
Cardiology 3

Coronary Artery Disease 

Definition

Coronary artery disease (CAD) can also be used interchangeably with the 
terms atherosclerotic heart disease or ischemic heart disease. All of these 
terms imply insufficient perfusion of the coronary arteries from an abnormal 
narrowing of the vessels, leading to insufficient oxygen delivery to the myo-
cardial tissue. 

A 48-year-old woman comes to the office with chest pain that has been occurring 
over the last several weeks. The pain is not reliably related to exertion. She is 
comfortable now. The location of the pain is retrosternal. The pain is sometimes 
associated with nausea. There is no shortness of breath and the pain does not 
radiate beyond the chest. She has no past medical history.

What is the most likely diagnosis?

a. Gastroesophageal reflux disease (GERD)
b. Unstable angina
c. Pericarditis
d. Pneumothorax
e. Prinzmetal angina

Answer: A. When a patient has chest pain, and the etiology is not likely to be cardiac 
ischemia, the most likely cause is some type of gastrointestinal (GI) disorder such as 
GERD. Other common GI disorders that are associated with chest pain are:

•	 Ulcer	disease
•	 Cholelithiasis
•	 Duodenitis
•	 Gastritis

If a 48-year-old woman had chest pain with no risk factors it would be very unlikely that 
her chest pain was related to ischemic heart disease. By the time a woman is 55 to 60, 
the protective effect of menstruation and naturally-occurring estrogen have worn off, 
and the rates of CAD will at least equal the rates in men. 
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 ▶TIP

Menstruating women virtually never have myocardial infarctions.

Which of the following is most likely to benefit a patient’s risk of coronary disease?

a. Administration of estrogen replacement at the time of menopause
b. Stopping tamoxifen
c. Stopping aromatase inhibitors
d. Regular exercise
e. Relaxation methods such as meditation

Answer: D. Increasing heart rates through regular exercise or even taking the stairs 
instead of using an elevator show clear benefit in cardiac outcome. 

Although myocardial infarction is extremely rare in women before the age of 50, which 
is the average age of menopause, this does not translate into a beneficial effect of 
administering estrogen replacement. Estrogen replacement may improve LDL but does 
not help CAD. While it may make intuitive sense that relaxation methods such as yoga, 
meditation, and tai chi should work, measurable evidence of their benefit has, as of yet, 
not been obtained. This may be from a difficulty in measuring “relaxation.” Weight, 
LDL, and heart rates are measurable and reproducible. 

 ▶TIP

Overall, more women will eventually die of heart disease than men.

Risk Factors for Coronary Artery Disease 
The most clearly agreed-upon risk factors for CAD are:

 · Diabetes mellitus
 · Tobacco smoking
 · Hypertension
 · Hyperlipidemia
 · Family history of premature coronary artery disease
 · Age above 45 in men and above 55 in women

Patients with diabetes have the highest rates of CAD when followed over a 
long period of time such as 10 years. Hypertension, defined as a blood pres-
sure above 140/90, is more common than diabetes with about 20% of the total 
population, or 60 million people, suffering from hypertension. Nearly half of 
these people do not currently know that they are hypertensive.

Family History
Family history does not convey a risk for the patient if CAD developed in 
elderly relatives or if the relatives were grandparents, cousins, or aunts and 
uncles. First-degree relatives are siblings and parents. 

Understanding risk factors 
for CAD is most important 
in establishing a diagnosis 
in cases of chest pain with 
equivocal or uncertain 
histories.

The worst risk factor for 
CAD is diabetes mellitus, 
but the most common risk 
is hypertension.
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Premature coronary disease is defined as being in a family member who is: 

 · Male relative under 55
 · Female relative under 65 

Family History

 • Only CAD in first-degree relatives conveys a risk of CAD for the 
patient.

 • Only premature CAD in a family member is a risk for the patient.

Hyperlipidemia

Which of the following is the most dangerous to a patient in terms of risk  
for CAD?

a. Elevated triglycerides
b. Elevated total cholesterol
c. Decreased high density lipoprotein (HDL)
d. Elevated low density lipoprotein (LDL)
e. Obesity

Answer: D. Marked elevation in LDL is by far the most dangerous portion of a lipid 
profile for a patient. A low HDL is also associated with a poor long-term prognosis, 
but is not as dangerous as an elevated LDL. Although elevations in triglyceride levels 
are potentially dangerous, this is not as reproducible in terms of poor outcome as the 
elevated LDL. The proper treatment of an isolated elevation of triglyceride level is not 
as clearly beneficial as treatment of an elevated LDL level. Obesity, particularly that 
resulting in increasing abdominal girth, is associated with increased cardiac mortality. 
However, much of the danger of obesity is from its association with other abnormalities 
such as hyperlipidemia, diabetes, and hypertension. 

Less Reliable but Probable Risk Factors for CAD

 · Physical inactivity
 · Excess alcohol ingestion
 · Insufficient fruits and vegetables in the diet
 · Emotional stress
 · Elevated cardiac CT scan calcium scores
 · Positron emission tomography (PET) scanning

Increased physical activity and exercise reliably lower all-cause mortality, but 
physical inactivity is not as severe a risk for coronary disease as diabetes and 
hypertension. 

Calcium scores on a CT scan of the heart are still considered experimental. It 
is not clear what to do differently with this information in addition to standard 
risk factors. 
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 ▶TIP

New disease entity: Tako-Tsubo cardiomyopathy

A postmenopausal woman develops chest pain immediately on hearing the news 
of her son’s death in a war. She develops acute chest pain, dyspnea, and ST seg-
ment elevation in leads V2 to V4 on electrocardiogram. Elevated levels of troponin 
confirm an acute myocardial infarction. Coronary angiography is normal including 
an absence of vasospasm on provocative testing. Echocardiography reveals apical 
left ventricular “ballooning.” 

What is the presumed mechanism of this disorder?

a. Absence of estrogen
b. Massive catecholamine discharge
c. Plaque rupture
d. Platelet activation
e. Emboli to the coronary arteries

Answer: B. Tako-Tsubo cardiomyopathy is acute myocardial damage most often occur-
ring in postmenopausal women immediately following an overwhelming, emotionally 
stressful event. Examples are divorce, financial issues, earthquake, lightning strike, and 
hypoglycemia. This leads to “ballooning” and left ventricular dyskinesis. As with isch-
emic disease, manage with beta blockers and ACE inhibitors. Revascularization will not 
help, since the coronary arteries are normal. 

Unreliable (Unproven) Risk Factors for CAD

Several disease markers such as elevated homocysteine levels, Chlamydia 
infection, and elevated C-reactive protein levels have not proven to be reliable. 
There is no benefit to measuring, following, or attempting to therapeutically 
intervene on these factors. They are the wrong answers.

 ▶TIP

Most Common Wrong Answer on Risk Factor Questions

The most frequent mistake in risk factor questions involves family history: 
mistaking CAD in elderly relatives, even if they are the patient’s parents, 
as a risk for the patient. When the question asks “Which of the following 
is the most important element in evaluating/assessing this patient?” stu-
dents most commonly answer “CAD in the parents,” despite the fact that 
the age of the parents presented is outside the risk factor guidelines, such 
as a mother in her late 60s.

Sudden, overwhelming 
emotional stress and anger 
can cause chest pain and 
sudden death.

Frequently used wrong 
answers are just as 
important to learn as the 
right answer. Know which 
answer to select, and 
which choices to avoid.

The presence of CAD risk 
factors can help answer 
the question “Which of 
the following is the most 
likely diagnosis?” when the 
patient is young or the 
presentation is equivocal.
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Correcting which of the following risk factors for CAD will result in the most 
immediate benefit for the patient?

a. Diabetes mellitus
b. Tobacco smoking
c. Hypertension
d. Hyperlipidemia
e. Weight loss

Answer: B. Smoking cessation results in the greatest immediate improvement in patient 
outcomes for CAD. Within a year after stopping smoking, the risk of CAD decreases by 
50%. Within 2 years after stopping smoking, the risk is reduced by 90%.

Chest Pain Presentation

“What Is the Most Likely Diagnosis?”

Ischemic pain is described as:

 · Dull or “sore”
 · Squeezing or pressure-like

The heart is a muscle, and like any muscle, when it is starved for oxygen, it will 
produce a sore-muscle type of pain when ischemic. 

Qualities of the pain that go against ischemia are:

 · Sharp (“knifelike”) or pointlike
 · Lasts for a few seconds

Three features of chest pain tell whether or not the pain is ischemic in nature:
1. Changes with respiration (pleuritic)
2. Changes with position of the body
3. Changes with touch of the chest wall (tenderness)

Each of these features (pleuritic, positional, tender) will exclude ischemia as a 
cause of the chest pain with about a 95% negative predictive value. In real life, 
a 95% negative predictive value would not be enough to exclude ischemia as a 
cause of chest pain—it would mean that 1 out of 20 patients presenting with 
chest pain would be misdiagnosed. However, on board exams like the USMLE, 
a 95% negative predictive value is generally enough to allow you to answer the 
question correctly. When the pain is described as changing with respiration, 
changing with bodily position, or touching the chest wall, do not answer isch-
emia or CAD as the cause of the chest pain. 

For every 100 people presenting to the emergency department with chest pain, 
less than 10% end up having a myocardial infarction as a cause of the chest 
pain. Fifty percent or more have no cardiac disease at all.  

The most common cause 
of chest pain that is 
not ischemic in nature 
is gastrointestinal 
disorders.
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Features of the Chest Pain That Will Not Help Determine 
a Diagnosis
These additional symptoms can be associated with multiple diagnoses, and 
are therefore nonspecific. Their presence will not help establish a diagnosis.

 · Nausea
 · Fever
 · Shortness of breath (dyspnea)
 · Sweating (diaphoresis)
 · Anxiety

Shortness of breath in the setting of chest pain has the worst prognostic 
significance. Fever suggests PE or pneumonia as the cause.

Causes of Chest Pain

If the case 
describes….

Answer as “most 
likely diagnosis”

Answer as “most 
accurate test”

Chest wall tenderness Costochondritis Physical examination

Radiation to back, 
unequal blood 
pressure between 
arms

Aortic dissection Chest x-ray 
with widened 
mediastinum, chest 
CT, MRI, or TEE 
confirms the disease

Pain worse with lying 
flat, better when 
sitting up, young 
(<40)

Pericarditis Electrocardiogram 
with ST elevation 
everywhere, PR 
depression

Epigastric discomfort, 
pain better when 
eating

Duodenal ulcer disease Endoscopy

Bad taste, cough, 
hoarseness

Gastroesophageal 
reflux 

Response to PPIs; 
aluminum hydroxide 
and magnesium 
hydroxide; viscous 
lidocaine 

Cough, sputum, 
hemoptysis

Pneumonia Chest x-ray

Sudden-onset 
shortness of breath, 
tachycardia, hypoxia 

Pulmonary embolus Spiral CT, V/Q scan

Sharp, pleuritic pain, 
tracheal deviation

Pneumothorax Chest x-ray
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Diagnostic Tests

Electrocardiogram
The “best initial test” for all forms of chest pain is certainly an electrocardio-
gram (EKG). The results of the EKG are entirely dependent on the setting of 
the case.

In the office-based, ambulatory setting, you can expect the EKG to be normal 
the majority of the time, yet you cannot go on to other forms of testing until 
the EKG is performed.

