b. CCS i1s not based on time.
¢. ECG cannot be done stat on CCS.

Answer a. Any test ordered on CCS is done instantly. It was ordered when the rate was 40
beats/minute.

When writing original orders, the heart rate was 40 beats/minute. All test are considered “done” at
the instant you confirm the order. The report comes up later as you pass the time on the clock with the
notice “report available.” You can cancel any order you do not want by double clicking on the order
before the report comes back. You will always be asked to confirm everything on CCS two to three
times before it is implemented. It 1s critical that you understand that tests are done instantly, otherwise
you will give extra treatment the patient does not need, thinking “Hey, why is the heart rate still low?
I should give more atropine!” No. The ECG report 1s delayed, and the patient has improved since the
test was done.

Test reports on CCS always list the exact time they were ordered.

You ask for an “Interval History” at the physical examination tab. The patient reports
feeling much better and the confusion has resolved. BP is 106/60 mm Hg. Cannon A waves
are still present. Lungs are clear. You order a temporary transcutaneous pacemaker to be
placed on the patient’s chest wall. It will not fire if you set the low limit of the heart rate to
50 beats/minute and the patient’s heart rate continues higher than that.

What is the mechanism of the cannon A wave?

a. Atrial systole against a closed tricuspid valve
b. Shunt through a patent foramen ovale
c. Ventricular systole

d. Back pressure from the ventricle when the mitral valve opens

Answer a. Atrial systole against a closed tricuspid valve

The A wave is a sign of atrial systole in the jugular vein. It is normal to have an A wave. It is
abnormally large in complete heart block because the atrium is often contracting when the tricuspid
valve is closed. Complete or third-degree heart block means that the atria and ventricles are
contracting with no relationship to each other (Figure 1-15). Normally, the tricuspid valve 1s always
open when the atrium is contracting. Now it will sometimes be closed, and the blood will rush
backward into the neck veins like a person bouncing up on a trampoline. “Boing” and the blood
moves backward into the neck veins.
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Figure 1-15. Third-degree atrioventricular block. (Reproduced with permission from Tintinalli JE, et al. Tintinalli’s Emergency
Medicine, A Comprehensive Study Guide, 7th ed. New York: McGraw-Hill; 2011.)

Bradycardia + Hypotension + Cannon A Waves = Complete Heart Block

Cannon A waves indicate third-degree AV block.

When BP normalizes (systolic > 100 mm Hg) in an ICU patient, you can move the clock forward
at greater intervals such as 2 to 4 hours. On CCS, you can never tell in advance precisely when
the case will end in “simulated” time. You have 10 to 25 minutes of “real” time, which is your
time for each case. It can be disconcerting when you suddenly see a screen that says, “This case
will end in 5 minutes of real time.” Test takers often become anxious because there is no
objective way to verify whether the case is ending. It could be because you achieved the
objectives and the test has run its course, or because you made a mistake. Make liberal use of the
“interval history” button, which is the only means of obtaining a status report on your patient. In a
patient such as one with complete heart block, the emphasis will be on initial management.

You move the clock forward 2 hours and BP remains at 108/70 mm Hg. A repeat ECG shows
persistent complete heart block. Order a transvenous pacemaker. Make sure you have
discontinued the beta-blockers. CCS will not send you a message saying, “Hey, you idiot!
Stop giving drugs that slow the heart rate in symptomatic bradycardia.”

Which wall of the heart is most likely to have infarcted in this patient?

a. Anterior
b. Inferior
c. Lateral

d. Posterior

Answer b. Inferior

An inferior wall infarction is most frequently associated with AV nodal block and bradycardia. When
it is accompanied by nausea and vomiting, it is from direct inflammation of the diaphragm related to
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the infarction. When associated with bradycardia, it is from increased vagal tone inhibiting the SA
node. This is sometimes called the Bezold-Jarisch reflex.

Inferior MI stimulates vagal tone.

What coronary vessel led to AV block in this patient?

a. Left main

b. Left circumflex

c. Right coronary

d. Left anterior descending

e. Septal perforators

Answer c. Right coronary

The right coronary artery is the most frequent source of the blood supply to the AV node. If there was
just a vagal reflex, it would produce sinus bradycardia. This is why a permanent pacemaker is so
frequently necessary in patients with ischemia-induced complete heart block. The damage is often
permanent.

Later the same day, a transvenous pacemaker is placed. An ECG is obtained, showing
functioning pacer spikes and a wide QRS complex. The heart rate is 70 beats/minute and BP
is 118/70 mm Hg. Mentation is normal, and there is no chest pain.

What is the mechanism of wide QRS complex in this case?

a. Pacer impulses travel slowly from myocyte to myocyte instead of down the normal His-Purkinje
system.

b. The pacer lead is in the atrium.
¢. Smooth muscle junctions are not functioning in paced rhythm.
d. The pacer lead is overly fibrosed, blocking impulse propagation.

e. Intercalated discs do not function between myocytes with pacemakers.

Answer a. Pacer impulses travel slowly from myocyte to myocyte instead of down the normal His-
Purkinje system

All pacemakers placed in ventricles produce a wide complex. You cannot put the lead in the atrium
because in this case, the AV node is injured, and the impulse would not conduct to the ventricle.



An echocardiogram confirms an inferior wall MI. The pacemaker is functioning normally.
Metoprolol and enalapril are restarted. Chemistry is normal including calcium and
magnesium levels. CK-MB level is elevated. Several hours later, BP suddenly drops to 80/40
mm Hg. Pulse rate is 70 beats/minute, which is the set rate of the pacemaker, and pacemaker
spikes are seen. Chest is clear to auscultation. Neck vein distention is visible.

What is the most likely cause of the hypotension?

a. Free wall rupture

b. Valve rupture

c. Septal rupture

d. Right ventricular infarction

Answer d. Right ventricular infarction

Right ventricular infarction accompanies inferior wall MI in 30% to 40% of patients. This is because
they both have the same arterial supply, which is the right coronary artery. The test is to flip the ECG
leads to the right side of the chest and get a right ventricular ECG. There is no specific therapy except
to load fluids.

After a bolus of NS, BP rises and symptoms resolve.

CASE 10: Mitral Regurgitation

Setting: office
CC: “Here to check my pressure, Doc.”
VS: R: 12 breaths/minute; BP: 125/82 mm Hg; P: 75 beats/minute; T: 98.4°F

HPI: 4 54-year-old woman with long-standing hypertension visits your office for her routine
evaluation every 6 months. She generally feels well. She feels okay with ordinary efforts such
as walking on flat surfaces or housecleaning. She has just transferred her care to you from
one of your partners who retired.

PMHXx:
. Hypertension
. MR

Medications:
. Chlorthalidone



What murmur would you expect with the history of MR?

a. Pansystolic

b. Crescendo-decrescendo systolic

c. Diastolic decrescendo

d. Midsystolic extra sound with late murmur

e. Continuous “machinery” murmur

Answer a. Pansystolic

MR obscures both S; and S, sounds and can also be described as “holosystolic.” The crescendo-

decrescendo murmur is either aortic stenosis or hypertrophic obstructive cardiomyopathy. A diastolic
decrescendo murmur (choice ¢) is aortic regurgitation. The midsystolic extra sound with murmur is
mitral valve prolapse. A continuous machinery murmur (choice €) is patent ductus arteriosus.

PE:

. Chest: normal, no rales

. Extremities: no edema

. Cardiovascular: I1/VI pansystolic murmur radiating to the apex

Initial Orders:
. Echocardiogram
. ECG

. Chest x-ray
. CHEM-7

As an office-based case of someone who is generally asymptomatic, you can bring your
patient back to the office on CCS in 2 to 4 weeks after the initial visit. Nonacute chronic
cases do not have precise parameters to guide the time interval between visits because it is
not clear and therefore, you will not be graded on it.

Test Results:
. Echocardiogram: moderate MR, EF 62%, LV end-systolic diameter 35 mm

. Chemistry: normal
. ECG: LV hypertrophy

What is the mechanism of LV hypertrophy?

a. Increasing wall thickness decreases wall tension according to the Laplace law.

b. Increasing wall thickness generates hypertension.



c. Wall thickness has no impact on the Laplace law.

d. Increasing radius will decrease the wall tension.

Answer a. Increasing wall thickness decreases wall tension according to the Laplace law.

Increasing LV wall thickness decreases wall tension.
Law of Laplace: Radius X Pressure = Wall Tension Wall Thickness

This is why decreasing BP will decrease wall tension as well. This is also why the radius of the LV
chamber increases its rate of dilating once dilation begins. The bigger or wider the LV, the faster it
will dilate. This is why BP has to be controlled before LV dilation occurs.

The wider a chamber is, the faster it widens.

Which is more accurate for assessing LV hypertrophy?

a. Transthoracic echocardiogram
b. MUGA (nuclear ventriculogram)
c. ECG

d. Catheterization

Answer a. Transthoracic echocardiogram

An echocardiogram is far more accurate than ECG for LV hypertrophy. The MUGA or nuclear
ventriculogram assesses EF and does nothing to assess LV thickness. A nuclear ventriculogram is the
single most accurate method of assessing EF. Catheterization looks at valve function and pressure
gradients but does not evaluate LV wall thickness.

Chlorthalidone inhibits sodium uptake in the distal tubule.

When the patient is lying on a table and you lift the patient’s legs in the air, the
murmur of MR increases in intensity. What is the mechanism?

a. Increasing afterload
b. Increased myocardial oxygen consumption

c. Decreased atrial filling pressure



d. Pooling blood in abdomen

e. Increased venous return/preload

Answer e. Increased venous return/preload

Leg raises and squatting from a standing position will increase venous return to the heart and increase
filling pressure. MR, AR, MS, and AS will all increase in loudness or intensity with maneuvers such
as these, which put more blood in the heart.

What is the best medical management of the MR?

a. No changes are needed; continue chlorthalidone.

b. Use endocarditis prophylaxis when bloody dental work is planned.
c. Add a beta-blocker.

d. Switch chlorthalidone to lisinopril.

e. Add spironolactone.

f. Switch chlorthalidone to furosemide.

Answer d. Switch chlorthalidone to lisinopril.

Regurgitant cardiac lesions, such as MR and AR, are best managed with vasodilators such as ACE
inhibitors, ARBs, or nifedipine. We think there is some benefit in decreasing the rate of progression
of regurgitation.

None of these valvular lesions has sufficient turbulence to need endocarditis prophylaxis. Beta-
blockers and spironolactone would offer no benefit for a person with a normal EF. There is no fluid
overload, so switching to a loop diuretic offers nothing for this patient.

You stop chlorthalidone and start lisinopril. Advance the clock I to 2 weeks to check BP and
for adverse effects of ACE inhibitors such as cough, angioedema, and hyperkalemia. On
return 2 weeks later, the patient feels well and her BP is 118/78 mm Hg. You schedule an
appointment 3 months into the future. BP is again well controlled. After another 3 months,
you repeat the echocardiogram with these results: EF 55%, left ventricular end-systolic
diameter 45 mm.

What is the effect on handgrip as an ausculatory maneuver on this patient?

a. It decreases venous return, softening the murmur.
b. It increases venous return, improving or softening the murmur.
c. It increases afterload, worsening the murmur.

d. Handgrip has no effect on regurgitant lesions.
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Answer c. It increases afterload, worsening the murmur.

Handgrip is based on the patient squeezing the examiner’s hand. This increases afterload by
compressing the arteries of the arm. This has an effect the opposite of that of an ACE inhibitor and
will, therefore, worsen regurgitant lesions such as AR and MR. The volume of blood in the arm is too
small to make a meaningful increase in venous return.

You schedule the patient to return for repeat echocardiogram in 3 months. On return, EF
decreases from 55% to 50% and LV end-systolic diameter increases from 45 mm to 48 mm.
The patient has no symptoms at rest or with usual exertion. She has been fully adherent to the
lisinopril.

What is the right action?

a. Institute no change and instruct the patient to return for follow-up in 3 to 6 months.
b. Switch the ACE inhibitor to an ARB.

c. Add an ARB to the ACE inhibitor.

d. Refer the patient for catheter or surgical valve repair or replacement.

e. Add metoprolol to the patient’s medication regimen.

Answer d. Refer the patient for catheter or surgical valve repair or replacement.

Surgical repair or replacement of the mitral or aortic valve must be done for regurgitant lesions
before the patient develops symptoms. Once the ventricle dilates, there is no way to reverse the
dilation and that is why anatomic correction must be done when the EF starts to drop. Vasodilators
cannot reverse LV dilation, they can only prevent it from occurring.

Criteria for Surgical Repair or Replacement

EF <60% <55%

LVESD =40 mm =55 mm

AR, aortic requrgitation; EF, ejection fraction; LVESD, left ventricular end-systolic
diameter; MR, mitral requrqitation.

CASE 11: Peripheral Arterial Disease

Setting: ambulatory care center

CC: “My legs hurt when I walk.”
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VS: R: 14 breaths/minute; BP:145/86 mm Hg,; P: 70 beats/minute; T: 99.8°F

HPI: 4 74-year-old man comes to your clinic with pain in his left leg that he says he has felt
for the past few months. The pain localizes predominantly to the calves and is related to
walking and is relieved when he sits down to rest. The pain is described as “soreness” and
“aching” or “like being punched.” He is able to walk for three to four blocks before it occurs
and until recently, has not been overly limited in his mobility.

PMHXx:

. Hypertension

. Diabetes

. Tobacco smoking

Medications:
. Metformin
. Nifedipine

PE:
. Cardiovascular: S, gallop

. Extremities: pale, pulses are palpable in dorsalis pedis area

Which physical finding should you check for?
a. Enlarged liver

b. Loss of hair and sweat glands in legs
c. Enlarged spleen

d. Ascites and hemorrhoids

Answer b. Loss of hair and sweat glands in legs

Peripheral arterial disease (PAD) predisposes to loss of skin appendages such as hair follicles and
sweat glands. Pulses are lost in very late disease.

S, 1s heard with atrial systole into a noncompliant left ventricle.

What is the best initial step?
a. Angiography
b. Ankle-brachial index (ABI)



c. Refer to vascular surgery

d. Doppler ultrasounds of lower extremities

Answer b. Ankle-brachial index (ABI)

ABI is the clear first choice in the evaluation of PAD. It serves to establish a diagnosis, although it
does not determine the precise location of the lesion. An ABI <0.9 indicates vascular disease.

It is premature to go straight to angiography. Angiography is the most accurate test, but it is not the
one to establish an initial diagnosis of PAD. It can reveal the anatomic location to determine the site
of repair.

Doppler ultrasounds are not needed if you can feel a pulse. They are also not as important as
determining the difference in BP between upper and lower extremities. You should not refer to
vascular surgery for a simple diagnostic procedure such as ABI, which you can do.

In the upright position, where is BP the highest?

a. Brain

b. Carotid
c. Brachial
d. Legs

Answer d. Legs

BP is greater in the legs than the arms when standing because of the effect of gravity. The difference
is based on a patient’s height, but it would be expected to be at least 60 to 80 mm Hg greater in the
lower extremities. When lying flat, BP should be equal in the arms and legs. If, when lying flat, BP is
more than 10% less in the legs than in the arms (ABI <0.9), obstruction to flow is present. Severe
PAD is an ABI <0.6.

Initial Orders:

. ABI

. Lipid panel (low-density lipoprotein [LDL], total cholesterol)
. CHEM-7

. CBC

. ECG

. Glycated hemoglobin (HbAc)

The patient returns the following week to discuss the results of the ABI. His value is 0.7. His
symptom of pain when walking several blocks is the same.

Laboratory Test Results:
. CBC: normal



. CHEM-7: normal

« LDL: 145 mg/dL

. ECG: LV hypertrophy
. HbAc: 7%

Which BP medication is best for PAD?

a. ACE inhibitor
b. Beta-blocker
c. CCB

d. Diuretic

e. Alpha-1-antagonist

Answer a. ACE inhibitor

ACE inhibitors have some impact in modifying the progression of disease in PAD. CCBs are not
particularly effective in PAD. The benefit of a CCB, alpha-antagonist, and diuretic are not more than
the benefit of simply controlling BP. There is no disease-modifying effect of the medications listed
above on PAD.

CCBs do not benefit the atherosclerotic plaque in the intimal lining of vessel.

Smooth muscle in arteries is exterior to the intimal lining; relaxing it does not open the vessel in
PAD.

You switch the nifedipine to lisinopril and add aspirin. You begin the discussion of tobacco
cessation by asking if the patient has a goal to stop smoking and try to arrange follow-up to
set a quit date. On CCS, remember to always do patient counseling on all lifestyle issues
such as weight loss, exercise, diabetic diets, and tobacco cessation. All “population health”
issues are major concerns of the Step 3 examination. This can be very difficult to remember
for residents trained to focus only on current symptoms in a patient.

Which medication is most effective in PAD?

a. Ticlopidine
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b. Cilostazol
c. Pentoxifylline
d. ACE inhibitors

Answer b. Cilostazol

The single most effective medication in PAD is cilostazol. This is a medication that is used for only
this single indication. It is not used for coronary, carotid, or cerebrovascular disease. Ticlopidine is a
nearly extinct drug to inhibit platelets. It 1s a P2Y ADP receptor antagonist like clopidogrel, but
should rarely be used because of neutropenia and thrombotic thrombocytopenic purpura (TTP).
Pentoxifylline is an older medication for PAD that has been replaced by cilostazol.

Ticlopidine can be offered as a wrong answer choice on the Step 3 examination. Ticlopidine
causes neutropenia and TTP.

What is the mechanism of cilostazol?

a. Thrombin inhibition

b. Decrease cyclic adenosine monophosphate (cAMP)
c. Increases plasmin activation

d. Phosphodiesterase inhibition

e. Inhibits calcium activation of clotting cascade

Answer d. Phosphodiesterase inhibition

Cilostazol inhibits phosphodiesterase. This increases cAMP. There is both inhibition of platelet
activation and some inhibition of vascular smooth muscle. It both prevents platelet aggregation and
has some vasodilatory effect.

Pentoxifylline increases “rheology” or diapedesis of red blood cells—great mechanism, no
clinical benefit.

Metformin is fine in PAD. No disease management (DM) regimen is superior to another in PAD.



End all ambulatory cases with education, counseling, or advising on lifestyle issues:
* Obesity: weight loss

* Diabetes: diet and exercise

 Hypertension: diet and sodium restriction

* Hyperlipidemia: weight loss

The results of the repeat LDL test is 142 mg/dL. The patient has started lisinopril and
aspirin and continued his metformin.

What should be done about his LDL level?
a. Diet and exercise alone for 3 to 6 months and repeat
b. Statin

c. Niacin

d. Ezetimibe

Answer b. Statin

PAD is equivalent to coronary disease, so it is important to lower the LDL to <100 mg/dL in patients
with PAD. With an LDL of 142 mg/dL, diet, exercise, and weight loss are insufficient to control the
level. Statins are therapeutically equivalent for use on Step 3. Niacin is not as effective as a statin.
Niacin is relatively contraindicated in diabetes because it can cause glucose elevation.

Ezetimibe lowers LDL, but has no proven mortality benefit or proof that it alters the natural
history of any form of vascular disease.

Get LDL cholesterol <100 mg/dL in PAD—the same as in coronary disease.

Which is most effective to help stop smoking?
a. Education methods

b. Nicotine gum

c. Nicotine patch

d. Bupropion

Answer d. Bupropion



Nicotine patches and gums are more effective than education alone, but bupropion or varenicline is
more effective than nicotine replacement.

Advance the clock 2 to 4 weeks. The patient returns using an ACE inhibitor, cilostazol,
metformin, and aspirin. He wants to try to stop smoking and agrees to start bupropion and
return for follow-up in 2 weeks. The pain is unchanged. Over the next 6 months, the patient
stops smoking. Repeat LDL is 85 mg/dL and BP 124/78 mm Hg. On CCS, you never know
where the case will stop. Keep advancing the clock. Your case may not have the happy ending
this one does. If symptoms worsen in your case despite maximum medical therapy, do an
angiogram in preparation for revascularization angioplasty or bypass.

BP goal with PAD is <130/80 mm Hg.

Which of these is a standard preventive measure in this patient?

a. Abdominal aorta ultrasound

b. Chest computed tomography (CT)
c. Exercise tolerance test

d. Renal artery stenosis screening

e. Prostate specific antigen (PSA)

Answer a. Abdominal aorta ultrasound

All men who were ever smokers need an ultrasound to exclude aneurysm. This should be done once
between the ages of 65 and 75 years. This is not true for women or nonsmokers. PSA is not
recommended for any group. There is no lung cancer screen with chest CT for smokers that is clearly
effective or recommended.

Exercise tolerance testing is not a screen for asymptomatic patient. Abdominal aortic aneurysm
(AAA) screening is standard for asymptomatic persons.

For statins, liver function tests are standard, not creatinine kinase (CK) levels.

CASE 12: Syncope

Setting: ED



CC: “She passed out!”
VS: R: 14 breaths/minute; BP:124/75 mm Hg,; P:76 beats/minute; T: 97.5°F

HPI: 4 65-year-old woman is brought to the ED by ambulance after losing consciousness in
church. The patient was in her usual state of health until she woke up lying on her back in
church. She was transferred to a stretcher and brought to the ED. The onset of loss of
consciousness (LOC) was sudden. She cannot recall how long it lasted, but friends say it was
only for a few minutes. When she awoke, she knew where she was immediately. Currently, she

feels fine.

PMHXx:
. Osteoarthritis
. Diverticulosis

Medications:
. Acetaminophen one to two times a day

PE:

. General appearance: older woman sitting up on stretcher looking her stated age;
comfortable; not diaphoretic

. Cardiovascular: no murmur
. Neurological: normal

ROS:

. Denies chest pain, dyspnea, headache

. Denies bowel or bladder incontinence

. She “felt shaky and sweaty” before the episode. She ‘‘felt very hot.”

As you move the clock forward 5 to 10 minutes and take an interval history, you will find that
the vast majority of cases of syncope do not change. Syncope is extremely common, and in the
majority of patients, the etiology is never found. The most important part of syncope
evaluation is the history.

Why do atrial arrhythmias generally not lead to syncope?

a. The rate is not fast enough.

b. Atrial systole eventually occurs.
c. Stroke volume remains intact.

d. Vasoconstriction compensates.

e. a;-Receptors upregulate.

Answer c. Stroke volume remains intact.



Only 10% to 15% of cardiac output is dependent on the atrial contribution to ventricular filling. Loss
of atrial systole leaves stroke volume intact in most cases. VI markedly decreases cardiac output and
ventricular fibrillation eliminates it.

Here are the two key questions and the examination for syncope:

1. Was the loss of consciousness gradual or sudden?
If gradual (patients are shaky, sweaty, lowering themselves to the ground or to a seated
position),
. Hypoglycemia
. Hypoxia
. Drug toxicity or alcohol
. Vasovagal

If sudden (patients feel fine, then wake up on the floor),
. Neurological or seizure
. Cardiac: arrhythmia or obstructive disease

2. Was regaining of consciousness gradual or sudden?
If gradual,

. Seizure: Patients are “post-ictal” in that they need time to become normal over a few
minutes to hours.

If sudden (“like a light switch turned off and on”),
. Cardiac: arrhythmia, ischemia, structural

3. Examination

. Arrhythmia rarely reveals an abnormality on cardiac examination.

« Murmurs: hypertrophic obstructive cardiomyopathy (HOCM) versus aortic stenosis versus
mitral stenosis

Initial Orders:

. ECG

. Telemetry monitoring

. CK-MB, troponin

. Echocardiogram

. Head CT

. CHEM-7

. Urine toxicology screen (some cases)

Patients with syncope do not need to be placed in the ICU just for syncope. They only need
the ICU if ventricular arrhythmia is found. Admit the patient to the regular hospital ward
but order telemetry. Ninety percent of mortality with syncope is from a cardiac problem. You
can view your syncope case as (exclude MI and arrhythmia) for those patients with no clear
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etiology at the beginning. If your case presents a person who is shaky and sweaty with a
documented low glucose (<60 mg/dL), then you do not have to place the person on telemetry

or order echocardiography. If your case is clearly hypotensive from pulmonary embolus,
they need TPA and should be admitted to the ICU.

Syncope can be either considered one of the most complicated conditions with a broad
differential or one of the simplest with the same list of tests for almost everyone.

If there 1s no clear etiology from the patient’s history, order
* ECG and telemetry

* Echocardiogram

* CK-MB, troponin

* Head CT

It is very unlikely to have a significant obstructive lesion with no murmur on examination.

As with many patients with syncope,

. ECG: normal sinus rhythm with no ST- or T-wave abnormalities
. Echocardiogram: mild MR, no wall motion abnormalities
. CK-MB, troponin, head CT: normal

Keep the patient in
the hospital for 24 hours of telemetry monitoring.

Do not order any consultations for syncope patients unless a cardiac abnormality 1s found.

Regurgitant lesions do not cause syncope.

Do not order carotid Doppler ultrasounds in syncope.



Why does carotid stenosis not cause syncope?

a. It 1s too gradual in onset.
b. The posterior circulation supplies the brainstem.
c. Anterior circulation flows to the reticular activating system.

d. Vertebrobasilar circulation comes straight off the carotid.

Answer b. The posterior circulation supplies the brainstem.

The “sleep—wake” center for the brain is in the brainstem. Anterior or carotid circulation does not
supply the brainstem. A patient can have a 100% occlusion of both carotid arteries and not lose
consciousness. The patient may develop a stroke of the middle and anterior cerebral artery
circulation, but will not lose consciousness.

Only posterior circulation (vertebral and basilar artery) occlusion causes syncope.

Stenosis lesions rapidly decrease stroke volume and cardiac output.






CHAPTER 2




HEMATOLOGY

CASE 1: Iron Deficiency Anemia

Setting: office
CC: “I feel tired.”
VS: R: 18 breaths/minute; BP: 110/70 mm Hg; P: 87 beats/minute; T: 97.8°F

HPI: 4 32-year-old woman with several weeks of increasing tiredness and fatigue visits your
office. She says she feels worse after walking up stairs and improves with rest. Her menstrual
periods last 5 days and are regular.

PE:

. General appearance: normal
. Cardiovascular: normal

. Chest: clear to auscultation

Initial Orders:
. Complete blood count (CBC)
. Thyroid function tests (thyroxine [T,], thyroid-stimulating hormone [TSH])

. Oximeter

The patient does not return for her scheduled office visit the following week. She comes 2
months later because her fatigue has worsened and now interferes with functioning. She is
now dyspneic with significant exertion, such as walking two flights of stairs.

Previous Laboratory Test Results:

. Thyroid function: normal

. Oximeter: 98%

. CBC:

. Hematocrit: 28%

. Hemoglobin: 9 g/dL

. Mean corpuscular volume (MCV): 74 fL
« White blood cells (WBCs): 7000/uL

. Platelets: 378,000/uL

Which of these does not cause this patient’s type of anemia?



a. Sideroblastic

b. Folic acid deficiency
c. Iron deficiency

d. Chronic disease

e. Thalassemia

Answer b. Folic acid deficiency

Folic acid deficiency is associated with macrocytosis and large cells. The others all cause microcytic
anemia. Expect an MCV >100 fL in folic acid deficiency.

Orders:

. CBC

. Iron, total iron-binding capacity (TIBC), ferritin level
. Reticulocyte count

. Peripheral smear

. Schedule an office visit for the following day (laboratory test results should be back by
then)

The computer-based case simulation (CCS) always tells you precisely when the results of the
laboratory tests return. It will say “Report Available” and give a precise time.

Which of these can be associated with target cells?

a. Autoimmune hemolysis
b. Iron deficiency
c. Folic acid deficiency

d. Vitamin B, deficiency

Answer b. Iron deficiency

Any of the microcytic anemias can be associated with target cells. The most likely of all the anemias
to cause target cells is thalassemia. Both alpha- and beta-thalassemia can cause target cells and
thalassemia can also be caused by thalassemia trait. Autoimmune hemolysis causes spherocytes, not
target cells.

What is the mechanism of target cell formation?



a. Precipitation of hemoglobin in the red blood cell (RBC) membrane
b. Excess cell membrane bunching up on the surface

¢. Loss of membrane from protein loss

d. Cellular dehydration

e. Ankyrin and spectrin deficiency

Answer b. Excess cell membrane bunching up on the surface

Target cells are formed exclusively from excess RBC membrane. The amount of hemoglobin is too
small for the size of the covering. The excess membrane “bunches up” on the cell surface.

The patient returns the following day. You never have to be uncertain about the time to have
the patient come back on CCS, because when you order the tests, it will tell you when the
report will be back.

CBC:

. Hematocrit: 23%

. Hemoglobin: 7 g/dL
«MCV: 70 fL

« WBCs: 7,400/ul

. Platelets: 578,000/uL

. [ron: low

. TIBC: elevated

. Ferritin level: low

. Reticulocyte count: 1%

. Peripheral smear: microcytic, hypochromic cells; no target cells; no schistocytes or
fragmented cells

. Red blood cell distribution width (RDW): elevated

What is the mechanism of elevated TIBC?

a. Decreased saturation of the transferrin transport protein
b. Decreased saturation of transferring in storage in marrow
c. Increased hepcidin

d. Iron is locked in macrophages

Answer a. Decreased saturation of the transferrin transport protein

Transferrin transport two iron atoms on each molecule. This is the fast transporter in plasma of iron
to be incorporated into hemoglobin and into cells. A high capacity on a protein such as transferrin



means that it is empty or unoccupied. Iron locked in macrophages is the mechanism of the anemia of
chronic disease.

Ferritin 1s a hollow ball of proteins that stores iron in tissue. Free iron is toxic.

What is the significance of the high platelet count?

a. None, it is an expected part of iron deficiency anemia.
b. It is a marker of additional disease and needs investigation.

c. Essential thrombocytosis will develop. Order a Janus kinase 2 (JAK2) mutation test.

Answer a. None, it is an expected part of iron deficiency anemia.

Platelet elevation 1s an expected feature of iron deficiency anemia. The etiology may be that
erythropoietin has some stimulatory effect on megakaryocytes. No further evaluation is needed.

Thrombocytosis in iron deficiency needs no further investigation.

RDW is found to be elevated. What is the mechanism?
a. In iron deficiency, new cells are larger.
b. In iron deficiency, new cells are smaller.

c. Microcytosis becomes stable.

Answer b. In iron deficiency, new cells are smaller.

As you run out of iron, the cells become smaller. The RBC is a “bad of hemoglobin.” If there is no
iron to make hemoglobin from, then the cells become smaller. It is like making smaller sandwiches
when you run low on food.

The patient returns feeling tired. Her stool is heme negative. The presumed mechanism of
her iron deficiency anemia is menstruation in a woman. Her menstrual periods do tend to be
somewhat heavy. Oral ferrous sulfate is started, and you ask her to return in 2 weeks.

What will change first in response to iron replacement?
a. MCV



b. Reticulocyte count
c. Hemoglobin level
d. RDW

Answer b. Reticulocyte count

Reticulocytes are the measure of new cell formation. Reticulocyte concentration has to increase first
for any of the other features of a CBC to change.

Reticulocytes: Methylene blue stains ribosomal RNA from residual endoplasmic reticulum.

The patient returns in 2 weeks. The repeat hematocrit test shows that the level rose from
23% to 25%. The reticulocyte count rises only from 1% to 2.5%.

Which of the following over-the-counter substances may be impeding the
absorption of iron?

a. Cimetidine
b. Vitamin C
¢. Vitamin D

d. Carbonated beverages

Answer a. Cimetidine

Anything that raises the gastric pH will inhibit iron absorption. H,-blockers, proton pump inhibitors,

and liquid antacids can all impair iron absorption. Carbonated beverages and vitamin C can increase
iron absorption because they acidify the stomach.

High pH (basic) inhibits iron absorption. Acid, like vitamin C, increases iron absorption.

The patient admits to taking both liquid antacids and H,-blockers. She did not think to tell

you because she did not consider them important, saying, “Well, I don’t need a prescription
for them, so I didn’t think of them as a medication.” You ask her to stop taking them and
start taking vitamin C. She continues the oral ferrous sulfate. Move the clock forward
another 2 weeks. She returns feeling better except that her stool, she says, is black and she



is constipated.

Oral ferrous sulfate causes constipation and black stool.

Everyone on iron should be given a stool softener, such as docusate.

How can you differentiate the effect of oral ferrous sulfate from gastrointestinal
bleeding?

a. Iron is stool-guaiac negative.
b. Iron is stool-guaiac positive.
c¢. Upper endoscopy is needed to be sure.

d. Colonoscopy is needed to be sure.

Answer a. Iron is stool-guaiac negative.

Oral ferrous sulfate, or elemental iron, causes constipation because only 1% to 2% of it is absorbed.
The remaining iron in the bowel lumen causes constipation. It is also guaiac or heme negative.
Colonoscopy would not be useful even if there was upper gastrointestinal (GI) tract bleeding.

FerroUS iron is normal in the U.S.

What is the normal function of hepcidin?

a. Stores iron in the liver

b. Stores iron in the marrow

c. Master regulator of the rate of iron absorption in the bowel
d. Liver regulator of excretion bilirubin

e. Transports iron from destroyed RBCs to the liver for recycling

Answer c. Master regulator of the rate of iron absorption in the bowel

Hepcidin is made by the liver to stop excess iron absorption in the bowel. Hepcidin prevents
hemochromatosis by blocking iron transport from enterocytes in the bowel wall into the portal
system. Hepcidin keeps iron in the bowel.
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Iron 1s absorbed in the duodenum.

Eight weeks after the starting iron and stopping antacids, the patient returns. Her symptoms
are resolved and her hematocrit is 36%.

CASE 2: Thalassemia

Setting: office

b

CC: “Ididn’t know my blood count was low.’
VS: normal

HPI: 4 28-year-old woman comes for preemployment screening tests prior to her first job as
a fellow in orthopedic surgery. She has never had a CBC before and did not know her
hematocrit was low.

. Hematocrit: 28%

. Hemoglobin: 10 g/dL
. MCV: 65 fL

. Smear: target cells

Which is most likely to be found in this patient?

a. Her RBC count is elevated.
b. Her platelet count is elevated.
c. Her TIBC is elevated.

d. Her iron level is elevated.

Answer a. Her RBC count 1s elevated.

Thalassemia is associated with an increase in the RBC count. This patient most likely has thalassemia
because it 1s a microcytic anemia with a very low MCV and no symptoms. This is because the RBC
count goes up, which maintains the hematocrit. Also, target cells are most likely in a person with
thalassemia. Platelet count elevation (choice b) is found in iron deficiency anemia.



Iron studies are ordered and the patient returns in 2 days to discuss the results.
Which of the following is most likely to be found?

Iron TIBC Ferritin
a. High NL NL
b. NL NL NL
C. Low Low NL
d. Low High NL

NL, normal; TIBC, total iron-binding capacity.

Answer b. Normal (iron, TIBC, ferritin)

Iron studies are normal in thalassemia. High circulating iron (choice a) level indicates sideroblastic
anemia. The most accurate test for sideroblastic anemia is a Prussian blue stain. Low iron level with
a low iron-binding capacity is the anemia of chronic disease. Choice d is iron deficiency anemia. Up
to one-third of those with iron deficiency anemia can have a normal ferritin level. This is because
ferritin is an acute phase reactant and its level increases with infection, cancer, and stress in the same
way a white count or sedimentation rate would.

Prussian blue is an iron stain. Sideroblastic anemia has iron built up in RBC mitochondria.

Target Cells = Low Hemoglobin (Hb) in the Large RBC Membrane

The patient comes back to discuss her CBC and iron study results. She does not understand
how her RBC count can be up, and her hematocrit level can be down.

What else besides thalassemia can do this?
a. Hypoxia and polycythemia vera

b. Leukemia and essential thrombocytosis

c. Hereditary spherocytosis

d. Autoimmune hemolysis

Answer a. Hypoxia and polycythemia vera
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Besides thalassemia, hypoxia causes an increased RBC count. These patients and those with
polycythemia vera will have an excessively high hematocrit concentration. Thalassemia is a cause of
anemia. It is easy to confuse hypoxia with polycythemia vera because both have supranormal high
hematocrit levels.

The repeat CBC and iron studies are normal. You inform the patient that she likely has
thalassemia trait. You do not offer an electrophoresis because it will not change your
management of this patient’s medical care. She is requesting the electrophoresis because
she “just wants to know.”

What do you tell her?

a. You refuse because you do not want to be manipulated by another doctor.
b. You refuse, because it will not change her treatment.
c. You agree because you should do any test that is not harmful or expensive.

d. You agree because she has a right to know what type of thalassemia she has.

Answer d. You agree because she has a right to know what type of thalassemia she has.

The patient does not know if she has alpha-thalassemia or beta-thalassemia and she wants to know.
Patients do not have a right to “any test they want.” This is true even if they are paying cash and the
test 1s uncomplicated. For example, I do not have a right to demand an abdominal computed
tomography (CT) “just because 1 want to know.” The physician is not obligated to perform tests
unless they have direct medical benefit.

You perform the hemoglobin electrophoresis and reschedule the patient in a week to discuss
results.

Which electrophoresis result is most likely in this patient?

HbA HbA, HbF HbH
a. 96% 2% 2% 0
b. 60% 1% 1% 38%
C. 2% 33% 65% 0

Answer a. Normal

This person has thalassemia trait. Alpha-thalassemia trait will give a normal electrophoresis. This is
very hard for most people to understand. The electrophoresis does not tell the total amount of



hemoglobin. It tells the relative percentages of each subtype. In alpha-thalassemia trait, all the types
of hemoglobin are decreased, but they are decreased in normal proportions.

Choice b is more severe alpha-thalassemia. This would present with a lower hematocrit level and
symptoms. Choice c is beta-thalassemia major, not beta-thalassemia trait.

HbH = Tetrads of Four Beta-chains

Four genes are needed to fully produce alpha-chains.

How many genes are deleted in this patient?
a. 1
b. 2
c.3
d. 4

Answer b. 2

Alpha-thalassemia trait is defined at the deletion of two of the normal four genes responsible for
alpha-chain production. One gene deletion is clinically normal. One gene deletion is a “silent carrier”
in which the CBC is normal. Four gene deletions is not compatible with life. The fetus would die in
utero of heart failure. You cannot survive without any alpha-chains.

* Hemoglobin Bart’s (HbBart) = Four Genes Deleted
* HbH = Three Genes Deleted
* Silent Carrier = One Gene Deleted

The patient is informed that she has alpha-thalassemia trait with two genes deleted. She is
always asymptomatic. There is no treatment for her to correct the disorder.

What benefit is there in knowing she has alpha-thalassemia trait?

a. There is no benefit except for her own knowledge.

b. The trait progresses to thalassemia major in some cases.



c. The patient can have genetic counseling for reproductive purposes.

Answer c. The patient can have genetic counseling for reproductive purposes.

For a person considering reproduction, thalassemia trait has enormous significance. A person may
choose not to reproduce with a person who also has a thalassemia trait to avoid a risk of thalassemia
major. The couple may choose to have amniocentesis or other testing done during pregnancy to assess
a baby that has been conceived.

What is the most precise method of determining this patient’s type of
thalassemia?

a. Genetic testing
b. Bone marrow

c. Electrophoresis—as precise as it gets

Answer a. Genetic testing

The only way to be certain of the number of genes deleted is by genetic testing. Bone marrow shows
nothing specific.

Which form of thalassemia has high reticulocytes?

a. Alpha-thalassemia trait
b. Three-gene-deleted alpha-thalassemia
c. Beta-thalassemia trait

d. Beta-thalassemia major

Answer b. Three-gene-deleted alpha-thalassemia

The deletion of three genes results in a much lower hematocrit that needs periodic transfusion. The
RBCs are made in increased number, but they have a very short survival.

CASE 3: Vitamin By, Deficiency (Alcoholism, Peripheral Neuropathy)

Setting: office
CC: “I have numbness and tingling in my feet.”

HPI: 4 78-year-old man comes to your office with several weeks of progressive weakness and
fatigue. He easily tires when exerting himself. Over the last 1 to 2 weeks, he has developed a
“tingling” in his feet that he describes as a “pins and needles” sensation.

PMHXx:



. Alcoholism
. Hypertension
. Diabetes

Medications:
. Enalapril
. Metformin

PE:

. General: tired older man

. Cardiovascular: 2/6 murmur at apex radiating to axilla
. Chest: clear

. Neurological: decreased sensation symmetrically over the lower extremities bilaterally;,
normal position and vibratory sensation

How can you tell the difference between peripheral neuropathy from alcohol,
diabetes, or vitamin B17 deficiency by symptoms alone?

a. Duration
b. Intensity
c. Location
d. Impossible to tell

Answer d. Impossible to tell

Peripheral neuropathy is indistinguishable based on the etiology. All etiologies cause bilateral
symptoms, which are more noticed in the feet, slowly progressive, and defined as “pins and needles”
sensations. The precise mechanism of the damage to myelin in vitamin B, deficiency is not precise.

Diabetes and alcohol can also cause deficits of position and vibratory sense.

All peripheral neuropathy is from damaged myelin.

Discuss the patient’s alcohol use with him. Use the CAGE questions:
« Are you trying to Cut down the amount of alcohol you use?

. Does it make you Annoyed when asked about your drinking?

« Do you feel Guilty after drinking?

« Do you start your day with an Eye opener in the morning?



Initial Orders:
. CBC

. Basic metabolic panel (CHEM-7)
. Calcium and magnesium levels

. Glycosylated hemoglobin (HbA,c)
. Vitamin B, and folate levels

Although the most accurate test of peripheral neuropathy is the electrodiagnostic test (i.e.,
nerve conduction studies), this test should not be done routinely for either diabetes or
vitamin B, deficiency. It should be a clinical diagnosis.

The precise mechanism of myelin damage in vitamin B, deficiency is not clear.

You advance the clock 1 week.

CBC Results:
. Hematocrit: 28%
cMCV: 118 fL

« WBCs: 2800/uL

. Platelets: 120,000/uL

. Vitamin B, level: borderline low
. Folate: normal

. Calcium, magnesium: normal
. Glucose: 185 mg/dL
. HbA;c: 8.5%

Vitamin By, is essential for methyl transfer in DNA production (Figure 2-1).
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Figure 2-1. Role of cobalamin (vitamin B7) and folic acid in nucleic acid and myelin metabolism. Lack of either cobalamin or folic acid

retards DNA synthesis (A) and lack of cobalamin leads to loss of folic acid, which cannot be held intracellularly unless polyglutamated.
Lack of cobalamin also leads to abnormal myelin synthesis, probably via a deficiency in methionine production (B). CH3, methylium

cation; CoA, coenzyme A; ?, possible. (Reproduced with permission from Chandrasoma P, Taylor CR. Concise Pathology, 3rd ed.
New York: McGraw-Hill; 1998.)

Vitamin B, deficiency can cause pancytopenia or anemia alone.

What is the goal of glucose in a diabetic?

a. It depends on whether it is type 1 or 2 diabetes.
b. The goal is between 80 and 110 mg/dL.
c. The goal 1s HbA ¢ <6.5%.

d. The goal is HbAc <7%.
e. The goal is HbAc <10%.

Answer d. The goal 1s HbAc <7%.

You should add medications until the HbA ;¢ 1s <7%. The initial diagnosis of diabetes is a HbAc



>6.5%.

With a HbA;c >7%, you should add a second oral hypoglycemic. Which second agent to add

is not clear. Metformin is first. As a second, you can add a sulfonylurea, rosiglitazone,
nateglinide (or repaglinide), or a dipeptidyl peptidase 1V (DPP-1V) inhibitor such as
sitagliptin, saxagliptin, or linagliptin.

What test should be done to confirm the presence of vitamin B2 deficiency?

a. Methylmalonic acid level
b. Anti-intrinsic factor/antiparietal cell antibodies
c. Schilling test

d. Homocysteine level

Answer a. Methylmalonic acid level

Methylmalonic acid levels build up in vitamin By, deficiency. Homocysteine level increases in both
vitamin By, and folate deficiency. Vitamin B, deficiency can have a low normal level in 10% to

20% of patients routinely. Anti-intrinsic factor, antiparietal cell antibodies, and the Schilling test are
not used to discover whether there i1s a vitamin By, deficiency. They are used to identify the etiology

of the deficiency.

Orders:

. Second oral hypoglycemic agent
.« Methylmalonic acid level

. Dilated eye examination

Advance the clock to get the results of the methylmalonic acid (MMA) level, which turns out
to be elevated. The point of doing the anti-intrinsic factor and antiparietal cell antibody
tests is to determine the etiology of the vitamin B, deficiency, which is particularly

important in this case.

Both antibodies are negative.

What is the most likely cause of the vitamin B2 deficiency?

a. Blind loop syndrome
b. Pernicious anemia

¢. Metformin use



d. Angiotensin-converting enzyme (ACE) inhibitor use
e. Dietary deficiency

Answer c¢. Metformin use

Metformin decreases intestinal absorption of vitamin B, in 10% to 30% of patients.

Metformin causes decreased ileal absorption of vitamin B,. Calcium supplementation corrects
it.

What is the difference between megaloblastic and macrocytic anemia?

a. MCV
b. Vitamin B, etiology

c. Folate deficiency etiology
d. Hypersegmented neutrophils

Answer d. Hypersegmented neutrophils

Macrocytic just means an MCV >100 fL. Vitamin B, and folate deficiency both cause macrocytosis
and megaloblastosis. They are indistinguishable based on hematologic findings (Figure 2-2).
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Figure 2-2. Peripheral blood smear from a patient with vitamin B> deficiency showing oval macrocytes (A) and hypersegmented

neutrophil (B). (Reproduced with permission from Lichtman MA, et al. Lichtman’s Atlas of Hematology. 2007,
www.accessmedicine.com.)

Folate is not needed for myelin formation.
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Vitamin B, is given orally. Two weeks later, laboratory test results show an elevated

lactate dehydrogenase (LDH) and indirect bilirubin. The smear still shows hypersegmented
neutrophils.

Why did the hematologic picture not improve?
a. Vitamin B, is malabsorbed and needs to be given by injection.

b. It needs more time to recover.

c. Diabetes prevents cell formation until it is corrected.

Answer a. Vitamin B, is malabsorbed and needs to be given by injection.

Whether the malabsorption is caused by calcium-dependent ileal malabsorption or pernicious anemia,
you need to give vitamin B, by intramuscular injection. Step 3 does not test dosing, but does test

route of administration. The LDH and indirect bilirubin are elevated because there is an “ineffective
erythropoiesis.” Cells are made in the marrow, but destroyed just after production.

Reticulocyte count is low in vitamin B, deficiency from early cell destruction.

Expect a hypercellular bone marrow in vitamin B, deficiency.

Intramuscular vitamin B, is given. Reticulocytes are expected to be produced in 2 to 3
days.

What should you test for inmediately after replacement?

a. Potassium level
b. Calcium level
¢. LDH and bilirubin

d. Hematocrit

Answer a. Potassium level

The potassium level can suddenly drop after giving vitamin B,. Changes in LDH and bilirubin are of



no clinical significance. You have to wait 1 to 2 weeks to see a meaningful change in hematocrit.
Potassium is “packaged up” into an enormous number of new cells. If rapid cell breakdown causes
hyperkalemia, then vitamin B, replacement is one of the only things in which rapid cell formation

can cause low potassium.

Potassium is 95% intracellular.

Neuropathy can improve if it 1s minor and of short duration.

CASE 4: Sickle Cell

Setting: emergency department (ED)
CC: “I have really bad pain in my legs, back, and chest.”
VS: R: 28 breaths/minute; BP: 152/88 mm Hg; P: 110 beats/minute; T: 101.8°F

HPI: 4 28-year-old man with a history of sickle cell (SS) disease arrives at the ED with
recurrence of a pain crisis. This is the same as his usual crisis. He has been noncompliant
with hydroxyurea. Besides pain, he has had fever. At home, it was 102°F.

PMHXx:

. Gallstones

. Osteomyelitis

. Skin ulcers

« Pneumonia

. Priapism episode in past

Gallstones in SS disease are from an aggregation of chronically high indirect bilirubin levels.

The mechanism of skin ulcers is not clear, but poor flow is likely.



Medications:

. Folic acid

. Hydroxyurea (not taking)
. Oxycodone

What is the most important step at this time?

a. Perform physical examination.

b. Draw blood cultures and start antibiotics.

c. Begin intravenous (1V) fluids.

d. Restart hydroxyurea

e. Obtain old records to confirm SS in this patient.

Answer b. Draw blood cultures and start antibiotics.

Because doing the physical examination advances the clock and moves “Simulated Time,” this is a
“Save-a-Life Point.” Infection in SS 1s easily fatal unless rapidly treated. Start antibiotics
immediately. Pneumococcus, Haemophilus, Klebsiella, and Salmonella can all be growing in the
blood at the time of the first temperature elevation.

Sickle Cell + Fever = Blood Cultures + Ceftriaxone NOW!

Sickle cell anemia eliminates the spleen through the process of autoinfarction.

No Spleen = Encapsulated Organisms Kill the Patient

PE:
. Chest: some rales at left base; decreased excursion from splinting

. Extremities: ulcer with superficial purulent material over anterior shin; scarring from old
ulcers scattered on legs

. Heart: 1/6 systolic murmur
. Neurological: nonfocal
. Genitals: normal

What causes priapism in SS disease?



a. Stasis in penis
b. Arterial insufficiency
c. Stasis and infarction of prostatic plexus of veins

d. Decreased hemoglobin concentration

Answer c. Stasis and infarction of prostatic plexus of veins

The same stasis and infarction of flow that cause chest syndrome, retinal lesions, skin lesions, and
stroke, also diminishes flow out of the penis as veins pass through the prostate.

SS disease 1s associated with decreased nitric oxide, causing priapism, which is similar to how
pulmonary hypertension develops.

The patient is very uncomfortable. Because you will be treating patients unfamiliar to you in
an ED setting, you will be confronted with people you are not sure have SS crisis. Ethically,
it is better to treat everyone as having a genuine event and give pain medications. The most
important part of this case is to give oxygen, fluids, and antibiotics before all other
considerations. Stopping the crisis and preventing septic death from an autosplenectomized
adult with SS disease is the most important task.

Initial Orders:

. Oxygen

. Normal saline (NS) continuously

. Ceftriaxone (if febrile)

. Hydromorphone (Dilaudid) 1V

. CBC and peripheral smear

. Liver function tests (LFTs)

. Reticulocyte count

. Chest x-ray

. Electrophoresis (if patient is unknown to you)
. Urinalysis (UA) and blood cultures (if not done)
. Folic acid

Any patient in pain can have hypertension and tachycardia. Treat the pain first and recheck blood
pressure and heart rate.



SS disease originates from a single amino acid substitution. Valine replaces glutamic acid at
position 6

You move the clock forward 1 hour and check to see that the pain has improved with
“Interval History.” Rechecking oxygen saturation is always a good idea because the root
cause of SS crisis is an abnormal crystallization of sickle hemoglobin at low oxygen states.

Test Results:

+ CBC and peripheral smear: hematocrit 28%; smear: sickled cells, WBCs 18,000/uL
(Figure 2-3)

. LF'Ts: indirect bilirubin elevated 2.5 mg/dL

. Reticulocyte count: 15%

. Chest x-ray: left lower lobe infiltrate

. UA: no WBCs

Figure 2-3. Sickle cells. Homozygous sickle cell disease. A nucleated red blood cell and neutrophil are also in the field. (Reproduced
with permission from Longo DL, et al. Harrison’s Principles of Internal Medicine, 18th ed. 2012, www.accessmedicine.com.)

Why are there high levels of bilirubin and bilirubin stones in SS disease?
» Normal RBCs live 90 to 120 days.

* Sickle RBCs live only 10 to 20 days.
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Everyone with SS disease has a reticulocyte count 5 to 10 times higher than normal because cells
are rapidly destroyed.

SS disease 1s a chronic, partially compensated hemolytic anemia.

Although the chest x-ray shows an infiltrate, the patient is already on antibiotics for fever.
Other antibiotic choices are levofloxacin, moxifloxacin, or adding vancomycin to the
ceftriaxone. This is all to cover pneumococcus. WBC counts are routinely elevated in SS
disease. This is an expected finding and is part of the chronic hyperactivity of the marrow.

Expected Abnormalities in Sickle Cell Disease
* Reticulocyte count 5% to 25%

* High indirect bilirubin level

* Elevated WBC count

Salmonella is the most common documented cause of osteomyelitis in SS disease.

Pulmonary hypertension is common in SS disease from deficient nitric oxide (NO).

On hospital days 2 and 3, the
hematocrit levels drop from 28% to 25% to 20%.

What is the most likely cause?
a. Folic acid insufficiency
b. Parvovirus

c. Sepsis



d. Sickle cell crisis itself

Answer b. Parvovirus

Parvovirus can “freeze” the marrow in SS disease. It has a predilection for infecting those with
hemoglobinopathy. Folic acid deficiency can definitely lead to a sudden stop in RBC production, so
you should check to see if you remembered to order a folic acid test. Sepsis can stop marrow
production but should not work this fast. You should not ascribe sudden drops in hematocrit levels to
the SS crisis alone. Pain crises are not the same as hemolytic events. The etiology of pain in SS crisis
is not precisely clear, but it is definitely not the same as seeing a drop in hematocrit.

Orders:
. Reticulocyte count

. Repeat CBC
. Folic acid if not ordered

The reticulocyte count comes back as 2%. This is far too low for SS disease especially in a
person on folic acid.

Orders:

. Parvovirus polymerase chain reaction (PCR) for DNA

. IV immunoglobulin (IVIG) if the hematocrit level continues to drop
. Transfusion

The most accurate test for SS disease is hemoglobin electrophoresis.

Sickle cell trait is increased in certain countries because it stops the spread of malaria by
destroying the first infected cells.

Despite giving oxygen and adding vancomycin to ceftriaxone and hydration, the
patient’s chest pain and hypoxia worsen. What is the next step?

a. Change antibiotics.
b. Provide continuous positive airway pressure (CPAP).
c. Perform exchange transfusion.

Answer c. Perform exchange transfusion.



Exchange transfusion is the fastest way to terminate a pain crisis. It involves replacing the majority or
the patient’s blood. This effectively eliminates the sickling. Indications for exchange transfusion are:

* Acute chest syndrome not responding (hypoxia worsens)

* Central nervous system (CNS) events or stroke

* Priapism

* Retinal infarction

Order a hematology consultation for a patient with severe sickle crisis, especially for one
needing an exchange transfusion. After the transfusion,
the patient’s symptoms resolve. Cultures do not grow an organism.

On hospital day 7, the patient is ready to leave.

What are your final orders?

. Folic acid test

. Pneumococcal vaccine (if not previously given in last 5 years)
. Hydroxyurea

. Follow-up office visit in 1 week

Hydroxyurea increases levels of fetal hemoglobin.

Sickle cell disease predisposes to dehydration by impairing renal tubular concentrating ability.

CASE 5: Autoimmune Hemolysis

Setting: ED

b

CC: “I feel very weak and my skin has turned yellow.’
VS: R: 26 breaths/minute; BP: 102/64 mm Hg,; P: 118 beats/minute; T: 99.8°F

HPI: 4 43-year-old woman recently treated for a dental abscess with amoxicillin presents to
the ED with 2 days of progressively worsening weakness, fatigue, and yellow skin. She says
that her friends told her that her eyes have turned yellow.

PMHX:



. Dental abscess
. Root canal performed 4 days ago

Medications:

. Amoxicillin for last 4 days

PE:

. Skin: jaundiced
. Head, ears, eyes, nose, throat (HEENT): scleral icterus
. Abdomen. soft, nontender, no spleen felt

Initial Orders:
. LFTs

. CBC

. UA

. LDH

Move the clock forward only enough time to obtain test results. There is no way to tell from
the jaundice and icterus whether this is from a biliary source or is hepatic or hemolytic in
nature. You can only tell once you know whether it is direct bilirubin or indirect bilirubin.

Which form of hemolysis produces bilirubin in the urine?

a. None

b. Spherocytosis

c¢. Hemolytic uremic syndrome (HUS)
d. Autoimmune

e. Paroxysmal nocturnal hemoglobinuria (PNH)

Answer a. None

Only direct bilirubin goes into the urine. Indirect bilirubin does not go into urine. Hemolysis produces
indirect bilirubin, which is not water soluble. There are two ways to get tests. One 1s: “Hey, I will
order a bunch of tests because I do not know what is there!” The other is: “Direct bilirubin from
hepatitis or obstructive jaundice goes into the urine. Indirect bilirubin from hemolysis does not go
into the urine. I am getting the UA to prove or disprove, whether there is bilirubin in the urine, so I
can establish a diagnosis.”

Move the clock forward 30 to 50 minutes.

Laboratory Test Results:

+ LF'Ts: normal aspartate aminotransferase (AST) and alanine aminotransferase (ALT), total



bilirubin 8 mg/dL, direct bilirubin 0.8 umol/L
« CBC: hematocrit 26%, MCV 105 fL, platelets normal; WBCs 7400/uL

. UA: no urobilinogen; no RBCs
. LDH: elevated

These results exclude a liver source of jaundice. Drug-induced hepatitis elevates AST, and
viral hepatitis elevates ALT.

Why is MCYV elevated?

a. Reticulocytes are larger than mature cells.

b. Lipids stick to RBCs making them look larger.
c. Myelodysplasia has developed.

d. Folic acid deficiency developed.

Answer a. Reticulocytes are larger than mature cells.

New cells or reticulocytes are slightly larger than mature RBCs. You should expect a slightly
elevated MCV with hemolysis. Although lipids do sometimes stick to cells making them larger, this
has nothing to do with this case. It is unlikely folic acid deficiency can develop in 1 to 2 days and
change MCV like this.

LDH level increases with any form of cell destruction.

Orders:

. Repeat CBC

. Haptoglobin

. Reticulocyte count
. Coombs test

. Peripheral smear

Which of the following is most likely to give spherocytes on smear?
a. Autoimmune hemolysis

b. Glucose-6-phosphate dehydrogenase (G6PD) deficiency

c¢. PNH

d. Cold agglutinin disease



Answer a. Autoimmune hemolysis

Immunoglobulin G (IgG) antibodies grab onto a piece of the RBC membrane. Macrophages and the
spleen remove pieces of the membrane. This produces a tighter, smaller cell with less membrane but
the same amount of hemoglobin. This produces a cell that is small and round—a spherocyte.

Move the clock forward 1 hour.

. CBC: hematocrit 24%

. Haptoglobin: decreased

. Reticulocyte count: 8%

. Coombs test: positive 1gG warm antibody

. Smear: no schistocytes; no fragmented cells, spherocytes are seen

Hereditary spherocytosis is most likely to enlarge the spleen.

What is the difference between a direct and indirect Coombs test?

a. There 1s no difference in vitro.

b. A direct Coombs test detects IgG attached to RBCs; an indirect Coombs test detects antibodies in
circulation.

¢. A direct Coombs test leads to cell destruction; an indirect Coombs test does not.

Answer b. A direct Coombs test detects IgG attached to RBCs; an indirect Coombs test detects
antibodies in circulation.

In a direct Coombs test, antibodies attach to RBCs. The antibodies are used against Fc receptors to
detect clumping. In an indirect Coombs test, neutral sheep RBCs are introduced into patient serum.
Antibodies then attach to the RBCs. Although an indirect Coombs test implies a higher level of
antibody than a direct Coombs test, the clinical implications are negligible.

Splenic enlargement needs time. Autoimmune hemolysis is too acute to enlarge the spleen.

When the Coombs test result is positive and you see a clear decrease in haptoglobin and
elevation in reticulocyte count and jaundice, you know this is autoimmune hemolysis. You
should add glucocorticoids, such as prednisone or methylprednisolone, and repeat the CBC
in 4 to 6 hours.



Penicillins destroy RBCs with a hapten mechanism. Antibodies are made to both the RBC
membrane and penicillin.

Where are the RBCs being destroyed?

a. Spleen
b. Liver

c¢. Intravascular

Answer a. Spleen

Warm IgG antibodies lead to destruction of RBCs in the spleen. Cold immunoglobulin M (IgM)
antibodies destroy RBCs in the liver. IgG antibodies can be treated with steroids. IgM antibodies do
not respond to steroids.

IgM cold agglutinins originate from mycoplasma and Epstein-Barr virus.

IgM-induced hemolysis does not respond to steroids or splenectomy.

Methylprednisolone and folic acid are started. You move the clock forward 8 hours and then
24 hours. The repeat CBC shows a dropping hematocrit from 24% to 22% to 20%, and a
transfusion of two units of packed RBCs is given. The hematocrit stays at 20%. Two more
units raise the hematocrit concentration from 20% to 21%.

Each unit of packed red blood cells should increase the hematocrit concentration by 3 points.

What should you do to increase the hematocrit concentration?

a. Remove the spleen today.
b. Start IVIG.



c. Add dexamethasone to methylprednisolone.
d. Perform plasmapheresis.

Answer b. Start IVIG.

IVIG can help rapidly interrupt immune-mediated hemolysis if it is from a drug such as penicillin or
on an autoimmune basis. There is no benefit to using multiple glucocorticoids. Plasmapheresis only
removes circulating antibodies and does not work in hemolysis from a hapten mechanism. It will
work with HUS or thrombotic thrombocytopenic purpura (TTP).

Removing the spleen is effective in preventing recurrences of immune-mediated cell destruction,
but should not be done first.

IVIG saturates Fc receptors on macrophages.

IVIG prevents the macrophage from “grabbing” the IgG on the RBC and dragging it off to be
destroyed in the spleen.

Azathioprine and cyclophosphamide are effective, but take a month to work.

Rituximab works for both cold agglutinins (IgM) and warm (IgG) by inhibiting CD20 cells.

Death from autoimmune or warm IgG hemolysis is very rare. If steroids do not control the
disease and transfusions do not increase the cell count, IVIG can work acutely. Azathioprine,
cyclophosphamide, and rituximab are immunosuppressives but take several weeks to work.
Splenectomy prevents recurrences in 70% of patients.

CASE 6: Glucose-6-Phosphate Dehydrogenase Deficiency

Setting: ED
CC: “My urine is dark.”

VS: R: 25 breaths/minute; BP: 110/70 mm Hg; P: 105 beats/minute; T: 101°F



HPI: 4 23-year-old man comes to the ED with complaints of a few hours of dark urine and
fatigue. He had been having a cough with sputum and fever for the past 2 days. His condition
suddenly got worse after his temperature went up early today. He has not started any new
medications recently.

PE:

. Chest: rales at right base
. Abdomen: nontender liver
. Neurological: normal

. Skin: yellow

Initial Orders:
. CBC

. Chest x-ray

. LFTs

. UA

. Oximeter

Fever, cough, and sputum are clearly a respiratory infection. The question is: Why is the
patient suddenly fatigued and why the jaundice?

Laboratory Test Results:
. CBC: hematocrit 30%, MCV 90 fL; WBC and platelet counts normal

. Chest x-ray: right lower lobe infiltrate
. LFTs: total bilirubin 6.8 mg/dL; direct bilirubinl.2 mg/dL,; LDH elevated, AST and ALT

normal
. UA: dipstick positive for blood, but no RBCs seen

. Oximeter: 92% on room air

High indirect bilirubin, high LDH, and anemia are clear for hemolysis. The chest x-ray and
hypoxia on oximeter indicate pneumonia.

Orders and Results:

. Reticulocyte count: 4%

. Coombs test: negative

. Repeat hematocrit: 29%

. Start ceftriaxone and azithromycin

Reticulocytes can take several days to increase to their full range. The negative Coombs test
only really excludes autoimmune hemolysis. Lack of chronicity excludes PNH. The absence of
splenomegaly and recurrences excludes hereditary spherocytosis.

Always do a peripheral smear on cases of hemolysis.



Order and Results:
. Peripheral smear: bite cells, no schistocytes, no fragmented cells

As you move the clock forward to get results, you will never lose points by reviewing the
chart too much if you are uncertain. Bite cells are indicative of G6PD deficiency.

G6PD catalyzes the initial step in the hexose monophosphate (HMP) shunt.

Which of the following should be tested first to find G6PD deficiency?

a. G6PD level

b. Complement levels

c. Brilliant cresyl blue stain for Heinz bodies
d. Genetic studies

Answer c. Brilliant cresyl blue stain for Heinz bodies

Heinz bodies are not visible on routine peripheral blood smear. You can clearly miss G6PD
deficiency by missing Heinz bodies unless you specifically look for them (Figure 2-4). G6PD levels
are normal on the day of an acute hemolytic event because only older, deficient cells are destroyed.

L] v
- - ™ "
*s L 3 IL*' £ 3
‘ ";':r .l L
-] . - .
(1 N
‘. ‘I - f f
5. A ‘. 5
) » g
L
":" " .
.

Figure 2-4. Heinz bodies. Supravital stain. These bodies are particles of denatured hemoglobin, usually attached to the inner face of the
red blood cell membrane. (Reproduced with permission from Lichtman MA, et al. Lichtman’s Atlas of Hematology. 2007,
www.accessmedicine.com.)
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After acute hemolysis, only cells with a normal G6PD level are left behind.

Why are there no fragmented cells in G6PD deficiency?

a. Cells are taken to the spleen for destruction.
b. Cells “dissolve” or melt rather than fragment.

c. Cell destruction happens in the spleen.

Answer b. Cells “dissolve” or melt rather than fragment.

In G6PD, deficient cells are destroyed by oxidant stress in the vessels, but they do not “fragment” into
pieces.

G6PD reduces nicotinamide adenine dinucleotide phosphate (NADP) to coenzyme nicotinamide
adenine dinucleotide phosphate (NADPH).

Oxidants, such as superoxide anion (O2") and hydrogen peroxide, are formed within RBCs,
thereby oxidizing Hb.

Move the clock forward until you have the result of Heinz body stain. The presence of Heinz
bodies and bite cells are the best you can do to establish a diagnosis of G6PD deficiency on
the day of the acute hemolytic event.

Heinz bodies are precipitated oxidized hemoglobin in the RBC membrane.

Which of the following is the most common cause of acute hemolytic events in
G6PD deficiency?

a. Fava beans
b. Infection

c¢. Dapsone



d. Primaquine

Answer b. Infection

Although the original description of hemolysis in G6PD deficiency was in patients with malaria who
get primaquine, this is far less common a cause of hemolysis than infection. Infections are simply a far
more common occurrence than the use of dapsone, primaquine, and fava beans although all of these
cause hemolysis.

NADPH is needed for glutathione reductase to protect the cell from oxidant stress.

The follow-up CBC the next day shows no significant change in hematocrit.
What is the treatment?

a. Supportive, no specific therapy
b. Steroids

¢. Intravenous G6PD

d. IVIGs

Answer a. Supportive, no specific therapy

Nothing reverses the oxidant stress of infection on cells deficient in G6PD. The most deficient cells
are destroyed immediately. The ones with borderline levels will survive with bite cells and Heinz
bodies. You have to wait 2 months and recheck the G6PD level.

G6PD deficiency is an X-linked recessive disorder (Figure 2-5).
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Figure 2-5. Diagram of redox metabolism in the red blood cell. G6P, glucose-6-phosphate; 6P G, 6-phosphogluconate; G6PD, glicose-6-
phosphate dehydrogenase; GSH, reduced glutathione; GSSG, oxidized glutathione; Hb, hemoglobin; MetHb, methemoglobin; NADP,
nicotinamide adenine dinucleotide phosphate; NADPH, reduced nicotinamide adenine dinucleotide phosphate. (Reproduced with



permission from Longo DL, et al. Harrison’s Principles of Internal Medicine, 18th ed. 2012, www.accessmedicine.com.)

X-linked recessive inheritance expresses almost exclusively in male patients.

CASE 7: Paroxysmal Nocturnal Hemoglobinuria

Setting: office
CC: “My urine is dark when I get up in the morning.”
VS: R: 24 breaths/minute; BP: 110/70 mm Hg, P: 78 beats/minutes; T: 97.8°F

HPI: 4 24-year-old man with intermittent episodes of dark urine in the morning comes to your
office. He has been feeling “weak and tired” for months. He gets short of breath when he is
walking up stairs and is easily fatigued. He does not have a fever and has not had any
infections in the past.

PMHX: deep venous thrombosis (DVT) of portal vein 2 years ago treated with 6 months of
warfarin

Medications: none

PE:

. General: pale and tired, yellow tone to sclerae
. Cardiovascular: 1/6 systolic murmur

. Extremities: no edema, no tenderness

. Neurological: normal

Initial Orders:
. CBC

. UA

. CHEM-7

. LFTs

What is the most common cause of hematuria?
a. Infection

b. Stones

¢. Trauma

d. Neoplasia
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Answer a. Infection

By far, the most common cause of dark urine from hematuria is infection, although dysuria (frequency,
urgency, burning) should also be present and is not in this patient. Renal and bladder stones can
certainly be the cause, but would usually be accompanied by flank pain. Although 2% to 5% of
patients with renal cell cancer have polycythemia from excess erythropoietin production, it is far
more common for renal cancer to present with hematuria and anemia.

There is no point in discussing dark urine without first excluding infection.

Reports:

- CBC: hematocrit 28%,; WBCs 2,800/uL (low); platelets 94,000/uL (low)
. UA: dipstick positive for hemoglobin, no urobilinogen; no WBCs

. CHEM-7: potassium (K) 5.3 mEq/L; otherwise normal

. LFTs: indirect bilirubin 4.2 mg/dL (elevated), LDH elevated

Rapid hemolysis causes hyperkalemia.

Intravascular hemolysis gives hemoglobin in urine, with no RBCs.

Orders:

. Peripheral smear

. Reticulocyte count
. Haptoglobin level
. Coombs test

Have the patient return the following day to discuss laboratory test results:

. Smear: schistocytes, fragmented cells
. Reticulocytes: 14%



. Haptoglobin: decreased
. Coombs test: negative

Haptoglobin binds and transports newly released hemoglobin from destroyed RBCs to spleen
and liver for recycling.

Free Hb and iron are damaging to the kidneys. Haptoglobin grabs it before it “burns” the kidney.

Hb is oxidized in the kidney to hemosiderin.

What is the mechanism of renal damage from hemoglobin?

a. Glomerulonephritis

b. Nephrotic syndrome

c. Acute tubular necrosis

d. Syndrome of inappropriate secretion of antidiuretic hormone (SIADH)

e. Obstruction

Answer c¢. Acute tubular necrosis

When haptoglobin is used up, free hemoglobin filters in the kidney and oxidizes the tubules
potentially leading to renal failure from acute tubular necrosis (ATN). Hemosiderin in the urine is an
indication of this severe oxidative toxicity to the kidney. Cells in the tubules and macrophages pick up
discarded iron and store it in tissue as hemosiderin. When seen on UA, hemosiderin is a bad thing. It
means enough free iron and hemoglobin have been released to overwhelm the haptoglobin, and now
the macrophages are grabbing it to store it in tubule cells. The tubule cells then die, slough off, and
end up in the patient’s urine as hemosiderin.

Steps in Hemosiderin Production and Renal Injury

1. Macrophages scavenge
bad iron.

2. Macrophages make hemosiderin in tissue.
3. Hemosiderin “cooks” the tubule cells.



4. Dead cells fall into the urine.

Hemosiderin in Urine = Zombie Tubule Cells

On the Step 3 examination, prognosis questions are often asked. They are phrased as:
“What can the patient expect?”