Enzymes: (CK-MB/Troponin)
Cardiac enzymes are not the answer in the office/ambulatory case in which 
you are being asked to evaluate chronic or stable chest pain. Cardiac enzymes 
are not an appropriate answer for the office/clinic. If the patient has acute chest 
pain in that setting, the answer is “Transfer to the emergency department.” 
Enzymes are the answer when you are evaluating acute cases of chest pain in 
the emergency department. The key to the right answer is:

 · Office (ambulatory clinic) chest pain for days to weeks: NO enzymes
 · Emergency department chest pain for minutes to hours: YES enzymes, 

after an EKG is performed

Stress (Exercise Tolerance) Testing
Exercise tolerance testing (ETT) is the indispensible tool to evaluate chest pain 
when the etiology is not clear and the EKG is not diagnostic.

ETT is based on 2 factors:
1. You can read the EKG. 
2. The patient can exercise.

“Exercise” means that the patient can get his or her heart rate up above 85% 
of maximum. 

 ▶TIP

Maximum heart rate = 220 minus the age of patient

Ischemia is detected by ST segment depression on the EKG.
1. Cannot read the EKG: If you cannot read the EKG because of a baseline 

EKG abnormality, you must find a different way of detecting ischemia in 
the heart. The 2 best methods of detecting ischemia without the use of EKG 
are:
 · Nuclear isotope uptake: thallium or sestamibi
 · Echocardiographic detection of wall motion abnormalities

 ▶TIP

Reasons for baseline EKG abnormalities include left bundle branch block, 
left ventricular hypertrophy, pacemaker use, or the effect of digoxin.

Stress testing is the answer 
when the etiology of chest 
pain is uncertain and the 
EKG is not diagnostic.
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Normal myocardium will pick up thallium in the same way that potassium 
is picked up by the sodium/potassium ATPase. If the myocardium is alive and 
perfused, thallium or other nuclear isotopes will be picked up. Abnormalities 
will be detected by seeing decreased thallium uptake. 

Normal myocardium will move on contraction. Abnormalities will be detected 
by seeing decreased wall motion. This is also referred to as dyskinesis, 
akinesis, or hypokinesis.

 ▶TIP

Ischemia versus infarction: Ischemia, or simply decreased perfusion, will 
be detected by seeing a reversal of the decrease in thallium uptake or 
wall motion that will return to normal after a period of rest.

2. Cannot exercise: If the patient cannot exercise, then an alternate method of 
increasing myocardial oxygen consumption must be performed.
 · Persantine (dipyridamole) or adenosine in combination with the use of 

nuclear isotopes such as thallium or sestamibi
 · Dobutamine in combination with the use of echocardiography: 

Dobutamine will increase myocardial oxygen consumption and provoke 
ischemia detected as wall motion abnormalities on an echocardiogram 
(i.e., dyskinesia, hypokinesia).

 ▶TIP

The 2 different methods of detecting ischemia in terms of using nuclear 
isotopes or echocardiography are essentially equal in terms of sensitivity 
and specificity.

Exercise Thallium = Exercise Echo
Dipyridamole Thallium = Dobutamine Echo

Coronary Angiography
Angiography is used to detect the anatomic location of coronary artery 
disease. Angiography is predominantly a test to detect the presence of 
narrowing that is best managed with surgery, angioplasty, or other methods 

Ischemia gives reversible 
wall motion or thallium 
uptake between rest and 
exercise. Infarction is 
irreversible or “fixed.”

Dipyridamole may provoke 
bronchospasm. Avoid in 
asthmatics.

Use of Exercise Tolerance Testing

Test
Exercise 
tolerance Exercise thallium Exercise echo

Dipyridamole 
thallium

Dobutamine 
echo

Indication Determine 
presence 
of ischemia

Inability to read 
the EKG, baseline 
ST segment 
abnormalities

Same as 
exercise 
thallium

Inability to 
exercise to 
target heart 
rate

Same as 
dipyridamole 
thallium

Ischemia 
detected

ST segment 
depression

Decreased uptake 
of nuclear 
isotope

Wall motion 
abnormalities

Decreased uptake 
of nuclear 
isotope

Wall motion 
abnormalities

Angiography determines 
bypass surgery versus 
angioplasty.
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of revascularization. Sometimes angiography is used if noninvasive tests such 
as EKG or stress testing are equivocal. Angiography is the most accurate 
method of detecting coronary artery disease.

Stenosis (narrowing) less than 50% of the diameter is insignificant. Surgically 
correctable disease generally begins with at least 70% stenosis. 

Holter Monitoring
The Holter monitor is a continuous ambulatory EKG monitor that records 
the rhythm; it is usually used for a 24-hour period, but may be continued for 
48 to 72 hours. Holter monitoring mainly detects rhythm disorders includ-
ing atrial fibrillation, flutter, ectopy such as premature beats, or ventricular 
tachycardia. Holter monitor does not detect ischemia and is not accurate for 
evaluating the ST segment.

A 48-year-old woman comes to the office with chest pain that has been occurring 
over the last several weeks. The pain is not reliably related to exertion. She is com-
fortable now. The location of the pain is retrosternal. She has no hypertension, 
and the EKG is normal.

What is the most appropriate next step in management?

a. CK-MB
b. Troponin
c. Echocardiogram
d. Exercise tolerance testing
e. Angiography
f. CT angiography
g. Cardiac MRI
h. Holter monitor

Answer: D. Enzymes are to evaluate acute coronary syndromes. Serial troponin mea-
surements are done prior to stress test. Echocardiography is to evaluate valve func-
tion, wall motion, and ejection fraction. Exercise tolerance testing is to evaluate stable 
patients with chest pain whose diagnoses are not clear. ETT is not used in acute coro-
nary syndrome cases in which the patient is currently having pain and the diagnosis is 
already clear. Also, don’t put patients on a treadmill to exercise if they are currently 
having chest pain. 

Treatment

USMLE Step 2 CK is most concerned that you know the medications that will 
lower mortality. For a patient with chronic angina (not an acute coronary syn-
drome), the therapeutic options are easier. There are only a few right choices:

 · Aspirin
 · Beta blockers
 · Nitroglycerin

USMLE Step 2 CK, like most board examinations, will not test dosing, 
although the route of administration is important to know. Knowing that 

Holter monitoring is 
used mainly for rhythm 
evaluation.
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nitroglycerin can be used either orally or by transdermal patch in chronic 
angina is important, but knowing the specific dose is not. Knowing that 
sublingual, paste, and intravenous forms of nitroglycerin are used in acute 
coronary syndromes, but not in chronic angina, is important. Knowing how 
much paste is not important.

 ▶TIP

Nonspecific beta blockers such as propranolol are not used routinely in 
cardiology.

Clopidogrel is used in:

 · Aspirin intolerance such as allergy
 · Recent angioplasty with stenting

Clopidogrel is rarely associated with thrombotic thrombocytopenic purpura.

Prasugrel
A thienopyridine medication in the same class as clopidogrel and ticlopidine, 
prasugrel is indicated as an antiplatelet medication that has its best evidence 
for use in those undergoing angioplasty and stenting. Prasugrel is dangerous in 
patients 75 and older because of an increased risk of hemorrhagic stroke. 

Ticlopidine
 · Used to inhibit platelets in the rare patient who is intolerant of both aspi-

rin and clopidogrel. You cannot use ticlopidine if the reason for aspirin 
and clopidogrel intolerance is bleeding, since ticlopidine will inhibit 
platelets as well.

 · Ticlopidine causes neutropenia and TTP.

Ranolazine
 · Additional therapy for angina refractory or persistent through other 

treatment.

ACE Inhibitors/Angiotensin Receptor Blockers
 · Low ejection fraction/systolic dysfunction (best mortality benefit)
 · Regurgitant valvular disease
 · Cough is the most common adverse effect of ACE inhibitors, occurring in 

up to 7% of patients.

A 64-year-old man is placed on lisinopril as part of managing CAD in association 
with an ejection fraction of 24% and symptoms of breathlessness. Although he 
sometimes has rales on lung examination, the patient is asymptomatic today. 
Physical examination reveals minimal edema of the lower extremities. Blood tests 
reveal an elevated level of potassium that is present on a repeat measurement. 
EKG is unchanged.

How would you best manage the patient?

Best mortality benefit in 
chronic angina: aspirin 
and beta blockers.
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a. Add kayexalate (potassium-binding resin)
b. Insulin and glucose
c. Stop lisinopril
d. Switch lisinopril to candesartan
e. Switch lisinopril to hydralazine and nitrates

Answer: E. Although cough may be the most common adverse effect of ACE inhibi-
tors (ACEi), they may also cause hyperkalemia. You cannot just switch the ACEi to an 
angiotension receptor blocker, since both classes of medications lead to hyperkalemia 
because of their effect on inhibiting aldosterone. Aldosterone normally functions to 
excrete potassium from the distal tubule.

Hydralazine is a direct-acting arterial vasodilator. Hydralazine will decrease afterload 
and has been shown to have a clear mortality benefit in patients with systolic dysfunc-
tion. Hydralazine should be used in association with nitrates to dilate the coronary 
arteries so that blood is not “stolen” away from coronary perfusion when afterload is 
decreased with the use of hydralazine. 

Lipid Management

 ▶TIP

Statins (HMG CoA Reductase inhibitors)

 · CAD with an LDL above 100 mg/dL

The guideline of using statins when the LDL is above 100 mg/dL is very 
carefully selected, since recommendations vary. The National Cholesterol 
Education Program recommends statins for those with CAD and an LDL 
above 100 to 130. There are groups that recommend statins in any patient with 
CAD, regardless of LDL level. The American College of Cardiology recom-
mends a goal of LDL below 70 for those with coronary disease and diabetes.

How are you, a student at the level of a USMLE Step 2 CK exam, supposed to 
get a bottom-line answer when you may hear many different recommenda-
tions? Remember that you are being tested on national guidelines from non-
biased federal organizations, not private organizations like the ACC.

Everyone will agree that with CAD, the goal of LDL should be at least less 
than 100 mg/dL.

 ▶TIP

CAD equivalents (goal of LDL is below 100 and statins should be used to 
bring the LDL down if above 100):

 · Peripheral artery disease (PAD)
 · Carotid disease (not stroke)
 · Aortic disease (the aortic artery, not the valve)
 · Diabetes mellitus
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Which of the following is the most common adverse effect of statin medications?

a. Rhabdomyolysis
b. Liver dysfunction
c. Renal failure
d. Encephalopathy
e. Hyperkalemia

Answer: B. At least 1% of patients taking statin medications will develop elevation of 
transaminases to the level where you will need to discontinue the medication. Myositis, 
elevation of CPK levels, or rhabdomyolysis will occur in less than 0.1% of patients. It is 
very rare to have to stop statins because of myositis. There is no recommendation to 
routinely test all patients for CPK levels in the absence of symptoms. On the other 
hand, all patients started on statins should have their AST and ALT tested as a matter of 
routine monitoring, even if no symptoms are present. 

Other Lipid-Lowering Therapies
Niacin, gemfibrozil, cholestyramine, and ezetimibe all have beneficial effects 
on lipid profiles. However, none of them is the best initial therapy because 
none of them has the clear mortality benefit in CAD that statins provide. 
Niacin and fibric acid derivatives such as gemfibrozil have some mortality ben-
efit, but not as much as the statins. Statins have an antioxidant effect on the 
endothelial lining of the coronary arteries that gives a benefit that transcends 
simply lowering the LDL number.