The patient has hemolysis with pancytopenia. The presence of schistocytes and
fragmented cells indicates intravascular hemolysis. The Coombs test is negative. Haptoglobin
is more likely to be low in intravascular hemolysis. There is the DVT in an unusual site.

Pancytopenia + Intravascular Hemolysis + Clots = PNH

What is the most accurate test to establish a diagnosis of PNH?

a. Sugar water (sucrose hemolysis) test
b. CD55 and CD59 by flow cytometry
¢. Ham test

d. Complement levels

Answer b. CD55 and CD59 by flow cytometry

CD55 and CD59 are the markers for complement-removing proteins indicating the deficiency of
glycosylphosphatidylinositol (GPI), a protein that characterizes PNH. Normally, complement attaches
to cells, but is removed by certain proteins before they are able to destroy the RBC. These proteins
act as complement-removing factors and are sometimes called decay-accelerating factors. They
anchor to the RBC on GPI. PNH is a genetic defect in GP1. The complement-removing proteins do not
attach. Cells are then destroyed by complement.

The mutation-damaging GPI is on the stem cell.

PNH Stem Cell Defect = Pancytopenia



Which of these is not in the prognosis of PNH?

a. Iron deficiency anemia
b. Myelodysplasia

c. Polycythemia vera

d. Recurrent DVT

e. Acute myeloid leukemia

Answer c. Polycythemia vera

As a clonal stem cell defect, PNH can transform into a number of hematologic malignancies, such as
acute leukemia. Aplastic anemia and myelodysplasia are routine findings. The only way to cure PNH,
therefore, 1s with a bone marrow transplant to remove the underlying stem cell defect. Because of the
morbidity and mortality associated with the bone marrow transplant procedure, treatment with
chronic transfusion and iron replacement is often preferred.

The only way to cure PNH is bone marrow transplantation.

What is the original root cause defect of PNH?
a. The mutation is in the phosphatidylinositol glycan anchor biosynthesis, class A (PIGA) gene.

b. There 1s a failure to produce the anchoring protein, GPI.

c. Decay-accelerating factor (DAF) or CD55 and CDS59 cannot attach.
d. The complement stays attached to the RBCs.

e. RBCs are destroyed.

Answer a. The mutation is in the phosphatidylinositol glycan anchor biosynthesis, class A (PIGA)
gene.

The sequence of events in PNH starts with choice a (P/IGA is defective). Without PIGA, the GPI
anchor 1s not made. Without the GPI anchor, DAF and CD59 do not attach to the RBC membrane.
Without DAF and CD359, the complement stays attached and destroys cells. The root cause of
everything, however, is the defect or mutation in the PIGA gene (Figure 2-6).
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Figure 2-6. The complement cascade and the fate of red blood cells (RBCs). A. Normal red blood cells are protected from complement
activation and subsequent hemolysis by CD55 and CD59. These two proteins, being glycosylphosphatidylinositol (GPI)-linked, are missing
from the surface of paroxysmal nocturnal hemoglobinuria (PNH) red blood cells as a result of a somatic mutation of the X-linked PIGA
gene that encodes a protein required for an early step of the GPI molecule biosynthesis.

B. In the steady state, PNH erythrocytes suffer from spontaneous (tick-over) complement activation, with consequent intravascular
hemolysis through formation of the membrane attack complex (MAC); when extra complement is activated through the classical
pathway, an exacerbation of hemolysis will result. (Reproduced with permission from Luzzato L, et al. Paroxysmal nocturnal
hemoglobinuria and eculizumab. Haematologica 210;95(4):523-526.)



Why is there more hemolysis at night?
Lower respiratory rate increases the partial pressure of carbon dioxide (PCO,), which makes

slight acidosis, in turn, activating more complement.

The patient’s low cytometry shows a deficiency of CD55 and CD59.
Your final orders should be:

. Supplement with iron and folic acid.

. Transfuse as needed.

. Give steroids when the transfusion requirement is large.
. Give eculizumab to decrease transfusion dependence.

Eculizumab is an antibody against C5 complement.

Eculizumab removes complement from RBCs.

Steroids may diminish complement activation.

CASE 8: Hemolytic Uremic Syndrome and Thrombotic Thrombocytopenic
Purpura

Setting: ED
CC: “My urine is dark.”
VS: BP: 92/50 mm Hg; P: 125 beats/minute; T: 102°F

HPI: A 43-year-old man with a recent diarrheal episode for 5 days arrives at the ED. He says
that dark urine and fatigue developed over the last day. He has been febrile. There is some
blood in the stool. His skin has been yellow.

Initial Orders:
. Normal saline



. CHEM-7

. LFTs

. CBC

. UA

. Blood cultures
. Chest x-ray

When a patient is febrile and tachycardic with a systolic blood pressure <100 mm Hg, give
fluids while waiting for the initial set of laboratory test results. Nothing is more important
than hydration in a hypotensive patient. Although there are no respiratory symptoms, on CCS
it is acceptable to order a chest x-ray on every patient with a fever.

PE:

. Abdomen: mild diffuse tenderness
. Chest: clear

. Neurological: normal

Fever =

« UA

* Blood cultures
* Chest x-ray

Move the clock forward to get laboratory test results:

. CHEM-7: blood urea nitrogen (BUN) 34 g/dL, creatinine 1.8 mg/dL
« CBC: hematocrit 32%, platelets 78,000/uL

. UA: hemoglobin present; no bilirubin

. Blood cultures: normal

. Chest x-ray: normal

. Liver: bilirubin 5 mg/dL, 80% indirect; LDH elevated

What is the most appropriate next step for this patient?

a. Check the laboratory test results for hemolysis, hydrate, and observe.

b. Start ciprofloxacin.

Answer a. Check the laboratory test results for hemolysis, hydrate, and observe.

Do not start antibiotics in this patient. With hemolysis, thrombocytopenia, and renal insufficiency,
HUS is possible. Antibiotics can worsen HUS.



When antibiotics kill organisms, they release toxin, potentially worsening HUS.

Orders:
.CBC
. Renal and LFTs

. Peripheral smear
. Stool culture on sorbitol MacConkey agar

Sorbitol MacConkey agar is the specific test for Escherichia coli O157:H7.

Escherichia coli O157:H7 slowly ferments sorbitol.

Repeat laboratory test results come back in 30 minutes in the ED:

. CHEM-7: BUN 44 g/dL; creatinine 2.1 mg/dL
. CBC: hematocrit 30%;, platelets 52,000/uL
. Peripheral smear: schistocytes, fragmented cells

Do not order either antibiotics or platelets. Platelets in HUS and TTP can worsen the
disorder by creating more clumping out of platelets in small blood vessels.

Escherichia coli O157:H7 elicits a Shiga toxin.

HUS and thrombotic thrombocytopenic purpura (TTP) originate from a deficiency of a
disintegrin and metalloprotease with thrombospondin domain 13 (ADAMTS 13) (Figure 2-7).
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Figure 2-7. Pathogenesis of thrombotic thrombocytopenic purpura (TTP). Normally, the ultra-high-molecular-weight multimers of von
Willebrand factor (vVWF) produced by the endothelial cells are processed into smaller multimers by a plasma metalloproteinase called
ADAMTS 13. In TTP, the activity of the protease is inhibited, and the ultra-high-molecular-weight multimers of vWF initiate platelet
aggregation and thrombosis. (Reproduced with permission from Longo DL, et al. Harrison’s Principles of Internal Medicine, 18th ed.

2012, www.accessmedicine.com.)

You move the clock forward 12 hours and recheck the laboratory test results because rising
BUN and creatinine levels, as well as a dropping platelet count, are very distressing. You
will want to give platelets as the count drops, especially if it goes below 50,000/uL, but do
not do it. They clump out and precipitate in the brain and kidney.

On the second hospital day, do an “Interval History.” The patient is reported as
developing confusion. You review the repeat laboratory test results:
. CHEM-7: BUN 58 g/dL; creatinine 2.4 mg/dL
« CBC: hematocrit 26%, platelets 44,000/uL

ADAMTS 13 dissolves von Willebrand factor (vWF). Without it, platelets stay excessively
aggregated and adherent.
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With worsening renal function, confusion, fever, and intravascular hemolysis, and
decreasing platelet concentration, the patient is now defined as having TTP. You must not

give platelets. Instead, order plasmapheresis when TTP is severe, or as in this case,

worsening.

Plasmapheresis in TTP is not done to remove something from the patient’s blood; it is done to

add ADAMTS 13 from normal plasma.

Orders:
. Move the patient to the intensive care unit (ICU).

. Repeat CBC, BUN, and creatinine tests.
. Consult hematology (remember, consultants on CCS never tell you what to do).

. Order plasmapheresis.

ADAMTS 13 cleaves vWF, freeing platelets from each other.

Plasmapheresis adds ADAMTS 13 back to the patient.

In the ICU after plasmapheresis, the patient’s confusion resolves. The platelet count starts to
rise and the BUN and creatinine levels stop decreasing. Sorbitol MacConkey culture grows

Escherichia coli O157:H7.

In TTP, 100% of patients have low platelet counts and hemolysis, but only 50% of the patients
have neurologic problems (Figure 2-8).
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Figure 2-8. Thrombocytopenia, Thrombotic Thrombocytopenic Purpura (TTP). Blood film. Markedly decreased platelets (absent in this
field) and red blood cell shape changes characteristic of TTP. (Reproduced with permission from Lichtman MA, et al. Lichtman’s Atlas
of Hematology. 2007, www.accessmedicine.com.)

Setting: office

b

CC: “I have bleeding from my nose.’

HPI: 4 32-year-old woman with epistaxis for the past few days visits your office. The patient
says she has a lifelong history of bleeding, but cannot remember precisely what the problem is
that she bleeds from. She says “they always give me some pills for a week and it all gets
better.” She has some “dark spots’ on her legs as well. Her menstrual periods can be very

heavy at times.
Medications: none regularly

PE:

. General: healthy appearing
. HEENT: moderate epistaxis
. Skin: petechiae on bother lower extremities

Initial Orders: (done stat)

. CBC
. Prothrombin time (PT), activated partial thromboplastin time (aPTT), international
normalized ratio (INR)

Many offices and large practices have the ability to do laboratory tests on-site and can order
the tests and request immediate results. On CCS, if you are uncertain what you can order, just
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place the order and the program will tell you if there is anything else you must do to get the
results.

Report Available:
. CBC: platelet count 27,000/uL
. PT, aPTT, INR: all normal

Patients who are unstable can be sent to the hospital ED. You can order initial tests and
treatments from the office and then send the person to the higher level of care.

You move this patient to the ED of the hospital. Every time you move a patient, all the
original orders go with them unless you specifically stop them. In the ED, orders are:
. Repeat CBC

. PT, aPTT, INR

. Prednisone

. Abdominal ultrasound

. Hematology evaluation

As you advance the clock, the laboratory test results return:
. CBC: platelets: 22,000/uL; hematocrit 40%

. PT, aPTT, INR: all normal

. Abdominal ultrasound: normal spleen size

. Hematology evaluation: “Your patient has been seen. We have no specific
recommendations. Please order any tests or treatments you feel are indicated.”

Prednisone decreases the affinity of macrophages for platelets.

Antiplatelet antibodies are too nonspecific to be worthwhile.

One hour after transfer to the ED, the patient’s bleeding worsens. There is melena, more
petechiae, and hematuria. A repeat CBC shows platelet level at 8000/uL.



Which is the fastest way to raise the platelet count in idiopathic
thrombocytopenic purpura (ITP)?

a. Prednisone

b. Dexamethasone

e. Platelet transfusion

d. IVIG

e. Romiplostim or eltrombopag

Answer d. IVIG

IVIG works faster than any other method of increasing the platelet count and is more effective.
Steroids work by inhibiting the affinity of the macrophage for the Fc end of the antibodies attached to
platelets. Platelet transfusions do not work because as soon as the platelets enter the body, they are
covered with antiplatelet antibodies and rapidly destroyed.

What is the mechanism of IVIG in increasing platelet count?

a. Inhibition of neutrophils

b. Stimulation of megakaryocyte growth

c. Supersaturation of Fc receptors on macrophages
d. Inhibition of leukotrienes

e. Inhibition of interleukin

Answer c. Supersaturation of Fc receptors on macrophages

Antiplatelet antibodies cover the surface of platelets. Macrophages attach to the Fc receptor and
“grab” the platelets and bring them to the spleen for destruction.

Megakaryocytes are produced in very high amounts in ITP.

No test can diagnose ITP. Bone marrow is sometimes evaluated to exclude a production problem
by finding large numbers of megakaryocytes.

IVIG is ordered. Move the clock forward I to 2 hours and recheck the platelet count. If there
is severe, life-threatening bleeding 6 hours after the start of steroids and 1VIG, you may



have to consider platelet transfusion. Platelet transfusion is rarely done for three reasons:
1. Bleeding is rarely severe enough to need platelets.
2. Steroids are usually quite efficacious, starting within hours.

3. Platelets are consumed as soon as you infuse them into the patient.

No one knows why ITP occurs.

New platelets have an increased size or “mean platelet volume.”

As you move the clock forward, the platelet count stabilizes. If this problem recurs, send the
patient for evaluation for splenectomy. If you move the clock forward, and ITP recurs after
removing the spleen, start romiplostim or eltrombopag.

What is the precise location of platelet destruction in ITP?

a. Intravascular
b. Spleen
c. Kupffer cells of liver

d. Tissue

Answer b. Spleen

After being covered with antiplatelet antibodies and grabbed by macrophages, the platelets are
actually destroyed in the spleen. This is why splenectomy is so effective in controlling ITP.

No Spleen = No Platelet Removal

Rhy(D) immune globulin (RhoGAM) or anti-D antibodies have nothing to do with platelets. They
stuff up the macrophages.

Romiplostim and eltrombopag are thrombopoietin. They stimulate megakaryocyte growth.



Rituximab removes CD20 lymphocytes, which make antibodies against platelets.

Steroids for initial
therapy and adding IVIG for life-threatening bleeding remain the standard of care.

The fragment antigen binding (Fab) end of IVIG has
nothing to do with platelets. IVIG mechanism is involved entirely with blocking the
macrophage. If the macrophage is fully saturated with Fc ends of IVIG or Rhy(D) immune
globulin (RhoGAM) (anti-D antibodies), there is no room to bind the Fc ends of the
immunoglobulins attached to platelets.

Rituximab works by removing the [ymphocytes that make the antibodies that attack
platelets. You know that rituximab removes CD20-positive lymphocytes. This is the same
mechanism for how it works in cold agglutinin disease and how it works in rheumatoid
arthritis.

Romiplostim and eltrombopag are stimulants of megakaryocytes. They are
thrombopoietin. These medications are used when splenectomy does not control the disease. It
seems that ITP is not entirely a “destruction problem’ and that stimulating production seems
to help.

CASE 10: Von Willebrand Disease

Setting: office
CC: “I took aspirin, and when I cut myself shaving I bled for 2 days!”
VS: normal

HPI: 4 23-year-old woman who is generally healthy comes to your office because of abnormal
bleeding after a minor cut. It stood out because she usually never takes aspirin, but this time
after using aspirin for a headache, the skin kept oozing blood for more than 2 days.

PMHXx: prolonged bleeding after dental extraction in past
Medications: none

PE:
. Skin: bleeding from skin nick/cut when shaving, some petechiae of lower extremities

Initial Orders:
. CBC



. PT and aPTT
. CHEM-7
. LFTs

Move the clock forward until the time that says “Report Available” for the CBC, PT, and
aPTT. All bleeding problems need at least these tests. LF'Ts are done because most clotting
factors are made in the liver.

Which of these is nof made in the liver?

a. Factor VIII and vWF
b. Factor IX and X

c. Fibrinogen

d. Factor 11, VII

e. Albumin

Answer a. Factor VIII and vWF

Factor VIII and vWF are made under the endothelial cell lining of the vasculature. That is precisely
where they are needed when a person is cut and that is where they are both made and stored. All of
the other clotting factors are made in the liver. That is why the PT and aPTT tell more about liver
function than the transaminases AST and ALT. You can damage a tiny part of the liver (<5%) and
have a huge bump up in AST/ALT levels, but you need to damage 70% to 80% of the liver before you
even begin to see a synthetic abnormality of the clotting factors.

Platelet-Related Bleeding
* Skin—petechiae

* Nasal—epistaxis

* Gums and gingiva

* Vaginal

Factor-Related Bleeding
* Joints—hemarthrosis
* Muscles and hematoma

Move the clock 30 to 60 minutes to get the stat laboratory test report.



« CBC: hematocrit 38%, MCV 88 fL; WBCs 8000/uL, platelets 225,000/uL (normal)
. PT: 12 seconds (normal)

. aPTT: 70 seconds (abnormally prolonged)
. Chemistry and LFTs: normal; normal LDH

Causes of prolonged aPTT

* Deficiency of factor VIII, IX, XI, XII
 Acquired inhibitors of these factors
 von Willebrand disease (VWD)

* Antiphospholipid syndromes

Why can this not be hemophilia A?
a. Would not present first at this age
b. Wrong type of bleeding

c. Expressed only in men
d. All of the above

Answer d. All of the above

Hemophilia A should present as delayed bleeding into a joint in a male child.

Hemophilia A is an X-linked recessive disorder:
* Men only

* Y chromosome does not count
* Homozygous females are rare

The patient’s bleeding stops. You send her home. The “bleeding time” test is not necessary.
You already know she has prolonged bleeding. Also, the bleeding time test is too nonspecific
to be useful. Any platelet disorder will give a prolonged bleeding time.

Orders:
. VWF antigen level

. VWF activity (ristocetin cofactor and collagen activity) level



vWD is autosomally transmitted, either dominant or recessive based on subtype.

Which cell in marrow makes VWE?
a. Neutrophils

b. RBCs

c. Megakaryocytes

d. Lymphocytes

Answer c¢. Megakaryocytes

Besides endothelial cells and the connective tissue of the vessel wall, vWF is also made by
megakaryocytes.

Why is the aPTT level increased in vWD?

a. vVWF is in the clotting cascade.
b. Factor VIII is bound to vWF.
c. VWD has an antiphospholipid antibody.

Answer b. Factor VIII is bound to vWF.

When vWF level is decreased, it is not there to bind factor VIII. This elevates the aPTT, but the
function of factor VIII, which is a coagulant factor (the antihemophilic factor A), is not impaired. The
other name for vWF is “factor VIII antigen.” You should expect to see an elevated aPTT in half of
patients with vWD.

The vWF antigen level is low. The ristocetin cofactor activity level is markedly impaired.
You repeat the test the patient off aspirin and it persists. There is no active bleeding. This is
likely type I vVWD, which is seen in about 80% of cases. The patient needs her wisdom teeth
removed. You are planning to give desmopressin acetate (DDAVP) or desmopressin prior to
the procedure.

What is the mechanism of DDAVP?

a. Increased production of vVWF

b. Increased expression of vVWF receptors

c. Inhibition of ADAMTS 13

d. Release of subendothelial stores of vVWF and factor VIII



e. Inhibition of plasmin

Answer d. Release of subendothelial stores of vWF and factor VIII

DDAVP releases what has already been made under endothelial stores. Aminocaproic acid and
tranexamic acid work by inhibiting plasmin.

Type [ vWD is a deficiency of vWF or antigen.

vWEF acts in two ways:
1. Platelet to platelet IIb/Illa (aggregation)
2. Platelet to vessel wall Ib/IX (adherence)

DDAVP is given and the dental extraction is performed. Bleeding persists and a subsequent
dose of DDAVP is ineffective.

At this point, what medication should you use?

a. Aminocaproic acid

b. Factor VIII replacement
c. Protamine sulfate

d. Steroids

Answer b. Factor VIII replacement

Factor VIII and vWF (antigen) travel bound together. That is why you can use DDAVP for hemophilia
treatment and you can use factor VIII replacement of vWD. Thrombin splits factor VIII off vWFE.
Aminocaproic acid is a plasmin inhibitor of marginal value. Protamine reverses heparin.

Type I vWD is autosomal dominant-half of children inheriting the gene mutation will be
affected.

After giving factor VIII replacement, the bleeding stops. Counsel the patient not to use



aspirin or aspirin-containing products. Advance the clock until you get the “Case will end in
5 minutes of real time” screen. No additional orders are necessary.

CASE 11: Clotting Factor Deficiency

Setting: office
CC: “My surgeon told me to see about my bleeding risk before surgery.”

HPI: 4 50-year-old woman comes to see you about an elevated aPTT that her surgeon found
prior to a planned lumpectomy for breast cancer. She had her screening mammogram at age
50 years and a small abnormality was found. Needle biopsy showed infiltrating ductal
carcinoma. Bleeding was not excessive at the time of the biopsy. The patient is
perimenopausal now and her menstrual periods have always been modest in intensity, lasting
3 to 4 days.

PMHXx: normal vaginal delivery for children, no additional bleeding

Medications: none
PE: normal

Initial Orders:

. CBC

. PT, aPTT, INR
« LFTs

Hemophilia is not expressed in women.

Hemophilia does not present at this age without abnormal bleeding.

Move the clock forward 1 week to get test results. This is a preoperative clearance case and
is not an emergency. In preoperative clearance cases, never write the phrase “cleared for
surgery.” If there is nothing to do, write “Medically optimal for procedure. No further
medical management needed prior to procedure.”

Laboratory Test Results:



. CBC and LFTs: normal
. PT and INR: normal
. aPTT: prolonged to 65 seconds

Order a mixing study first when evaluating clotting factor deficiencies. Any clotting factor
deficiency will correct to a normal aPTT when mixed 50:50 with normal plasma. This is
because the clotting factor level has to be decreased by 70% to 80% before the aPTT will
even begin to elevate. Often, the coagulation test will not be abnormal until the clotting
factor deficiency is as much as 85% to 90%.

If the aPTT does not correct or attain a normal level when mixed with normal plasma, it
likely means the presence of a clotting factor inhibitor. Acquired inhibitors of factor VIII and
IX can occur with aging and may not have serious pathologic significance. However, factor
inhibitors can be caused by cancer.

Deficiencies correct aPTT to normal.
Inhibitors do not correct to normal.

The mixing study shows a normalization of aPTT.

Because this is a clotting factor deficiency, you should order specific clotting factor
levels. The patient’s gender and age eliminate the possibility of hemophilia.

Orders:
. Factor XI level
. Factor XII level

Factor XII deficiency is never associated with bleeding and never needs treatment.

Factor XIII deficiency does cause bleeding, but it is not in the clotting cascade, so aPTT is
normal.

Factor XIII is “clot stabilizing factor”” and may make fibrin permanently resistant to the effects of



plasmin.

Reports:
. Factor XI 15% of normal level
. Factor XII 90% of normal level

Because the patient does not bleed under normal activity, there is no regular therapy to use.
With a lumpectomy, the patient is about to undergo a serious operative procedure. You
should tell the surgeon to give her fresh frozen plasma (FFP) an hour prior to the procedure.
Factor XI replacement is not available in the United States. The value of aminocaproic acid
and tranexamic acid for surgical procedures with factor XI deficiency is not clear. Both
agents inhibit plasmin and prevent the breakdown of fibrin. The basic science mechanism

question is clear. Whether to use them before operative procedures in factor XI deficiency is
not clear.

Give FFP before operative procedures to patients with factor XI deficiency.

FFP has all clotting factors except:
* Factor VIII
* vVWF

CASE 12: Thrombophilia (Hypercoagulable States): Deep Venous
Thrombosis and Heparin-Induced Thrombocytopenia

Setting: £D

CC: “My leg is swollen.”

VS: R: 14 breaths/minute; BP: 126/86 mm Hg,; P: 84 beats/minute; T: 100.8°F

HPI: 4 34-year-old woman comes to your hospital ED by taxicab after getting off a plane
from Gujarat, India. She developed pain in her leg that she noticed when disembarking from

the plane. Her leg feels tight and “swollen.” She denies dyspnea, chest pain, or light-
headedness.

PMHX: tobacco smoker



Medications: oral contraceptives

PE:

. Cardiovascular: normal
. Chest: normal
. Extremities: swelling of left leg, warm to touch

Homans sign (pain in calf on dorsiflexion) has limited accuracy.

A pain in the leg after a long flight and immobility is a clear risk for DVT. But even a long
plane ride should not be enough to make a normal person clot. Plane rides unmask
underlying thrombophilia (hypercoagulable state). This history, however, is enough to
warrant therapy without waiting for results of duplex ultrasound.

Initial Orders:

. Lower extremity duplex ultrasound
. Enoxaparin (low molecular weight heparin [LMWH])
. Chest x-ray

. Oximeter
. CBC, INR, PT, aPTT

Clots, such as DVT or pulmonary embolus, give fever.

Results:

. The duplex ultrasound shows a large clot in the femoral vein.
. The chest x-ray, CBC, and oximeter results are all normal.

Even though the patient denies dyspnea, on CCS you can order “extra’ tests that are
reasonably related to the chief complaint. You will not lose points for getting an x-ray or
oximeter for someone at risk of pulmonary embolus (PE). You will not lose points for getting
a baseline CBC in someone you are potentially going to anticoagulate.

Orders:
. Enoxaparin to continue subcutaneously
. Warfarin with target INR 2 to 3



You do not have to order a thrombophilia evaluation for the first clot.

Warfarin inhibits factors II, VII, IX, and X.

The patient should not be admitted to the hospital just for a DVT. The patient can inject her
own LMWH and be discharged with follow-up by her own doctor or an ambulatory care
clinic. It takes at least 2 to 3 days for the INR to change in response to warfarin. Warfarin

only stops production of new clotting factors, it does not alter the effect of clotting factors
already present.

Make sure you advise the patient to stop smoking!

Warfarin causes skin necrosis with protein C deficiency because protein C is an anticoagulant.

Protein C:

» It has the shortest half-life of any factor.
* It is vitamin K dependent.

» Warfarin removes the anticoagulant.

The patient is moved to the “Home” location. Move the clock 3 days forward for a visit in
the office location. Perform “Interval History” to check symptoms. You will need to check
the INR every I to 2 days until the patient reaches a “steady state” on her warfarin dose.

Which form of thrombophilia should be tested for this patient?

a. None



b. Protein C

c. Protein S

d. Antithrombin III

e. Antiphospholipid (APL) syndrome
f. Factor V Leiden mutation

g. Homocysteine

Answer a. None

It is an attractive choice to want to test for a form of thrombophilia in this patient. It just does not
matter on the first clot. The intensity of warfarin to an INR of 2 to 3 is the same whether there is a
thrombophilia or not. The duration of anticoagulation is the same at 6 months. None of these
thrombophilias is proven to need lifelong anticoagulation with a single clot. In this patient’s case, the
main management is to tell her to stop smoking and stop using oral contraceptives.

Orders:
. CBC
. INR

The patient’s CBC 1s normal. After 3 days on warfarin, the patient’s INR is 1.5. You advise the
patient strongly to stop smoking and stop using oral contraceptives as a form of contraception.
She needs to continue enoxaparin (LMWH) for several more days until her INR is <2.

Protein S is a vitamin K-dependent anticoagulant just like protein C.

You have a daily check of the INR with the patient coming to the office each day. Three days
later (after 6 days of warfarin), her INR is 2.1 and you stop enoxaparin. Advise the patient
that she will need 6 months of therapy and that she should come in every 2 to 3 days for INR
monitoring until you know the level is stable.

Factor V Leiden mutation is the most common genetic cause of thrombophilia.

Mechanism of Factor V Mutation



* Factor V does not respond to protein C.

* Protein C usually inhibits factor V.

* When mutated, factor V is resistant to protein C.

 The mechanism is the same as that in protein C deficiency.

Over the next 6 months, the patient’s INR stays in the range of 2 to 3 and she is
asymptomatic. Warfarin is stopped. A year later she develops shortness of breath over a few
hours.

Which form of thrombophilia is most likely to have a recurrent clot?

a. All are equal

b. Protein C

c. Protein S

d. Antithrombin IIT

e. APL syndrome

f. Factor V Leiden mutation

g. Homocysteine

Answer e. APL syndrome

APL is most likely to recur and it is the only form of thrombophilia in which you may consider
lifelong therapy with warfarin from the first clot. Because this patient does not have lupus or any
other sign of autoimmune disease, there was no point in testing her. The most likely cause of this
person’s clot was smoking in a person on oral contraception.

The patient in the ED is markedly hypoxic and tachycardic. A CT angiogram shows a clot.
Her blood pressure is normal and thrombolytics are not used. She is given a bolus of IV
unfractionated heparin. The follow-up aPTT shows little elevation. A second IV bolus of
heparin is given with only a slight rise in aPTT.

What is the reason for lack of response to IV heparin?

a. All are equal
b. Protein C

¢. Protein S



d. Antithrombin III
e. APL syndrome
f. Factor V Leiden mutation

g. Homocysteine

Answer d. Antithrombin III

When a patient is resistant to the effects of IV heparin, it is most likely from antithrombin deficiency.
Heparin works through potentiating the effects of antithrombin. Antithrombin is a misnomer in that it
inhibits the effect of not only thrombin, but also the effect of all the clotting factors in the whole
cascade. You recognize it when you bolus with IV heparin and there is no response.

APL Syndromes

* Lupus anticoagulant

* Anticardiolipin antibodies

* May raise aPTT, but cause clotting

The Russell viper venom test is the most accurate test for lupus anticoagulant.

The patient becomes stable by the end of the first hospital day. Heparin is continued.
Warfarin is started. On the third hospital day, the platelet count begins to drop from
170,000/uL to 120,000/uL to 100,000/uL.

After stopping heparin, what is most appropriate course of action?
a. Give antiplatelet factor IV antibodies

b. Order serotonin release assay

c. Start argatroban

d. Start enoxaparin

Answer c. Start argatroban

Argatroban is a direct-acting thrombin inhibitor. There is no cross-reaction with heparin. Enoxaparin
is a type of heparin. You must stop all forms of heparin when faced with heparin-induced
thrombocytopenia (HIT).

It is not appropriate to wait for confirmatory laboratory testing for HIT. Although antiplatelet



factor IV antibodies and serotonin release assay are the most accurate tests, it is more important to
switch therapy.

HIT presents with thrombosis, not bleeding. Platelets “clump out.”






CHAPTER 3




ENDOCRINOLOGY

CASE 1: Diabetes—Initial Diagnosis and Treatment

Setting: office
CC: “I get thirsty a lot.”
VS: R: 12 breaths/minute; BP: 144/92 mm Hg

HPI: 4 53-year-old man comes for evaluation of his borderline high blood pressure (BP) and
some intermittent sense of increased thirst. The patient has had BP readings of 134/86 mm
Hg, 148/96 mm Hg, and 142/90 mm Hg on the last three visits. He has been reluctant to start
antihypertensive medications and, instead, has been trying to correct it with exercise and
weight loss. He has been trying for 9 months. His weight has increased by 4 [b.

PMHX: obesity

ROS: increased frequency of urination, no burning, no urgency, no hesitancy

Medications: none

PE:
. General: comfortable
. Heart, Lung, Abdomen. normal

Initial Orders: (obtained fasting)

. Basic metabolic panel (CHEM-7)

. Complete blood count (CBC)

. Urinalysis (UA)

. Glycated hemoglobin (HbA,c)

. Lipid panel (low-density lipoprotein [LDL], high-density lipoprotein [HDL], triglycerides,
total cholesterol)

If the case gives the option for examining laboratory test results on the same day as the
original visit, do so. If not, then reschedule the patient for the following week on the
computer-based case simulation (CCS).

Always do an “Interval History” on any patient returning for a new office appointment.



There is no change in the patient’s symptoms of intermittent thirst and inability to control
his weight with diet and exercise.

Laboratory Test Results:
. CHEM-7: glucose 218 mg/dL; blood urea nitrogen (BUN) 22 g/dL; creatinine 0.7 mg/dL;
bicarbonate 24 mEq/L; potassium (K) 4.0 mEq/L

. CBC: normal
. UA: mild glucose (100 mg/dL), no white blood cells, no red blood cells

. HbA;c: 8.4%
. Lipid panel (LDL, HDL, triglycerides, total cholesterol): LDL 145 mg/dL, others normal

Obesity increases annually and so does diabetes.

Adipose tissue must have insulin for glucose to enter.

More Obesity = More Tissue Resistance = More Insulin Need

Insulin uses a tyrosine kinase receptor (Figure 3-1).
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Figure 3-1. Model of insulin receptor signaling. The insulin receptor is composed of two and two subunits linked by disulfide bonds.
Binding of insulin to the extracellular subunits activates a tyrosine kinase present in the cytoplasmic domain of the subunit. The activated
kinase autophosphorylates specific tyrosine residues in the subunit. Receptor kinase activation is also the critical first step in a cascade of
mtracellular events that begins with phosphorylation of multiple docking proteins (insulin receptor substrates [[RSs]). Once activated,
these multifunctional proteins initiate complex intracellular signaling pathways. Binding of IRS to phosphatidylinositol 3"-kinase (P13-K)
initiates one of the major pathways effecting carbohydrate, protein, and lipid metabolism, including translocation of the glucose
transporter, GLUT-4, to the cell surface and the inactivation, by phosphorylation, of glycogen synthase kinase 3 (GSK3) and subsequent
dephosphorylation and activation of glycogen synthase, thus stimulating glucose storage. In contrast, mitogenic effects of insulin are
mediated by a mitogen-activating protein (MAP) kinase pathway. (Reproduced with permission from McPhee SJ, Hammer GD.
Pathophysiology of Disease: An Introduction to Clinical Medicine, 6th ed. New York: McGraw-Hill; 2010.)

Lifestyle modifications of weight loss and exercise have already failed in this patient. You
should stil | order “Advise,” “Educate,” and “Counsel” for both as well as a diabetic diet.
However, given the increase in weight despite 6 months of previous efforts, you need to start
medications. The same is true for hyperlipidemia. Metformin is the best initial therapy for



obesity-related type 2 diabetes. It will not cause hypoglycemia and it will not increase
weight. Sulfonylurea medications will do both of these things.

If people could do it, weight loss and exercise would eliminate 25% of diabetes immediately.

Exercising muscle does not need insulin.
Resting muscle does need insulin.

What receptor is affected most by exercise?
a. GLUTT in brain

b. GLUT?2 in kidney and bowl

¢. GLUT3 in neurons

d. GLUT4 in skeletal muscle

Answer d. GLUT4 in skeletal muscle

Exercise does not affect any of the glucose transporters except the one in skeletal muscle.

Diagnosis of Diabetes

* HbAc >6.5%

» Two fasting glucose test results >125 mg/dL

* Oral glucose tolerance test

* Single glucose test result >200 mg/dL with symptoms

Orders:

. Metformin

. Statin medication

. Advise weight loss, exercise, diabetic diet
. Salt-restricted diet

. Nutrition evaluation

. Urine microalbumin



Neural tissue does not use insulin for glucose transport.

What is the mechanism of the patient’s polyuria?

a. Saturation of SGLT?2 in the proximal tubule

b. Insufficient insulin at the kidney tubule

c. Deficient antidiuretic hormone (ADH) effect at the collecting duct
d. Deficient ADH release from the posterior pituitary

e. Saturation of glucose transporters in the distal tubule

Answer a. Saturation of SGLT?2 in the proximal tubule

The threshold for beginning to spill glucose into urine is a serum glucose level above about 180 to
200 mg/dL. This level drops with age and older people will spill glucose into urine at a lower blood
level. The receptor for glucose on the tubule lumen side is the SGLT2. This is a cotransporter with
sodium. Transport maximum for the tubule is about 375 mg/dL. This means all glucose reabsorption
is fully maximized at all the tubules at a serum glucose level of 375 mg/dL. Between 200 and 375
mg/dL, you can still increase glucose reabsorption because not all the nephrons hit 100% saturation at
the same blood level.

Nephrons are a “parallel circuit.” Not all saturate at the same glucose level.

SGLT?2 receptors in the kidney are in the proximal tubule.

The patient returns in 1 week. His symptoms of thirst and polyuria have already improved.
He had been getting up three times a night to urinate and now it is only once. He is fully
adherent to metformin and statin. His BP is 138/92 mm Hg, and microalbumin is present in
his urine.

Metformin works by blocking gluconeogenesis.



Drugs that increase insulin level drive glucose and lipids into cells, including adipose tissue
cells.

Because metformin does not increase insulin level, it does not increase weight gain.

Because the patient has microalbuminuria, an angiotensin-converting enzyme (ACE)
inhibitor should be started. All ACE inhibitors are totally identical therapeutically in terms
of their benefit. The only difference is dosing, which is not covered on CCS. The BP goal in
a diabetic patient is <130/80 mm Hg, so this patient needs to start an ACE inhibitor to
control BP as well. There is no point in checking the HbA,c level so soon after starting oral

hypoglycemic medications. It takes 1 to 2 months for HbA;c to have a meaningful change.

Red blood cells live 90 to 120 days. HbAc measures average glucose over this time.

Orders:
. ACE inhibitor (enalapril, lisinopril, ramipril)
. Serum glucose

What is the mechanism of ACE inhibitor benefit for microalbuminuria?

a. Dilation of afferent arteriole increases glomerular filtration rate (GFR).
b. Dilation of efferent arteriole decreases glomerular hypertension.

c. Decreased BP protects the tubules.

d. Aldosterone inhibition affects the kidney.

Answer b. Dilation of efferent arteriole decreases glomerular hypertension.

Angiotensin II (ANGII) normally constricts the efferent arteriole. ACE inhibitors inhibit ANGII and
dilate the efferent arteriole. This will have a brief effect on decreasing GFR, but overall, decreasing
intraglomerular pressure protects the kidney vasculature from damage. This is similar to how
decreasing hypertension decreases the risk of stroke or coronary disease. Briefly, there is decreased
perfusion pressure, but in the long term, it protects the vasculature of both the brain and the heart.



ACE inhibitors decrease hydrostatic pressure in the glomerular capillary.

Metformin is contraindicated in renal insufficiency to avoid lactic acidosis.

The patient is given prescriptions for lisinopril, metformin, and a statin. A prescription is
also given for a home BP monitor and fingerstick glucose monitoring. He returns in 2 weeks
and his BP is 132/84 mm Hg. His home glucose test results are: 182 mg/dL, 170 mg/dL, 184
mg/dL, 165 mg/dL.

Because the patient’s glucose levels are not fully controlled on metformin, add a second
agent. It is not clear which one to use and

Everyone on a statin should have aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) checked.

Orders:
. Add a second oral hypoglycemic medication.

Sulfonylurea (e.g., glyburide, glipizide, glimepiride)

Thiazolidinedione (e.g., rosiglitazone)

Dipeptidyl peptidase IV (DPP-1V) inhibitor (e.g., sitagliptin, saxagliptin, linagliptin)
. Order liver function tests (LFTs)

Bring the patient back in 1 week to the office. The second agent will have started to work,
but sulfonylureas may not have a peak effect for 2 to 3 weeks.

1

Mechanism of Action
* Sulfonylurea increases insulin release from the pancreas.
* Thiazolidine increases peripheral insulin sensitivity.

» DPP-IV blocks the metabolism of incretins and increases the level of glucagonlike peptide
(GLP) and glucose-dependent insulinotropic peptide (GIP).



Incretins (GIP and GLP) increase insulin and decrease glucagon release from the pancreas.

The patient returns in 2 weeks and he is on two oral hypoglycemic medications. His BP is
124/78 mm Hg. His home glucose test results are: 124 mg/dL, 136 mg/dL, 120 mg/dL, and
128 mg/dL. The goal of LDL is <100 mg/dL in diabetes because it is an equivalent of
coronary disease.

The complication of diabetes and routine preventive medicine will be covered in the
next case.

CASE 2: Diabetes—Prevention of Complications

Setting: office

b

CC: “I am here to follow up on my medication.’

VS: blood pressure: 134/94 mm Hg, pulse rate: 84 beats/minute

HPI: 4 54-year-old man, who was diagnosed with diabetes last year, comes to your office for
a follow-up appointment. He was placed on metformin and a sulfonylurea, which controlled
his glucose levels for most of the last year. Currently, he has started to have some episodes of
nocturia one to two times a night. He insists he is fully adherent to his medications.

PMHXx:

. Hypertension

. Hyperlipidemia

. Microalbuminuria

Medications:
. Metformin, atorvastatin, lisinopril, glimepiride

Initial Orders:

. HbAc

. CHEM-7

. LFTs

. UA, urine microalbumin

. Lipid panel (LDL, HDL, triglycerides, total cholesterol)

The patient returns 1 week later to receive the results of his laboratory tests:



. HbA,c: 7.8%

. Serum glucose: 195 mg/dL
. UA negative for protein, small glucose found; positive urine microalbumin
. Transaminases normal

. LDL: 80 mg/dL, others normal

Microalbuminuria is caused by a loss of negative charges on the glomerular basement membrane.

Statins cause LFT elevation much more often than causing creatinine kinase level elevation.

The HbAc goal level is <7%.

Although the patient’s HbA,;c concentration is not much above the target, he is having a

recurrence of his symptoms of polyuria. Also, the goal of BP in a diabetic is <130/80
mm Hg. You have to add an additional agent. It is not clear which medication to add as the
second drug in a diabetic.

Where is the majority of glucose absorbed in the nephron?
a. Proximal tubule

b. Loop of Henle

c. Distal tubule

d. Collecting duct

Answer a. Proximal tubule

One hundred percent of glucose should be absorbed by the end of the proximal tubule. There should
be no glucose entering the loop of Henle. Some nephrons begin to saturate the SGLT transporter at a
serum glucose level of 200 mg/dL. This is “threshold.” All are saturated at glucose level 375 mg/dL.
Any rise in serum glucose level above 375 mg/dL will go straight into the urine.

Insulin has no effect on the secondary active transport of the proximal tubule.



Any Glucose in Urine = Some Blood Glucose Levels >200 mg/dL

The transport maximum for the tubule 375 mg/dL.
No further increase in reabsorption is possible.

You add a calcium channel blocker or beta-blocker as the second antihypertensive agent.
Never combine an ACE inhibitor and an angiotensin receptor blocker (ARB). Even though
the mechanisms are different, there is no efficacy in combining them. Besides BP control,
there is nothing more you can do to prevent proteinuria when a patient is on an ACE

inhibitor.

Orders:

. Amlodipine

. Sitagliptin

. Continue lisinopril, atorvastatin, metformin, glimepiride

Thiazolidinediones (rosiglitazone)
* Increase peripheral insulin sensitivity
* Contraindicated in congestive heart failure (CHF) and fluid overload

Glucose reabsorption is by secondary active transport with sodium.
It is the same mechanism in the small bowel.

DPP-IV breaks down incretins (GIP and GLP).

The patient does not return for 2 months. He says, “I am fine; my fingersticks are all 110 to
135 and my home BP monitor shows 110 over 70 to 125 over 75.” His nocturia has resolved.
His weight is 7 [b less than the last visit, which you ascribe to the DPP-1V inhibitor,



sitagliptin. He is sometimes constipated by it, but it does not bother him.

What is the mechanism of weight loss with DPP-IV inhibitors?
a. GIP slows gastric motility.

b. Lower glucose slows motility—glucose 1s cathartic.
c. GLP stimulates motilin release.

d. DPP-1V drugs decrease acetylcholine.

Answer a. GIP slows gastric motility.

Gastric motility is directly slowed by incretins such as GIP. The old name for GIP was “gastric
inhibitory peptide.” Motilin does increase gastric motility, but GLP does not stimulate it. The other
gastrointestinal (GI) tract hormones secretin and cholecystokinin also decrease gastric motility. DPP-
IV inhibitors block the metabolism of incretins. Exenatide and liraglutide on injectable medications
that are long-lasting synthetic incretins.

Exenatide (synthetic GIP produces significant weight loss by slowing stomach motility.

Calcium channel blockers also cause constipation by inhibiting intestinal smooth muscle.

The patient’s current vital signs and laboratory test results are:

. BP <130/80 mm Hg
. LDL <100 mg/dL
* HbA]C <7%

On CCS, if you are moving the clock forward and if the case does not end, it may mean it is
waiting for you to do routine health maintenance and preventive medicine.

Orders:
. Dilated ophthalmologic examination (refer to ophthalmology)
. Monofilament examination of the feet

The eye examination shows nonproliferative retinopathy at this time. The foot examination is
normal. The patient is maintained for a long time on the same medications. If your case shows
complicationson a return visit much later, the responses are:



. Neuropathy: Start gabapentin, lamotrigine, or pregabalin.
. Constipation or diabetic gastroparesis: Start erythromycin or metoclopramide.

. Proliferative retinopathy: Inject vascular endothelial growth factor (VEGF) inhibitors or
do laser photocoagulation.

Mechanism of Complication of Diabetes

Neuropathy:

* Peripheral nerves have blood vessels feeding them or “vasonervorum.” Diabetes damages this
microvasculature and starves peripheral nerves.

Gastroparesis:

* Diabetics have a decreased ability to sense gastric and intestinal distention, which is a part of
neuropathy that also affects GI tracts.

* Motilin is decreased; erythromycin increases motilin release.

Proliferative Retinopathy:

* Blood flow to the retina is decreased from microvascular insufficiency.

* Distal vessels release humoral factors that stimulate vessel growth.

» Overgrown vessels in the retina block vision (Figure 3-2).

» VEGF inhibitors stop the abnormal new vessels from growing and blocking vision.

* Ranibizumab and bevacizumab are VEGF inhibitors that stop macular degeneration and inhibit
diabetic retinopathy.

» Laser photocoagulation decreases production of these growth factors (Figure 3-3).



Figure 3-2. Diabetic retinopathy. Neovascularization of the disc. (Reproduced with permission from LeBlond RF, et al. DeGowin’s
Diagnostic Examination, 9th ed. New Y ork: McGraw-Hill; 2009.)

Figure 3-3. Panretinal photocoagulation is the application of laser burns to the peripheral retina. The ischemic peripheral retina is treated
with thousands of laser spots to presumably eliminate vasogenic factors responsible for the development of neovascular vessels. Laser
spots cause scarring of the retina and choroid, and scars may be hypotrophic (white spots) or hypertrophic (black spots). (Reproduced

with permission from Paul D. Comeau.)

CASE 3: Diabetic Ketoacidosis



Setting: emergency department (ED)
CC: “He is confused and breathing fast.”
VS: R: 34 breaths/minute; BP: 106/68 mm Hg; P: 122 beats/minute; T: 99.8°F

HPI: 4 34-year-old man with a history of type I diabetes is brought to the ED by his family
for confusion and lethargy for the last day. The patient has been a lifelong diabetic who also
has some unclear psychiatric issues. The family says he stopped taking his insulin a few days
ago for unclear reasons—he may have just run out of his medications.

PE:

. General: lethargic, disoriented, rolling around in bed, respiratory distress
. Chest: clear to auscultation

. Abdomen: soft, nontender

. Cardiovascular: no murmur, no gallop

. Neurological: unable to determine whether there are focal deficits

Initial Orders:

. CHEM-7

. Normal saline (NS) bolus

. Arterial blood gas (ABG)

. UA

. Acetone, beta-hydroxybutyrate levels
. Electrocardiogram (ECG)

What is the single most important test in diabetic ketoacidosis (DKA)?

a. Glucose level
b. pH
c. Ketone and/or acetone levels

d. Serum osmolarity

Answer b. pH

The glucose level is not as important as knowing if the patient is acidotic. Glucose levels can
fluctuate wildly from high to medium, but if the patient’s pH on an ABG or serum bicarbonate on
chemistry i1s near normal, it does not matter. The same is true of ketones, acetone, beta-
hydroxybutyrate, or acetoacetate. The level of these ketone bodies is not as important as the level of
accumulated acid.

Glucose, ketones, and osmolarity are not as important as pH and bicarbonate levels.



Move the clock forward the absolute minimum amount of time needed to get results of the
ABG. Recheck vital signs and consult the intensive care unit if it has not already been done.
Re-bolus with intravenous (IV) fluids. Use NS or Ringer lactate. More than half the problem

in DKA is inadequate amounts of fluid.

Laboratory Test Results:

CHEM-T7:

. Glucose 725 mg/dL

. Bicarbonate 12 mEq/L
. Chloride 100 mEq/L

. K 6.4 mEq/L

. Sodium 126 mEq/L

ABG: pH 7.12; partial pressure of carbon dioxide (PCO,) 28 mm Hg, partial pressure of
oxygen (PO,) 95 mm Hg

. UA: glucose 1000 mg/dL; ketones +++
. Acetone, beta-hydroxybutyrate levels: markedly elevated
. ECG: sinus tachycardia, normal T wave, no ST abnormalities

Glucose 100 Up = Sodium 1.6 Down

For every 100 mg/dL above normal glucose level, sodium level is decreased by 1.6 mEq/L.

What is the mechanism of the artificial decrease in sodium?

a. It is a laboratory artifact.
b. Acid interferes with sodium measurement.
c. Hyperglycemia pulls water out of cells, diluting out the sodium.

d. Ketone bodies bind sodium, removing it from circulation.

Answer c. Hyperglycemia pulls water out of cells, diluting out the sodium.

Knowing the numerical relationship between sodium and glucose is indispensable to accurately
assessing the anion gap. In addition, because hyponatremia causes confusion and hyperglycemia
causes confusion, it is important to be able to address and correct the proper abnormality. When
glucose levels markedly increase, it pulls water out of cells. Because the total number of sodium

molecules do not change, the extra water in the vascular space drives the sodium level down.



Insulin uses a tyrosine kinase receptor.

Acid stimulates hyperventilation at the brainstem.

What is the mechanism of hyperkalemia?

a. Transcellular shift (exchange) for acid (H")
b. Failure of renal excretion
c. Cell lysis

d. Potassium bound by ketone bodies

Answer a. Transcellular shift (exchange) for acid (H")

When acid or hydrogen ions (H") build up in the blood, the majority of live cells in the body buffer
the acid by absorbing it. To maintain electrical neutrality, the cells will release a K™ for each H' it
picks up. In addition, insulin drives potassium into cells with glucose. If there is no insulin, the cells
will not receive potassium. Also, insulin has a direct stimulatory effect on sodium-potassium
adenosine triphosphatase (Na*/K™-ATPase). Without insulin, the cells will not pick up insulin by
stimulation of Na*/K™-ATPase.

Did you know insulin stimulate Na/K*-ATPase to drive K into cells?

Two liters of NS were given in the first hour. A meaningful fluid bolus is 20 mL/kg. Repeat
the chemistry level every I to 2 hours to guide fluid and insulin dosing and to determine the
need for 1V bicarbonate. It is not precisely clear when 1V bicarbonate is needed, but for
most cases, when the pH is <7.2, it is acceptable to use.

Orders:

. IV insulin continuous drip

. NS bolus

. CHEM-7

. Venous blood gas

. Move the patient to the intensive care unit (ICU) if not done



Hyperkalemia i1s expected in all patient’s with metabolic acidosis with an increased anion gap.

Why is the K' level increased?
There is a transcellular shift with H'.

There is no insulin to drive Na™/K™-ATPase.

What is the difference between venous pH and arterial pH?

a. Venous < Arterial
b. Arterial > Venous

c. Equal

Answer c. Equal

If there 1s no respiratory disease, arterial and venous pH should be essentially equal. A difference of
a few hundredths of a point is clinically irrelevant. This is why you can use venous blood gasses
(VBGs) to monitor DKA response to management. There is no reason to torture patients with the pain
of an arterial puncture for no reason when you can do a venous puncture.

Use venous blood gasses to monitor DKA response to therapy.

Move the clock forward every 15 to 30 minutes for the first hour or two. Use “Interval
History” to see if there is a clinical response to the use of fluids and insulin. There should
be a measurable effect within 30 minutes to IV insulin and massive volume replacement. If
there is no improvement, repeat the “bolus NS and “1V insulin” orders.

Orders:

. VBG

. CHEM-7
. NS bolus

AV insulin

What is the mechanism of lethargy and confusion in DKA?



a. Acid inhibits neural transmission.
b. Hyponatremia is the mechanism.
c¢. Hyperosmolarity dehydrates brain cells.

d. Hyperkalemia interferes with neural transmission.

Answer c. Hyperosmolarity dehydrates brain cells.

Serum osmolarity is usually dependent entirely on serum sodium content. In severe hyperglycemia, the
extremely high glucose level acts as an osmotic draw on brain cells. This dehydrates them, and
central nervous system (CNS) neural function, especially for cognitive purposes, is worse when
dehydrated.

Serum Osmolarity = (2 x Serum Sodium [mEq/L]) + (Glucose [mg/dL]/18) + (BUN
[g/dL]/2.8)

The brain does not think well with high osmolarity sucking out the water.

The brain switches to using ketones for fuel.

After 2 hours, the patient’s lethargy resolves, and normal mentation returns. The repeat
laboratory test results are:

. Glucose 245 mg/dL

.K 4.8 mEqg/L

. Serum bicarbonate 18 mEq/L
.pH7.32

What is the biggest change you must make in management?

a. Stop IV insulin; switch to subcutaneous delivery.
b. Switch to oral fluids.

c. Add potassium to fluids.

d. Move the patient out of ICU.

Answer c¢. Add potassium to fluids.

As the potassium starts to drop into the normal range, add potassium replacement. This is because the



body becomes massively depleted of potassium because of the metabolic acidosis. Acidosis takes
potassium out of cells. High blood potassium is excreted at the kidney to protect the heart from fatal

arrhythmia. When acidosis corrects, potassium shifts back into cells and blood levels will drop
below normal.

During acidosis, potassium is excreted from kidneys.

The body becomes massively depleted of potassium during metabolic acidosis.

Potassium is added to routine 1V fluids. Repeat the VBG every 2 hours until the pH nears the
normal 7.4.

You do not have to wait for the ketones to disappear to transfer the patient out of the
ICU. The ketone bodies are like garbage that needs time to clear away.

When serum bicarbonate level rises above 20 to 22 mEq/L and pH is above 7.35, you can
transfer the patient out of the ICU.

When cells cannot take up glucose because of a lack of insulin, they switch to lipids and free

fatty acids as an alternate fuel source. Free fatty acids, unfortunately, come with a toxic end
product called ketones. This is why:

* No insulin ensures no glucose uptake.
* Cells eat fatty acids and make ketones.
* Ketones create acid.

Ketones are acid end products of lipid metabolism.

CASE 4: Hypothyroidism

Setting: office

CC: “I just feel so weak and tired.”



VS: R: 10 breaths/minute; BP: 135/94 mm Hg, P: 56 beats/minute; T: 96.8°F

HPI: 4 48-year-old woman with progressively worsening fatigue and tiredness developing
over the last several months comes to your office. She says she, “has gotten to the point where
everything is a struggle.” She has also been gaining weight and suffering from constipation.

PMHXx:
.« Depression
. Dry skin

Medications:

. Selective serotonin receptor inhibitor (SSRI)
. Bupropion

. Stool softeners

PE:

. General: sad appearing, modestly obese, slumping on examination table
. Cardiovascular: normal

. Abdomen: no organomegaly, decreased bowel sounds diffusely

. Neurological: decreased relaxation phase of reflexes

. Skin: course, thick hair

Initial Orders:

. CBC

. CHEM-7

. Thyroid function tests (TFTs): free thyroxine (T,), thyroid-stimulating hormone (TSH)

. Calcium, magnesium levels

In office-based cases, advance the clock to the time and day when the test results all list “Report
Available.”

Advance the clock 1 week to have the patient revisit.

Laboratory Test Results:

. CBC: hematocrit 34%, mean corpuscular volume (MCV) 90 fL
. CHEM-7: normal except sodium 132 mEq/L

. Free T,: low

. TSH: high



. Calcium, magnesium levels: normal

Low T, + High TSH = Hypothyroidism

Normocytic anemia is part of hypothyroidism.

T, 1s anabolic. Without it, things do not grow—Ilike red blood cells.

Low T, causes low sodium level.

Low T, impairs free water clearance.

The patient is certainly very happy to know she has a clear medical reason for her tiredness
and possibly her depression.

The patient asks why she feels cold all the time, and why her temperature is low?

a. Pituitary insufficiency
b. Concomitant adrenal insufficiency

c. Because T, directly stimulates heat production in cells

d. From the hyponatremia and anemia

Answer c. T, directly stimulates heat production in cells

The metabolic rate of all mature cells in the body 1s under the direct control of thyroid hormone
except for the adult brain, the spleen, and the uterus. We are 98.6°F even when the ambient

temperature is lower than that because the rate of Na'/K'-ATPase in almost all bodily tissues is
under the control of thyroid hormone. T, controls the “thermostat” for the body. The patient’s inability

to generate a faster rate of metabolism lowers her temperature and makes her feel colder.

Low T,: Bowels slow = Constipation



High T,: Bowels fast = Frequent bowel movements

Coarse, thick hair and dry skin are a routine finding in hypothyroidism.

Which of the following acts as a steroid hormone?
a. Ty

b. TSH
c. Thyrotropin-releasing hormone (TRH)
d. Reverse triiodothyronine (T5)

Answer a. T,

T, 1s produced from the amino acid tyrosine, but it has a steroid hormone mechanism of action.
Steroid hormones have a receptor in the cytosol or the nucleus and work by creating new mRNA and
new proteins. They are not stored in vesicles and they have protein carriers. T, follows all these
pathways in its mechanism of action. Reverse Tj 1s metabolically inactive, so it has no steroid effect.
TSH and TRH are peptide hormones.

Peptide Hormones

* No protein carrier

* Short half-life

* Cell surface receptor

» Work through G-proteins and second messengers

Steroid hormones do not use G-proteins.

Orders:

. Vital signs

. Synthroid (levothyroxine) replacement
. CHEM-7

. Lipid panel (LDL, HDL, triglycerides)



Repeat vital signs only take 2 minutes to do and will automatically advance the clock.

VS: R: 12 breaths/minute; BP: 142/94 mm Hg,; P: 54 beats/minute; T: 96.8°F

What is the mechanism of bradycardia in hypothyroidism?
a. T, 1s needed for myocardial contractility.

b. T5 speeds conduction at the atrioventricular (AV) node.

c. T4 has a permissive effect on catecholamines.

d. Hypothyroidism causes involution or loss of sinoatrial (SA) node tissue.

Answer c. T, has a permissive effect on catecholamines.

The root cause of bradycardia in hypothyroidism is the combined effect on catecholamines with T,.
Without T, there is a decreased effect of both norepinephrine and epinephrine at both the SA and AV

node. In addition, hypothyroidism leads to a decreased metabolic requirement of almost all the cells
in the body. Low T, and low T; levels mean the muscles use less oxygen and need less perfusion

(Figure 3-4).
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Figure 3-4. The hypothalamic—pituitary—thyroid axis. LATS, long-acting thyroid-stimulator; T3, triiodothyronine; T4, thyroxine; TBG,
thyroid-binding globulin; TRH, thyrotropin-releasing hormone; TSH, thyrotropin; TSH-R, thyrotropin G-protein-coupled receptor.
(Goldsmith LA, et al. Fitzpatrick’s Dermatology in General Medicine, 8th ed. [online] New York: McGraw-Hill; 2012.)

Hypothyroidism causes bradycardia because of loss of catecholamine stimulation on the heart as
well as decreased demand from a “slower” running body. This is the same reason people gain weight
with hypothyroidism.

T, 1s converted to T; in tissues.

T 1s much more active than T,.

Why is T3 more active than T4?

a. T 1s more protein bound.

b. T; leaves plasma and enters the cell much more easily.
c. T, has a shorter half-life.

d. Reverse T; directly inhibits T, tissue effect.

e. Reverse T; is converted to Tj.

Answer b. T; leaves plasma and enters the cell much more easily.

T, 1s converted to T; by 5-10dinase at the level of the tissues peripherally to increase the metabolic
activity of those tissues. Tj is less protein bound and therefore can enter the cell and be more active.
This also gives Tj a shorter half-life. T, is more protein bound and 1s therefore less active.

More Protein Binding = Less Activity

The patient returns in 1 week to report on the effect of thyroid hormone replacement and
discuss laboratory test results:

. CHEM-7: glucose 145 mg/dL
. LDL and triglycerides: elevated

What explains these laboratory test results abnormalities?



a. Glucagonoma is often present with hypothyroidism.
b. Hypothyroid states require less fuel.
c. Hypothyroidism provokes diabetes.
d. The patient has thyroid hepatopathy.

Answer b. Hypothyroid states require less fuel.

If thyroid hormone controls so much of the metabolic activity of the body, it is logical that a slower

body needs less fuel. If Na™/K*-ATPase is not sufficiently stimulated and the patient’s bowels,
muscles, and heart do not do as much work, then the fuels, such as glucose and fats, build up. This is
why hypothyroidism is associated with weight gain.

The patient has been taking levothyroxine for 1 week and reports a slight increase in energy and a
brighter mood. There is no change in weight, skin, or BP. You schedule a 1-month follow-up
appointment because changes with thyroid hormones are very slow. T, needs time to take effect and

changes in the levothyroxine dose should not be done more frequently than every 6 to 8 weeks.

Rapid increases in thyroid hormone dosing is dangerous in which of these?
a. Diabetes

b. Coronary disease

c. Stroke

d. Renal insufficiency

Answer b. Coronary disease

Thyroid hormone controls metabolic rate. Rapid increases in thyroid hormone increase metabolic
activity and myocardial demand. Hyperthyroidism can provoke myocardial ischemia by increasing
total body oxygen consumption rates.

Go slowly when increasing thyroid hormone replacement in patients with coronary disease.

Low thyroid hormone levels cause polysaccharides to accumulate in vessel walls, making them
stiff. Stiff vessels cause hypertension.

The patient returns 6 weeks later feeling much improved. She feels more energetic and her
constipation has resolved. Her weight has decreased by 6 Ib (2.7 kg), her pulse rate is 65
beats/minute; her BP is 134/78 mm Hg, and her temperature is 97.4°F.



Orders:
. Ty and TSH

Long-term hypothyroidism management is easy. If T, is low and TSH is high, continue to
increase the levothyroxine dose every 6 to 8 weeks. All symptoms will resolve.

CASE 5: Hyperparathyroidism

Setting: £ED
CC: confusion, lethargy, and constipation

VS: R: 12 breaths/minute; BP: 145/94 mm Hg; P: 86 beats/minute; T: 97.8°F

HPI: 4 34-year-old man is brought to the ED by his family because of lethargy. He lives alone
and was not answering the phone for several days. His father has to have the lock broken to
get into the house. He was found on the floor disoriented and awake only enough to say he is

constipated and has abdominal pain.
PMHX: none

Medications: none

“Altered mental status of unclear etiology”’: These orders should be written even before doing
the physical examination because the physical examination moves the clock forward. Legal
drugs (e.g., opiates) kill far more people than illegal drugs, so immediately give the patient

naloxone as an opiate antagonist.

. Give naloxone (it is always safe in patients with acute altered mental status).
. Give thiamine.

. Start dextrose.
. Order calcium, sodium, glucose, magnesium levels,; oximeter, computed tomography (CT) of

the head; urine toxicology screen.

Acute opiate withdrawal will not kill the patient!

PE:



. Neurological: lethargic, unable to follow commands
. Cardiovascular: normal

. Abdominal: decreased bowel sounds

. Extremities: decreased skin turgor

Do not give flumazenil! Benzodiazepine withdrawal causes seizures.

Initial Orders:

. Naloxone, thiamine, dextrose IV stat
. NS bolus, then continuous

. CHEM-7

. CBC, UA, head CT scan

. LFTs

. Urine toxicology screen

Sodium alters brain neural transmission; potassium does not.

Both renal and liver failure cause encephalopathy.
Order BUN, creatinine, and transaminases levels.

With acute confusion, move the clock forward only 5 to 10 minutes. On CCS, although everything
you order is considered to be done instantly, you cannot see the effect of it unless you move the
clock forward. For example, if you order naloxone, it is given instantly, but you cannot determine
on CCS that it 1s effective unless you move the clock and do an “Interval History” or
occasionally get a spontaneous nurse’s note telling you an update on the status.

You move the clock forward 5 minutes. There is no effect from either the glucose or the
naloxone. The bolus of NS is given because the patient is extremely dehydrated. You move



the clock forward another 15 minutes to get the results of the serum chemistry, CT, and UA.

One of the great magical things about the Step 3 examination on CCS is that the patient can be in
multiple places at the same time. The blood tests, CT, and urine sample will all be listed as
obtained at the exactly same time.

Laboratory Test Results:

. Total calcium: 16 mg/dL (normal 9—10.5 mg/dL)

. BUN: 70 g/dL (normal 7—20 g/dL)

. Creatinine: 2.2 mg/dL (normal 0.7—1.2 mg/dL)

. Bicarbonate: 21mEq/L

. CBC, transaminases, head CT, and urine toxicology.: normal

What is the mechanism of altered mental status in this patient?

a. Dehydration

b. Hypokalemia

c. Sepsis

d. Metabolic acidosis

Answer a. Dehydration

Severe hypercalcemia is routinely associated with massive volume depletion. This is why the BUN-
to-creatinine ratio is so high. Potassium does not alter CNS neural activity. Potassium will alter
cardiac conduction, but not neural conduction. Although there is a slight metabolic acidosis, it does
not cause altered mental status.

Acidosis can be caused by renal insufficiency or parathyroid hormone (PTH) inhibiting
bicarbonate absorption at the proximal tubule.

Reorder a fluid bolus and run 1V fluids continuously. The most important management of
severe hypercalcemia is restoring fluid balance. NS by itself increases calcium excretion
from the kidney.



Do NOT give furosemide before giving liters of fluid!

Never use thiazides in hypercalcemia: Thiazides increase calcium levels.

What is the mechanism of thiazides in increasing calcium levels?

a. They increase calcium reabsorption at the distal tubule.
b. They decrease calcium filtration at the glomerulus.

c. They increase PTH effect at the bone.

d. They block phosphate metabolism.

Answer a. They increase calcium reabsorption at the distal tubule.

Calcium is reabsorbed at the distal tubule. Phosphate is usually absorbed at the proximal tubule.

As soon as you confirm the presence of hypercalcemia, you should hydrate the patient and
give bisphosphonates, as well as look for the cause.

Orders:
. PTH level
. Phosphate level

. Pamidronate
. Re-bolus NS

You move the clock forward 1 hour. Move this patient with acute, unresolving mental status
changes to the ICU and give him more fluids. Bisphosphonates, such as pamidronate or
zoledronic acid, will take 1 to 3 days to work, so any effect you see on improvement of the

calcium level in the first few hours is entirely due to NS increasing the excretion of calcium
at the kidney.

What is the mechanism of massive volume depletion in hypercalcemia?
a. Blockage of ADH production in the hypothalamus

b. Blockage of ADH release from the posterior pituitary gland

c. Blockage of ADH effect on the collecting duct in the kidney

d. Constriction of the afferent arteriole



Answer c. Blockage of ADH effect on the collecting duct in the kidney

ADH stimulation of the kidney needs normal calcium and potassium levels. Hypercalcemia causes
nephrogenic diabetes insipidus (NDI).

Hypokalemia and hypercalcemia cause nephrogenic NDI.

After 2 hours, the patient wakes up somewhat but is still lethargic. He complains of
abdominal pain.

Laboratory Test Results:

. Calcium: 14.7 mg/dL

. Phosphate: 1.5 mg/dL (normal 2.4—4.1 mg/dL)
. PTH: elevated

Bisphosphonates inhibit osteoclasts in the bone.

What is the mechanism of high calcium causing lethargy and constipation?

a. Inhibition of acetylcholine reuptake at the neuromuscular junction
b. Somatostatin release
c. Raising the threshold for depolarization of neural tissue

d. Blockade of B-receptors

Answer c. Raising the threshold for depolarization of neural tissue

High calcium levels inhibit neural hyperexcitability. High calcium levels move the threshold for
depolarization higher and farther away from the resting membrane potential.

High Calcium Level = Short QT on ECG

Low Calcium Level = Prolonged QT on ECG

Because of the continued high calcium level and the persistence of symptoms despite hours
of hydration, you give calcitonin. Calcitonin works much faster than bisphosphonates, but
will wear off.



Calcitonin rapidly inhibits osteoclast activity.

Continue to give NS in large
volumes. You will only give furosemide if the person is not producing urine. This is entirely

possible because hypercalcemia can create severe prerenal azotemia. It can also be
associated with CHF.

Loop diuretics increase calcium excretion at the loop of Henle.

By the second hospital day, massive volume replacement of 4 to 8 L should have improved
the patient’s mental status. His abdominal pain has improved and he is able to have a bowel
movement. Hyperparathyroidism is confirmed again.

Orders:

. Consult endocrinology.

. Move the patient to a hospital ward.

. Continue hydration and bisphosphonates.

. Order a nuclear sestamibi parathyroid scan.

. Repeat calcium, BUN, creatinine, and phosphate levels.

A nuclear sestamibi scan is to localize which of the four parathyroid glands has to be removed.

Hyperparathyroidism—85% occurs from a solitary adenoma.
Remove it!

PTH:



» Reabsorbs calcium from bone

» Reabsorbs calcium at the distal tubule

* Increases activation of vitamin D

* Blocks phosphate absorption at the proximal tubule

When asymptomatic, you do not need to remove the parathyroid gland unless:

* There is bone disease (osteoporosis).

* There are kidney stones.

* There 1s decreased renal function.

* Calcium levels are more than 1 point above normal when the patient is younger than 50 years
old.

Most cases of hyperparathyroidism present as asymptomatic elevation in the
calcium level. This case was to help you understand the key basic science foundations of
severe hypercalcemia.

CASE 6: Hypercortisolism

Setting: office
CC: “My face is getting fat and hairy.”
VS: BP: 153/98 mm Hg; P: 74/minute; T: 97.2°F

HPI: 4 27-year-old woman comes to your office concerned that her face is getting “fatter and
rounder” despite the fact that she exercises and restricts her diet. She has an increasing acne
problem. She was referred to you by her dermatologist who she was seeing for the acne and
thinning hair on her scalp.

PMHX:

. Infertility, irregular menstruation
. Borderline hypertension

. Vertebral compression fracture

Medications: none

PE:



. General appearance: somewhat obese abdomen

. Skin: striae on flanks, bruises on thin arms

. Head, ears, eyes, nose, throat (HEENT): excess hair over lip and at chin

. Cardiovascular: normal

Hypertension in Young People

Clue in History or Physical

Diagnosis

Hypokalemia

Conn syndrome (hyperaldosteronism)

Truncal obesity, bruising, striae

Cushing syndrome (hypercortisolism)

Upper extremity blood pressure
> lower extremity blood pressure

Coarctation of aorta

Hirsutism, irreqular periods

Congenital adrenal hyperplasia

Episodic

Pheochromocytoma

Bruits or murmur at flanks

Renal artery stenosis

History has enough clues to guide initial testing.

What is the best initial test to look for hypercortisolism?

a. A 24-hour urine cortisol

b. Adrenocorticotropic hormone (ACTH) level

c. Magnetic resonance imaging (MRI) of the head

d. High-dose dexamethasone suppression

e. Random serum cortisol

Answer a. A 24-hour urine cortisol

Cortisol levels have tremendous fluctuation during the day. Randomly testing for blood or urine
cortisol 1s useless and always the wrong answer. Every time you get anxious or get a parking ticket,
your cortisol level goes up. The 24-hour urine cortisol test tells the average cortisol level over the

past day.