Niacin: Associated with glucose intolerance, elevation of uric acid level, and an 
uncomfortable “itchiness” from a transient release of histamine, niacin is an 
excellent drug to add to statins if full lipid control is not achieved with statins. 
Although statins, exercise, and cessation of tobacco use will all raise the HDL 
level, niacin will raise HDL somewhat more.

Gemfibrozil: Fibric acid derivatives lower triglyceride levels somewhat more 
than statins; however, the benefit of lowering triglycerides alone has not 
proven to be as useful as the straightforward mortality benefit of statins. Use 
caution in combining fibrates with statins because of an increased risk of 
myositis.

Cholestyramine: This bile acid sequestrant also has significant interactions 
with other medications in the gut, potentially blocking their absorption. In 
addition, cholestyramine can be associated with uncomfortable gastrointesti-
nal complaints such as constipation and flatus.

Ezetimibe: This agent definitely lowers LDL level without any evidence of 
actual benefit to the patient. LDL levels are an imperfect marker of benefit with 
cholesterol-lowering therapies. Ezetimibe is no better than a placebo in terms 
of clinical endpoints such as myocardial infarction, stroke, or death.

MTB Step 2.indb   60 10/24/12   11:53 AM

SUBASH KC/NMC-15TH



6160

Cardiology

 ▶TIP

Lipid-lowering therapy: What is clear?

 · Statins lower mortality the most.
 · Adverse effects of other agents are well established.

Since USMLE Step 2 CK must ask questions that are clear, you are most likely 
to get questions about adverse effects. Besides the benefit of statins in CAD 
with LDL levels above 100 mg/dL, the only truly clear aspect of the other 
therapies is their adverse effects.

Calcium Channel Blockers
Dihydropyridine calcium channel blockers (CCBs) such as nifedipine, nitren-
dipine, nicardipine, and nimodipine may actually increase mortality in patients 
with CAD because of their effect in raising heart rates. The best example of 
an increased heart rate is the “reflex tachycardia” developing from the use of 
nifedipine. This is probably the best explanation for the failure of the CCBs 
to decrease mortality. Although CCBs are negative inotropes which should 
decrease myocardial oxygen consumption via that mechanism, the increased 
heart rate in the aggregate will increase myocardial oxygen consumption.

Bottom line: Do not routinely use CCBs in CAD. 

The CCBs verapamil and diltiazem, which do not increase heart rate, are used 
in those who cannot tolerate beta blockers because of severe asthma. However, 
70% of patients with reactive airway diseases such as asthma can still tolerate 
the use of beta-1 specific beta blockers. 

Use CCBs (verapamil/diltiazem) in CAD only with:

 · Severe asthma precluding the use of beta blockers
 · Prinzmetal variant angina
 · Cocaine-induced chest pain (beta blockers thought to be contraindicated)
 · Inability to control pain with maximum medical therapy

Lipid-lowering Medications and Their Adverse Effects

Agent Adverse effect

Statins Elevations of transaminases (liver function tests), 
myositis

Niacin Elevation in glucose and uric acid level, pruritus

Fibric acid 
derivatives

Increased risk of myositis when combined with 
statins

Cholestyramine Flatus and abdominal cramping

Ezetimibe Well tolerated and nearly useless

Check AST and ALT when 
using statins.

None of the calcium 
channel blockers have been 
shown to lower mortality 
in CAD.
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Adverse Effects of CCBs

 · Edema
 · Constipation (verapamil most often)
 · Heart block (rare)

Revascularization
Angiography is indispensible in evaluating a patient for the possibility of 
revascularization, which is either coronary bypass surgery or angioplasty. 
Symptoms alone cannot tell the number of vessels involved, what vessels are 
involved, or the degree or percentage of stenosis.

Coronary artery bypass grafting (CABG) lowers mortality only in a few spe-
cific circumstances with very severe disease such as:

 · Three vessels with at least 70% stenosis in each vessel
 · Left main coronary artery occlusion
 · Two-vessel disease in a patient with diabetes
 ·  Persistent symptoms despite maximal medical therapy

Long-term mortality benefit is greater with the most severe disease such as 
those with left ventricular dysfunction. The immediate operative mortality 
may be greater in patients with an ejection fraction (EF) below 35%, but in the 
long term, those surviving the procedure will do better in those with 3-vessel 
disease and left ventricular dysfunction.

Internal mammary artery grafts last on average for 10 years before they 
occlude, whereas saphenous vein grafts remain patent reliably for only 
5 years. Half of vein grafts are patent at 10 years.

Percutaneous coronary intervention (PCI) is commonly referred to as 
angioplasty. The term intervention is more precise, because there are other 
interventions besides angioplasty. PCI is unquestionably the best therapy in 
acute coronary syndromes, particularly those with ST segment elevation. 
The mortality benefit of PCI has been much harder to demonstrate in chronic 
stable angina. Maximal medical therapy with aspirin, beta blockers, ACEi/
ARBs, and statins has proven to have equal or even superior benefit compared 
to PCI in stable CAD. PCI is more definitive in terms of decreasing dependence 
on medication and decreasing frequency of painful angina episodes.

Acute Coronary Syndromes 
Definition

It is impossible to determine the precise etiology of acute coronary syndromes 
(ACS) from history and physical examination alone. The risk factors (e.g., 
hypertension, diabetes mellitus, tobacco) are the same as those described pre-
viously for CAD. 

When studying 
medications, you must 
know the clear adverse 
effects. These USMLE Step 
2 CK questions do not 
change over time.

PCI is the best in acute 
coronary syndromes, 
particularly with ST 
segment elevation. PCI 
does not provide clear 
mortality benefit for stable 
patients.
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A 70-year-old woman comes to the emergency department with crushing 
substernal chest pain for the last hour. The pain radiates to her left arm and 
is associated with anxiety, diaphoresis, and nausea. She describes the pain as 
“sore” and “dull” and clenches her fist in front of her chest. She has a history 
of hypertension. 

Which of the following is most likely to be found in this patient?

a. >10 mm Hg decrease in blood pressure on inhalation
b. Increase in jugular venous pressure on inhalation
c. Triphasic scratchy sound on auscultation
d. Continuous “machinery” murmur
e. S4 gallop
f. Point of maximal impulse displaced towards the axilla

Answer: E. Acute coronary syndromes are associated with an S4 gallop because of 
ischemia leading to noncompliance of the left ventricle. The S4 gallop is the sound 
of atrial systole as blood is ejected from the atrium into a stiff ventricle. A decrease of 
blood pressure of greater than 10 mm Hg on inspiration is a pulsus paradoxus and is 
associated with cardiac tamponade.

An increase in jugulovenous pressure on inhalation is the Kussmaul sign and 
is most often associated with constrictive pericarditis or restrictive cardio-
myopathy. A triphasic “scratchy” sound is a pericardial friction rub. Although 
pericarditis can occur as a complication of myocardial infarction (Dressler 
syndrome), this would not occur for several days after an MI and is much rarer 
than simple ventricular ischemia. 

 ▶TIP

A continuous “machinery” murmur is what would be found with a patent 
ductus arteriosus. 

A displaced point of maximal impulse (PMI) is characteristic of left ventricular 
hypertrophy (LVH) as well as dilated cardiomyopathy. A displaced PMI is an 
anatomic abnormality that could not possibly occur with an acute coronary 
syndrome.

A 70-year-old woman comes to the emergency department with crushing 
substernal chest pain for the last hour. 

Which of the following EKG findings would be associated with the worst prognosis?

a. ST elevation in leads II, III, aVF
b. PR interval >200 milliseconds
c. ST elevation in leads V2-V4 
d. Frequent premature ventricular complexes (PVCs)
e. ST depression in leads V1 and V2
f. Right bundle branch block (RBBB)

There are no specific 
physical findings to allow 
you to answer a “most 
likely diagnosis” question 
in terms of ST elevation or 
depression without an EKG.

Do not walk into your 
USMLE Step 2 CK exam 
without knowing when 
you will expect each of the 
cardiac physical findings 
described here.
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Answer: C. Leads V2 to V4 correspond to the anterior wall of the left ventricle. ST seg-
ment elevation most often signifies an acute myocardial infarction.

ST elevation in leads II, III, and aVF is also consistent with an acute myocardial infarc-
tion, but of the inferior wall. Untreated, the mortality associated with an IWMI is 
less than 5% at 1 year after the event. With an AWMI, mortality untreated is closer to 
30% to 40%.

PR interval greater than 200 milliseconds is first-degree atrioventricular (AV) block. 
First-degree AV block has little pathologic potential and, when isolated, requires no 
additional therapy. 

Ectopy such as PVCs and atrial premature complexes (APCs) are associated with the 
later development of more severe arrhythmias, but no additional therapy is needed for 
them if magnesium and potassium levels are normal. We don’t like to see PVCs, but 
their presence does not require any changes in management. 

ST depressions in leads V1 and V2 are suggestive of a posterior wall myocardial infarc-
tion. These leads are read in the opposite direction of the rest of the leads. In other 
words, ST depression in leads V1 and V2 would be like ST elevation elsewhere—an 
acute infarction. Infarctions of the posterior wall are associated with a very low mortal-
ity, and again, there is no additional therapy to give because of it.

Right bundle branch block (RBBB) is relatively benign compared to a new left bundle 
branch block.

A 70-year-old woman comes to the emergency department with crushing subster-
nal chest pain for the last hour. An EKG shows ST segment elevation in V2 to V4.

What is the most appropriate next step in the management of this patient?

a. CK-MB level
b. Oxygen
c. Nitroglycerin sublingual
d. Aspirin
e. Thrombolytics
f. Metoprolol
g. Atorvostatin
h. Angioplasty
i. Consult cardiology
j. Transfer the patient to the intensive care unit
k. Troponin level
l. Morphine
m. Angiography
n. Clopidogrel

Answer: D. Aspirin lowers mortality with acute coronary syndromes, and it is critical 
to administer it as rapidly as possible. With only 1 hour since the onset of pain, neither 
the CK-MB level nor the troponin level would be elevated yet. Morphine, oxygen, and 
nitroglycerin should all be administered, but they do not lower mortality and are there-
fore not as important as aspirin. Aspirin should be given simultaneously with activating 
the catheterization lab.

Clopidogrel is indicated when the patient has an intolerance of aspirin or has under-
gone angioplasty with stenting. 

PVCs should not be 
treated, even when 
associated with an acute 
infarction. Treatment 
of PVCs only worsens 
outcome. 
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The patient should be transferred to an intensive care unit (ICU), but you must always 
initiate therapy and testing before you simply move the patient to another part of 
the hospital. It is much more important to start proper care than to move the patient, 
even if it is a movement to an area of increased observation and potential treatment. 
Thrombolytics or angioplasty should be done and it is critical to do them quickly; 
however, aspirin is simply recommended to be given first. Aspirin is then followed with 
another form of acute revascularization.

 ▶TIP

On USMLE Step 2 CK, consultation is almost never the correct choice. 
Do everything yourself.

A 70-year-old woman comes to the emergency department with crushing subster-
nal chest pain for the last hour. An EKG shows ST segment elevation in V2 to V4. 
Aspirin has been given to the patient to chew. 

What is the most appropriate next step in the management of this patient?

a. CK-MB level
b. Oxygen
c. Nitroglycerin sublingual
d. Morphine
e. Thrombolytics
f. Metoprolol
g. Atorvostatin
h. Angioplasty
i. Troponin level
j. Lisinopril

Answer: H. Angioplasty is associated with the greatest mortality benefit of all the steps 
listed in this question. All of the answers are partially correct in that all of them should 
be done for the patient. Again, morphine, oxygen, and nitrates should be given to the 
patient immediately, but they do not clearly lower mortality. 