The “1-mg overnight dexamethasone suppression test” is too nonspecific. If the morning cortisol
level remains elevated, it can be from anxiety, depression, or alcoholism. A normal test result

excludes hypercortisolism.



Never start with a head MRI in endocrine disorders.

Initial Orders:

. Comprehensive metabolic panel (CHEM-20)
. Lipid panel

. UA

« 24-hour urine cortisol collection

Which of the following is the only hormone made continuously?

a. Cortisol
b. Testosterone

c. Ty

d. Growth hormone (GH)
e. ACTH

Answer c. T,

All hormones are made in pulsatile fashion except for T, and T, which are made continuously. They

are all subject to feedback inhibition—after production, they go back and shut off their own
stimulatory hormone. Cortisol does feedback inhibition on the pituitary and hypothalamus to shut off
ACTH and corticotropin-releasing hormone (CRH).

Cortisol is glucuronidated or “sugar coated” to come off the binding protein and be excreted in
the urine.

Move the clock forward 1 to 2 weeks to have the result of the 24-hour urine test.

. CHEM-20: potassium borderline low; bicarbonate elevated, glucose 185 mg/dL
. Lipid panel: LDL and triglycerides elevated

. UA: normal

. 24-hour urine cortisol collection. elevated



What is the mechanism of low potassium and high bicarbonate?

a. Volume depletion
b. Mineralocorticoid effects of cortisol

c. 11-Deoxycorticosterone elevation
d. ACTH effect on kidney

Answer b. Mineralocorticoid effects of cortisol

Adrenal hormones are not purely of one single effect. Cortisol has some mineralocorticoid or
aldosterone-like effect. That is also why the potassium level is low. Aldosterone levels are likely
low 1in hypercortisolism. This is because cortisol raises BP.

1. High BP shuts off renin.
2. No Renin =No ANGII
3. No ANGIII + Low Potassium = No Aldosterone Synthesis

Mineralocorticoid (aldosterone) effect
* Potassium (K*) excretion
 Hydrogen (H") excretion

* Sodium reabsorption

The patient is relieved to know that she has a diagnosis that can explain her facial fatness
and truncal obesity.

The patient wants to know if the acne and hirsutism are also related to this same
problem. What do you tell her?

a. Yes, she is secreting more testosterone.

b. Yes, adrenal androgen excess accompanies Cushing syndrome.

c. Yes, cortisol suppresses estrogen production.

d. No, unfortunately you must find a second tumor.

Answer b. Yes, adrenal androgen excess accompanies Cushing syndrome (Figure 3-5).
Dehydroepiandrosterone (DHEA) and androstenedione are cosecreted with hypercortisolism. In
addition, there is some androgen-like effect of cortisol. Acne, male pattern hair loss, and excess hair
on the face in women is part of hypercortisolism. This is the same reason this patient is infertile.
Excess androgens are interfering with her ovulatory cycles.



ACTH undetectable;
no suppression

Cushing’s syndrome suspected

24-hour urine free
cortisol; low-dose
dexamethasone
suppression test

!

Abnormal

!

Plasma ACTH;
high-dose
dexamethasone
suppression
test

ACTH elevated;
no suppression

Adrenal tumor

Ectopic ACTH syndrome

!

Normal

l

Excludes
Cushing’s syndrome

ACTH normal to elevated;
dexamethasone suppression
<50% of baseline

|

Cushing’s disease

Figure 3-5. Diagnostic evaluation of Cushing syndrome and procedures for determining the cause. Boxes enclose clinical diagnoses, and
ovals enclose diagnostic tests. ACTH, adrenocorticotropic hormone. (Reproduced with permission from Felig P, Baxter JD, eds.
Endocrinology and Metabolism, 2nd ed. New Y ork: McGraw-Hill; 1987, as redrawn in McPhee SJ, Hammer GD. Pathophysiology

of Disease: An Introduction to Clinical Medicine, 6th ed. New Y ork: McGraw-Hill; 2010.)

Excess androgen levels cause acne. Sebaceous glands have testosterone receptors.

The patient is delighted that she can get “one stop shopping” to fix her fat face, obese
trunk, acne, and restore her periods and fertility. She wants to know where the lesion is.



What test do you order next?

a. ACTH level
b. MRI of head
¢. CT of adrenals

Answer a. ACTH level

If the ACTH level is high, then the source is the pituitary or an ectopic focus, such as the lungs. If the
ACTH level is low, then the source is the adrenal glands.

High Cortisol = High Lipids
Cortisol causes lipolysis.

The patient returns in 1 week. Always follow BP in any person who was hypertensive. Her
BP is 148/94 mm Hg. The laboratory test results show:

. ACTH: elevated
. Glucose: 176 mg/dL

What is the mechanism of hypertension?

a. Cortisol increases the number of a-receptors in the vasculature.
b. Hyperglycemia increases osmotic pressure in vessels.

c. Increasing norepinephrine accompanies hypercortisolism.

Answer a. Cortisol increases the number of a-receptors in the vasculature.

There is an increased effect of catecholamines, not an increased level. Cortisol has a permissive
effect on catecholamines in the vasculature. This is by the direct effect of alpha-1-receptors on
vasoconstriction. Glucocorticoids increase the number of alpha-1-receptors as well as potentiating
the effect on norepinephrine and epinephrine at currently existing receptors. This is why a bolus of
steroids in sepsis has such an immediate effect in raising BP. There is a slower aldosterone-like
effect at the kidney, increasing sodium reabsorption.

Hypercortisolism causes striae and easy bruising.



Skin is made of collagen protein.
Cortisol breaks down proteins to use the amino acids for gluconeogenesis.

After you have established the presence of hypercortisolism with a 24-hour urine cortisol
collection, use the ACTH level to determine the location. When the ACTH level is proven
elevated, then do a high-dose dexamethasone suppression test to distinguish between a
pituitary source and an ectopic source.

Order:
. High-dose dexamethasone suppression test

Response to high-dose dexamethasone:
* The pituitary gland will suppress the ACTH level.
* Ectopic foci will not suppress the ACTH level.

The patient has suppression of the ACTH level. You now order an MRI of the head to find a
lesion. All of this testing is so that you will remove the correct part of the body. Because
10% of the population has an abnormal pituitary on MRI, you must never start with a scan.
You might end up removing the pituitary inappropriately if the source is really elsewhere.

Cortisol causes osteoporosis by directly breaking down bone.

Cortisol increases osteoclast activity.

The MRI shows a lesion in the pituitary. You consult a neurosurgeon for removal.

What is the most likely histology?



a. Hyperplasia
b. Adenoma

c. Neoplasia

Answer b. Adenoma

Most functional pituitary tumors are adenomas. They retain the ability to be suppressed by feedback
inhibition but only with high-dose dexamethasone administration.

Bone matrix is protein and is broken down to amino acids for gluconeogenesis.

Which of the following is the greatest or major mechanism of how cortisol
increases serum glucose level?

a. Increasing gluconeogenesis
b. Decreasing glucose excretion at kidney
c. Having a permissive action on glucagon

d. Blocking uptake into tissues like muscle and adipose

Answer d. Blocking uptake into tissues like muscle and adipose

Although cortisol does increase gluconeogenesis and breaks down glycogen by permissive action on
glucagon, the major mechanism is blocking uptake into peripheral tissues.

Move the clock forward to follow up after removal of the pituitary lesion. Make sure you
replace thyroid hormone and sex hormones in addition to giving prednisone or hydrocortisone.
Recheck the patient’s chemistry looking for a normal glucose, potassium, sodium, and
bicarbonate levels.

CASE 7: Acromegaly

Setting: office
CC: “I’'m sleepy all day long, and my wife says I snore.”

VS: R: 12 breaths/minute; BP: 158/98 mm Hg,; PR: 78 beats/minute; T: 97.8°F

HPI: 4 48-year-old man with hypertension and diabetes comes to the office because he has
daytime somnolence and his wife complains that he snores. He is also here for routine



management of diabetes and hypertension.

ROS:

. Shoe, hat, and ring size started increasing over the last 1 to 2 years
. Body odor

. Erectile dysfunction

PMHXx:
. Diabetes and hypertension

Medications:
. Lisinopril
. Metformin

PE:

. General appearance: soft, sweaty, mushy handshake; rather unattractive
. HEENT: large nose, lips, and jaw, teeth widely spaced

. Cardiovascular: 3/6 pansystolic murmur radiating to axilla

Initial Orders:
. HbA] C

. CHEM-7
. Lipid panel

What is the best initial test?

a. Insulinlike growth factor (IGF)
b. GH
c. MRI head

d. Glucose suppression test

Answer a. Insulinlike growth factor (IGF)

IGF has a longer half-life than GH. Because GH has a shorter half-life, elevated levels are harder to
detect. Never start with a scan of the head in endocrinology. Do the MRI of the brain only after the
disorder has been biochemically confirmed.

IGF is protein bound, giving it a long half-life.



When is GH release maximal?
a. On waking

b. 30 minutes before waking

c. Middle of the night

d. Before sleep

Answer c. Middle of the night

Deep sleep is the stimulant for the normal diurnal variation in GH level. Cortisol level increases 30
minutes before waking.

Move the clock forward 1 week.

Laboratory Test Results:
. HbA;c: 7.2%

. CHEM-7: glucose 145 mg/dL; BUN and creatinine: normal
. Lipid panel: elevated LDL and triglycerides
. IGF: markedly elevated

Acromegaly grows sweat glands!

Growth Hormone Mechanisms
* Acts as antiinsulin

* Raises serum glucose

* Raises free fatty acid level

Acromegaly causes hypertension.

You increase the dose of metformin and discuss possibly adding a second oral hypoglycemic
agent to get the HbA,c concentration under 7%. You inform the patient that both his

diabetes and hypertension may be from acromegaly, but you need to confirm the etiology.



Orders:
. Glucose suppression test

IGF causes obstructive sleep apnea by growing neck tissues.

Erectile Dysfunction Etiology
* Diabetes

 Hypertension

* Vascular disease

* Associated with sleep apnea

IGF and GH fail to suppress with glucose loading. This is a failure of the normal feedback
inhibition mechanism. You order an MRI and ask the patient to return to discuss the results.
The patient comes back the following week and you inform him that the scan does show a
pituitary lesion, and transsphenoidal surgery is needed to remove it. You also tell him that
his diabetes may resolve when you remove the lesion.

If GH is an antiinsulin that raises glucose and free fatty acid levels, why does it

produce another hormone call insulinlike growth factor? What is insulinlike about
it?

a. Effect on hormone sensitive lipase

b. Effect on protein synthesis
c. Effect on lipids

Answer b. Effect on protein synthesis

GH is an antiinsulin in terms of its glucose and lipid effect. GH stimulates production of IGF at the
liver and skeletal muscle. IGF is insulinlike, not GH. IGF increases protein synthesis, amino acid
uptake into cells, and DNA synthesis.

Both IGF and insulin use a tyrosine kinase receptor.



The patient is frightened by the idea of “brain surgery” and does not come back to see you
for a year. Order an “Interval History.” His erectile disfunction, body odor, and sleep
apnea have all worsened. In addition, his numbness and tingling in the first three fingers of
both hands have worsened by use. He has become immobile because of knee pain.

Physical Examination:

. Facial features coarsened

. Knees enlarged and abnormally shaped

. New 3/6 pansystolic murmur radiating to the axilla

Uncontrolled IGF leads to misshapen joints and arthropathy.

IGF expand proteins abnormally.

Orders:
. Glucose, HbA,c, lipids

. Repeat MRI of head
. Echocardiogram

What is the mechanism of the carpal tunnel syndrome?
a. Abnormal protein growth in the canal
b. Sodium alteration

¢. Potassium alteration

Answer a. Abnormal protein growth in the canal

Acromegaly results in a protein expansion in the canal that the median nerve travels through. This
compresses the nerve. Carpal tunnel syndrome is the most common neuropathy in acromegaly.

One week later the patient returns. He is becoming short of breath with exertion. His test
results show that his glucose level is 195 mg/dL; his HbA,;c concentration is 8.4%, his MRI

shows an enlarging pituitary lesion, and his echocardiogram shows moderate mitral



regurgitation with an ejection fraction of 32%.

Mechanism of Cardiomyopathy
* IGF causes abnormal cardiac shape.
* Hypertension, diabetes and hyperlipidemia cause coronary disease.

What cancer should you test the patient for?

a. Colon
b. Lung

c. Prostate
d. Gastric

Answer a. Colon

IGF leads to excess colonic polyp formation. This increases the risk of colon cancer.

Which of the following will most likely resolve after removing the pituitary gland?
a. Hyperlipidemia

b. Carpal tunnel

c¢. Cardiomyopathy

d. Joint abnormality

Answer a. Hyperlipidemia

Because the high lipid level results from the antiinsulin effect of GH, it will likely resolve after the
GH is decreased. The other problems are from a permanent growth of protein and will not “resorb”
after the GH and IGF levels drop. You have to remove the pituitary gland before these problems
advance.

The most common cause of death from acromegaly is cardiomyopathy from coronary disease.

A month later you are seeing the patient at a follow-up appointment after the removal of his
pituitary gland. He has been started on thyroid hormone replacement and prednisone.



Additional therapies to lower GH and IGF levels:
* Pegvisomant

* Octreotide (somatostatin)

* Cabergoline

Pegvisomant is a direct GH receptor antagonist.

Recheck glucose and HbA,c levels because the

patient may have a decreased need for diabetes medication. Treat the mitral regurgitation
with ACE inhibitors as you would for any person with mitral regurgitation.

CASE 8: Hyperaldosteronism

Setting: ambulatory care center
CC: “My legs feel like lead.”

VS: BP: 168/98 mm Hg; P: 72 beats/minute

HPI: 4 43-year-old man comes to clinic because his “arm and legs feel like they weigh 100
pounds each.” There is a progressive slowness for muscle weakness. It is equal in all four
extremities, started 6 months ago, and is slowly progressive and uncomfortable.

ROS:

. No visual problems, no diplopia
. No respiratory problems

. No dyspnea

. Yes to significant polyuria

PMHX:
. Hypertension: difficult to control

Medication:
. Nifedipine

PE:
. General: tired, slumped posture while sitting on table



. Cardiovascular: S, gallop

. Musculoskeletal: decreased strength throughout
« HEENT: no ptosis

S, from hypertension

S,: atrial systole into stiff noncompliant ventricle

Initial Orders:

. CHEM-7, CBC

. ECG

. UA

. Calcium, magnesium, phosphorus
. Thyroid function (T, TSH)

Generalized weakness is hard to evaluate. It has to be distinguished from the fatigue or
tiredness of anemia versus decreased motor strength from thyroid, calcium, potassium, or
magnesium abnormalities. This patient has actual muscle weakness, not fatigue and
shortness of breath after exertion. Because it is generalized and continuous, it is hard to say
that it is myasthenia.

* Myasthenia: worse at end of day

* Guillain-Barré: acute, several days, ascends from legs upwards

* Botulism: acute, descends from face

* Tick paralysis: diffuse, overwhelming, sudden

» Hypokalemia: diffuse, can be chronic if undetected; rare with K >2.5 mEq/L

The patient should be
brought back no later than the following day.

. CHEM-7: sodium normal; K: 2.4 mEq/L



« ECG: S wave deep in leads V; and V,; R wave tall in leads V5 and Vs Uwaves present

. Magnesium: slight decrease
. T, TSH, CBC, U4, calcium, phosphorus: normal

Hypokalemia: U waves from Purkinje fiber repolarization

ECG:
SV, + RV >35mm = Left Ventricular Hypertrophy (LVH)

The most urgent step is to replace the potassium. The route of administration is dependent
on the setting of your case.

Because this is an ambulatory care patient who has been living like this
for months, you do not need to hospitalize the patient. Use oral potassium replacement for
outpatients. If the patient is hospitalized, you should never discharge a patient with an
abnormal potassium level—either high or low.

What is the mechanism of the patient’s muscle weakness?

a. The resting membrane potential is excessively low.

b. The Na*/K*-ATPase pump is inactive.

c. The ungated potassium channel 1s closed.

d. The voltage gate potassium channels stay open.

Answer a. The resting membrane potential is excessively low.

Resting membrane potential is based on potassium levels. The threshold for depolarization is about —
45 mV. When you move the resting membrane potential down from —70 to —80 or to 90 mV you are
moving further away from threshold. There is no effect on Na™/K™-ATPase. The ungated channels
have more potassium leaving the cell.

Potassium Replacement Rates
* Oral: No maximum rate of replacement
 [V: <10 to 20 mEqg/h



Muscles cannot contract if they cannot depolarize.

You order potassium tablets and instruct the patient to take them with a lot of water. Ask the
patient to return the following day to recheck the potassium level. It is completely possible
to replace the potassium over 1 to 2 days.

shows that the patient reports much greater mobility and strength
and his potassium level is now 3.1 mEq/L.

Low serum potassium (K) pulls potassium ions (K*) out of cells. Hitting the threshold for
depolarization is harder when cells have low K.

Further potassium replacement continues over the next 2 to 3 days. Bring the patient back
frequently to recheck his levels. You should also see a resolution of U waves on the ECG.

Both high and low potassium levels cause arrhythmia.

Low K levels decrease conduction through the His-Purkinje system.

By the following week, the potassium level has normalized. All muscle weakness has
resolved. The polyuria has resolved as well.

Hypokalemia causes nephrogenic diabetes insipidus.



ADH does not work effectively with low K or high calcium (Ca) levels.

The patient’s repeat blood pressure level is 168/100 mm Hg.

What is the mechanism of hypertension?

a. ANGII constricting arterioles

b. Excess ADH acting as vasopressin

c. Aldosterone increasing sodium absorption at late distal or early collecting duct
d. Smooth muscle hyperplasia of arteries

e. Catecholamine excess

f. Renin excess

Answer c. Aldosterone increasing sodium absorption at late distal or early collecting duct

High BP with low serum potassium level 1s most likely hyperaldosteronism. Although all the features
listed cause hypertension, none of them is particular to this case. The main feature of basic science
correlates for the Step 3 examination is not just to know something is happening, but to know
precisely why it is happening. Aldosterone works by increasing sodium reabsorption at the cortical
portion of the collecting duct. That 1s the early part of it, where it meets the distal convoluted tubule
(DCT).

Hypertension + Hypokalemia = Hyperaldosteronism

What is the difference between ADH and vasopressin?

a. Production site
b. Storage site
¢. Chemical structure

d. Amount and target organ

Answer d. Amount and target organ

ADH is made in the hypothalamus at the paraventricular and supraoptic nuclei. It is not made in the
posterior pituitary. ADH is transported down the pituitary stalk to the posterior pituitary where it is
stored. ADH works at the kidneys on the V2 receptor of the collecting duct. ADH inserts aquaporin to
increase permeability to water so it can be reabsorbed. Vasopressin is the same substance, but
stimulates the V1 receptor in the vasculature to cause vasoconstriction.



ADH absorbs water.
Vasopressin constricts vessels.

A 1% osmolarity change increases ADH.
A 10% volume change increases ADH.

High ADH levels constrict vessels at high levels and we call it vasopressin.

The patient has persistent hypertension. Because potassium is normal, muscle weakness has
resolved, but you need to investigate the diagnosis of primary hyperaldosteronism or Conn
syndrome.

Orders:
. Plasma aldosterone

. Plasma renin
. CHEM-7

Which of the following is consistent with primary hyperaldosteronism?

Aldosterone Renin

a. High High
b. High Low
€. Low Low
d. Low High

Answer b. Aldosterone high and renin low

When aldosterone is being produced autonomously, the ratio of aldosterone to renin is 20:1. Any
cause of dehydration or renal artery stenosis can raise both the renin and aldosterone levels.

The patient returns in 1 week.

Report:



. Aldosterone level high, renin level low (ratio 25:1)
. Serum bicarbonate level elevated

Metabolic alkalosis is from aldosterone increasing hydrogen ion (H) excretion.

What is the precise location and mechanism of H™ loss?

a. Proximal tubule
b. Epithelial sodium channel (ENaC)
c. o-Intercalated cells

d. Aquaporin

Answer c. o-Intercalated cells

In the late distal tubule and early collecting duct, there are two cells on which aldosterone has its
primary effect (Figure 3-6). The alpha-intercalated cells reabsorb sodium and excrete an H'. The
ENaC reabsorbs sodium and excretes potassium. ENaC is the precise site of potassium loss from
hyperaldosteronism.
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Figure 3-6. Mechanism of aldosterone action. Aldosterone enters principal cells and interacts with cytosolic aldosterone receptors. The
aldosterone-bound receptors interact with nuclear DNA to promote gene expression. The aldosterone-induced gene products activate
sodium channels and sodium pumps to increase sodium reabsorption. Glucocorticoids, such as cortisol, are also capable of binding to the
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aldosterone receptor. However, they are inactivated by 11-hydroxysteroid dehydrogenase (11-HSD). ATP, adenosine triphosphate; K,
potassium; Na, sodium. (Reproduced with permission from Eaton DC, Pooler JP. Vander’s Renal Physiology, 8th ed. New York:
McGraw-Hill; 2013.)

Intercalated: H"
ENaC: K*

What is the most common cause of primary hyperaldosteronism?

a. Unilateral adenoma

b. Bilateral adenoma

c. Unilateral hyperplasia
d. Bilateral hyperplasia

e. Cancer or neoplasia

Answer a. Unilateral adenoma

Unilateral adenoma accounts for 60% to 80% of cases. Only 3% is unilateral hyperplasia. Most of the
rest 1s bilateral hyperplasia. Only 1% to 2% is cancer or neoplasia.

Normal Stimulants to Renin

* Low sodium level

* Beta-1-stimulation

» Low pressure at juxtaglomerular complex

Which test should be done next to confirm the presence of primary
hyperaldosteronism?

a. Salt load, then aldosterone level
b. Salt load, then renin level

c. CT of adrenal glands

d. MRI of adrenal glands

e. Exploratory laparotomy
Answer a. Salt load, then aldosterone level

This 1s a functional test of the adrenal glands. Always do functional tests before scans in



endocrinology. If you take out the adrenal glands inappropriately, you cannot put them back in.

* Normal: Salt loading in the diet suppresses aldosterone level.
» Abnormal: Salt loading does not suppress aldosterone level.

The failure of the normal feedback inhibition is a disease. High salt levels in a person with high
BP should suppress renin and aldosterone.

The zona glomerulosa makes aldosterone.

The following week the patient’s salt loading test shows a persistent high aldosterone level
despite 5000 mEq/day in the diet. The adrenal CT shows a bilateral hyperplasia.

What is the treatment?

a. Open surgical removal
b. Laparoscopic removal
c¢. Spironolactone

d. Prednisone

e. Removal of pituitary gland

Answer c. Spironolactone

Adenomas and cancer are removed by laparoscopic surgery. Bilateral hyperplasia is treated with the
aldosterone receptor antagonist spironolactone. Removing the pituitary gland will do nothing because
the pituitary exerts no control on aldosterone production. Aldosterone is controlled by renin.

Direct Stimulants to Aldosterone Synthesis
 Angiotensin II
* Hyperkalemia

There is no edema with hyperaldosteronism because of “sodium escape” at the kidney.



After 1 week on spironolactone, the patient’s BP has lowered to 134/84 mm Hg. He feels
less tired.

What do you have to monitor for?
a. Low sodium
b. High sodium

c. High potassium
d. Metabolic alkalosis

Answer c. High potassium

Because spironolactone is an aldosterone receptor antagonist, some people develop high potassium
levels. Spironolactone blocks the ENaC and the intercalated cells.

Two months later the patient comes because of pain in his chest. The discomfort is bilateral.
There is enlargement of breast tissue consistent with gynecomastia.

What is the mechanism?

a. Spironolactone inhibits androgens.
b. Prolactin levels have increased.
c. Estrogen release has increased.

d. Progesterone level has increased.

Answer a. Spironolactone inhibits androgens.

Spironolactone inhibits androgens. This causes enlargement of breast tissue or gynecomastia. In
polycystic ovary syndrome, spironolactone treats hirsutism and helps restore menstruation.

Spironolactone is stopped and eplerenone is started. Eplerenone is an alternate
mineralocorticoid receptor antagonist that does not inhibit androgen receptors. Move the
clock forward 1 month at a time until the CCS program ends the case. Monitor the patient’s
CHEM-7 looking for potassium, sodium, and bicarbonate abnormalities.

CASE 9: Prolactinoma



Setting: office
CC: “I’'m making breast milk, but [’'m not pregnant.”

HPI: 4 34-year-old woman comes to office with abnormal milk production from her breasts
for the last few weeks. She did three home pregnancy tests and all are negative. She has been
unsuccessfully trying to get pregnant for 2 years. Her menstrual periods are irregular.

PMHXx:
. Depression

Medications:
. Fluoxetine

PE:
. Normal except galactorrhea

Initial Orders:
. Urine beta-human chorionic gonadotropin (HCG)
. Prolactin level

The patient’s repeat urine beta-HCG level is normal. Bring the patient back in a few days to
discuss the results of the prolactin level. Of all the endocrinopathies, prolactin is unique in
that so many medications and mechanical problems like nipple stimulation can cause
hyperprolactinemia and galactorrhea (Figure 3-7).

Hypothalamus

Dopamine

t Dopamine
release

Prolactin

- Breast differentiation

» Duct proliferation and branching
* Glandular tissue development

« Milk protein synthesis

« Lactogenic enzyme synthesis




* Mammary gland development
* Milk production

Figure 3-7. Physiologic effects of prolactin. Prolactin plays an important role in the normal development of mammary tissue and in milk
production. Prolactin release is predominantly under negative control by hypothalamic dopamine. Suckling stimulates the release of
prolactin. Prolactin inhibits its own release by stimulating dopamine release from the hypothalamus. (Reproduced with permission from
Molina PE. Endocrine Physiology, 3rd ed. New Y ork: McGraw-Hill; 2010.)

Which of the following is not clearly associated with hyperprolactinemia?

a. Antipsychotic medications
b. Tricyclic antidepressants
c. SSRIs

d. Cimetidine

e. Verapamil

f. Opiates

Answer c¢. SSRIs

SSRIs are just not clearly associated with increased prolactin levels.

* Dopamine inhibits prolactin release.
« Antipsychotics decrease dopamine levels.

The patient returns and her prolactin level is elevated.

Which of the following endocrinopathies is associated with high prolactin level?
a. Estrogen deficiency

b. Addison disease

c. Cushing syndrome or hypercortisolism

d. Hypothyroidism

e. GH deficiency



Answer d. Hypothyroidism

It is reasonable to exclude hypothyroidism in any person with hyperprolactinemia. Increased estrogen
directly stimulates the pituitary to release prolactin. This is the mechanism in pregnancy of how
breast glands normally grow. The placenta makes estrogen. Estrogen makes prolactin. Prolactin
makes the breast glands grow.

What is the mechanism of high prolactin level in hypothyroidism?
a. T, normally suppresses prolactin release.

b. TRH level is increased.
c. Hypothyroidism decreases dopamine release.

d. TSH stimulates prolactin.

Answer b. TRH level is increased.

TRH stimulates prolactin release. This is usually only at pathologically increased levels of TRH such
as found in hypothyroidism. Low T, level removes feedback inhibition on TRH. Very high TRH level

stimulates prolactin.

Opiate substance abusers have erectile dysfunction.

Opiates increase prolactin level.

Because of the high prolactin level and the absence of identifiable causes of
hyperprolactinemia, you send the patient for an MRI of the head.

What functional biological test is there of prolactin?

a. Metoclopramide stimulation test
b. Dopamine suppression test

c. Estrogen stimulation test

d. Naloxone stimulation test

e. None



Answer e. None

High Prolactin + Exclude Correctable Causes = Brain MRI

An MRI is done. The patient returns for the results and is told she has a 5-mm lesion in the
pituitary gland.

What is the next best step?

a. Refer to neurosurgery
b. Radiation treatment
c. Octreotide

d. Cabergoline

e. Pergolide

Answer d. Cabergoline

Cabergoline is an oral dopamine receptor antagonist that causes less nausea and vomiting than
bromocriptine. This is clearly the first line of therapy for all microadenoma. Surgery is done if the
lesion is larger than 3 cm or the dopamine agonist has failed. Radiation is a third or fourth attempt at
treatment. Octreotide is a somatostatin analogue. There is no significant efficacy with a somatostatin
analogue. Prolactinomas are managed exactly opposite to acromegaly. Surgery is the first-line
treatment in acromegaly.

Cabergoline is an ergot derivative.

Transsphenoidal surgery is performed. Prednisone, T,, and sex hormones replacement
therapy is started. Follow up with the patient until the program ends the case.






CHAPTER 4




NEUROLOGY

CASE 1: Stroke

Setting: emergency department (ED)
CC: “My arm is weak.”
VS: BP: 188/115 mm Hg; P: 90 beats/minute; T: 100.1°F; R: 14 breaths/minute

HPI: 4 58-year-old man with half an hour of right arm and leg weakness was sent to the ED in
an ambulance by his family. His family noticed the arm and leg weakness immediately because
it happened while at dinner when it looked like he got up and tripped. On lifting him up, they
found the whole right side of his body weak and his speech had become garbled.

PMHXx:
. Hypertension
. Tobacco smoking

Medications:
. Nifedipine
. Lisinopril

PE:

. Neurological: clear weakness on right side 2/5 power, right facial droop
. Cardiovascular: normal

« Abdominal: normal

Grading of Power on Neurological Examination
0/5: Flaccid, completely paralyzed.
1/5: Muscle twitch, no movement.
2/5: If examiner lifts extremity, patient can move it side to side.
3/5: Patient can hold up extremity against gravity only. No load bearing.
4/5: Weak.
5/5: Normal.

What is the most urgent step?



a. Control blood pressure (BP).

b. Order computed tomography (CT) of head.
c. Give aspirin.

d. Give thrombolytics.

Answer a. Control blood pressure (BP).

All of these are important in a stroke, but the point of this question is that you cannot give any form of
anticoagulation without first excluding hemorrhage. You must not send someone off to a CT without
giving the first dose of antihypertensive medication.

Initial Orders:
. Labetalol intravenously (IV)
. Head CT without contrast

. Complete blood count (CBC), prothrombin time (PT), activated partial thromboplastin
time (aPTT), electrocardiogram (ECG)

. Neurology or stroke team evaluation

CT with contrast 1s used to look for cancer or infection.

Blood does not need contrast to be visible.

You move the clock forward 5 minutes. It is expected that the stroke team evaluation will
occur within 5 minutes after the initial physician evaluation. More than any other disease,
stroke evaluation is on a precise expectation of time frame. The head CT or magnetic
resonance imaging (MRI) is expected to occur within 15 minutes of the initial physician
evaluation with a reading by an expert in 20 minutes.

Why is stroke more sensitive to time than any other tissue or organ damage?

a. Brain tissue has no glycogen stores.

b. Carbon dioxide accumulation is more damaging to central nervous system (CNS) tissue.
¢. Acid (hydrogen ion [H']) accumulation is more damaging to CNS tissue.

d. Ketones cannot supply energy to cerebral tissue.



Answer a. Brain tissue has no glycogen stores.

Your brain wants 100% glucose. Because there is no glycogen storage in the brain, it needs all its

food to be brought in continuously by blood flow. This is perhaps the single most important “basic

science fundamental” to know for a stroke: The brain has no glycogen stores. Brain tissue uses
glucose as a fuel almost exclusively. Ketones can be used, but it takes time for them to be produced
and for the brain to switch the biochemistry to be able to consume them. Carbon dioxide and acid

dilate cerebral vasculature to increase flow to hypoxic brain tissue, but they are not damaging.

Cerebral tissue lives mostly on glucose.

Move the clock forward 5 minutes and recheck the patient’s BP. Acute BP control with
labetalol, nitroprusside, enalaprilat, or nimodipine will start to have an effect instantly if

the drug is working. You cannot give thrombolytics if the BP is >180/110 mm Hg, so
controlling BP is indispensable to proper management.

Y ou must practice the computer-based case simulation (CCS) cases before entering the
examination.

Orders:

. Vital signs (under the “Physical Examination” tab on top)

Two to five minutes later, the repeat BP level is 180/112 mm Hg.

Give another dose of 1V labetalol. The most important thing to remember about using
acute BP-lowering medications on CCS is that the route of administration be IV. The specific
agent is not as important. However, you cannot order medications by class on CCS; you must

write orders by name of medication. You cannot order “BP drug” or “beta-blocker.” You
have to order “labetalol.”

The onset of action for IV labetalol is 2 to 5 minutes.

Two to five minutes later, the repeat BP level is 170/104 mm Hg.



What is the mechanism of action of labetalol?

a. Beta-1, central alpha-1

b. Beta-1, peripheral alpha-1

c. Beta-1 and 2, peripheral alpha-1
d. Beta-1 and 2, central alpha-2

Answer c. Beta-1 and 2, peripheral alpha-1

Labetalol and carvedilol are the two combined alpha/beta-blockers. They are nonspecific beta-
blockers and also block peripheral alpha-1-receptors. Peripheral alpha-1-receptors are the
mechanism of how norepinephrine raises BP. Alpha-1-constriction is a rapid and powerful way to
alter BP.

Do not lower BP more than 25% on first day.

Move the clock forward 10 to 15 minutes until the CT report is available. Because
hemorrhages cause 15% of strokes, you have to exclude bleeding before any
anticoagulation medications can be given.

. Head CT: no blood, no masses

. Repeat BP 158/98 mm Hg

. ECG: left ventricular hypertrophy, unchanged from previous ECG
. CBC, PT/aPTT: normal

What should you do next?

a. Lower BP further.
b. Give aspirin.

c. Give thrombolytics.
d. Give clopidogrel.
e. Give heparin.

Answer c. Give thrombolytics.

Thrombolytics are the standard of care for acute nonhemorrhagic stroke within the first 3 to 4.5 hours
after the onset of symptoms. Most clinicians would use it up to 4.5 hours after onset, but the Step 3
examination will avoid all potential controversy and will make it either clearly less than 3 hours or



more than 4.5 hours from the time of onset.

Repeat the neurological examination to confirm the findings.

Which of the following is most likely to be found?

a. Unilateral blindness

b. Bitemporal hemianopsia
¢. Homonymous hemianopsia
d. None

Answer ¢. Homonymous hemianopsia

When you have a patient with a stroke causing loss of motor strength on one half of the body, you
should expect the visual field to be lost on the same side. Half of each eye’s visual field will be lost.

Right side weakness: right visual field loss

When are the other choices correct?

* Aspirin: Use if presenting after 4.5 hours.

* Clopidogrel: If the patient is already on aspirin, switch from aspirin after 4.5 hours.

* Heparin: Never give for stroke.

* Dipyridamole: If the patient is already on aspirin at the time of a stroke, add to aspirin.

Never combine aspirin with clopidogrel for stroke!

Combining aspirin with dipyridamole is good.
Combining aspirin with clopidogrel is bad.

Thrombolytics are given. Move the patient to the hospital ward. The intensive care unit
(ICU) is not needed. On CCS, there is no way to physically move the patient to a place
called “stroke unit.” The stroke unit is not one of the five places you have to choose from
on CCS locations.



* All of the previous orders will follow the patient in any location.
* Vital signs are done on CCS with each move.
» Unless you see it on your screen under “Orders,” it is not being done.

CBC, PT, and aPTT prior to thrombolytics:
» Thrombocytopenia and coagulopathy are contraindications.

Which best describes the mechanism of thrombolytics?

a. Prevents fibrinogen activation

b. Cleaves fibrin into D-dimers

c. Removes fibrin split product from fibrin
d. Increases action of plasmin on factor XIII

Answer b. Cleaves fibrin into D-dimers

Thrombolytics activate plasminogen into plasmin. Plasmin cleaves newly produced fibrin strands into
their breakdown product, which is D-dimers. Fibrin split products (FSPs) are liberated from
fibrinogen to activate it into fibrin. Thrombin is what cleaves off the FSPs. Factor XIII is a clot-
stabilizing factor that solidifies a clot.

The patient has been moved to the hospital ward after the use of thrombolytics. His repeat
BP is 156/96 mm Hg. There is a slight improvement in his right-sided weakness during the
repeat neurological examination.

You will never get in trouble on the CCS by reviewing charts or examining patients too often!

Once thrombolytics are given and the follow-up neurological examination is done, you
should explore reasons for the emboli going to the brain.

Orders:

. Echocardiogram

. Telemetry

. Carotid artery duplex Doppler ultrasound



Where is the source site of the clot or stroke in this patient?

a. Anterior cerebral
b. Middle cerebral
c. Posterior cerebral

Answer b. Middle cerebral

Upper and lower extremity hemiparesis, facial droop, and expressive aphasia are classic for middle
cerebral artery stroke.

Anterior Cerebral Stroke:

* Cognitive and psychiatric deficit
* Lower extremity weakness > upper extremity weakness
« Urine incontinence

Posterior Circulation (Vertebral or Basilar):

» Loss of consciousness
* Dysarthria, diplopia, dysphagia, dizziness
* Bilateral defects

Do not order carotid artery Doppler ultrasound for posterior circulation defects!

Carotid arteries do not anatomically supply the vertebral or basilar artery.

As you move the clock forward to get the results remember to order:
. Physical therapy and rehabilitation evaluations

. Restart aspirin 24 hours after thrombolytics
. If the patient was on aspirin, switch to clopidogrel or add dipyridamole

Echocardiograms, telemetry, and carotid artery Doppler ultrasounds are often unrevealing
in a stroke. If there is >70% stenosis on the affected side, refer the patient to vascular
surgery for endarterectomy. We do not know what to do about asymptomatic carotid artery
stenosis.

CASE 2: Parkinson Disease



Setting: office

)

CC: “My walking is getting really slow.’

HPI: A 74-year-old man with progressive inability to walk over the past year comes to your
office. He also has a hard time getting up from a seated position and he becomes lightheaded
when he tries.

PMHX: ostearthritis

Medications: acetaminophen

PE:
. General: immobile, seems very “grim-faced”

Neurological:
. Tremor at rest at 3 cycles/second, cogwheeling present
. Slow gait, significant retropulsion. He cannot easily turn.

Initial Orders:
« MRI of head
. CHEM-20

The patient’s diagnosis of Parkinson disease (PD) is obvious on examination. There is no test
to specifically diagnose PD. An MRI of the head can be used to see if there are previous
strokes that led to the PD. All of your Step 3 examination questions on PD will concern drug
therapy, and the basic science fundamental questions will be on the mechanisms of these
treatments.

Which should be tested for on examination?

a. Hyperreflexia

b. Orthostatic hypotension

c. Spasticity of muscles

d. Decreased papillary reflexes

Answer b. Orthostatic hypotension

Patients with PD frequently have orthostatic hypotension. This is why they cannot easily get up from a
seated position. When rising, the autonomic nervous system is slow to respond. The normal increase
in pulse rate and vasoconstriction is not occurring. When a normal person stands, the baroreceptors in
the carotid sinus and atria sense the decrease in pressure or stretch. Because these are
mechanoreceptors, firing is decreased. The medulla does not perceive the change in posture and there
is no output to the sinoatrial (SA) node to increase firing or to the arterioles to contract. Hence, BP is



abnormally low when standing and patients can experience syncope. This is like “cogwheel rigidity”
of the autonomic nervous system.

Response to Standing
* Normal: vasoconstriction and tachycardia
* PD: inappropriately low pulse rate

In PD, phase 4 depolarization of the SA node stays abnormally flat.

The patient has orthostasis on examination as well as decreased facial movements
(hypomimia). The main thing that bothers him is slow gait and general immobility. He is not
as bothered by the tremor because it stops when he reaches for something.

Orders:
. Anticholinergic agent (benztropine, trihexyphenidyl)

The mechanism by which anticholinergics improve PD is unknown.

Why does decreasing acetylcholine increase dopamine?
We do not know!

Instead of the previously scheduled 2-week follow-up appointment, the patient is brought
back in 4 days by his wife. He has abdominal pain, dry mouth, and urine retention.

Which of the following should you also ask about or examine for?

a. Bradycardia

b. Memory difficulty
c. Diarrhea

d. Constricted pupils

Answer b. Memory difficulty



Acetylcholine helps with memory formation. Inhibition of acetylcholine (ACh) will provoke
dementia. This is why anticholinergic medication like benztropine is hard to use in those older than
65 to 70 years old. It worsens Alzheimer disease. This is why we use drugs like donepezil,
rivastigmine, and galantamine for Alzheimer disease. They increase ACh and improve memory. In
addition, inhibiting ACh should cause tachycardia, constipation, and dilate pupils.

More ACh = More Memories
Less ACh = Less Memories

Anticholinergics worsen glaucoma.
Dilated Pupils = Blocked Canal of Schlemm

You stop the benztropine and start amantadine. When you see the patient again in 2 weeks,
there is no significant improvement.

What is the next step to try?

a. Catechol-O-methyltransferase (COMT) inhibitor (tolcapone, entacapone)
b. Ropinirole or pramipexole

c¢. Bromocriptine

d. Selegiline

Answer b. Ropinirole or pramipexole

These medications are direct-acting dopamine receptor agonists. They have less efficacy than
levodopa/carbidopa, but they have less adverse effects as well. The standard of care in most PD is to
try a dopamine receptor agonist at the beginning of treatment.

Bromocriptine is a dopamine agonist but is a derivative of ergot, and thereby has more adverse
effects, such as nausea and vomiting. In choosing treatment, if two medications have the same
efficacy, use the one with less adverse effects.

Selegiline is a monamine oxidase (MAO) inhibitor. This class of drugs decreases the metabolism
of dopamine, but the efficacy is unclear.

Amantadine efficacy is limited.



Amantadine may increase dopamine release from the substantia nigra.

You start ropinirole and see the patient again in 2 weeks. He has modest improvement in
mobility and orthostasis. Over the next year, he is stable then begins to deteriorate again.
You now add levodopa/carbidopa, and he markedly improves.

What is the mechanism of carbidopa?

a. Direct dopamine agonist

b. Inhibition of dopamine decarboxylase

c. Decreased urinary excretion of dopamine

d. Synergistic with dopamine at substantia nigra

Answer b. Inhibition of dopamine decarboxylase

Levodopa normally has a very short half-life. It, therefore, will decompose and not allow transfer
across the blood brain barrier into the brain. Carbidopa is a peripheral dopamine decarboxylase
inhibitor. This allows a greater level to enter the brain.

You see the patient at 2-week intervals and increase the dose of levodopa/carbidopa.
Perform a neurological examination and check for orthostasis at each visit. The patient is
not fully controlled after 2 months.

What should you do?

a. Nothing more can be done.
b. Add tolcapone or entacapone.
c. Order deep brain stimulation.

Answer b. Add tolcapone or entacapone.

Tolcapone and entacapone are COMT inhibitors. They block the metabolism of dopamine in the
brain. They enhance activity of dopamine at the substantia nigra. They have definite efficacy but are
exclusively an add-on therapy to levodopa/carbidopa. They will not work by themselves.

After a few days on the new medications, the good news is, the patient has much better
mobility. The bad news is, he has started to develop visual hallucinations and sees “bugs
coming out of the walls.”



What is the mechanism of the hallucinations?

a. It 1s the direct toxicity of the COMT inhibitor.
b. The patient has decreased serotonin levels.

¢. Dopamine increases psychosis.

d. Decreased ACh increases psychosis.

Answer c. Dopamine increases psychosis.

The difficulty of medicating patients with PD 1s that the massive increase in dopamine can cause
psychosis in some patients. The dose needed to control PD may mean that the only way to get the PD
controlled is to give enough dopamine even though it may lead to the adverse effect of psychosis. The
treatment is quetiapine, which is an antipsychotic medication with the lowest amount of parkinsonian
adverse effects.

Anti-Parkinson disease (PD) medications cause psychosis.
Antipsychosis medications cause PD.
Anti-PD medications cause dementia.
Anti-dementia medications cause PD.

CASE 3: Myasthenia Gravis

Setting: office
CC: “I feel so weak at the end of the day.”
VS: BP: 112/72 mm Hg; P: 90 beats/minute; T: 99.8°F (37.7°C); R: 18 breaths/minute

HPI: A 54-year-old woman comes to the office with increasing muscle weakness and tiredness
over the past few months. She feels “totally spent’ at the end of the day and her “arms and
legs feel like lead.” She feels so tired that she has a hard time finishing meals.

ROS:
. Double vision
. No fever, no headache, no weight loss

PMHX: none

Medications: none

PE:
. General appearance: tired, but fully alert



. Neurological: decreased muscle strength in all four extremities equally; normal deep tendon
reflexes (DTRs); normal pupillary response

. Head, ears, eyes, nose, throat (HEENT): bilateral ptosis

Initial Orders:

. Anti-ACh receptor antibodies

. Anti-muscle specific kinase (MuSK) antibodies
. Chest x-ray

Edrophonium (Tensilon) test is neither as sensitive or specific as antiacetylcholine receptor
antibodies.

Myasthenia gravis (MG) is not a disease you start to treat empirically unless the patient
experienced an acute, overwhelming presentation of weakness threatening breathing. MG is
generally a disease that progresses over months.

Report:

. Anti-ACh receptor (AChR) antibodies positive
. Anti-MuSK antibodies present

. Chest x-ray: normal

Anti-AChR antibodies are positive in 90% of those with MG. If patients present with MG
limited to the eyes with diplopia, the sensitivity falls to 50%. Anti-MuSK antibodies are
generally used in patients whose anti-AChR antibodies are negative.

Anti-MuSK s for those with false negative AChR antibodies.

What is usually the most common presentation of MG?

a. Proximal muscle weakness

b. Diaphragm and respiratory muscle weakness
c. Difficulty chewing and diplopia

d. Upper extremity and hip girdle weakness

e. Four-limb paralysis

Answer c. Difficulty chewing and diplopia



MG usually presents with diplopia and decreased ability to chew because they are the only two
muscles used regularly. Because MG is a decremental decrease in strength on repetitive use, the
patient must be using the muscles in order for it to be noticed.

What is the difference between pyridostigmine, neostigmine, and edrophonium?

a. Dosing and duration of effect
b. Mechanism of action

¢. Adverse effects

d. Site of action

Answer a. Dosing and duration of effect

Acetylcholinesterase inhibitors are all essentially identical except for how long they last and
therefore how frequently they are dosed. Acetylcholinesterase inhibitors all block the metabolism or
breakdown of ACh at the neuromuscular junction. This increases the level and the clinical effect.

ACh receptors on muscle are nicotinic.

ACh receptors in the lung, bladder, bowel, saliva, and eye are muscarinic.

The patient is started on pyridostigmine. Move the clock forward 2 days. Do an “Interval
History” to confirm the effectiveness of the medication. The patient reports a moderate
improvement with pyridostigmine. You decide to confirm the diagnosis with additional
testing before just increasing the dose.

What is the most accurate test for MG?

a. Biopsy

b. Single-fiber electromyography (EMG)

c. Creatine phosphokinase (CPK) and aldolase
d. ACh level

Answer b. Single-fiber electromyography (EMG)

EMG involves the placement of a needle into the muscle, and repetitive stimulation is sent through it.
In MG, there is a clear decrease in muscle strength and frequency of contraction in response to nerve
stimulation. More electrical jolts produce fewer muscular contractions.



Single-fiber EMG confirms the diagnosis as MG. You increase the dose of pyridostigmine.
Do a chest CT as soon as the diagnosis of MG is confirmed. This is to exclude thymic
hyperplasia and thymoma associated with MG. If it is found, it will need to be removed.

In children, the thymus gland “programs” T lymphocytes for action.

The thymus gland has little residual function in adults and can be removed without major adverse
effect.

Move the clock forward and see the patient every month. Perform a neurological
examination at each visit to assess the effectiveness of your medications. The patient is lost
to follow-up for a few months and runs out of medications. When she returns, the patient has
an overwhelming weakness and respiratory distress.

What is the treatment that will have the fastest effect for this acute myasthenic
crisis?

a. Start intravenous immunoglobulin (IVIG).

b. Give steroids.

c. Remove the thymus gland.

d. Give anti-tumor necrosis factor drugs (e.g., etanercept).

e. Give cyclosporine.

Answer a. Start intravenous immunoglobulin (IVIG).

Acute myasthenic crisis 1s treated with IVIG or plasmapheresis. IVIG is much easier to use.
Plasmapheresis has the same difficulty as setting up dialysis. The presumed mechanism of IVIG is that
the Fc portions of the immunoglobulins will “stuff up” or fully saturate the Fc receptors on the
macrophage. The macrophage then can no longer remove ACh receptors at the neuromuscular junction
(Figure 4-1). Anti-tumor necrosis factor (TNF) medications have no benefit in MG. Steroids,
cyclosporine, azathioprine, and cyclophosphamide take weeks or months to work.
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Figure 4-1. Pathogenesis of myasthenia gravis. Acetylcholine released at the nerve ending by the nerve impulse normally binds with
acetylcholine receptors. This evokes the action potential in the muscle. In myasthenia gravis, antiacetylcholine receptor antibody binds to
the acetylcholine receptor and inhibits the action of acetylcholine. Bound antibody evokes immune-mediated destruction of the endplate.
(Reproduced with permission from Chandrasoma P, Taylor CE. Concise Pathology, 3rd ed., New York: McGraw-Hill; 1998.)

MG will impair the patient’s ability to inhale.

Acute myasthenic crisis = IVIG or plasmapheresis

Plasmapheresis removes antibody that attacks ACh receptors.

IVIG blocks macrophages that attack ACh receptors.

1VIG and pyridostigmine are started. The patient is moved to the ICU. After 24 hours, she
starts to improve. After 2 days, she is breathing normally and able to walk. Move the patient
to the ward and advance the clock. After another day, send the patient home.



Never send the patient home directly from ICU.

After the patient is discharged, she does well for a few months, and then the disease starts to
progress. See the patient on CCS at 1-month intervals and do an “Interval History” and
neurological examination each time. The patient’s symptoms worsen on maximal
pyridostigmine.

What is the next step?

a. Give IVIG.
b. Perform a thymectomy.
c. Add neostigmine.

Answer b. Perform a thymectomy.

The thymus gland programs the T cells that attack the neuromuscular ACh receptor. Removing the
thymus gland in MG is like removing the spleen in a person with idiopathic thrombocytopenic
purpura (ITP). Thymectomy markedly improves neuromuscular function in the majority of patients. It
will not have much effect in those who are older than 60 to 70 years of age in whom T-cell function is
already set and thymus removal will alter little.

You cannot move to a place called “Operating Room.”

Order the procedure you need. CCS will tell you if a consultation is required.

The patient undergoes thymectomy. Over the next few weeks symptoms have mild
improvement, but the patient cannot function normally. There is additional drug therapy to
consider in patients with MG:

. Cyclosporine
. Azathioprine
. Tacrolimus or sirolimus

What is the mechanism of these medications?



a. Neutrophil inhibition

b. Interleukin-1

¢. Leukotriene inhibition

d. Decrease of T-cell activation
e. Prostaglandin activation

Answer d. Decrease of T-cell activation

Cyclosporine is a calcineurin inhibitor. Azathioprine, its metabolite 6-mercaptopurine (6MP), and
tacrolimus all inhibit activation of T cells. The major defect in MG is abnormal T-cell activation
directed against the ACh receptor. Sometimes glucocorticoids can be used in the short term for
control of MG over a few weeks. These other medications are then used to get the patient off steroids.

Make sure you exclude thymic hyperplasia and thymoma in MG.

MG is always progressive on acetylcholinesterase inhibitors. They do not interrupt the disease
process.

Order each of the immunosuppressive drugs and . It takes 2 to 3
months to see a maximal effect of these medications. They are slow in action. It is impossible
to be sure which one will work in advance.

Check the renal function of patients on cyclosporine.

CASE 4: Subarachnoid Hemorrhage

Setting: ED
CC: “My head hurt real bad, then I passed out.”
VS: BP: 154/94 mm Hg; P: 110 beats/minute; T: 100.8°F; R: 18 breaths/minute

HPI: 4 34-year-old woman with no significant past medical history is brought by ambulance
to the ED after passing out in the nave of Le Parker Meridien hotel. She was sitting at lunch
with her mother and suddenly developed an excruciating headache. She woke up a few



minutes later while being loaded into the ambulance.

Medications: none

PE:

. General: uncomfortable, shielding her eyes

. HEENT: photophobia and neck stiffness present
. Neurological: no focal deficits

Why is this not meningitis?
» Sudden in onset
» Loss of consciousness

Initial Orders:
* Head CT

What is “special” about the CT to order?

a. Use contrast.
b. Order thin cuts through the base of the brain.
c. Wait 24 to 48 hours for greater sensitivity.

Answer b. Order thin cuts through the base of the brain.

Because blood is heavier than cerebrospinal fluid (CSF), you should do thin cuts through the base of
the brain to detect small bleeds. The blood will have settled to the base of the brain by gravity.
Contrast is used to detect abscess and neoplasia. Waiting markedly decreases the sensitivity of the
CT for blood.

Any adult admission to hospital should have:

* CBC

* Basic metabolic panel (CHEM-7)

* ECG

* Chest x-ray

e Urinalysis (UA)

You will not lose points by ordering these tests on CCS and you may “trip” over the diagnosis by
accident.



The maximum sensitivity of a CT 1s within the first 12 hours after the bleed.

Advance the clock just enough to get the results of the CT scan. You cannot initiate therapy
until you know if there is blood.

Report:
. Head CT: subarachnoid hemorrhage (SAH) diffusely surrounding brain (Figure 4-2)

Figure 4-2. Classic appearance of a large subarachnoid hemorrhage. Notice the hemorrhage pattern fills the cerebrospinal fluid spaces
at the base of the brain and around the brainstem. (Reproduced with permission from Doherty GM. Current Diagnosis & Treatment:
Surgery, 13th ed. New York: McGraw-Hill; 2010.)

If the CT were negative, what test would have been next?

a. Lumbar puncture (LP)
b. MRI
c. Digital subtraction angiogram

Answer a. Lumbar puncture (LP)



The sensitivity of CT in SAH is 92% to 95% on the first day and approaches 100% in the first 6 to 12
hours. MRI is not as useful to detect blood. The key points on LP in SAH are:

* There 1s a high opening pressure.

e There 1s no change in cell count from tube 1 to tube 4.

 Xanthochromia starts in 2 hours.

* Spectrophotometry detects bilirubin 12 hours after a bleed.

The patient’s BP is 146/92 mm Hg. She is awake and uncomfortable, shading her eyes.

What should you do about the patient’s elevated BP?

a. No therapy is indicated.
b. Give IV fluids and phenylephrine to raise it further.
c. Give labetalol to lower it further.

Answer a. No therapy is indicated.

Modest hypertension probably helps cerebral perfusion in SAH. It 1s clear that attempting to decrease
BP to a low pressure, for example, <120/80 mm Hg, in this patient is likely dangerous. This would
represent a >25% drop from the original BP of 154/94 mm Hg and might impair cerebral perfusion.
There is no clear benefit to using fluids and phenylephrine or dopamine to raise BP more.

What is the mechanism of loss of consciousness in SAH?

a. Increased intracranial pressure suddenly decreases CNS perfusion.
b. Vasospasm.
c. Potassium alteration.

Answer a. Increased intracranial pressure suddenly decreases CNS perfusion.

Bleeding into the brain increases the intracranial pressure and decreases the ability of blood to get
into the brain. This is why hypotension is so dangerous after an SAH. Therapeutic hypertension with
fluids and pressors (phenylephrine or dopamine) is not clearly beneficial. Vasospasm occurs after
SAH in response to the bleeding. Vasospasm is not the cause of the loss of consciousness. It is a
reaction to it.

. Move the patient to the ICU.
. Consult neurosurgery.
. Repeat vital signs every 2 hours, especially watching for extremes of BP.

Which is the best method to find the location of the bleed?



a. Digital subtraction angiography (DSA)
b. MRI
c. Repeat CT

Answer a. Digital subtraction angiography (DSA)

DSA is the best method to determine the location of the aneurysm. You need to find the site of the
lesion and repair it as soon as possible. Do not delay the DSA. The greatest chance of rebleeding is
on the first day of the bleed. Half of people who rebleed will die.

Get a move on! Get the DSA.

What is the most common cause of SAH?

a. Sudden hypertension

b. Spontaneous rupture of a saccular aneurysm of the circle of Willis
¢. Trauma

d. Vasculitis

Answer b. Spontaneous rupture of a saccular aneurysm of the circle of Willis

As much as 2% to 5% of the population has saccular aneurysm of the circle of Willis at autopsy.
Almost all remain unruptured at the time of death. It is not clear why some rupture and others do not.
Although cigarette use and hypertension are associated with rupture, this is not a direct temporal
relationship such as “I was fine until I smoked that cigarette.”

The DSA shows the location of the aneurysm to be the anterior communicating artery. The
patient’s BP is 142/90 mm Hg.

What is the best way to fix it?

a. Craniotomy and open repair

b. Endovascular coiling and embolization with platinum wire
c¢. Laparoscopy

d. Nimodipine

Answer b. Endovascular coiling and embolization with platinum wire

Endovascular coiling clots off the site of the bleed and does not require craniotomy. Laparoscopy is
for the pelvis and abdomen. Nimodipine is used to prevent subsequent stroke but does not fix the site



of the aneurysm.

Platinum wire
* Does not oxidize
* Is biologically inert

Nimodipine

* Is a calcium channel blocker

* Prevents vasospasm

* Decreases risk of “downstream” stroke
* Does not prevent rebleeding

Once the DSA shows the location of the aneurysm, order the endovascular repair procedure
with coiling and embolization. If this is a multiple choice question and the stem says
“Coiling is not available at your hospital,” the answer is “Transfer to a hospital that does
coiling/embolization.” Do not alter the proper care of a patient around the logistics at your
hospital. Move hospitals rather than do a procedure that is not ideal.

Get patients what they need.
Never do an inadequate procedure because it is not available at your institution.

Alter logistics to get right care.
Do not alter right care around logistics.

The patient undergoes the platinum wire coiling procedure and the site of the aneurismal
bleed is repaired. Nimodipine is ordered and the patient’s BP is 134/88 mm Hg.

The following treatments are not clearly beneficial and we do not recommend their
routine use:
. Hypothermia
. Antiepileptic drugs
. Steroids



. Statins

CASE 5: Guillain-Barré Syndrome

Setting: ED
CC: “My legs are weak.”
VS: BP: 110/70 mm Hg; P: 110 beats/minute; T: 97.8°F; R: 12 breaths/minute

HPI: 4 43-year-old man comes to the ED with bilateral leg weakness, which he has been
experiencing for the past 2 days. For the first day it was minor and did not interfere with
function. On the day of admission, he has become unable to walk. He is brought by
ambulance.

PMHX: none
Medications: none

PE:

. General: awake and alert

. Neurological examination: bilateral leg weakness, equally on both sides; absence of ankle
jerk and knee jerk reflexes

Chest: clear

Cardiovascular: normal
HEENT: normal pupil reflexes, no ptosis

Initial Orders:

. Forced vital capacity (FVC)
. Peak inspiratory capacity

. Oximeter

Which of the following will lead to the patient’s death?

a. Sepsis

b. Respiratory failure
c. Seizure

d. Encephalitis

Answer b. Respiratory failure



When weakness ascends up to the diaphragm, it will potentially impair breathing. Guillain-Barré
syndrome (GBS) is ascending weakness with the loss of reflexes. MG is weakness that is slowly
progressive and distinctly worsens with repetitive use.

There is a slight decrease in FVC and a peak inspiratory pressure of —24 cm H,0. There is

no fever. Because there is impairment of respiratory functioning, the person should be
placed in the ICU. You do not want the patient to develop respiratory failure unobserved on
a regular hospital ward.

Which of the following will stay intact in this patient?

a. Elastic recoil

b. Ability to cough

c. Total lung capacity

d. Inspiratory reserve volume

Answer a. Elastic recoil

Elastic recoil 1s not based on muscular exertion. GBS only impairs muscular exertion. It has no effect
on tissue characteristic, such as elastic fibers or the flexibility of the chest wall. Total lung capacity
is decreased because it is based partly on the inspiratory reserve volume, which will be markedly
reduced in this patient.

What is the most accurate diagnostic test?

a. Nerve biopsy

b. Nerve conduction velocity (NCV) testing
¢. Serum anti-nerve immunoglobulin G (IgG)
d. LP

e. Lumbosacral spine CT/MRI

Answer b. Nerve conduction velocity (NCV) testing

A needle is placed at one end of the nerve and an electrical impulse is administered. A positive test
shows decreased F-wave transmission. There is no such test as a “serum anti-nerve IgG.” Although
LP is often done, it is more useful for excluding other diseases than it is to specifically show
something pathognomonic for GBS.

Orders:
Start 1VIG.
.Do LP.



. Test NCV.
. Move the patient to ICU.

Which of the following is most likely found on LP in GBS?

a. Moderate elevation of lymphocytes

b. High protein with normal cell count

c. Low glucose and neutrophils

d. High protein and high lymphocyte count

Answer b. High protein with normal cell count

The LP is done to exclude CNS infection. You should find a normal CSF cell count in GBS. There is
no specific finding on LP that confirms GBS.

1VIG should be ordered stat without waiting for a laboratory confirmation of the diagnosis.
GBS can result in permanent neurological disability and there is no reason to delay therapy
although it does not work overnight.

CSF shows normal cell count and elevated protein. NCV testing takes more time to
perform and receive resullts.

Ask anyone with GBS about the following:
* Recent vaccinations
* Diarrheal episodes or gastrointestinal (GI) tract infections

Campylobacter infection is the most common identifiable event causing GBS.

IVIG = Plasma Exchange (Plasmapheresis) for Efficacy

What is the mechanism underlying GBS?

a. Interleukin elevation

b. Antibodies attacking CNS white matter

c. Antibodies attacking peripheral nerve myelin
d. Infarction of vasonervorum



Answer c. Antibodies attacking peripheral nerve myelin

In GBS, antibodies attack the myelin, stripping it off and damaging conduction. Without myelin, NCV
is slow. Campylobacter provokes the production of these antibodies for an unknown reason. The
vasonervorum 1s damaged in diabetes peripheral neuropathy and vasculitis. Multiple sclerosis
damages CNS white matter.

“Molecular mimicry” means something in myelin seems to “mimic” the cell surface of
campylobacter.

In the ICU, the patient is reported as “looking fine” and the postgraduate year 3 (PGY3)
resident wants to transfer the patient out immediately. He says “the saturation is normal.”

How would you best follow the patient’s respiratory condition?

a. Serial arterial blood gas (ABG) measurements
b. Peak inspiratory flow

c. Pulse oximetry

d. Forced expiratory volume at 1 second (FEV))

Answer b. Peak inspiratory flow

You want to know if the respiratory muscles are weakening before the patient’s oxygen saturation
level drops. You cannot wait for the partial pressure of carbon dioxide (PCO,) to rise before

determining that the patient needs intubation. It will be too late. The same is true of oxygen saturation.
The PCO, and oxygen saturation do not change until there is outright respiratory failure. Peak

inspiratory pressure predicts who 1s about to have respiratory failure before it occurs.

Do not wait for desaturation or respiratory acidosis!
Use peak inspiratory pressure to follow GBS!

Thirty percent of patients with GBS need intubation.

GBS is a demyelinating disease decreasing muscle strength (Figure 4-3).
The diaphragm is a muscle.
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Figure 4-3. Antibodies attack and remove myelin from peripheral nerves. (Reproduced with permission from Longo DL, et al.
Harrison’s Principles of Internal Medicine, 18th ed., Vol. 2. New York: McGraw-Hill; 2012.)

Peak inspiratory pressure starts to improve as does the FEV; on bedside spirometry. You

transfer the patient out of the ICU. Consult medical rehabilitation, physical therapy, and the
hospital social worker. The Step 3 examination is also very big on asking “what will you tell

the patient?” in terms of prognosis. Twenty percent of patients will not recover muscle
strength and it will take months for full recovery in the patients who do recover.

Ineffective Therapy in GBS
* Glucocorticoids

* Combining IVIG and plasmapheresis

* Cyclosporine

* IVIG blocks macrophages.

* Blocked macrophages cannot attack myelin.

CASE 6: Dementia

Setting: office



CC: “My memory is getting bad.”

HPI: 4 77-year-old former chairman of medicine at your medical school comes to see you for
initial testing for memory loss. He wants to get an initial evaluation by you privately before
his wife and children find out he may have serious memory loss.

PMHX:
. Localized prostate cancer surgically resected 10 years ago
. Sober alcoholic, last drink 2 years ago

Medications: none

PE:
. General: charming older gentleman; no abnormalities noted

. Neurological: no focal deficits, able to remember only two of three objects at 5 minutes. No
cogwheel rigidity. No myoclonus. No movement disorder.

Initial Orders:
. Head MRI

. Vitamin B, and methylmalonic acid level
. Thyroid function tests (thyroid-stimulating hormone [TSH], thyroxine [T ,])
. Rapid plasma reagin (RPR) Venereal Disease Research Laboratory (VDRL) test

Alzheimer disease: neurofibrillary tangles, amyloid plaques

Vivid hallucinations with exquisite detail are characteristic of

a. Alzheimer disease

b. Lewy body dementia
c. Creutzfeldt-Jakob disease (CJD)
d. Multiinfarct (vascular) dementia

Answer b. Lewy body dementia

Lewy body dementia is characterized by parkinsonism and extremely vivid hallucinations with great
detail. There is no specific test and no treatment beyond the dopamine agonists and dopamine
replacement that you would use for Parkinson disease.

The patient returns a week later to discuss the laboratory test results. He feels the same. He



loves what he is doing, but just gets forgetful.

Reports:
. Head MRI: normal
. Vitamin B, and methylmalonic acid levels: normal

. TSH and T,: normal
« VDRL: normal

Which of these is characterized by rapid progression and myoclonus?

a. Alzheimer disease

b. Frontotemporal dementia (Pick disease)
c. CJD
d. Multiinfarct (vascular) dementia

Answer c. CJD

CJD can take a person from normal function to death in 3 to 6 months. There is no effective therapy
for CJD. CSF shows the 14-3-3 protein, which spares the patient a need for brain biopsy for
definitive diagnosis.

CJD is associated with prions. They are

* Transmissible

* Cause spongiform encephalopathy

* Do not grow or replicate in the laboratory

You explain to the patient he might have early Alzheimer-type dementia or mild cognitive
impairment. He wants to start therapy. You order donepezil.

Donepezil, rivastigmine, and galantamine increase CNS ACh level.

Which of these is characterized by choreiform movement and emotional lability?

a. Huntington disease
b. Frontotemporal dementia (Pick disease)



c. CJD
d. Normal pressure hydrocephalus

Answer a. Huntington disease (HD)

HD i1s characterized by

* Dementia at an early age
* Emotional lability
* Movement disorder or chorea

HD has CAG trinucleotide repeat genetic sequences.

HD Treatment

* Tetrabenazine

* Increases dopamine

* Improves movement disorder

Over the next 6 to 12 months, the patient’s memory loss continues to progress. You add
memantine to his donepezil.

Memantine Mechanism
» N-methyl-D-aspartate (NMDA) receptor antagonist
» Neuroprotective

Combine

Acetylcholinesterase inhibitor (donepezil)
and

Memantine

The patient’s memory stabilizes over the next 6 months.



CASE 7: Meningitis

Setting: £ED
CC: “My head hurts.”
VS: BP: 145/92 mm Hg; P: 108 beats/minute; T: 102.8°F; R: 23 breaths/minute

HPI: 4 31-year-old man comes to the ED with 1 day of severe fever, headache, and neck
stiffness. He is very uncomfortable and is lying on the stretcher with a pillow over his face.
He has been nauseated and vomited several times.

PMHX: none

Medications: none

What should you do next?

a. Perform a physical examination.

b. Give ceftriaxone and vancomycin V.

c. Give ceftriaxone, vancomycin, and dexamethasone IV.
d. Order a head CT.

e. Order blood cultures.

Answer e. Order blood cultures.

If this 1s “real life,” order blood cultures, antibiotics, and the steroids even before you do the
physical. This is because the presentation of a chief complaint with fever, headache, stiff neck, and
what seems to be photophobia i1s so clear for meningitis that getting the antibiotics ready in the
shortest period of time is the most important thing you can do. However, remember that on CCS, the
instant you order a test or a treatment, it is considered “administered” by the program. That means you
just want to get the blood cultures to determine the specific organism involved rather than having the
antibiotics given before an LP.

The “instant” you order something on CCS, it 1s considered “Administered.” Ordered =
Administered on CCS

Timing is critical with meningitis! Move fast!



PE:

. General: very uncomfortable man. Trying not to move.
. Neurological: no focal deficits; cranial nerves intact
. Musculoskeletal: neck inflexible

. HEENT: photophobia present

Initial Orders:
.LP

What do you expect to see on CSF if this is viral meningitis?

a. Protein extremely high, lymphocytes elevated
b. Glucose low, neutrophils elevated

c. Protein mildly elevated, lymphocytes elevated
d. Thousands of white cells with 90% neutrophils

Answer c. Protein mildly elevated, lymphocytes elevated

You should know what you expect to see on the test you order before it is done. Viral meningitis has
an elevated white blood cell (WBC) count that is mostly lymphocytes. The CSF protein can be
normal or mildly elevated. Bacterial meningitis has a predominance of neutrophils.

Head CT Before LP
* Focal neurological findings
* Papilledema

* Severe confusion (makes neurological examination incomplete)

As soon as the LP is done, advance the clock just a few minutes and order the antibiotics.
Your whole aim in meningitis should be to give the antibiotics as soon after the LP as
possible. You do the head CT before an LP in some patients because of the possibility that
the intracranial pressure is increased unevenly in the skull. Focal findings and papilledema
indicate a possible mass lesion and an LP may lead to herniation. Meningitis increases
intracranial pressure, but it is increased evenly throughout the brain and that is why
herniation does not occur just from the elevated intracranial pressure of meningitis.

Orders:

. Ceftriaxone, vancomycin, and dexamethasone 1V
. Droplet isolation



What class of medication does vancomycin belong to?

a. Glycopeptide

b. Penicillin

c. Aminoglycoside
d. Vancomycin

Answer a. Glycopeptide

Glycopeptides are glycosylated cyclic nonribosomal peptides. The glycopeptides are vancomycin,
teicoplanin, and telavancin.

What is the mechanism of action of vancomycin?

a. Ribosomal

b. Cell wall

c. Protein synthesis
d. DNA gyrase

Answer b. Cell wall

Vancomycin inhibits the backbone polymers of the cell wall of gram-positive bacteria. Because
gram-negative bacteria form through a different mechanism, vancomycin has no effect on gram-
negative organisms. Macrolides (e.g., azithromycin) inhibit ribosomes. Quinolones inhibit DNA
gyrase, which is the enzyme needed to unwind DNA so it can be replicated.

Vancomycin inhibits the cell wall through a different mechanism than do cephalosporins and
penicillin.

Blood cultures were obtained and the LP performed. Move the clock forward to obtain
results. Patients are placed on droplet isolation until you are sure the organism is not
Neisseria meningitidis.