Enzyme tests should be done, but within the first 4 hours of the onset of chest pain, 
they will certainly be normal. Even if they are elevated, CK-MB and troponin levels 
would not alter the management. 

Beta blockers are associated with a decrease in mortality, but they are not critically 
dependent upon time. As long as the patient receives metoprolol sometime during 
the hospital stay and at discharge, she will derive benefit. The same is true of the use 
of statins and ACE inhibitors. 

The key issues in the management of acute 
coronary syndromes are:

 • Does the intervention/treatment lower mortality?

 • Which management is most important to do first?

One of the most critical 
points of preparation is to 
learn the order in which 
to do things. It is not 
enough simply to know 
which tests and treatments 
must be done at some 
point. You must be able to 
prioritize what is first.
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The use of the troponin level is not without its difficulties:

 · Troponin cannot distinguish a reinfarction occurring several days after the 
first event.

 · Renal insufficiency can result in false positive tests since troponin is 
excreted through the kidney.

Reinfarction
When a patient has a new episode of pain within a few days of the first cardiac 
event, the management is:
1. Perform an EKG to detect new ST segment abnormalities.
2. Check CK-MB levels. 

After 2 days, the CK-MB level from the initial infarction should have returned 
to normal. A CK-MB level that is elevated several days after an initial myocar-
dial infarction is indicative of a new ischemic event.

Intensive Care Unit Monitoring
After the initial management is put in place, the patient should be monitored 
in an ICU. Continuous rhythm monitoring is essential to an improved survival 
and outcome. Multiple factors contribute to the lowering of mortality through 
ICU monitoring:

 · The most common cause of death in the first several days after a 
myocardial infarction is ventricular arrhythmia (ventricular tachycardia, 
ventricular fibrillation).

 · Rapid performance of electrical cardioversion or defibrillation is available.

Treatment

ST Segment Elevation Myocardial Infarction
ACS is best managed initially with aspirin, either orally or chewed. Clopidogrel 
is often used if there is an allergy to aspirin, but prasugrel is an alternative to 
clopidogrel that seems to have superior benefit.

Diagnostic Tests

Test
Time to becoming 
abnormal Duration of abnormality

EKG Immediately at onset of 
pain

ST elevation progresses to 
Q-waves over several days 
to a week

Myoglobin 1–4 hours 1–2 days

CK-MB 4–6 hours 1–2 days

Troponin 4–6 hours 10–14 days
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Angioplasty versus Thrombolytics
Angioplasty (PCI) is superior to thrombolytics in terms of:

 · Survival and mortality benefit
 · Fewer hemorrhagic complications
 · Likelihood of developing complications of MI (less arrhythmia, less CHF, 

fewer ruptures of septum, free wall [tamponade] and papillary muscles 
[valve rupture])

The standard of care is that PCI is expected to be performed within 90 minutes 
of the patient arriving in the emergency department with chest pain.

Complications of PCI

Complications include:

 · Rupture of the coronary artery on inflation of the balloon
 · Restenosis (thrombosis) of the vessel after the angioplasty
 · Hematoma at the site of entry into the artery (e.g., femoral area hematoma)

Only 20% of U.S. hospitals are equipped to perform primary angioplasty 
because many lack a catheterization laboratory. It is important to have the abil-
ity to perform emergency cardiac surgery to repair the vessel.

Which of the following is most important in decreasing the risk of restenosis 
of the coronary artery after PCI?

a. Multistage procedure: i.e., doing 1 vessel at a time, with multiple procedures
b. Use of heparin for 3–6 months after the procedure
c. Warfarin use after the procedure
d. Placement of bare metal stent
e. Placement of drug-eluting stent (paclitaxel, sirolimus)

Answer: E. The placement of drug-eluting stents that inhibit the local T cell response 
has markedly reduced the rate of restenosis. Heparin is used at the time of the pro-
cedure, but is not continued long term. Warfarin has no place in the management of 
coronary disease. Warfarin is useful for clots on the venous side of the circulation such 
as DVT or pulmonary embolus. 

Rates of Restenosis within 6 Months of PCI

 · No stenting: 30%–40%
 · Bare metal stent: 15%–30%
 · Drug-eluting stent: 10%

If there is a contraindication to the use of thrombolytics, the patient should be 
transferred to a facility performing PCI. 

Absolute Contraindications to Thrombolytics

 · Major bleeding into the bowel (melena) or brain (any type of CNS bleeding)
 · Recent surgery (within the last 2 weeks)

“Door to balloon time”: 
under 90 minutes

Heme-positive brown 
stool is not an absolute 
contraindication to the use 
of thrombolytics.
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 · Severe hypertension (above 180/110)
 · Nonhemorrhagic stroke within the last 6 months

A patient comes to a small rural hospital without a catheterization laboratory. The 
patient has chest pain and ST segment elevation. What is the most appropriate 
next step in the management of the patient?

a. Transfer for angioplasty
b. Administer thrombolytics now
c. Consult cardiology

Answer: B. Immediate thrombolytics is far more beneficial to the patient than angio-
plasty delayed by several hours. Remember that consultation is almost never the right 
answer on USMLE Step 2 CK. 

The mortality benefit of thrombolytics extends out to 12 hours from the onset of chest 
pain. In other words, you can answer “thrombolytics” in any patient with chest pain 
and ST segment elevation within the first 12 hours of the onset of chest pain. The 
mortality benefit is as much as a 50% relative risk reduction within the first 2 hours of 
the onset of pain. This is why a patient with chest pain who arrives in the emergency 
department should receive thrombolytics within 30 minutes of coming through the 
door. 

All of the treatments listed in this table are used in patients with ACS. The 
benefit of each treatment depends on the specific circumstance.

Time is muscle. Delay = 
death.

“Door to needle time”: 
under 30 minutes

Treatment Indications and Benefits

Therapy In what cases is effect greatest?

Aspirin Everyone, as the best initial therapy

Clopidogrel Aspirin not tolerated, those undergoing angioplasty 
and stenting

Beta blockers Everyone, effect is not dependent on time; started 
any time during admission

ACEi/ARB Everyone, benefit best with ejection fraction below 
40%

Statins Everyone, benefit best with LDL >100 mg/dL

Oxygen, nitrates Everyone, no clear mortality benefit

Heparin After thrombolytics/PCI to prevent restenosis, initial 
therapy with ST depression and other NON-ST 
elevation events (unstable angina)

Calcium channel 
blockers

Can’t use beta blockers, cocaine-induced pain, 
Prinzmetal or vasospastic variant angina
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ST Segment Depression ACS

A man comes to the emergency department with chest pain for the last hour that 
is crushing in quality and does not change with respiration or the position of his 
body. An EKG shows ST segment depression in leads V2 to V4. Aspirin has been 
given. 

What is the most appropriate next step in the management of this patient?

a. Low molecular-weight heparin
b. Thrombolytics
c. Glycoprotein IIb/IIIa inhibitor (abciximab)
d. Nitroglycerin
e. Morphine
f. Angioplasty
g. Metoprolol

Answer: A. Heparin will prevent a clot from forming in the coronary arteries. Heparin 
does not dissolve clots that have already formed. When the patient has ACS and there 
is no ST segment elevation, there is no benefit of thrombolytic therapy. 

Nitroglycerin, morphine, and oxygen are not associated with a clear reduction in 
mortality. 

ACE inhibitors and statins are used, but the mortality benefit is, again, based on either 
a low ejection fraction or increased LDL respectively.

Metoprolol should be used, but it has not been proven that it matters whether we give 
the beta blockers immediately, or at any time before hospital discharge. In other words, 
there is no urgency in terms of time for metoprolol. There is tremendous urgency to 
give heparin immediately because we want to prevent the clot from growing further 
and closing off the coronary artery. 

Glycoprotein IIb/IIIa Inhibitors (Abciximab, Tirofiban, Eptifibitide)

These agents (GPIIb/IIIa inhibitors) are used in acute coronary syndromes in 
those who are to undergo angioplasty and stenting. They are not beneficial 
in acute ST elevation infarctions separate from the use of angioplasty and 
stenting. GPIIb/IIIa inhibitors inhibit the aggregation of platelets. They lead to 
a reduction in mortality in those with ST depression, particularly in patients 
whose troponin or CK-MB levels rise and who then develop a myocardial 
infarction requiring PCI with stenting. 
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Bottom Line:

1. tPA (thrombolytics) are beneficial only with ST elevation MI.

2. Heparin is best for non-ST elevation MI.

3.  GP IIb/IIIa inhibitors are best for non-ST elevation MI and those 
undergoing PCI and stenting. 

 ▶TIP

Calcium channel blockers and warfarin have no clear mortality benefit in 
ACS.

 ▶TIP

Low molecular-weight heparin is superior to unfractionated heparin in 
terms of mortality benefit.

In non-ST elevation ACS, when all medications have been given, and 
the patient is not better, urgent angiography and possibly angioplasty 
(PCI) should be done.

“Not better” means:

 • Persistent pain

 • S3 gallop or CHF developing

 • Worse EKG changes or sustained ventricular tachycardia

 • Rising troponin levels

Summary of Treatment Differences between Cardiac Events

Stable 
angina

Unstable 
angina/
non-ST 
elevation MI ST elevation MI

Aspirin Yes Yes Yes

Beta blockers Yes Yes Yes

Nitrates Yes Yes Yes

Heparin No Yes Yes, but only after 
thrombolytics

GPIIb/IIIa meds No Yes No

Thrombolytics No No Yes, but not as good 
as PCI

CCBs No No No

Warfarin No No No
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Complications of Acute Myocardial Infarction

 ▶TIP

Complications of acute myocardial infarction are an excellent source of 
“What is the most likely diagnosis?” questions, the most common type of 
question on USMLE Step 2 CK.

All the complications of myocardial infarction can result in hypotension, so 
the presence of hypotension will not help you determine the diagnosis.

Bradycardia 
Heart rate is key to establishing the diagnosis.

Sinus bradycardia is very common in association with MI because of vascular 
insufficiency of the sinoatrial (SA) node.

Third-degree (complete) AV block will have cannon A waves. They are the 
best way to distinguish third-degree AV block from sinus bradycardia before 
you obtain an EKG. Cannon A waves are produced by atrial systole against a 
closed tricuspid valve. The tricuspid valve is closed because the very essence 
of third-degree block is that the atria and ventricles are contracting separately 
and out of coordination with each other. 

The cannon is the bounding jugulovenous wave bouncing up into the neck. 
Look for an association with right ventricular infarction and third-degree AV 
block. All symptomatic bradycardias are treated first with atropine and then 
by placing a pacemaker if the atropine is not effective.

Tachycardia

Right Ventricular Infarction
Look for the association with a new inferior wall MI and clear lungs on aus-
cultation. You cannot get blood into the lungs if the blood cannot get into the 
heart. You can diagnose by flipping the EKG leads from the usual left side of 
the chest to the right side of the chest. ST elevation in RV4 is the most specific 
finding.

The right coronary artery supplies:

 · Right ventricle (RV)
 · AV node
 · Inferior wall of the heart

This is why up to 40% of those with an inferior wall myocardial infarction 
(IWMI) will have a right ventricular infarction. Treat RV infarctions with 
high-volume fluid replacement. Avoid nitroglycerin to RV infarctions. They 
markedly worsen cardiac filling. 

Starving hearts have 
ventricular tachycardia—
open it fast with PCI!
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Tamponade/Free Wall Rupture

It usually takes several days after an infarction for the wall to scar and weaken 
enough for it to rupture. Look for “sudden loss of pulse” in the case. Lungs are 
clear. It is a cause of pulseless electrical activity.

You can diagnose with emergency echocardiography. Emergency pericardio-
centesis is done on the way into the operating room to repair it. 

Ventricular Tachycardia/Ventricular Fibrillation

Both ventricular tachycardia and ventricular fibrillation can cause sudden 
death and there is no way to distinguish them without an EKG if they cause 
loss of pulse. Both are treated with emergency electrical shock (cardioversion/
defibrillation). 

Valve or Septal Rupture

Both valve rupture and septal rupture present with new onset of a murmur 
and pulmonary congestion. Mitral regurgitation murmur is best heard at the 
apex with radiation to the axilla. Ventricular septal rupture is best heard at the 
lower left sternal border.

 ▶TIP

Most accurate test: Echocardiogram for both valve rupture and septal 
rupture. 

 ▶TIP

You can’t always depend on buzzwords like “step-up” for oxygenation. 
Often, the numbers are simply presented to you: “42% oxygen saturation 
is found on a sample of blood from the right atrium. 85% saturation is 
found on the right ventricular sample.”

Intraaortic Balloon Pump

Intraaortic balloon pump (IABP) is the answer when there is acute pump fail-
ure from an anatomic problem that can be fixed in the operating room. IABP 
contracts and relaxes in sync with natural heartbeat. It helps give a “push” 
forward to the blood.

 ▶TIP

IABP is never a permanent device. It serves as a bridge to surgery for 
valve replacement or transplant for 24 to 48 hours.

Extension of the Infarction/Reinfarction

When a patient presents with either an inferior or anterior infarction, it is 
common for a second event to infarct a second geographic area of the heart.

Look for recurrence of pain, new rales on exam, a new bump up in CK-MBs, 
and even sudden onset of pulmonary edema.

These complications are 
the reason patients with 
acute MI are monitored in 
an ICU for the first several 
days after the infarction.

Look for a step-up in 
oxygen saturation as 
you go from the right 
atrium to the right 
ventricle to hand you 
the diagnosis of septal 
rupture.
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Repeat the EKG and re-treat with angioplasty and sometimes thrombolytics in 
addition to the usual medications (aspirin, metoprolol, nitrates, ACE, statins).

Aneurysm/Mural Thrombus

Aneurysm or mural thrombus is detected with echocardiography. Most aneu-
rysms do not need specific therapy. Mural thrombi, like all thrombi, are treated 
with heparin followed by warfarin. 

Preparation for Discharge from Hospital

Detection of Persistent Ischemia
Everyone gets a stress test prior to discharge. The stress test determines if 
angiography is needed. Angiography determines the need for revasculariza-
tion such as angioplasty or bypass surgery.

 ▶TIP

Do not do a stress test if the patient remains symptomatic. These people 
clearly need angiography.

Do not do angiography if reversible signs of myocardial ischemia are absent. 
There is no point in revascularizing to myocardium that is dead (infarcted).

Post-MI Stress Test

Identify those with residual ischemia prior to leaving the hospital. Do 
not just cath (angiography) everyone.

“What Is the Most Likely Diagnosis?”

Diagnosis Key feature

Third-degree AV block Bradycardia, cannon A waves

Sinus bradycardia No cannon A waves

Tamponade/wall rupture Sudden loss of pulse, jugulovenous 
distention

RV infarction IWMI in history, clear lungs, 
tachycardia, hypotension with 
nitroglycerin

Valve rupture New murmur, rales/congestion

Septal rupture New murmur, increase in oxygen 
saturation on entering the right 
ventricle

Ventricular fibrillation Loss of pulse, need EKG to answer 
question
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Postinfarction Routine Medications

Everyone should go home on:

 · Aspirin
 · Beta blockers (metoprolol)
 · Statins
 · ACE inhibitors

ACE inhibitors are best for anterior wall infarctions because of the high like-
lihood of developing systolic dysfunction.

 · Clopidogrel: those intolerant of aspirin or post-stenting
 · ARBs: those with a cough on ACE inhibitor
 · Ticlopidine: the rare person intolerant of both aspirin and clopidogrel

Prophylactic antiarrhythmic medications: 

Do not use amiodarone, flecainide, or any rhythm-controlling 
medication to prevent the development of ventricular tachycardia 
or fibrillation. Do not be fooled by the question describing “frequent 
PVCs and ectopy.” Prophylactic antiarrhythmics increase mortality.

Sexual Issues Postinfarction

This is a very frequently tested subject. The 4 most commonly tested facts are:
1. Do not combine nitrates with sildenafil; hypotension can result because 

they are both vasodilators. 
2. Erectile dysfunction postinfarction is most commonly from anxiety; 

however, of all the medications that cause erectile dysfunction, the most 
common is beta blockers.

3. The patient does not have to wait after an MI to reengage in sexual activ-
ity. If the patient is symptom-free, sexual activity may begin immediately. 
This is because sexual activity usually does not last long enough to constitute 
an excessive increase in myocardial oxygen consumption.

4. If the post-MI stress test is described as normal, the patient can reengage in 
any form of exercise program as tolerated, including sex. 

Congestive Heart Failure 

Definition

Shortness of breath (dyspnea) is the essential feature of congestive heart fail-
ure (CHF). CHF is a dysfunction of the heart as a pump of blood. This results 
in insufficient oxygen delivery to tissues accompanied by the accumulation 

Dipyridamole is never the 
right choice for coronary 
artery disease. 
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of fluid in the lungs. This can be either from systolic dysfunction, which is a 
low ejection fraction and dilation of the heart, or from diastolic dysfunction. 
Diastolic dysfunction is the inability of the heart to “relax” and receive blood. 
In diastolic dysfunction, the ejection fraction is preserved and sometimes 
even above normal.

Causes of Systolic Dysfunction
Hypertension resulting in a cardiomyopathy or abnormality of the myocardial 
muscle is the most common cause of CHF. Initially, when caused by hyperten-
sion, there is preservation of the ejection fraction. Over time, the heart dilates, 
resulting in systolic dysfunction and low ejection fraction. Valvular heart dis-
ease of all types results in CHF.

Myocardial infarction (MI) is a very common cause of dilated cardiomyopathy 
and decreased ejection fraction. When the heart is “dead” or infarcted, it will 
not pump. In U.S. adults, CHF is the most common cause of being admitted 
to the hospital. Those with CHF are admitted repeatedly for exacerbations. 
The use of thrombolytics, beta blockers, angioplasty, and aspirin has lead to an 
enormous decrease in the risk of death from MI. Many are normal and many 
are living with CHF.

 ▶TIP

Infarction → Dilation → Regurgitation → CHF 

Infarction, cardiomyopathy, and valve disease account for the vast majority of 
cases (over 95%). Less common causes are:

 · Alcohol
 · Postviral (idiopathic) myocarditis
 · Radiation
 · Adriamycin (doxorubicin) use
 · Chagas disease and other infections
 · Hemochromatosis (also causes restrictive cardiomyopathy)
 · Thyroid disease
 · Peripartum cardiomyopathy
 · Thiamine deficiency

Presentation

Dyspnea (shortness of breath) is the indispensible clue to the diagnosis of CHF. 
CHF, especially its worst form, pulmonary edema, is a clinical diagnosis. That 
means you should be able to answer the “What is the most likely diagnosis?” 
question essentially from the history and physical examination and without 
the use of lab tests.
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In addition to dyspnea on exertion, look for:

 · Orthopnea (worse when lying flat, relieved when sitting up or standing)
 · Peripheral edema
 · Rales on lung examination
 · Jugulovenous distention (JVD)
 · Paroxysmal nocturnal dyspnea (PND) (sudden worsening at night, during 

sleep)
 · S3 gallop rhythm (Be prepared to identify the sound on USMLE Step 2 

CK. It may be played.)

 ▶TIP

The most frequently asked USMLE Step 2 CK question is “What is the 
most likely diagnosis?”

Figure 3.1: Timing of S3 and S4 gallops in the cardiac cycle. Source: Andrew Peredo.
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All of these will lack: 

 · Orthopnea/PND
 · S3 gallop

Diagnostic Tests

There is an enormous difference in the management of chronic, office, or 
ambulatory-based cases of CHF and pulmonary edema questions. The key to 
the right answer is:

 · Setting (emergency department versus office or clinic)
 · Presence of acute symptoms of dyspnea at the time of presentation

Echocardiography
Echocardiography is unquestionably the most important of all the tests of 
CHF. There is no reliable way to distinguish systolic from diastolic dysfunction 
by history, physical examination, or other tests such as the EKG, chest x-ray, or 
brain (atrial) natriuretic peptide (BNP) levels.

“What Is the Most Likely Diagnosis?” for Dyspnea

Key feature Most likely diagnosis is…

Sudden onset, clear lungs Pulmonary embolus

Sudden onset, wheezing, increased 
expiratory phase

Asthma

Slower, fever, sputum, unilateral 
rales/rhonchi

Pneumonia

Decreased breath sounds 
unilaterally, tracheal deviation

Pneumothorax

Circumoral numbness, caffeine use, 
history of anxiety

Panic attack

Pallor, gradual over days to weeks Anemia

Pulsus paradoxus, decreased heart 
sounds, JVD

Tamponade

Palpitations, syncope Arrhythmia of almost any kind

Dullness to percussion at bases Pleural effusion

Long smoking history, barrel chest COPD

Recent anesthetic use, brown blood 
not improved with oxygen, clear 
lungs on auscultation, cyanosis

Methemoglobinemia

Burning building or car, wood-
burning stove in winter, suicide 
attempt

Carbon monoxide poisoning

Every patient with 
CHF must undergo 
echocardiography to 
evaluate ejection fraction.
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Ejection Fraction
What is the best initial test? Transthoracic echo.

What is the most accurate test? Multiple-gated acquisition scan (MUGA) or 
nuclear ventriculography.

Transesophageal echocardiography (TEE) is more accurate than either of these 
tests in evaluating heart valve function and diameter. TEE is not necessary for 
evaluating CHF.

When should you answer “nuclear ventriculography”? Nuclear testing for 
the best precision is rarely needed. An example of when it is necessary would 
be a person receiving chemotherapy with doxorubicin; you are trying to give 
the maximum amount of chemotherapy to cure the lymphoma, but need to 
make sure you are not causing cardiomyopathy. 

Nuclear ventriculogram gives precise evaluation of wall motion abnormalities. 

When should you answer BNP? Answer “BNP level” in a patient with acute 
shortness of breath in whom the etiology of the dyspnea is not clear and you 
cannot wait for an echo to be done. A normal BNP excludes CHF as a cause of 
the shortness of breath.

Other Diagnostic Tests
Other tests that are used are not to diagnose CHF. They are used to diagnose the 
cause of CHF. The diagnosis of CHF is a clinical diagnosis (history and physical 
as described) with the type of CHF determined by transthoracic echo (TTE). 