Report:
. CSF: 2400 WBCs; 87% neutrophils
. Protein: 89 mg/dL (elevated)

Gram Stain Characteristics of Organisms



* Positive diplococci: Pneumococcus

* Negative diplococci: Neisseria

* Positive cocci in clusters: Staphylococcus

* Pleomorphic gram-negative coccobacilli: Haemophilus
* Positive rod: Listeria

The Gram stain shows gram-positive diplococci.

What would you do differently based on this finding?

a. Stop ceftriaxone.

b. Stop vancomycin.

c. Stop droplet isolation.
d. Add penicillin.

e. Stop dexamethasone.

Answer c. Stop droplet isolation.

Droplet isolation is only needed for Neisseria meningitidis. You should not alter the antibiotics until
the results of culture and sensitivity are known. If the organism is fully sensitive, a penicillin or
cephalosporin is superior in efficacy to vancomycin. If the organism if penicillin resistant,
vancomycin is needed.

Dexamethasone must be continued because it decreases both neurological injury from meningitis
as well as mortality.

For which organism do steroids give the greatest mortality benefit?

a. Pneumococcus
b. Neisseria

c. Staphylococcus
d. Haemophilus
e. Listeria

Answer a. Pneumococcus

The reason for the benefit being greatest with pneumococcus is not clear. Steroids decrease
inflammation in general.

Move the clock forward 6 to 12 hours and reexamine the patient. You know it is bacterial



meningitis from the thousands of neutrophils on CSF as well as the Gram stain. Bacterial
meningitis is profoundly damaging to the brain and it is important to be sure there is no
neurological damage.

PE:
. Neurological examination: nonfocal, more comfortable
. HEENT: photophobia and neck stiffness still present

What is the most common neurological sequela from meningitis?

a. Memory loss
b. Hearing loss
c. Respiratory distress
d. Visual disturbances

Answer b. Hearing loss

The most common neurological effect of meningitis is hearing loss. Patients on initial presentation can
have ocular problems such as double vision. Untreated meningitis can result in hydrocephalus. It is
not clear why there is more damage to the eighth cranial nerve than the other parts of the system.

Which site of the brain is most involved in this patient?

a. Parenchyma
b. Arachnoid
¢. Dura

d. Ventricles

Answer b. Arachnoid

The part of the brain most affected by meningitis is the leptomeninges or immediate covering of the
brain. The arachnoid is under the dura and this is the main part affected. Encephalitis infects the brain
parenchyma. None of these infections is in the ventricles.

Move the clock forward another 6 and then 12 hours. Once the patient is stable, you should
look for a source of the meningitis.

Order:
. Head CT/MRI
. Chest x-ray



Sources of Pneumococcal Meningitis
* Sinusitis

» Mastoiditis

* Pneumonia

Why is intracranial pressure up in meningitis?
* Vasogenic edema

* Cytotoxins from neutrophils

* Inflammation of arachnoid villi

What is the mechanism of hydrocephalus developing as a complication of
meningitis?

a. Inflamed arachnoid villi cannot drain CSF.

b. Granuloma forms.

c. Cells undergo coagulation necrosis.

d. Fibrinoid necrosis occurs.

Answer a. Inflamed arachnoid villi cannot drain CSF.

CSF normally drains out of arachnoid villi. When they are inflamed by infection or blocked by red
blood cells, hydrocephalus can develop. This is the mechanism of developing hydrocephalus from
subarachnoid hemorrhage.

On the second hospital day, you are called by the nurse because the patient has suddenly
turned bright red. On examination his skin is red. Vancomycin is infusing.

What is the mechanism of this “red man syndrome?”

a. Allergy
b. Histamine release from mast cells

c. IgE
d. Neutrophil dysfunction

Answer b. Histamine release from mast cells

Vancomycin provokes a histamine release from mast cells when infused rapidly. The solution is to
slow the rate of infusion.



On the following day, the CSF and blood cultures are reported as growing Streptococcus
pneumonia that is sensitive to penicillin. A head CT shows no sinusitis and no mastoiditis.

Orders:

. Stop vancomycin.

. Continue ceftriaxone (or ampicillin).

. Continue steroid.

. Keep the patient in the hospital for at least 10 days of IV antibiotics.

Routine repeat LP is not needed.

CASE 8: Head Trauma-Subdural

Setting: ED
CC: “Hit in head playing football ”
VS: BP: 144/92 mm Hg; P: 54 beats/minute; T: 100.8°F; R: 18 breaths/minute

HPI: 4 20-year-old college student was hit in the head when he was tackled in a football
game. The patient had just received a thrown ball and was immediately tackled and knocked
into a nearby wall striking his head. He lost consciousness. The patient awoke about 10
minutes later and was disoriented when loaded into the ambulance.

Cushing Reflex

* Increased intracranial pressure
* Hypertension

* Bradycardia

PMHX: none
Medications: none

PE:
. General: groggy, somewhat lethargic



. Neurological examination: no focal deficits detected
. HEENT: pupils equally round and reactive

Initial Orders:
. Head CT without contrast

What is the mechanism of dilated pupil in intracranial bleeding?

a. Hypertension from any cause

b. Brainstem stroke

c. Compression of third cranial nerve
d. Meningeal irritation

Answer c. Compression of third cranial nerve

Large bleeds that cause uncal herniation will compress the third cranial nerve. The parasympathetic
fibers are on the outside of the nerve and will be damaged first. Parasympathetic fibers normally
constrict a pupil. If you compress the parasympathetic fibers on the outside of the third cranial nerve,
the pupil will dilate.

The dilation of a pupil is on the same side as a bleed.

Advance the clock. The CT scan is performed and you are waiting for the report. Repeat the
physical examination after 15 to 30 minutes in severe head trauma.

PE:
. General: more lethargic, difficult to arouse
. Neurological examination: hard to assess because of altered mental status; some weakness

of left side of body
. HEENT: dilation of right pupil only

What is the mechanism of the “lucid interval” in which the patient awakens,
then loses consciousness?

a. Constriction of cerebral vessels

b. Accumulation of blood in skull decreasing perfusion
c. Cerebellar dysfunction

d. Decreased myocardial contractility



Answer b. Accumulation of blood in skull decreasing perfusion

Both subdural and epidural hematoma can cause a “lucid interval.” The initial loss of consciousness
(LOC) 1s from the shock of head trauma. This is the same as in a concussion. After the patient
awakens, there can be an accumulation of blood in the skull. This accumulation of blood increases
intracranial pressure and decreases cerebral perfusion. The decrease in perfusion causes a second
loss of consciousness. This is the reason we must observe people who have had head trauma. We are
observing for an increase in intracranial pressure from blood that subsequently alters mental status.

As soon as the mental status and neurological examination start to deteriorate, you should
immediately intubate and hyperventilate the patient. If the CT results are not back, you
should still do this.

Indication for Intubation after Head Trauma
» Worsening mental status

» New focal neurological deficits

* Unilateral dilated pupil

Pupil dilates = Herniate = Do not wait = INTUBATE + hyperventilate!

What is the mechanism of a beneficial effect in hyperventilating intracranial
hemorrhage?

a. Decreased PCO, constricts cerebral vessels.

b. Increased oxygen constricts cerebral vessels.
c. Raising pH increases cerebral perfusion.
d. Bicarbonate improves perfusion.

Answer a. Decreased PCO, constricts cerebral vessels.

Cerebral vasculature is very sensitive to concentrations of carbon dioxide (CO,). When CO, is high,
cerebral vessels dilate to remove this metabolic waste product. When CO, 1s low, the blood vessels

will constrict and perfusion decreases. In a normal person, this small change in overall intracranial
volume will not have a meaningful impact on cerebral perfusion, but when you have a massive
increase in intracranial pressure a small change in volume can result in a big drop in pressure. This
decrease in pressure is to help slow down uncal herniation until you have time to surgically
decompress the skull and drain the blood out. Hyperventilation is a bridge to surgical decompression.



Low compliance creates big changes in pressure with small changes in volume.

The skull has low compliance: Small Decrease in Volume = Big Decrease in Pressure

Move the clock forward to allow the intubation and to get results of the CT scan.

Hyperventilation is a temporary bridge to the definitive procedure, which is surgical
decompression.

Report:
. Head CT: large subdural hematoma on right side, midline shift present (Figure 4-4)

Figure 4-4. Acute subdural hematoma is white. The midline is shifted. (Reproduced with permission from McKean SC, et al. Principles
and Practice of Hospital Medicine. New Y ork: McGraw-Hill; 2012.)

Vasoconstriction from hyperventilation wears off rapidly.

Blood in brain causes fever.

Any clot or collection of blood causes fever.



Orders:

. Mannitol IV

. Neurosurgery evaluation

. Craniotomy and drainage

. Move to ICU if not already done
. ECG

Y ou cannot move the patient to a location called “Operating Room.” Order the procedure the
patient needs (e.g., craniology/drainage).

Move the clock only 15 to 30 minutes in a rapidly developing case such as this. Reexamine
the neurological system each time.

Report:
. ECG: deeply inverted T waves

Target PCO, 25 to 30 mm Hg with hyperventilation

Intracranial bleeding and head trauma are associated with T-wave inversion on ECG.

“Cerebral T waves”
* Massive sympathetic outflow
* Vasoconstriction of coronary arteries

Leave the patient in the ICU after the craniotomy and drainage. Place a ventriculostomy tube
for both drainage and pressure monitoring. Do not move the patient out of the ICU until the
ventriculostomy is removed and the neurological examination stabilizes. On CCS, a case of
massive intracranial bleeding with herniation and the need for emergency surgical
decompression will emphasize initial management.



Which of the following is proven to benefit this patient?

a. Methylprednisolone (steroids)
b. Pantoprazole (proton pump inhibitors)
c. Antiepileptic drugs

Answer b. Pantoprazole (proton pump inhibitors)

Stress ulcer prophylaxis with proton pump inhibitors (PPIs) is indicated in head trauma, burns, and
those undergoing mechanical ventilation.






CHAPTER S




GASTROENTEROLOGY

CASE 1: Gastrointestinal Bleeding

Setting: ED
CC: “My stool is black.”
VS: BP: 96/56 mm Hg, P: 108 beats/minute; T: 98.8°F, R: 22 breaths/minute

HPI: A 76-year-old man with a history of aortic stenosis (AS) comes with 3 days of multiple
red, black stools. He had five episodes just today. He is dyspneic on exertion and comes now
because of tiredness.

PMHXx:

. AS

. Hypertension

. Former tobacco smoker
. Hyperlipidemia

Medications:
. Atorvastatin
. Nifedipine

PE:
. Cardiovascular: 3/6 murmur radiating to carotid arteries
. Abdomen: soft, nontender

What is the most important first step to take with this patient?

a. Check for orthostasis.

b. Start normal saline (NS) bolus.
c¢. Order a colonoscopy.

d. Order an upper endoscopy.

Answer b. Start normal saline (NS) bolus.

Fluid resuscitation is by far the most important thing you can do for a person with a large
gastrointestinal (GI) tract bleed. It is far more important to restore perfusion pressure than to look for
the precise etiology of the bleed. Also, a tachycardia (pulse rate >100 beats/minute) at rest or systolic



blood pressure (SBP) <100 mm Hg indicates a 30% blood volume loss. For an average-sized person,
this is 1.5 to 2 L of volume lost. Orthostasis implies the loss of about 15% to 20% of blood volume.
This person’s current blood pressure (BP) (96/56 mm Hg) and pulse rate (108 beats/minute) imply
that more volume has been lost than would occur with mere orthostasis. When intravascular volume is
low, there should be an increase in heart rate and a vasoconstriction of peripheral vessels to fully
correct BP.

Orthostasis:

Check BP and pulse rate when the patient is laying down, then sitting up or standing;
* Increase in pulse rate >10 beats/minute
* Decrease in systolic BP >20 mm Hg

Orthostasis: 15% to 20% volume lost
SBP <100 mm Hg or pulse rate >100 beats/minute = 30% blood volume lost

Orthostasis i1s detected by:
* Decreased firing of mechanoreceptors
* Carotid, aortic arch

Where is the information processed that detects decreased firing of carotid and
aortic baroreceptors resulting in vasoconstriction and tachycardia?

a. Frontal lobes

b. Medulla oblongata
c¢. Hypothalamus

d. Thalamus

e. Internal capsule

Answer b. Medulla oblongata

The medulla receives information from the stretch or mechanoreceptors of the carotid artery, atria,
and aortic arch. Decreased pressure in peripheral pressure or mechanoreceptors results in decreased
firing. The medulla will respond with a peripheral vasoconstriction and tachycardia. Norepinephrine
will stimulate alpha-1-receptors in arterioles causing vasoconstriction. This compensation is
incomplete when changing position if there is >15% to 20% blood volume loss.



Initial Orders:

. NS or Ringer lactate bolus

. Complete blood count (CBC), prothrombin time (PT), activated partial thromboplastin
time (aPTT), type and cross, CHEM-20

. Electrocardiogram (ECG)

. Pantoprazole 1V

. GI consult

Move the clock forward 15 minutes and recheck both blood pressure and pulse rate. If the
SBP is <100 mm Hg, reorder a bolus of intravenous (IV) NS. If after two boluses, the SBP is
still low, transfer the patient to the intensive care unit (ICU).

On the computer-based case simulation (CCS), the consultant does not tell you what to
do, but in this case, getting a GI consultation implies you know they are needed for serious Gl
tract bleeding.

Report:
. CBC: hematocrit 32%, mean corpuscular volume (MCV) 82 fL, platelets 185,000/uL

. PT, aPTT: normal
. Chemistry: blood urea nitrogen (BUN) 32 g/dL (elevated); creatinine 1.1 mg/dL
. ECG: no ST-T or T-wave abnormalities

The first CBC is not accurate in acute bleeding. You must always repeat it to see the trend.

If the PT or aPTT is prolonged (elevated), what is the best way to correct it?

a. Fresh frozen plasma (FFP)
b. Vitamin K orally

c. Vitamin K IV

d. Cryoprecipitate

Answer a. Fresh frozen plasma (FFP)

The fastest way to correct a coagulopathy is with FFP. Vitamin K needs at least 12 to 24 hours to
work in order to generate clotting factors. If there is liver insufficiency, then FFP will not work at all.
Cryoprecipitate 1s a condensation of clotting factors from pooled multiple donors. You will collect
50% of the clotting factors in 10% of the volume of fluid. Cryoprecipitate is best when you need
enormous amounts of clotting factors and FFP is not enough or the volume of FFP required to provide
that amount of clotting factor would be too great.



Which of the following is in highest concentration in cryoprecipitate?

a. Fibrinogen, von Willebrand factor
b. Factor II, VII

¢. Factor XI, X

d. Factor XII

Answer a. Fibrinogen, von Willebrand factor

Cryoprecipitate is especially high in fibrinogen, von Willebrand factor (vWF) and factor VIII. The
reason we never use cryoprecipitate first for anyone is that we use desmopressin acetate (DDAVP)
for vWF and recombinant factor VIII for hemophilia and those with von Willebrand disease (VWD)
not responding to DDAVP.

Cryoprecipitate is a pooled product.
Pooled products transmit more viruses.

The patient’s repeat BP is 100/64 mm Hg and pulse rate is 102 beats/minute.

Orders:
. Bolus NS
. CBC

BUN level rises with decreased renal perfusion or prerenal azotemia.

Why does the BUN level rise in prerenal azotemia?

a. Angiotensin breaks down proteins.
b. Catecholamine release breaks down proteins.
c. Antidiuretic hormone (ADH) increases urea absorption at the collecting duct.

d. ADH decreases urea excretion at proximal tubule.

Answer c¢. Antidiuretic hormone (ADH) increases urea absorption at the collecting duct.

When ADH increases the permeability of the collecting duct to water, it also stimulates urea
transporters that increase urea reabsorption. This helps maintain the high osmolarity of the renal



medulla so that water can be reabsorbed. Although urea is a metabolic end product of protein
metabolism, neither angiotensin nor catecholamines has any effect on protein production or
destruction. Angiotensin does increase urea levels.

ADH stimulates UT1 or “urea transporter 1” in the collecting duct to absorb urea.

More ADH = More Urea Reabsorbed

Blood in the upper Gl tract increases BUN level.

With major GI tract bleeding, move the clock forward 15 to 30 minutes. IV fluids and proton
pump inhibitors (PPls) should be running continuously.

Which therapy has a definite benefit in acute upper GI tract bleeding?
a. PPI

b. H,-blocker

c. Sucralfate

d. Nasogastric tube

e. Iced saline lavage

Answer a. PPI

PPIs do have a benefit in stopping and controlling acute upper GI tract bleeding. This has never been
shown with the H,-blockers or sucralfate. The nasogastric (NG) tube has extremely little benefit.

There is no therapeutic intervention with an NG tube. The iced saline lavage is useless.

Move the clock forward to get CBC results:
The repeat CBC shows hematocrit level at 29% and platelet count at 165,000/uL.

What mechanism explains the drop in hematocrit concentration from 32% to
29% in this patient?



a. Continued upper GI tract blood loss
b. Continued lower GI tract blood loss

c. Dilution from hydration

Answer c. Dilution from hydration

It is expected that patients will have a decrease of 3 to 4 points in hematocrit concentration just from
hydration of fluids. You should only consider a decrease more than this amount to be significant.

Black Stool or Melena = Upper GI Tract Source
Upper GI Tract Source = Proximal to Ligament of Treitz

Which of the following is a definite benefit of an NG tube?

a. Decreases mortality
b. Can help determine source of bleeding
c. Stops rate of blood loss

d. Eliminates need for endoscopy

Answer b. Can help determine source of bleeding

If you are going to do upper endoscopy in a patient, NG tube placement is useless and painful. If you
do not know whether to scope from above or below, an NG tube is occasionally useful to help
localize the source of bleeding to the upper GI tract. The problem with the NG tube, besides its
discomfort, 1s that a negative lavage misses 30% of bleeding especially if it is in the duodenum. Red
blood from the NG tube indicates an upper GI tract source. Only the use of an NG tube definitively
excludes an upper GI tract source if you see bile in the aspirate.

An NG tube misses 30% of upper GI tract bleeds.

A CBC after 2 hours of hydration shows the following:

. Hematocrit 23%
. Platelets 145,000/uL

What would be the likely cause of death in a patient with GI tract bleeding?



a. Stroke

b. Myocardial infarction

c. Congestive heart failure (CHF)
d. High output cardiac failure

e. Renal failure

Answer b. Myocardial infarction

Decreased oxygen-carrying capacity to the myocardium leads to ischemia. Myocytes in the heart
cannot distinguish between hypoxia, coronary stenosis, or anemia. Ultimately, with severe bleeding
and anemia, the patient will infarct his heart. This patient has AS. That implies a 50% to 70% chance
of coronary disease as well. An older person needs to keep the hematocrit concentration >25% to
30%. A young, healthy person can easily tolerate a hematocrit level of 20% or 25% until his or her
bone marrow recovers in 2 to 3 weeks.

Older people or those with coronary disease die at hematocrit levels that just make a younger
person tired.

After several hours, do an “Interval History.” Also do an Interval History if there is a
change in laboratory values such as this drop in hematocrit concentration.

The patient reports feeling light-headed and short of breath. This is an absolute
indication for transfusion in addition to a dropping blood count on CBC.

Orders:

. Packed red blood cells
. CBC

. Upper endoscopy

Hematocrit should increase by 3 points for each unit of packed red blood cells given.

On CCS, treatments like transfusion are considered done or “administered” immediately, but you
cannot detect the effects of them until after you move the clock forward and get a repeat test.



After an hour post transfusion, you repeat the CBC and see the following:

. Hematocrit: 25%
« Platelets: 132,000/uL

At what platelet count should you order a platelet transfusion?
a. <150,000/uL

b. <100,000/uL

¢. <50,000/pL

d. <10,000/uL

Answer c. <50,000/uL

Give platelets when the level drops below 50,000/uL. when patients are bleeding or going for
surgery. If a patient is not bleeding, you never need to keep the count that high.

Death from GI tract bleed is from inadequate fluid resuscitation.

The upper endoscopy was performed and no varices were found, but there is an ulcer in the
duodenum with a visible bleeding vessel. The vessel was injected with epinephrine and
electrical diathermy or cautery was applied and the bleeding has ceased.

What would be done differently if there were esophageal varices?

a. Octreotide and banding

b. Octreotide and sclerotherapy
c. Propranolol

d. Blakemore tube

e. Surgical shunt

f. Transjugular intrahepatic portosystemic shunt (TIPS)

Answer a. Octreotide and banding

Octreotide decreases acute variceal bleeding. Banding stops bleeding vessels. Sclerotherapy i1s only
done if banding cannot be performed for a technical reason. Sclerotherapy has far greater risk of
ulceration and stricture later. Propranolol prevents subsequent bleeding. Beta-blockers have no effect
in acute GI tract bleeding.



A Blakemore tube is rarely ever used. It is a temporary procedure to tamponade bleeding vessels
until surgery or the TIPS procedure can be done.

Octreotide is a somatostatin.
Somatostatin decreases portal hypertension.

After the procedure, repeat the CBC several times every few hours. Continue the PPI. When
the CBC shows the hematocrit level has stabilized, the patient can be transferred out of the
ICU.

CASE 2: Achalasia

Setting: ambulatory care center

CC: “Food gets stuck when I eat.”

HPI: 4 37-year-old woman with difficulty swallowing over the past few months comes to the
ambulatory care center. She says that the difficulty has been with solid food as well as
liquids. It has continued to worsen. She now wakes up with undigested food particles on her
pillow. There is no pain on swallowing.

ROS:

. No tobacco use

. Minimal alcohol consumption

. Twelve-pound weight loss over 3 months

PMHXx/Medications: none

PE:

. General: no visible distress
. Abdomen: normal

. Chest: normal

. Rectal: stool heme negative

Initial Orders:
. Comprehensive metabolic panel (CHEM-20)
. Chest x-ray



Barium is okay to start with for dysphagia cases.

Esophagus: Barium is useful.
Stomach: Barium is not useful.

Ambulatory cases should be moved forward a week at a time if there 1s a new diagnosis to make.
Chronic, long-term disease is moved forward at 1-month to 3-month intervals. Any patient with
GI tract bleeding should have a GI consultation ordered.

A week later, the patient feels the same. Dysphagia for solid food and liquid continues. Food
particles continue to be found on her pillow in the morning.

Reports:
. CHEM-20: BUN 4 g/dL (slightly low), albumin 3.6 g/dL
. Chest x-ray: widening at the top of the mediastinum

Wide Mediastinum
+ Chest pain = Dissection
+ Dysphagia = Esophagus

Dysphagia with pain on swallowing is odynophagia. In a person with acquired

immunodeficiency syndrome (AIDS) and a CD4 cell count <100 cells/mm3, what
is the first step?

a. Endoscopy

b. Fluconazole

c. Stool candida culture
d. Serum candida antigen

e. Chest computed tomography (CT)

Answer b. Fluconazole

AIDS with a CD4 cell count <100 cells/mm?® plus odynophagia indicates esophageal candidiasis in
90% of patients. Because there 1s such a high likelihood of candida in AIDS, this is one of the few



times you can use empiric therapy to confirm a diagnosis. There is no such test as serum candida
antigen. If there is no response, then do an endoscopy.

Never culture stool for yeast! Everyone has yeast in their stool.

Schedule the patient to see a gastroenterologist and order a barium esophagram. There is
no blood test for any form of dysphagia.

Report:

. Barium esophagram: wide at top, narrow at bottom (Figure 5-1)

. Gastroenterologist: no specific recommendations,; order what you think is necessary

Figure 5-1. Esophageal achalasia. Note dilation of the esophageal body, retained barium, and distal esophageal narrowing (bird’s beak).
(Reproduced with permission from Doherty GM. Current Diagnosis & Treatment: Surgery, 13th ed. New York: McGraw-Hill; 2010.)

What is the most accurate diagnostic test?



a. Endoscopy
b. Manometry
c. Biopsy

d. Secretin stimulation test

Answer b. Manometry

The single most accurate test for achalasia is manometry. This is never a test that is done first.
Manometry is the right answer when a patient has a swallowing disorder and no clear diagnosis after
barium and endoscopy.

Proximal esophagus: skeletal muscle.
Distal esophagus: smooth muscle.

Smooth muscle 1s connected by gap junctions. When stretched, it contracts as a syncytium.

Now consider the occurrence of intermittent chest pain in a man whose ECG
and stress test are normal. The chest pain is brought on by cold drinks. It is
prevented by calcium channel blockers and nitrates. What is the most accurate
test?

a. Barium
b. Manometry
c. Endoscopy

Answer b. Manometry

Esophageal spasm is characterized by intermittent severe contraction of the smooth muscle of the
esophagus. Manometry is most accurate. Calcium channel blockers and nitrates relax smooth muscle.

Consultations on CCS will not tell you what to order. In this case, order the upper endoscopy
yourself. If consultants told you what to order, then the Step 3 examination could not test your
knowledge level.

Move the clock ahead until you see “Report Available’ on the upper endoscopy. The report



shows smooth mucosa with no lesions and narrowing at the distal esophagus.

Plummer-Vinson Syndrome
* Iron deficiency without bleeding
* Some transform to squamous cell cancer

Barrett Esophagus Histology
* Columnar metaplasia
* Becomes adenocarcinoma, not squamous

Why does the lower esophageal sphincter (LES) tighten in achalasia?

a. Loss of myenteric plexus
b. Loss of Auerbach plexus
c. Decrease in vasoactive intestinal peptide (VIP)

d. Excess vagal tone

Answer a. Loss of myenteric plexus

Achalasia is the loss or degeneration of the inhibitory neurons of the esophageal wall. There is
incomplete peristalsis. Auerbach plexus is what is lost in Hirschsprung disease.

It is not known why the neurons degenerate in achalasia.

What causes the receptive relaxation that opens the stomach from 50 mL to
2000 mL on eating?

a. Epinephrine

b. VIP

c. Dopamine

d. Norepinephrine

e. Serotonin

Answer b. VIP



Stretch receptors in the stomach detect increased volume and through vagal stimulation release VIP.
VIP is what opens the stomach for receptive relaxation.

VIP opens GI tract sphincters.

Now that achalasia is confirmed, a dilation procedure with an endoscope or surgical
myotomy can be performed. Dilation procedures are less invasive, but also have a higher
risk of perforation.

For those declining either procedure, botulinum toxin, or Botox, can be injected into the
LES. These injections have less complications, but they also wear off after a few months or a
year.

What is the mechanism of botulinum toxin?

a. Decreased release of acetylcholine from the presynaptic terminal
b. Blockade of acetylcholine receptor
c. Increased acetylcholine esterase

d. Blockage of the sodium channels

Answer a. Decreased release of acetylcholine from the presynaptic terminal

Botulinum toxin prevents the release of vesicles of acetylcholine in response to depolarization of the
nerve. The nerve impulse hits the neuromuscular junction, but no neurotransmitter is released and the
muscle relaxes.

Most people choose endoscopic dilation. This can be curative. See the patient immediately
after the procedure to check for perforation. Then ask her to return several times over the
next month to be sure the procedure is effective. If successful, it should be fully curative.

CASE 3: Gastroesophageal Reflux Disease

Setting: office
CC: “Heartburn”

HPI: 4 27-year-old man with several months of epigastric discomfort and a burning sensation
in his chest comes to see you at your office. He says that the discomfort is worse after he lies



down for a while. He often has a bad taste in his mouth like “I am sucking on a handful of
coins.”

PMHXx:

. Recurrent pharyngitis
. Hoarseness

. Chronic cough

Acid hits the back of the throat causing pain.

Twenty-five percent of patients with chronic cough have reflux disease.

Acid hits the carina causing cough.

Medications:

. Multiple short courses of antibiotics for pharyngitis and cough
. Cimetidine intermittently

What physical finding is characteristic of gastroesophageal reflux disease
(GERD)?

a. Epigastric tenderness

b. None

c. Loss of dental enamel

d. Parotid gland enlargement

Answer b. None

GERD is entirely a symptom complex. There is no physical finding. Loss of dental enamel and
parotid gland enlargement are from vomiting in anorexia or bulimia, not GERD.

. PE: normal
. Abdomen: nontender epigastric area



GERD is often misdiagnosed as:
* Pharyngitis

* Laryngitis

* Bronchitis

Acid hits the vocal cords causing hoarseness.

Initial Orders:
. PPI, such as omeprazole

Why is cimetidine only effective in two-thirds of patients?
a. Incomplete inhibition of parietal cell

b. Increase in gastrin production

c. Tachyphylaxis (it wears off)

d. Helicobacter pylori

Answer a. Incomplete inhibition of parietal cell

Histamine is one of three stimulants to the production of acid at the parietal cell of the stomach.
Because histamine potentiates the effect of acetylcholine from the vagus nerve as well as the effect of
gastrin, there is a 60% to 70% reduction in acid production. At least one-third of patients will not
have their acid production controlled by an H,-blocker such as cimetidine, ranitidine, or famotidine.

The patient returns the following week. He has only partial improvement in his symptoms.
The bad taste in his mouth persists.

Which cranial nerve is responsible for the bad taste in his mouth?
a.V

b. VII

c. VIII

d. IX

e. XII



Answer d. I[X

Acid hits the back of the tongue producing a bitter taste that is often described as “metallic.” Cranial
nerve IX (glossopharyngeal) and X (vagus) transport the sense of taste from the back of the tongue.
The bitter taste receptors and perception are at the back of the tongue to inhibit the likelihood of
aspiration into the airway. Sweet taste receptors are at the anterior portion of the tongue and are
controlled by the facial nerve, cranial nerve VIL.

After several more weeks of return visits, it is clear that the PPI is not completely
controlling the patient’s symptoms.

GERD should be controlled by PPIs in 95% of patients.
Failure of PPI = Confirm the Diagnosis

What should you do to confirm the diagnosis?
a. Double the dose of the PPL

b. Do an endoscopy.
c¢. Do a 24-hour pH monitor.

d. Put in an NG tube for acid output.

Answer c. Do a 24-hour pH monitor.

The most accurate test of GERD is the 24-hour pH monitor. Because PPIs are amazingly effective at
95% symptom control, the failure of PPI treatment means there is a 20:1 chance that the diagnosis is
not really GERD. Endoscopy can show Barrett esophagus and erosive esophagitis, but you cannot tell
that acid is refluxing by endoscopy alone.

Substances that dilate the LES
* Nicotine

 Alcohol

* Caffeine

* Chocolate

* Peppermint



The 24-hour pH monitor confirms the presence of GERD. The patient continues to be
bothered by symptoms of heartburn. You are planning a surgical or endoscopic procedure to
tighten the LES.

What test should you do prior to a Nissen fundoplication or other LES-
tightening procedure?

a. Esophageal manometry
b. Chest CT
c. Nuclear gastric emptying test

Answer a. Esophageal manometry

You have to be sure the ability of the esophagus to contract is normal prior to an LES-narrowing
procedure. If you tighten the LES, and esophageal contractility is inadequate, you will create a
blockade like achalasia.

Nuclear gastric emptying using barium-soaked bread tests for diabetic gastroparesis.

After the procedure, symptoms resolve for 2 years. There is a recurrence of GERD-like
symptoms and PPIs are now given regularly. PPIs control the symptoms. Upper endoscopy
shows columnar metaplasia.

What is the management?

a. Distal esophagectomy
b. Endoscopic mucosal resection
c. PPIs and repeat endoscopy in 2 to 3 years

d. Repeat surgical tightening

Answer c. PPIs and repeat endoscopy in 2 to 3 years

Barrett esophagus or columnar metaplasia of the distal esophagus is managed by doing surveillance
endoscopy every 2 to 3 years.

« Patients with Barrett esophagus have a 0.5% per year chance of esophageal cancer.



* Patients with low-grade dysplasia need repeat endoscopy every 6 months.
* Patients with high-grade dysplasia need endoscopic mucosal resection.

Most patients with GERD do not progress to Barrett esophagus and only a very few go on to
cancer.

CASE 4: Peptic Ulcer Disease

Setting: office
CC: “My stomach hurts.”
VS: BP: 118/86 mm Hg; P: 84 beats/minute; T: 97.8° F; R: 16 breaths/minute

HPI: 4 43-year-old infectious diseases doctor visits to your office complaining of epigastric
pain over the past few weeks. The patient is extremely tense, undergoing a divorce, and has
been having increasing epigastric pain despite the use of H,-blockers and liquid antacids at

first and now omeprazole.

What is the most common cause of epigastric pain?
a. GERD

b. Nonulcer (functional) dyspepsia

c. Duodenal ulcer

d. Gastric ulcer

e. Gastritis

Answer b. Nonulcer (functional) dyspepsia

Fifty to ninety percent of epigastric pain is functional dyspepsia and no etiology is ever found. Ulcers
make up only 10% to 15% of epigastric pain. Nonulcer dyspepsia is like a tension headache. It is, by
far, the most common cause of the pain and nothing of the mechanism is clear.

PMHX: none

Medications: omeprazole only



“Alarm symptoms” indicating urgent endoscopy:
» Weight loss

* Blood in stool or anemia
* Dysphagia

ROS:

. No weight loss
. No blood in stool
. No dysphagia

Which is reliably associated with tenderness on examination?
a. Duodenal ulcer

b. Pancreatitis

c. Gastric ulcer

d. Nonulcer dyspepsia

Answer b. Pancreatitis

Only pancreatitis is routinely associated with epigastric tenderness. Ulcer disease is tender only
about 10% of the time.

PE:

. General: anxious, well-built muscular man
. Abdomen: soft, nontender

Initial Orders:

. Upper endoscopy

. Gastroenterology evaluation
. Continue omeprazole

When is “scope” the answer for epigastric pain?
» Alarm symptoms

* Bleeding

» Age >45 to 55 years



 Symptoms not resolving with PPIs

Upper endoscopy shows a large gastric ulcer. A biopsy is obtained for H. pylori. The rapid
urease test is positive for Helicobacter.

How is a gastric ulcer managed differently than a duodenal ulcer?
a. PPIs are not used.

b. Repeat the endoscopy and do a biopsy in 4 to 8 weeks.

c. Treat H. pylori.

Answer b. Repeat the endoscopy and do a biopsy in 4 to 8 weeks.

A gastric ulcer is associated with cancer. A duodenal ulcer is not associated with cancer. Re-scope
the gastric ulcer to be sure it has resolved and there is no cancer. The indication for endoscopy in this
patient was the failure of antisecretory therapy with PPIs.

Orders:
. Continue PPI
. Start amoxicillin and clarithromycin

Gastric ulcer: 4% cancer
Duodenal ulcer: 0% cancer

How does H. pylori survive in the acid of the stomach?

a. Flagella keeps it in the lumen of the stomach.
b. Bicarbonate production increases.
c. Urease makes ammonia to neutralize acid.

d. Urease inhibits the proton pump.

Answer c¢. Urease makes ammonia to neutralize acid.

Helicobacter has urease. Urease makes ammonia out of urea. Ammonia (NH;) binds acid (H") and
turns it into ammonium (NH,+). This is how acid 1s neutralized. That is the fundamental basic



science you need to know about ulcers.

Helicobacter neutralizes acid with ammonia.

For which of the following is treatment for Helicobacter NOT indicated when
found?

a. GERD

b. Duodenal ulcer

c. Gastric ulcer

d. Gastritis

e. Mucosa-associated lymphoid tissue lymphoma (MALToma)

Answer a. GERD

Helicobacter does not cause GERD. It is associated with all the others and is largely the causative
organism.

Six weeks after therapy, the patient’s symptoms have resolved. Repeat endoscopy does not
reveal evidence of ulcer or cancer. All patients with evidence of Helicobacter should be
tested to confirm that it has been eradicated.