Tests Used to Determine Etiology of CHF

Test Etiology of CHF

EKG MI, heart block

Chest x-ray Dilated cardiomyopathy

Holter monitor Paroxysmal arrhythmias

Cardiac catheterization Precise valve diameters, septal 
defects

CBC Anemia

Thryoid function (T4/TSH) Both high and low thyroid levels 
cause CHF

Endomyocardial biopsy Rarely done; excludes infiltrative 
disease such as sarcoid or 
amyloid when other sites for 
biopsy inconclusive; biopsy is 
“most accurate test” for some 
infections

Swan-Ganz right heart 
catheterization

Distinguishes CHF from ARDS; not 
routine
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Treatment 

Systolic Dysfunction (Low Ejection Fraction)
 · ACE inhibitors or angiotensin receptor blockers (ARBs)
 · Beta blockers
 · Spironolactone
 · Diuretics
 · Digoxin

ACE Inhibitors and ARBs
These agents should be given to all patients with systolic dysfunction at any 
stage of disease. The beneficial effects of ACEi and ARBs occur with any drug 
in the class. 

Beta Blockers
Unlike ACEi and ARBs, it is not clear that the benefit from beta blockers will 
occur with any drug in the class. There is evidence only for:

 · Metoprolol
 · Bisoprolol
 · Carvedilol

Metoprolol and bisoprolol are beta-1 specific antagonists. Carvedilol is a 
nonspecific beta blocker that also has alpha-1 receptor blocking activity.

The benefit of beta blockers likely stems from:

 · Antiischemic effect
 · Decrease in heart rate leading to decreased oxygen consumption
 · Antiarrhythmic effect

Which of the following is the most common cause of death from CHF?

a. Pulmonary edema
b. Myocardial infarction
c. Arrhythmia/sudden death
d. Emboli
e. Myocardial rupture

Answer: C. Ischemia provokes ventricular arrhythmias leading to sudden death. Over 
99.9% of patients with CHF are at home, not acutely short of breath. If they die of 
sudden death, the physician never sees them. Beta blockers are antiarrhythmic and 
antiischemic, so they prevent sudden death. Do not give beta blockers in the acute 
treatment of CHF.

Spironolactone
Spironolactone’s beneficial effect is directly related to its ability to inhibit 
the effects of aldosterone. Spironolactone is only proven effective for more 
advanced and serious stages of CHF (class III and IV) in which the patient is 

When should you answer 
ARBs? Those with a cough 
from ACEi should definitely 
be switched to an ARB.
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short of breath either with minimal exertion or at rest. Adverse effects include 
hyperkalemia and gynecomastia.

Eplerenone is an alternative to spironolactone that inhibits aldosterone and has 
a proven mortality benefit, but does not have the antiandrogenic effects that 
lead to gynecomastia. 

Diuretics
Initial therapy of CHF with low ejection fraction often includes a loop 
diuretic in combination with an ACEi or ARB. It does not matter whether the 
diuretic is furosemide, torsemide, or bumetanide. Spironolactone, although 
a diuretic, is not used at the doses where it has a diuretic effect.

Digoxin
Digoxin has never been proven to lower mortality in CHF. This is often the 
single most important question concerning CHF on USMLE Step 2 CK.

Digoxin is used to control symptoms of dyspnea and will decrease the fre-
quency of hospitalizations. In fact, no positive inotropic agent (digoxin, mil-
rinone, amrinone, dobutamine) has been proven to lower mortality.

A 74-year-old African American man with a history of dilated cardiomyopathy sec-
ondary to MI in the past is seen in the office for routine evaluation. He is asymp-
tomatic and is maintained on lisinopril, furosemide, metoprolol, aspirin, and digox-
in. Lab tests reveal a persistently elevated potassium level. The EKG is unchanged.

What is the best management?

a. Switch lisinopril to candesartan
b. Stop lisinopril
c. Start kayexalate
d. Refer for dialysis
e. Switch lisinopril to hydralazine and nitroglycerin

Answer: E. Hydralazine is a direct-acting arteriolar vasodilator. There is a definite 
survival advantage with the use of hydralazine in combination with nitrates in systolic 
dysfunction. Candesartan is associated with hyperkalemia as well. Dialysis is sometimes 
used in hyperkalemia, but only if associated with renal failure as the cause. 

 ▶TIP

Don’t walk into the USMLE Step 2 CK exam without being 100% clear on 
which drugs lower mortality in CHF.

Devices for CHF Treatment
Two other treatments are associated with a mortality benefit in CHF.
1. Implantable defibrillator: For those with ischemic cardiomyopathy and 

an ejection fraction below 35%, these devices have as much as a 25% 
relative reduction in the risk of death. Remember that arrhythmia and sud-
den death is the most common cause of death in CHF.

What is the management 
of a patient with severe 
CHF who develops 
gynecomastia? Switch 
spironolactone to 
eplerenone.

Diuretics control symptoms 
of CHF. They do not lower 
mortality.
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2. Biventricular pacemaker: The biventricular pacemaker is indicated in 
those with dilated cardiomyopathy and an ejection fraction under 35% 
and a wide QRS above 120 milliseconds who have persistent symptoms.

Do not confuse the biventricular pacemaker with a dual-chamber pacemaker 
with a wire in both an atrium and a ventricle.

The biventricular pacemaker resynchronizes the heart when there is a conduc-
tion defect. Many patients who would otherwise be heading to a cardiac trans-
plantation have had their symptoms markedly improved with the biventricular 
pacemaker. 

Transplantation
When maximal medical therapy (ACE, BB, spironolactone, diuretics, digoxin) 
and possibly the biventricular pacemaker fail to control symptoms of CHF, 
then the only alternative is to seek cardiac transplantation. 

Routine anticoagulation with warfarin is always wrong in the absence of a 
clot in the heart. 

Mortality Benefit in Systolic Dysfunction

 • ACEi/ARBs

 • Beta blockers

 • Spironolactone or eplerenone

 • Hydralazine/nitrates

 • Implantable defibrillator

Treatment 

Diastolic Dysfunction (CHF with Preserved Ejection Fraction)
The management of CHF with a preserved ejection fraction is much less clear. 
Beta blockers have clear benefits and are indicated. Digoxin clearly has no 
benefit and should not be used in diastolic dysfunction. 

Diuretics are used to control symptoms of fluid overload as they are in any 
CHF patient. Do not confuse diastolic dysfunction from hypertrophic cardio-
myopathy with hypertrophic obstructive cardiomyopathy (HOCM). HOCM is 
a congenital disease with an asymmetrically enlarged (hypertrophic) septum 
leading to an obstruction of the left ventricular outflow tract. Diuretics are 
contraindicated in HOCM because they will increase the obstruction.

ACEi and ARBs have unclear benefit in diastolic dysfunction.

Calcium channel blockers 
(CCBs) provide no 
clear benefit in systolic 
dysfunction. Some 
CCBs can actually raise 
mortality.

Clearly beneficial: beta 
blockers and diuretics
Clearly not beneficial: 
digoxin and spironolactone
Uncertain: ACEi , ARBs, and 
hydralazine
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Acute Pulmonary Edema

Definition

Pulmonary edema is the worst, or most severe, form of CHF. Pulmonary 
edema is the rapid onset of fluid accumulating in the lungs.

Presentation

Pulmonary edema presents with the acute onset of shortness of breath associ-
ated with:

 · Rales
 · JVD
 · S3 gallop
 · Edema
 · Orthopnea

There may also be ascites and enlargement of the liver and spleen if there has 
been sufficient time for the chronic passive congestion of the right side of the 
heart to prevent filling of the heart. 

Diagnostic Tests

Brain Natriuretic Peptide
This is used if the diagnosis of the etiology of the shortness of breath is not 
clear. A normal BNP level excludes pulmonary edema.

Chest X-ray
You will see vascular congestion with filling of the blood vessels towards the 
head (cephalization of flow). Ordinarily, most flow in the lungs is at the bases 
because of simple gravity. In more chronic cases, there will be enlargement of 
the heart and pleural effusions. 
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Oximetry/Arterial Blood Gases
Hypoxia is expected. Until the acute disease is extremely severe, there is also 
respiratory alkalosis because of hyperventilation. Because of the increased 
respiratory rate, carbon dioxide leaves more easily than oxygen enters the 
bloodstream.

EKG
This is the most important test to do acutely, because the EKG can lead to a 
change in immediate therapy.

If atrial fibrillation, atrial flutter, or ventricular tachycardia is the cause of pul-
monary edema, the first thing to do is to perform rapid, synchronized cardio-
version in order to restore atrial systole and to return the atrial contribution to 
cardiac output. Normally, atrial systole contributes only 10% to 20% of cardiac 
output. If the heart is diseased from dilated cardiomyopathy, decreased ejec-
tion fraction, or valvular heart disease, then the atrial contribution to cardiac 
output can be as much as 40% to 50% of cardiac output. If acute pulmonary 
edema is from an arrhythmia, the fastest way to fix it is with cardioversion. 

Echocardiography
This should be done in all patients to determine if there is systolic or diastolic 
dysfunction. This makes no difference acutely if there is pulmonary edema 
because the initial therapy does not differ.

Figure 3.2: Pulmonary edema with cephalization of flow and 
engorged pulmonary veins. Source: Saba Ansari, MD.

Engorged 
pulmonary 
veins
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A 74-year-old woman comes to the emergency department with the acute onset 
of shortness of breath, respiratory rate of 38 per minutes, rales to her apices, 
S3 gallop, and jugulovenous distension.

What is the best initial step in the management of this patient?

a. Oximeter
b. Echocardiography
c. Intravenous furosemide
d. Ramipril
e. Metoprolol
f. Nesiritide

Answer: C. All of the answers are partially correct because they can all be used in the 
management of CHF at some point. However, the best initial therapy for acute pulmo-
nary edema is to remove a large volume of fluid from the vascular space with a loop 
diuretic. Oximetry should be done, but should not alter acute management because 
we now must give oxygen because the patient complains of shortness of breath, and 
she is hyperventilating. 

Echocardiography should be done, but it does not have to be done urgently. Ramipril, 
or any other form of ACEi or ARB, should be used if there is systolic dysfunction with a 
low ejection fraction, but it does not make a difference in an acutely unstable patient. 
The same is true of metoprolol. 

Nesiritide is a therapeutic, intravenous form of atrial natriuretic peptide. Nesiritide func-
tions in much the same way as nitrates. Because it is only a weak diuretic, there is no 
proven mortality benefit.

Treatment

Preload Reduction
Initial therapy of acute pulmonary edema is with:

 · Oxygen
 · Loop diuretics such as furosemide or bumetinide
 · Morphine
 · Nitrates

The majority of patients in acute pulmonary edema can be managed with 
preload reduction. Removing 1 to 2 liters of fluid from the vascular space and 
the lungs is the best thing that can be done acutely to decrease symptoms. 
Nesiritide can be used as part of this therapy, but it is not clear that it works 
better than standard agents.

Positive Inotropic Agents
Dobutamine can be used in the acute setting of patients placed in the ICU 
when their shortness of breath did not respond to therapy acutely with preload 
reduction. Amrinone and milrinone are phosphodiesterase inhibitors that per-
form the same role. They increase contractility and decrease afterload. 
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Digoxin is a positive inotrope that increases contractility, but it will not have 
this effect for several weeks after starting its use. There is no benefit of using 
digoxin in the acute setting.

Afterload Reduction
ACEi and ARBs are used on discharge for long-term use in all patients with 
systolic dysfunction and low ejection fraction. In an acute setting, nitroprus-
side and intravenous hydralazine can be used. 

Valvular Heart Disease

Definition/Presentation

All valvular heart disease can be congenital in nature. Rheumatic fever can 
lead to any form of valve disease, but mitral stenosis is most common. Aging 
can automatically be associated with aortic stenosis. Regurgitant disease is 
most commonly caused by hypertension and ischemic heart disease. Infarction 
automatically leads to regurgitation, which automatically leads to dilation. 

All forms of valvular heart disease are associated with shortness of breath and 
many of the signs and symptoms of CHF. Only the murmurs are specific in 
terms of presentation. Lesions on the right side of the heart (tricuspid and pul-
monic valve) increase in intensity or loudness with inhalation. Inhalation will 
increase venous return to the right side of the heart. Left-sided lesions (mitral 
and aortic valve) increase with exhalation. Exhalation will “squeeze” blood out 
of the lungs and into the left side of the heart. 

Diagnostic Tests

All of the following statements can be made in general for all valvular heart 
disease. 

The best initial test for all valvular heart disease is the echocardiogram. 
Transesophageal echo is generally both more sensitive and more specific than 
transthoracic echo. Catheterization is the most accurate test. Catheterization 
allows the most precise measurement of valvular diameter, as well as the exact 
pressure gradient across the valve.

There is nothing specific about the EKG in those with valvular heart disease. 
The EKG is expected to show hypertrophy of chambers, but you cannot con-
firm a diagnosis of valvular heart disease from an EKG alone. 

Chest x-ray will also show hypertrophy and enlargement of various cardiac 
chambers, but the precise anatomic correlation with the chest x-ray is poor. 
Since the advent of echocardiography, x-ray evaluation of cardiac chamber 
size is neither “the most accurate test” nor “the best initial test.” 

Heparin is always wrong 
for acute pulmonary 
edema management in the 
absence of a clot.

MTB Step 2.indb   85 10/24/12   11:53 AM

SUBASH KC/NMC-15TH



8786

Master the Boards: USMLE Step 2 CK

Treatment

Since all forms of valvular heart disease are associated with fluid overload in 
the lungs, all of them will benefit from diuretics.

Medicine alone can do very little to improve stenotic lesions of the mitral and 
aortic valves. Nearly all patients with symptoms will need correction of the 
anatomy of the heart. Mitral stenosis is dilated with a balloon. Aortic stenosis 
needs surgical removal.

Regurgitant lesions seem to respond best to vasodilator therapy with ACEi/
ARBs, nifedipine, or hydralazine. Surgical replacement of regurgitant lesions 
must be done before the heart dilates too much. If the heart dilates excessively, 
then valve replacement will not be able to correct the decrease in systolic func-
tion. If the myocardium “stretches” too much, it will not return to normal size 
and shape. Assessment of ventricular size is based on the end-systolic diameter 
and the ejection fraction. When the end-systolic diameter expands, you must 
replace the valve. 

Mitral Stenosis

Definition/Etiology

Mitral stenosis (MS) is most often caused by rheumatic fever. MS is extremely 
uncommon in the United States because of the very low incidence of acute 
rheumatic fever. Critical narrowing is defined as a valve surface area less than 
1 cm2; however, the main indication for treatment is the presence of symptoms. 
There is not much point in treating MS that is asymptomatic. 

 ▶TIP

Look for pregnancy and immigrant in the history as a clue to answering 
“What is the most likely diagnosis?” 

Pregnancy is associated with a 50% increase in plasma volume which must 
traverse a narrow valve. In addition, during delivery, contraction of the uterus 
can “squeeze” as much as 500 mL extra of blood into the central circulation, 
thereby inducing pregnancy-related cardiomyopathy. Most patients with 
mitral stenosis are immigrants to the United States coming from geographic 
regions in which acute rheumatic fever is still common.

Presentation

Besides the usual shortness of breath and CHF associated with all forms 
of valvular heart disease, MS has a number of relatively unique features of 
presentation:

 · Dysphagia from left atrium (LA) pressing on the esophagus
 · Hoarseness (LA pressing on laryngeal nerve)

Endocarditis prophylaxis is 
not indicated for any of 
these valve disorders unless 
the valve has actually been 
replaced or there has been 
previous endocarditis.

Mitral stenosis often 
presents in young adult 
patients.
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 · Atrial fibrillation and stroke from enormous LA
 · Hemoptysis

Physical Findings
Murmur is in diastole, just after an opening snap. Squatting and leg raising 
increase the intensity from increased venous return to the heart. 

Diagnostic Tests

Echo
TTE is the best initial test, with TEE more accurate than TTE. However, cath-
eterization is the most accurate diagnostic test. This is the same for all valve 
diseases.

EKG

Atrial rhythm disturbance, particularly atrial fibrillation, is very common. Left 
atrial hypertrophy shows up as a biphasic P wave in leads V1 and V2.

Chest X-ray: Left Atrial Hypertrophy

 · Straightening of the left heart border
 · Elevation of the left main-stem bronchus
 · Second “bubble” behind the heart

Enlarged LA 
compresses 
esophagus

Figure 3.3: Enlarged left atrium in mitral stenosis compresses  
the esophagus, causing dysphagia. Source: Andrew Peredo.
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Treatment

1. Diuretics and sodium restriction when fluid overload is present in the lungs
2. Balloon valvuloplasty done with a catheter
3. Valve replacement only when a catheter procedure cannot be done, or fails
4. Warfarin for atrial fibrillation to an INR of 2 to 3
5. Rate control of atrial fibrillation with digoxin, beta blockers, or diltiazem/

verapamil

Aortic Stenosis 

Definition/Etiology

Aortic stenosis (AS) can be caused by a congenital bicuspid valve or with 
increasing calcification as people age. 

Presentation

 · Angina: most common presentation
 · Syncope
 · CHF: poorest prognosis with 2-year average survival

Murmur

A systolic, crescendo-decrescendo murmur peaking in a diamond-shape in 
mid-systole. The murmur of AS is heard best at the second right intercostal 
space, and radiates to the carotid artery. Valsalva and standing improve or 
decrease the intensity of the murmur from decreased venous return to the 
heart. Handgrip softens the murmur because of decreased ejection of blood.

Figure 3.4: Enlarged left atrium compresses and displaces  
the left main-stem bronchus. Source: Andrew Peredo.

Enlarged left 
atrium pushes 
up left mainstem 
bronchus
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Diagnostic Tests

TTE, then TEE, then catheterization.

Chest X-ray: Left Ventricular Hypertrophy

EKG

Left ventricular hypertrophy (LVH). S wave in V1 plus an R wave in V5 greater 
than 35 millimeters.

Treatment

Valve replacement is the only truly effective therapy for AS. Diuretics can be 
used to decrease CHF, but patients do not tolerate volume depletion very well. 

Balloon valvuloplasty is not routinely done for AS. This is because the main 
mechanism for developing AS is calcification, which does not improve very 
well with balloon valvuloplasty. Balloon/catheter procedures are done only if 
surgery is not an option secondary to the instability or fragility of the patient. 

Mitral Regurgitation 

Definition/Etiology

Mitral regurgitation (MR) is an abnormal backward flow of blood through a 
mitral valve that does not fit together. Hypertension, endocarditis, myocardial 
infarction with papillary muscle rupture, or any other reason that the heart 
dilates will lead to MR. 

Heart size > 50% of 
transthoracic diameter

Figure 3.5: Cardiac enlargement is defined as a heart greater in diameter  
than 50% of the total transthoracic diameter. Source: Nihar Shah, MD.
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MR presents with the same signs and symptoms as CHF. The only unique find-
ing is the murmur, which is pansystolic (holosystolic), obscuring both S1 and S2. 
The murmur of MR radiates to the axilla. Handgrip will worsen the murmur 
of MR by pushing more blood backwards through the valve. Handgrip increases 
afterload and will worsen the murmurs of both aortic regurgitation (AR) and 
MR. Squatting and leg raising will also worsen MR by increasing venous return 
to the heart. All left-sided murmurs except mitral valve prolapse (MVP) and 
hypertrophic obstructive cardiomyopathy will increase with expiration. 

As with all murmurs, MR is diagnosed with echocardiography.

Treatment

1. Vasodilators: ACE or ARBs are best. They decrease the rate of progression 
of regurgitant lesion. 

2. Digoxin and diuretics may be used sometimes as they would be in any form 
of CHF.

3. Valve replacement is indicated when the heart starts to dilate. Do not wait 
for left ventricular end systolic diameter (LVESD) to become too large 
because the damage will be irreversible. When LVESD is above 40 mm or 
the ejection fraction drops below 60%, surgical valve repair or replacement 
is indicated. Valve repair means either operatively, or with a catheter plac-
ing a clip or sutures across the valve to tighten it up.

Aortic Regurgitation 

Definition/Etiology

AR is caused by anything that makes the heart or aorta dilate in size:

 · Myocardial infarction
 · Hypertension
 · Endocarditis
 · Marfan syndrome or cystic medial necrosis

Figure 3.6: Timing of each of the murmurs in the cardiac cycle. Source: Shawn Christian.
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 · Inflammatory disorders such as ankylosing spondylitis or Reiter syndrome
 · Syphilis

Presentation

Besides CHF, AR has a large array of relatively unique physical findings such as:

 · Wide pulse pressure
 · Water-hammer (wide, bounding) pulse
 · Quincke pulse (pulsations in the nail bed)
 · Hill sign (BP in legs as much as 40 mm Hg above arm BP)
 · Head bobbing (de Musset sign)

Murmur
AR gives a diastolic, decrescendo murmur heard best at the lower left sternal 
border. Valsalva and standing make it better. Handgrip, which increases after-
load by compressing the arteries of the arms, makes it worse. 

Diagnostic Tests

Same as previous diagnostic tests mentioned. EKG and chest x-ray may show 
left ventricular hypertrophy. 

Treatment

1. ACEi/ARBs or nifedipine as vasodilators will increase forward flow of 
blood and delay progression.

2. Digoxin and diuretics have a little benefit.
3. Surgical valve replacement is used when there is acute valve rupture such 

as with a myocardial infarction. Replace the valve before the left ventricle 
dilates excessively. EF less than 55% or left ventricular end systolic diameter 
greater than 55 mm.

Mitral Valve Prolapse

Definition/Etiology

MVP is so common as to be considered a normal anatomic variant occurring 
in as much as 2% to 5% of the population, particularly in women. Other causes 
are Marfan and Ehlers-Danlos syndrome.

Presentation

MVP is most often asymptomatic. When symptoms do occur, it is different 
from the other forms of valvular heart disease. The symptoms of CHF are 
usually absent. The most common presentation is:

 · Atypical chest pain
 · Palpitations
 · Panic attack
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Murmur

MVP presents with a midsystolic click that, when severe, is associated with a 
murmur just after the click from mitral regurgitation. Auscultory maneuvers 
have the opposite effect from the murmurs of the valvular disease described 
so far. Valsalva and standing, which decrease venous return to the heart, will 
worsen MVP. Anything that increases left ventricular chamber size, such as 
squatting or handgrip, will improve or diminish the murmur of MVP.

Diagnostic Tests

Echocardiography is the best choice. Catheterization should rarely, if ever, be 
done. This is largely because an exact pressure gradient does not need to be 
determined, since valve replacement is rarely needed. 

Treatment

1. Beta blockers are used when the patient is symptomatic.
2. Valve repair can be performed with a catheter by placing a clip to tighten 

up the valve.
3. A few stitches into the valve can markedly tighten up the leaflets, but surgi-

cal repair of the valve is rarely necessary.
4. Endocarditis prophylaxis is not recommended even in the presence of a 

murmur of mitral regurgitation. 