When positive, these tests indicate a current infection
* Breath testing
* Stool antigen

CASE 5: Zollinger-Ellison Syndrome

Setting: office
CC: “Why do my ulcers keep coming back?”
VS: BP:114/74 mm Hg; P: 88 beats/minute; T: 97.8°F; R: 14 breaths/minute

HPI: 4 43-year-old man who was recently tested and treated for a gastric ulcer now comes to
your office with recurrence of epigastric pain. The eradication of the last gastric ulcer was



confirmed by repeat endoscopy several weeks after treatment. A biopsy showed no cancer at
the time. Testing for active Helicobacter infection was negative as well. He restarted a PPI 2
weeks ago but still has epigastric discomfort. He took ibuprofen for a few days for the pain.

ROS:
. Diarrhea several times a day

Medications:
. Esomeprazole
. Ibuprofen

Nonsteroidal antiinflammatory drugs (NSAIDs) are the second most common cause of ulcers.

1. NSAIDs inhibit prostaglandins.
2. Prostaglandins make gastric mucus.
3. Gastric mucus protects against acid.

PE:
. Abdomen: soft, nontender, hyperactive bowel sounds
. Skin: vesicular lesions on extensor surfaces

Which of these tests cannot determine if H. pylori infection is current and active?

a. Stool antigen
b. Breath testing
c. Serology

d. Biopsy

Answer c. Serology

The presence of immunoglobulin G (IgG) alone for serology for H. pylori cannot show that the
infection is active. Serology cannot tell old versus new infection. We tend to use the stool antigen test
more often for technical reasons—it is easier to do and no equipment is needed—in an office.
Biologically, carbon-labeled urea and stool antigen testing are equal.



Breath Test Mechanism
1. The patient drinks urea that is labeled with radioactive carbon.
2. Urease splits off the ammonia.

3. Ammonia (NHj;) binds to acid and stays in the gut as NH,".
4. Carbon dioxide (CO,) with label (C;5 or Cy,) is exhaled and detected.

Initial Orders:

. Do a Helicobacter stool antigen test.
. Continue esomeprazole.

. Stop ibuprofen.

Exclude persistent Helicobacter infection as a cause of treatment failure first.

If Helicobacter was not eradicated with PPI, amoxicillin, and clarithromycin,
what would be the first step?

a. Retreat with the same regimen.

b. Continue PPI; switch antibiotics to metronidazole, tetracycline, and bismuth subsalicylate.

c. Obtain sensitivity testing of the organism.

d. Repeat the endoscopy.

e. Add an H,-blocker.

Answer b. Continue PPI; switch antibiotics to metronidazole, tetracycline, and bismuth subsalicylate.

Manage persistent Helicobacter infections as a failure of antibiotics and possible resistance to the
original antibiotics. Switching the medications and trying that for 2 to 3 weeks 1s easier than waiting
for sensitivity testing. Bismuth’s effect is to suppress Helicobacter infection.

The Interval History shows that the patient says his pain persists. He saw another clinician,
who ordered a serum gastrin level, which is elevated.

What is the meaning of the elevated gastrin?



a. Everyone on a PPI has an elevated gastrin, it means nothing at this time.
b. He has Zollinger-Ellison syndrome (ZES).

c. The patient must have a pancreatic lesion.

Answer a. Everyone on a PPI has an elevated gastrin, it means nothing at this time.

Gastrin levels should not be evaluated while patients are on PPIs. Every time you lower gastric
acidity with a PPL, H,-blocker, or liquid antacid, the gastrin level will rise. To diagnose ZES or

gastrinoma, you need to evaluate the gastrin level after stopping PPI therapy.

Acid is feedback inhibition on gastrin.

NORMAL: Low Acid = High Gastrin

Have the patient return to discuss the results of Helicobacter testing.

Report:
. Stool antigen is negative for Helicobacter.

Order:
. Upper endoscopy

If pain persists after NSAIDs are stopped
and persistent Helicobacter infection has been excluded, you need to scope the patient.

Report:
. Upper endoscopy: multiple, large ulcers in second and third portions of duodenum

Evaluate gastrin level after stopping PPI therapy when the patient has
* Large ulcers (>1 cm)

» Multiple ulcers

* A recurrence of symptoms after Helicobacter eradication

* Distal ulcers (past the first part of the duodenum)



Hold the PPIs for a day and recheck the gastrin level or measure gastric acid output with a
tube.

High Acid + High Gastrin = ZES

The patient comes to the office after not taking a PPI for 2 days and has both the gastrin
level and the gastric acid output measured. Both are elevated, but the gastrin level is only
marginally elevated and not higher than 1000 pg/mL.

When gastrin levels are equivocally elevated, what test will confirm gastrinoma?

a. Ultrasound

b. CT

c. Magnetic resonance imaging (MRI)
d. Secretin suppression test

e. Endoscopic ultrasound (EUS)

Answer d. Secretin suppression test

Secretin should normally lower gastrin levels. Secretin decreases acid by releasing bicarbonate-rich
fluid from the pancreas. Secretin also shuts off acid production by decreasing gastrin by a direct
suppressive effect. In gastrinoma, the gastrin level will not go down with secretin.

Endocrine disorders must always be confirmed with a function test before an imaging test. You
cannot tell the functional content of a lesion by ultrasound (US), CT, or MRI. EUS is an excellent test
for locating lesions in the pancreas, but it cannot show the functional content of the lesion.

1. Gastrin stimulates parietal cells to make acid.
2. Acid in the duodenum makes secretin.
3. Secretin releases 2 to 3 L/day of bicarbonate-rich fluid from the pancreas.

Normal: Secretin suppresses gastrin to stop acid production.
Gastrinoma: Secretin cannot suppress gastrin.

The patient returns earlier than expected because of sudden worsening of diarrhea during



the test for gastric acid output and gastrin levels while stopping the PPI. Both gastrin and
acid levels were high. In addition, there was a change in stool “character.”

What is the mechanism of the diarrhea?

a. Acid inactivates lipase.

b. Acid increases GI tract motility.

c. Gastrin opens sphincters.

d. It is caused by bacterial overgrowth from long-term PPI use.

e. Pepsin deactivation

Answer a. Acid inactivates lipase.

Lipase in the duodenum works at a pH >4. When acid is massively overproduced as it is in
gastrinoma, you frequently get diarrhea. It is effectively a steatorrhea. Pepsin that is made in the
stomach 1s inactivated by basic pH in the duodenum. This is why the physiologic effect of pepsin is
limited and it is not necessary for life.

Acid in the duodenum actually decreases gastric motility. Gastrin directly stimulates stomach
motility and growth. The acid the gastrin makes slows the small bowel motility.

Normal GI tract physiology:

* Acid in the duodenum slows stomach emptying.
* Acid inactivates lipase.

* Base inactivates pepsin.

Gastric acid output and gastrin level are high. The patient’s diarrhea resolves with
restarting a PPI. You can cure gastrinoma by surgical removal if the lesion is solitary. If it
is metastatic, the patient will need lifelong PPIs and there is no cure.

Orders:
. Abdominal CT
. Calcium level

The abdominal CT and MRI do not show metastatic disease. The calcium level is normal.

There was actually an increase in the gastrin level with the use of secretin. High calcium
level with gastrinoma would have meant hyperparathyroidism. Hyperparathyroidism with
gastrinoma means possible multiple endocrine neoplasia (MEN) syndrome.



When do you look for MEN?
* Hypercalcemia

High Calcium + Gastrinoma = Look for MEN

Why is there a paradoxical rise in gastrin with the use of secretin in gastrinoma
(ZES)?
a. Secretin directly stimulates gastrin in gastrinoma.

b. Cholecystokinin level increases.

c. Bicarbonate release raises pH and removes any residual feedback inhibition on G cells.

Answer c. Bicarbonate release raises pH and removes any residual feedback inhibition on G cells.

Gastrinoma is an adenoma. Adenomas can return some residual normal feedback inhibition
sensitivity. When secretin causes the ductal cells of the pancreas to release bicarbonate-rich fluid,
there is loss of the normal feedback inhibition provided by acid.

If the abdominal CT does not show metastases, order an EUS and nuclear somatostatin scan.
When using both modalities, you exceed 95% sensitivity in finding metastatic gastrinoma.
You want to be sure the disease is local before you go in and resect it.

Orders:
. EUS
. Nuclear somatostatin scan

Both tests have negative results. The patient should undergo surgical resection of the
gastrinoma and the disorder will resolve.

Gastrinoma leads to increased somatostatin receptors in the GI tract.

CASE 6: Inflammatory Bowel Disease

Setting: ED

CC: “I have blood in my stool.”



VS: BP:110/70 mm Hg; P: 84 beats/minute; T: 101.1°F; R: 12 breaths/minute

HPI: A 23 -year-old medical student arrives at the ED with blood and mucus in her stool that
she says has been going on for several weeks to months. She also has low-grade fever and

weight loss. The frequency of bowel movements has increased and that is why she has come
today to the ED.

ROS: joint pain, diffusely
PMHX: none

Medications: Patient tried ciprofloxacin for diarrhea with no effect.

PE:

. General: tired, weak, and angry appearing

. Abdomen: soft, nontender

. Skin: red-brown tender lesion below the knees

Initial Orders:

. CBC

. Stool studies: culture, ova/parasite examination
. CHEM-20

AV NS

. Orthostatic BP assessment

Which one of these is associated with blood?

a. Giardia
b. Entamoeba histolytica
c. Cryptosporidia

Answer b. Entamoeba histolytica

The only protozoan that gives blood in stool is Entamoeba. Infection of any kind is highly unlikely to
be going on for “weeks to months.” It is very rare for any infection to last more than a few days.
Infections are generally all self-limited and last for <1 week.

Forms of Diarrhea Never with Blood

* Viral

* Staphylococcus aureus, Bacillus cereus
* Giardia

* Cryptosporidia



* Cholera

One hour later in the ED, the initial reports are ready:

. CBC: hematocrit 32%, normal MCV; white blood cells (WBCs) 14,500/uL, platelets
535,000/uL

. CHEM-20: potassium normal; albumin 2.7 g/dL (low), calcium 7.2 mg/dL (low)
. Stool studies: results pending for the culture, ova/parasite examination
. Orthostatic BP: not present

Platelet and WBC level can be elevated from any inflammatory stress.

Low Albumin Level = Low Total Calcium Level

Albumin down 1 g/dL = Calcium down 0.8 mg/dL

This is chronic diarrhea and it is nearly impossible to have an infection such as
Campylobacter, Salmonella, or Shigella going on for weeks or months. There is evidence of
malnutrition or malabsorption with the low albumin.

What test distinguishes between anemia of chronic disease and malabsorption
with both iron and vitamin B1j/folate deficiency?

a. Reticulocyte count
b. Red cell blood distribution width (RDW)
c. MCV

Answer b. Red blood cell distribution width (RDW)

RDW is a measure of how similar all the cells are in size. If all cells are the same size, the RDW is
low, because there is no “distribution” of width, they are all the same. If some cells are small and
some are large, the “mean” corpuscular volume or MCV will be normal, but the RDW will be
increased. This is because some cells will be small and some large, with a normal average.

All nutritional deficiencies give a low reticulocyte count.



For chronic diarrhea cases, hydrate the patient and move the clock forward to get stool
study results. Once you have excluded infections, order endoscopy and GI evaluation.

Reports:
. Stool culture: no growth

. RDW: Increased
. Stool ova/parasites: negative

Several weeks of bloody diarrhea, mucus, fever, and weight loss are suggestive of
inflammatory bowel disease (IBD) in general. There is no clear way to distinguish between

Crohn disease (CD) of the colon and ulcerative colitis (UC) without endoscopy and
sometimes biopsy.

What is the difference between UC and CD?
a. Joint pain

b. Iritis and uveitis

c. Sclerosing cholangitis

d. Skin symptoms: pyoderma gangrenosum and erythema nodosum

e. No difference

Answer e. No difference

The extraintestinal manifestations of both forms of IBD are identical. CD affects the large bowel in

40% of patients, and when this happens, CD can give sclerosing cholangitis. They can both give eye,
skin, joint, and liver abnormalities.

Sigmoidoscopy reveals an inflamed mucosa consistent with IBD.

Orders:

. Steroids IV

. Iron studies, vitamin B, level, methylmalonic acid level
. Mesalamine

Mesalamine

* 5-ASA derivative

* Less adverse effects than sulfasalazine
Budesonide



* Oral steroid for IBD
 Extensive first-pass effect at liver
* Decreases systemic toxicity

Move the case forward I day. On the second hospital day, the frequency of diarrhea is
reported as much decreased after the start of steroids and mesalamine.

. Iron studies: low iron, high iron-binding capacity
. Vitamin B, level low, methylmalonic acid level high

* [ron is absorbed in the duodenum.
* Vitamin B, is absorbed in the terminal 1leum.

What is the greatest difference between CD and UC?

a. Response to mesalamine
b. Fistulae
c. Response to steroids

Answer b. Fistulae

CD causes fistulae, perirectal disease, and can affect any level in the bowel from mouth to anus. All
IBD is treated with the 5-ASA medication mesalamine.

Transmural granuloma causes fistulae.

Which is consistent with CD?

a. Antineutrophil cytoplasmic autoantibody (ANCA) positive, Anti-Saccharomyces cerevisiae
antibody (ASCA) negative

b. ANCA negative, ASCA antibody positive

Answer b. ANCA negative, ASCA positive

It can sometimes be difficult to distinguish between CD and UC especially when they both involve the
large bowel. UC is ANCA positive/ASCA negative. The mechanism behind all of this is not clear.



By the third hospital day, the frequency of bowel movements and presence of blood is
greatly decreased. Transfer the patient home. Every time you try to take the patient off

steroids, her diarrhea, pain, bleeding, and mucus recur. Mesalamine is not enough to
maintain them in remission.

Which therapy should you choose?

a. Azathioprine or 6-mercaptopurine
b. Methotrexate

c. Cyclophosphamide

d. Mycophenolate

Answer a. Azathioprine or 6-mercaptopurine

These agents are immunosuppressive agents that help wean a patient off steroids and prevent
recurrence. Methotrexate is for rheumatoid arthritis, not IBD. Mycophenolate and cyclophosphamide
are useful in lupus nephritis, but not IBD.

Perirectal Disease = Ciprofloxacin and Metronidazole

Rising Alkaline Phosphatase = Sclerosing Cholangitis

Magnetic Resonance Cholangiopancreatography (MRCP) = Best Test
Treat with cholestyramine or ursodeoxycholic acid.

* Cholestyramine binds bile in the bowel lumen.
* Ursodeoxycholic acid prevents bile formation.

Inflammatory bowel disease is a disorder that goes through intermittent periods of relative
activity and inactivity. Several years later, the patient develops abdominal pain and a mass

that is palpable. Despite mesalamine and steroids, a fistula develops between the bowel and
the skin of the anterior abdominal wall.

What is the mechanism of the best therapy?
a. Interleukin inhibition



b. Inhibition of tumor necrosis factor (TNF)
c. Anti-CD20 antibody
d. Phospholipase inhibition

Answer b. Inhibition of tumor necrosis factor (TNF)

The anti-TNF medications are best used to close up fistulae in CD. Fistulae develop in the skin,
vagina, and between bowel loops. Anti-TNF medications can reactivate tuberculosis (TB) and it is
important to screen with a purified protein derivative (PPD) or interferon gamma release assay
(IGRA) prior to using them. You do not have to complete all 9 months of therapy with isoniazid to
safely use the anti-TNF drugs. These drugs are: infliximab, etanercept, and adalimumab.

What is the mechanism whereby TB is reactivated by anti-TNF medications?

a. They directly stimulate the growth of mycobacteria.
b. They suppress lymphocyte function.

c. TNF keeps granulomas intact.

d. No mechanism is known.

Answer c. TNF keeps granulomas intact.

TB is contained by the immune system and walled off in granulomas. TB can exist in a nonreplicative
dormant state for many years inside a granuloma. TNF is the chemical signal the body uses to
maintain the granuloma. When TNF is inhibited, the granuloma “unlocks” and TB starts to replicate
again.

Starting the anti-TNF medication leads to resolution of the fistula over a few days. The
medication also has an excellent effect on the primary disease, and the frequency of blood
and diarrhea markedly improves.

Screening for Colon Cancer in IBD Patients
* Colonoscopy

* After 8 to 10 years of colon involvement
* CD patients also if the colon 1s involved

Features that do not change with disease activity:
* Sclerosing cholangitis
* Pyoderma gangrenosum



Move the clock forward 1 to 3 months at a time. Continue mesalamine chronically.

On CCS, it can be confusing if you think you have done everything, but the case does not
end. Remember to do healthy maintenance such as vaccinations and tobacco cessation.

CASE 7: Celiac Disease

Setting: office
CC: “I've had diarrhea for months!”
VS: BP: 110/72 mm Hg; P: 76 beats/minute; T: 98° F,; R: 14 breaths/minute

HPI: 4 28-year-old woman with persistent diarrhea over several months visits you at your
office. She has lost 15 Ib in the last 6 months. She bruises easily and her menstrual periods
are heavy. Her stool has a “greasy” quality and does not flush down the toilet easily because
it floats at the top of the water. The entire bathroom is abnormally malodorous after bowel
movements.

PMHXx:
. Iron deficiency ascribed to heavy menstruation

Medications:
. Ferrous sulfate

PE:

. General: thin and tired

. Abdomen: soft, nontender, normal sized organs
. Lung, Heart: normal

. Skin: several bruises on legs

Initial Orders:

. Stool culture, WBCs, ova/parasites
. CBC

. CHEM-20

Even though an infection is very unlikely to persist for several months, you must first exclude
an infectious cause in diarrhea before going to other tests such as endoscopy. It is also very
unlikely to have a 15-1b weight loss from an infectious diarrhea.

Report:

. Stool Culture, WBCs, Ova/Parasites: negative

« CBC: hematocrit 30%, MCV 85 fL; WBCs 3,200/uL (low), platelets 118,000/uL (low)
« RDW 25% (markedly elevated)



. CHEM-20: albumin 4.5 g/dL; calcium 6.8 mg/dL (low)

Some Iron-Deficient Cells + Some Vitamin By,-Deficient Cells = Dimorphic or Two Distinct
Cell Problems

Normal MCYV + High RDW = Dimorphic Red Blood Cell Population

What is the fastest way to diagnose vitamin B12 deficiency?

a. Vitamin By, level

b. Peripheral smear

c. Methylmalonic acid (MMA) level
d. Schilling test

e. Anti-intrinsic factor antibody

Answer b. Peripheral smear

In vitamin B, deficiency, the smear will show hypersegmented neutrophils. Vitamin B, levels, if
low, are very specific, but they can be in the normal range in 20% to 30% of those with vitamin B,
deficiency. MMA levels are elevated in vitamin B |, deficiency also. A Schilling test is never done—
it is an old test to determine the etiology of vitamin B, deficiency.

Normal average number of WBC lobes = 3.5

The Interval History shows the patient continues to have diarrhea, has lost another 2 Ib of
weight in the last 3 weeks, and continues to have “oily” stool. The peripheral smears shows
hypersegmented WBCs are present with target and hypochromic cells.

What is the best initial test for the presence of fat in stool?

a. Colonoscopy

b. Sudan black stain
¢. Maltese cross

d. A 72-hour fecal fat



Answer b. Sudan black stain

Sudan black is a fat stain. A 72-hour fecal fat is an antiquated test for fat malabsorption. Maltese
crosses are for detecting fat in urine. Colonoscopy is not a good test for fat malabsorption. Fat is not
absorbed in the colon. Water and salt are absorbed 1n the colon.

The colon absorbs no fat.

Reports:
. Sudan black stain of stool: fat globules
. Vitamin B, level: low

. Stool heme: negative

. Serum iron: low

. Ferritin: low

. Total iron-binding capacity. elevated
. PT and aPTT: both prolonged

What is the mechanism of iron deficiency?

a. Bleeding

b. Duodenal malabsorption
c. Gastric malabsorption
d. Colon malabsorption

Answer b. Duodenal malabsorption

The duodenum is the site of absorption of all divalent cations such as calcium, magnesium, and iron.
The stomach does not absorb iron. This patient has no blood in the stool, so it is not bleeding. The
reason the iron deficiency is not from menstruation is that the MCV is normal, not low.

Divalent cations absorbed at duodenum:
e Calcium (Ca™)
e Iron (Fe™)

 Magnesium (Mg"™")



Vitamin K malabsorption can cause bruising.

The patient returns in a week to discuss her laboratory results, which show that she has fat
malabsorption with iron and vitamin B, deficiency as well as hypocalcemia

Low calcium etiology:
* Duodenal malabsorption

* Decreased fat-soluble vitamin absorption (vitamins A, D, E, and K)
* Decreased vitamin D

Low Vitamin D = Low Phosphate

Orders:

. Antitissue transglutaminase
. Antiendomysial antibodies
. Antigliadin antibodies

Which of these is safe to eat in this disorder?

a. Wheat
b. Rice
c¢. Oats
d. Barley
e. Rye

Answer b. Rice

Foods safe in gluten-sensitive enteropathy are rice, corn, soy, and potatoes. Flour based on these
foods are safe.

All of the antibody tests (transglutaminase, endomysial, and gliadin) are positive. You
explain to the patient that she has gluten-sensitive enteropathy or celiac disease. Iron
deficiency is caused by destruction of villi in the duodenum. Calcium deficiency is caused



both by loss from duodenal absorption as well as loss of vitamin D because of fat
malabsorption. You advise the patient to remove all foods with gluten from her diet, such as
wheat, rye, oats, and barley.

Vitamin By, is lost because of terminal ileum destruction.

Coagulopathy and bruising are caused by vitamin K malabsorption.

The Step 3 examination likes to ask you “what will you tell the patient about his or her
prognosis?” They expect you to be able to communicate appropriately with patients about
what will happen to them in the future.

The patient asks what she can expect after removing gluten (wheat, rye, oats, barley)
from her diet.

What do you tell her about the future?

a. She will have instant symptom resolution in 24 to 48 hours.
b. She will experience a gradual resolution of symptoms and all malabsorption over a few weeks.

c. She will have no change in symptoms, but bruising and bone, iron, and vitamin B, abnormalities
will resolve.

d. She can restart eating gluten-containing foods 6 to 12 months after abstention. It will all resolve
permanently.

Answer b. She will experience a gradual resolution of symptoms and all malabsorption over a few
weeks.

Celiac disease is based on circulating antibodies. It takes several weeks for them to resolve even
after stopping exposure to gluten. The disorder, however, is permanent. If she begins to eat gluten
again, it will all recur. There is no cure for celiac disease. Symptoms resolve with removing the
gluten antigen over time, but the hypersensitivity will recur with reexposure.

What is the basis of the autoantibody?

a. [gA
b. IgG
c. IgM
d. Igt



Answer a. IgA

Most of the autoantibodies in celiac disease are IgA autoantibodies. Antitissue transglutaminase,
antiendomysial antibodies, and antigliadin antibodies are all largely IgA antibodies.

Bone loss 1s from secondary hyperparathyroidism in celiac disease.

The patient stops all gluten-containing food. On her return in 6 weeks, symptoms of
diarrhea start to improve. The consistency of her stool stops being oily and floating. She
gains 3 [b.

Orders:

. Repeat antibody titers
. Calcium level

. CBC

. Small bowel biopsy

Antibody titers should improve with the elimination of gluten from the diet.

Repeat titers improve as does the calcium level and hematocrit. The small bowel biopsy must
be done to exclude bowel wall [ymphoma. Repeat small bowel biopsy is done after several
months to check for restoration of the flattened villi.

CASE 8: Hemochromatosis

Setting: office
CC: “My joints hurt and my skin is turning dark.”

VS: BP: 104/74 mm Hg,; P: 76 beats/minute

HPI: 4 54-year-old man with progressive arthralgia of the lower extremities, tiredness, and
fatigue comes to the office because his wife says his skin is darkening. She also brought him
for his erectile dysfunction.

PMHXx:



. Type 2 diabetes

ROS:
. Dyspnea on exertion

Medications:
. Metformin, repaglinide

What is the mechanism of the repaglinide?

a. Increased insulin release from the pancreas
b. Peripheral insulin sensitization
c. Decreased gluconeogenesis

d. Increased levels of incretins (glucose-dependent insulinotropic peptide [GIP], glucagonlike
peptide [GLP])

Answer a. Increased insulin release from the pancreas

Repaglinide and nateglinide are insulin secretagogues that function in the same way as sulfonylureas.
They increase insulin release from the pancreas. They can, therefore, cause hypoglycemia and weight
gain.

PE:

. General: tired, dark skin clearly obvious

. Extremities: no joint swelling, no deformity
. Abdomen: enlarged spleen

. Genitals: testicles small

Initial Orders:

. CBC

. Liver function tests

. CHEM-20

. Glycated hemoglobin (HbA,c)

. Testosterone level

Abnormal Reports:

. Albumin 2.5 mg/dL (low)

. Aspartate aminotransferase (AST) 123 units/L, alanine aminotransferase (ALT) 145 units/L
(both three times the upper limit of normal)
. HbA;c 7.2%

. Free and total testosterone decreased



Which is the best initial test for to give a specific diagnosis?

a. Liver biopsy

b. Iron, total iron-binding capacity (TIBC), ferritin
c. Hemochromatosis (HFE) gene test

d. MRI

Answer b. Iron, TIBC, ferritin

Iron and ferritin levels are elevated. TIBC is decreased. Hemochromatosis is a collection of
information that can be difficult to put together. There is no single physical finding that is specific for
the disorder. It is a collection of abnormalities that only in a pattern suggest iron overload.

* Liver disease

* Joint pain

* Hypogonadism
* Hypopituitarism
* Diabetes

The patient’s diabetes may be from undiagnosed hemochromatosis.

Joint pain in hemochromatosis is from the calcium pyrophosphate deposition of pseudogout.

The patient’s iron and ferritin levels are elevated and the transferring saturation is over
80%. The patient refuses liver biopsy.

Patients can refuse procedures on CCS. A spontaneous note will pop up as you move the
clock forward saying “Patient declines procedure.”

Orders:
. HFE gene
. Liver MRI

The HFE gene test is abnormal and the liver MRI shows markedly increased iron.

What is the best initial therapy?

a. Phlebotomy
b. Deferoxamine



c. Deferasirox
d. Deferiprone

Answer a. Phlebotomy

Phlebotomy 1s able to remove far more iron than a chelating agent. The chelating agents are used
when someone receives frequent transfusions and you cannot treat with phlebotomy. Deferoxamine is
much harder to use than deferasirox or deferiprone because it must be given by subcutaneous
injection. Deferasirox and deferiprone are administered orally.

What is the site of the fundamental defect that causes hemochromatosis?

a. Duodenum
b. Liver

c. Heart

d. Pituitary

Answer a. Duodenum

The genetic defect that leads to hemochromatosis causes the overabsorption of iron in the duodenum.
Normally, hepcidin is made by the liver and stops iron absorption when the body has what is
required. In hemochromatosis, there is persistent iron absorption. This leads to accumulation in the
liver, heart, pituitary, pancreas, joints, and skin.

Iron accumulation in the pituitary gland decreases levels of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH).

The patient is not enthusiastic about repeated episodes of phlebotomy.

What do you tell him the most common cause of death is without phlebotomy?

a. Cirrhosis

b. Liver cancer
c¢. Cardiac failure
d. Diabetes

Answer a. Cirrhosis

Liver disease kills more people than heart failure in hemochromatosis. The causes of death in patients
with hemochromatosis are as follows:



* Cirrhosis: 60%
* Hepatoma: 20%
* Cardiac failure: 15%

Restrictive cardiomyopathy is the most common heart disease associated with hemochromatosis.

After telling the patient he will have progressive cirrhotic death or liver cancer without
phlebotomy, he agrees to the phlebotomy.

CASE 9: Pancreatitis

Setting: ED
CC: “My stomach hurts and I am vomiting.”
VS: BP: 92/60 mm Hg; P: 124 beats/minute; T: 101.5°F; R: 22 breaths/minute

HPI: 4 45-year-old woman comes to the ED with 2 days of abdominal pain and 1 day of
increasingly severe nausea and vomiting. She has never had this before. The pain makes it
difficult for her to find a comfortable position in the bed and she is trying to hold herself still.
Vomiting has bile but no blood. Pain is described as “sore,” “dull,” and very severe.

PMHX: obesity, denies significant alcohol use
Medications: none

PE:
. General: obese woman lying still, uncomfortable
. Abdomen: severe midepigastric tenderness; some guarding; not rigid

Initial Orders:

. Amylase, lipase

. CBC

. CHEM-20

. NPO (nil per os or no eating)
. IV NS: high volume

. IV hydromorphone (Dilaudid)



* Pancreatitis causes fever.
* Most deaths from pancreatitis are from inadequate fluid resuscitation.

Which cause of pancreatitis is increasing in incidence the most?

a. Alcohol

b. Gallstones

¢. Trauma

d. Drug induced
e. Cancer

Answer b. Gallstones

The incidence of gallstones is markedly increasing. Gallstones leave the gallbladder and get stuck in
the ductal system at the point where they can block the pancreatic duct. Any stone, stricture, tumor, or
obstruction can cause pancreatitis. Greater obesity increases the incidence of gallstones.

Obesity = Cholesterol = Gallstones

1V fluids are started in high volume. Pain medications are given and the clock is moved
forward to obtain the laboratory test results.

On CCS, acute pancreatitis should be treated as an assessment for possible ICU
placement until you know that BP and pulse rate are stable. Reexamine the patient and repeat
the vital signs in 30 minutes and again in 1 hour until you know the patient is stable.

* Massive amounts of intravascular fluid leaks into tissues.
* Inflammatory mediators in pancreatitis cause a massive capillary leak.

Repeat VS in 30 minutes: BP: 96/62 mm Hg; P: 118 beats/minute; T: 101.5°F,; R: 18
breaths/minute

. Amylase 850 units/L (elevated)
. Lipase 754 units/L (elevated)
« CBC: WBC 15,500/uL



. CHEM-20: normal bilirubin, normal lactate dehydrogenase (LDH),; normal AST

Pain can cause tachycardia and hyperventilation.

Pancreatitis increases the WBC count because of inflammation.

An abdominal US is performed to determine the etiology of the pancreatitis. You do not need
to do a US to prove there is pancreatitis. The presence of pain, nausea, vomiting,

tenderness, and high amylase/lipase prove the presence of pancreatitis. The sonogram is to
detect stones in the ducts and gallbladder.

Orders:

. Abdominal US

. Triglyceride level
. Calcium
. Oximeter

Pancreatitis causes hypoxia by capillary leak in the lungs (acute respiratory distress syndrome
[ARDS]).

VS: BP: 100/70 mm Hg; P: 114 beats/minute
Report:

. Abdominal US: stones in gallbladder; dilated pancreatic duct, no stone in duct
. Triglyceride level: 445 mg/dL
. Calcium: normal

. Oximeter: 97% on room air

Triglycerides >1000 mg/dL cause pancreatitis.



High calcium level causes pancreatitis.
Pancreatitis causes low calcium level.

1. Dead Pancreas = Malabsorption of Fat
2. Fat in the bowel binds calcium in the bowel.
3. Calcium bound in the bowel decreases blood calcium.

What is the utility of a CT scan in this patient?

a. Confirm the severity of the ductal obstruction.

b. Look for pancreatic necrosis.

c. Confirm the diagnosis of infected necrotic pancreatitis.
d. Determine the severity of disease.

Answer b. Look for pancreatic necrosis.

Pancreatic necrosis easily becomes infected. You must give antibiotics such as imipenem or
meropenem if there is necrosis before it becomes infected. You are doing the CT scan to see if there
is >30% necrosis. If there is >30% necrosis, give imipenem or meropenem and do a CT-guided
biopsy. If there is necrosis that is already infected, the pancreas must be surgically debrided.

No test can determine the severity of pancreatitis disease in the first 48 hours of presentation of
acute pancreatitis. No radiologic test can tell that the pancreatitis is infected. Only a needle biopsy by
CT guidance can do that.

More than 30% Necrosis of Pancreas = Antibiotics and Needle Biopsy Infected Necrotic
Pancreatitis = Surgical Debridement

No radiologic test can determine infection.

1V fluids and pain medication continue for the patient. The abdominal CT shows
pancreatitis and gallstones in the gallbladder. The CT does not show necrosis of the
pancreas and no stones are seen in the ductal system. There is currently no ductal dilation.

By the end of the second hospital day, the patient’s BP is 110/74 mm Hg and his pulse
rate is 90 beats/minute.



. Pain and nausea have improved considerably.

Which of the following is most likely to benefit this patient?

a. NG tube placement

b. MRCP

c. Endoscopic retrograde cholangiopancreatography (ERCP)
d. Surgical evaluation for cholecystectomy

Answer d. Surgical evaluation for cholecystectomy

Even though the ducts are not currently dilated, the cause of pancreatitis in this patient is a stone that
caused obstruction and passed. You need to get the rest of the stones out of there before another
obstruction occurs.

An NG tube is useless in acute pancreatitis. MRCP and ERCP are not needed if there is no
evidence of ductal dilation.

The obstruction is assessed and treated. After the acute episode of pancreatitis has resolved
and the gallbladder is removed, you should expect the case to end.






CHAPTER 6




NEPHROLOGY

CASE 1: Acute Kidney Injury, Prerenal Azotemia (Dehydration)

Setting: emergency department (ED)
CC: Tired, weak, and short of breath
VS: BP: 168/106 mm Hg; P: 89 beats/minute; T: 97.8°F; R: 28 breaths/minute

HPI: 4 62-year-old woman comes to the ED with 1 day of severe shortness of breath and
cough. She says “it came on all of a sudden” when she was largely at rest. She is extremely
obese and does not move most of the time. She is adherent to her medications most of the time.

PMHXx:

. Congestive heart failure (CHF)
. Hypertension

. Obesity

Medications:
. Lisinopril, carvedilol, digoxin

On the computer-based case simulation (CCS), dyspnea and serious blood pressure (BP)
abnormalities are two of the main problems that need treatment and testing to be ordered
before the physical is done. For dyspnea, order oxygen, oximeter, and chest x-ray (sometimes
arterial blood gas [ABG]). For symptomatic hypertension, order labetalol, enalaprilat, or
nitroprusside intravenously (IV).

PE:

. General: morbidly obese; hard to examine

. Chest: incomplete examination because of obesity, possible rales at bases
. Extremities: edema, one leg more swollen than the other

. Cardiovascular: no murmurs heard; no gallops

Initial Orders:

. Chest x-ray

. Oximeter

. ABG

. Oxygen

. Basic metabolic panel (CHEM-7)
. Electrocardiogram (ECG)



1. Hypertension increases myocardial work.
2. More work requires more oxygen (O,) consumption.

3. More O, consumption leads to more ischemia.

4. More 1schemia leads to a less mobile heart.
5. A less mobile heart exacerbates CHF.

Which medication is missing from this patient’s treatment that would lower her
risk of death from CHF?

a. Spironolactone
b. Furosemide

c. Nifedipine

d. Amiodarone

Answer a. Spironolactone

Although a diuretic is good to prevent fluid overload, mineralocorticoid receptor antagonists like
spironolactone and eplerenone are superior for lowering mortality. Calcium channel blockers help to
control BP, but do nothing for mortality benefit in CHF.

Move the clock forward 15 minutes and look at the Interval History: The patient feels better
with the oxygen, but the diagnosis is not clear. There are no clear rales, jugulovenous
distention (JVD), or S; gallop.

Report:
. Chest x-ray: enlarged heart; no abnormalities, clear in lung fields; incomplete study from
obesity

. Oximeter: 92%

. ABG (on room air): pH 7.49; partial pressure of carbon dioxide (PCO,) 30 mm Hg; partial
pre