Cardiomyopathy

Definition

Cardiomyopathy is an abnormal function of the heart muscle. Although there 
are frequently valvular or auscultory abnormalities, the origins of all the 
defects are in an abnormally contracting or relaxing myocardium.

Leaflets fit 
better, less 
regurgitation

Leaflet billows 
backwards

Figure 3.7: Redundant mitral valve leaflet does not  
seal, allowing regurgitation. Source: Andrew Peredo.
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Etiology

Cardiomyopathy can be dilated, hypertrophic, or restrictive. The terms dilated 
cardiomyopathy, systolic dysfunction, and low ejection fraction are often used 
interchangeably. Hypertrophic cardiomyopathy is often interchanged with the 
phrase diastolic dysfunction. An even more accurate phrase is “cardiac failure 
with preserved ejection fraction.” 

Presentation/Diagnostic Tests/Treatment

All forms or cardiomyopathy present with shortness of breath, particularly 
worsened by exertion. Edema, rales, and JVD, as previously described, are 
found in all types of cardiomyopathy. Echocardiography is the best initial test 
and often the most accurate test for all of them. Although an EKG and chest 
x-ray should be performed, there is nothing specific on these tests to confirm 
the diagnosis. All of them are treated with diuretics. Other treatment is based 
on the type of cardiomyopathy. In fact, besides the etiology and the physiol-
ogy of the heart, the only real functional difference in the management of the 
patients and the answers to the questions is the treatment.

Murmurs that do not increase with expiration:

 • HOCM

 • MVP

Dilated Cardiomyopathy

Etiology/Presentation/Diagnostic Tests

In addition to previous MI and ischemia, dilated cardiomyopathy can be from:

 · Alcohol
 · Postviral myocarditis
 · Radiation
 · Toxins such as doxorubicin
 · Chagas disease

All the other aspects of the dyspnea, gallop, edema, and other symptoms are 
described in the section on CHF. The same is true for the evaluation of EF, 
first with echocardiography and the nonspecificity of the EKG and chest x-ray.

Treatment

Dilated cardiomyopathy has the greatest number of medications to lower 
mortality. ACEi, ARBs, and beta blockers such as metoprolol or carvedilol and 
spironolactone all lower mortality. Diuretics and digoxin are used to control 
symptoms. If the QRS is wide (more than 120 milliseconds), a biventricular 
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pacemaker can be placed that will improve both symptoms and survival. 
Automated implantable cardioverter/defibrillator has mortality benefit in some 
patients.

Hypertrophic Cardiomyopathy

Definition/Etiology

Hypertension is, by far, the most common cause. It is very important to dis-
tinguish between hypertrophic cardiomyopathy (HCM) and HOCM. HCM 
is a reaction to stressors on the heart such as increased blood pressure. The 
heart hypertrophies to carry the load, but then develops difficulty “relaxing” 
in diastole. If the heart can’t relax to receive blood, the patient becomes short 
of breath.

HOCM is a genetic disorder with an abnormal shape to the septum of the 
heart. The asymmetrically hypertrophied septum will literally form an ana-
tomic obstruction between the septum and the valve leaflet to block blood 
leaving the heart. 

Differences Between HCM and Other Forms of 
Cardiomyopathy
 · S4 gallop
 · Fewer signs of right heart failure such as ascites and enlargement of the 

liver and spleen

Hypertrophic Obstructive Cardiomyopathy
 · Dyspnea, like any other form of cardiomyopathy
 · Chest pain
 · Syncope and lightheadedness
 · Sudden death, particularly in healthy athletes
 · Symptoms worsened by anything that increases heart rate, e.g., exercise, 

dehydration, and diuretics
 · Worsened by anything that decreases left ventricular chamber size, e.g., 

ACEi, ARBs, digoxin, hydralazine, Valsalva, and standing suddenly
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Diagnostic Tests

Echo is the best initial test. The septum is 1.5 times the thickness of the pos-
terior wall.

Treatment

1. Beta blockers are the “best initial therapy” for both HOCM and ordinary 
HCM.

2. Agents with strong negative inotropic qualities such as verapamil and diso-
pyramide can also be useful.

3. Diuretics may help in HCM, but they are contraindicated in HOCM.

HOCM: Specific Therapy
1. Implantable defibrillators should be used in any HOCM patient with 

syncope.
2. Ablation of the septum should first be tried with a catheter placing abso-

lute alcohol in the muscle causing small infarctions. If symptoms persist, 
surgical myomectomy removing part of the septum is the ultimate therapy. 

Systolic anterior motion 
(SAM) of the mitral valve 
is classic for HOCM. It 
contributes to obstruction.

Catheterization is the 
most accurate test 
to determine precise 
gradients of pressure across 
the chamber.

EKG: Nonspecific ST 
and T wave changes are 
common. LVH is common. 
EKG can be normal in a 
quarter.

Septal Q waves in the 
inferior and lateral leads 
are common in HOCM. 
They are not in MI.

Digoxin and spironolactone 
are definitely always 
wrong in hypertrophic 
cardiomyopathy.

Surgical myomectomy 
is the therapy only if 
all medical and catheter 
procedures fail.

Differences in Therapy between Hypertrophic Cardiomyopathy and 
Dilated Cardiomyopathy

Hypertrophic Dilated

Beta Blockers Yes Yes

Diuretics Yes Yes

ACEi/ARB Unclear benefit Yes

Spironolactone No Yes

Digoxin No Yes

In HOCM, ACEi and 
diuretics definitely do not 
help. This is the major 
difference between HOCM 
and HCM.

Narrow outflow tract

Figure 3.8: Thickened asymmetric septum obstructs left ventricular  
outflow tract as the chamber becomes smaller. Source: Andrew Peredo.
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Restrictive Cardiomyopathy
Definition/Etiology

Restrictive cardiomyopathy combines the worst aspects of both dilated and 
hypertrophic cardiomyopathy. The heart neither contracts nor relaxes normally 
because it is infiltrated with substances creating immobility. Causes are:

 · Sarcoidosis
 · Amyloid
 · Hemochromatosis
 · Endomyocardial fibrosis
 · Scleroderma

Presentation

Dyspnea is the most common complaint with signs of right heart failure such 
as ascites, edema, JVD, and enlargement of the liver and spleen.

Pulmonary hypertension is common because of an increase in wedge pressure.

 ▶TIP

Kussmaul sign: An increase in jugulovenous pressure on inhalation is 
common.

Diagnostic Tests

Echocardiography is the best initial test. Ejection fraction may be normal 
or elevated. EKG shows low voltage. Amyloid presents with speckling of the 
septum on echo or cardiac MRI. The most accurate test is an endomyocardial 
biopsy, but this is rarely done because the diagnosis is made from biopsies 
elsewhere in the body. 

Treatment

Treat the underlying cause. Diuretics may relieve some of the pulmonary 
hypertension and signs of right heart failure. There is no other clear therapy.

Effects of Maneuvers
These effects simulate medical treatments. 

Murmurs and the Effects of Maneuvers

Lesion 
Squatting/
leg raising

Standing/
Valsalva

Mitral and aortic stenosis Increases both Decreases both

Mitral and aortic regurgitation Increases both Decreases both

Mitral valve prolapse Decrease Increase

HOCM Decrease Increase

More blood increases all 
murmurs except MVP and 
HOCM.
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Standing and Valsalva
Standing suddenly from a squatting position will open the venous capacitance 
vessels of the legs. 

Valsalva is exhalation against a closed glottis, increasing intrathoracic pres-
sure. When intrathoracic pressure is increased, it will make it harder for blood 
to return to the right side of the heart.

 ▶TIP

Standing or Valsalva = diuretic use.

Standing and Valsalva are similar to using a diuretic. Stenotic and regurgitant 
murmurs are all treated with diuretics and/or salt restriction, so the maneuvers 
of standing and Valsalva will improve them.

MVP and HOCM have worsening of their cardiac physiology with diuretics. 
Diuretics decrease left ventricular chamber size, and worsen the regurgitation 
of MVP and the obstruction of HOCM. Hence, standing and Valsalva will 
worsen them.

Handgrip and Amyl Nitrate
Handgrip is performed by having the patient squeeze the examiner’s hand. The 
contraction of the muscles of the arms will compress the arteries of the upper 
extremity such as the brachial, radial, and ulnar arteries. The main effect of 
handgrip is to increase afterload by obstructing the ability of blood to empty 
the heart. 

Amyl nitrate is a direct arteriolar vasodilator. Amyl nitrate simulates the effect 
of ACE inhibitors or ARBs on the heart. Any valvular disease that is treated 
with an ACEi/ARB will improve with amyl nitrate. “Improve” means a softer 
murmur. 

 ▶TIP

Handgrip = fuller left ventricle.

Amyl nitrate = ACEi = emptier left ventricle.

Standing and Valsalva 
decrease venous return to 
the heart.

Less blood decreases all 
murmurs except MVP and 
HOCM.

Handgrip decreases left 
ventricular emptying; 
amyl nitrate increases 
emptying.

Effect of Maneuvers on Intensity (Loudness) of Murmurs

Lesion Handgrip Amyl nitrate

Aortic stenosis Decreases Increases

Mitral stenosis No effect No effect

Aortic regurgitation Increases Decreases

Mitral regurgitation Increases Decreases

Mitral valve prolapse Decreases Increases

HOCM Decreases Increases

Handgrip and amyl nitrate 
have no meaningful effect 
on mitral stenosis, in the 
same way ACEi has no 
meaningful effect on MS.
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Maneuvers Are Like Treatment
Since regurgitant lesions are treated with ACEi, ARBs, and nifedipine as vaso-
dilators, it is understandable that amyl nitrate decreases the intensity of these 
lesions, since it increases the forward flow of blood and decreases the regurgi-
tant, backward flow of blood.

Handgrip decreases ventricular emptying by increasing afterload. This will 
improve the lesions of MVP and HOCM. A bigger, fuller heart improves the 
obstruction of HOCM. With amyl nitrate, the emptier heart is smaller such as 
would occur with diuretics, dehydration, and tachycardia. That is why amyl 
nitrate will worsen MVP and HOCM.

Pericardial Disease
The causes of pericarditis, pericardial tamponade, and constrictive pericarditis 
have considerable overlap. If the etiology of pericarditis is associated with the 
extravasation of a great deal of fluid, then tamponade can occur. If the cause of 
pericarditis is chronic, then patients can develop the fibrosis and calcification 
of the pericardium that leads to constrictive pericarditis.

Pericarditis
Any infection, inflammatory disorder, connective tissue disorder, trauma 
to the chest, or cancer of an organ anatomically near the heart can cause 
pericarditis. The most common infection is viral; however, Staphylococcus, 
Streptococcus, fungi, and other agents can cause pericarditis in the same way 
that virtually any infection can cause pneumonia. Systemic lupus erythemato-
sus is the most common connective tissue disorder, but Wegener granuloma-
tosis, Goodpasture syndrome, rheumatoid arthritis, polyarteritis nodosa, and 
other disorders can cause pericarditis. 

“What Is the Most Likely Diagnosis?”

Pericarditis is associated with sharp chest pain that changes in intensity with 
respiration as well as the position of the body. The pain is worsened by lying 
flat and improved by sitting up. This is probably from a change in the level of 
tension or “stretch” of the pericardium.

EKG shows ST segment elevation in all leads, but the most specific finding is 
PR segment depression. 

Handgrip improves HOCM 
because the heart is 
larger (more full), which 
decreases the obstruction.
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Figure 3.9: Pericarditis with ST segment elevation and PR segment depression everywhere. 
Source: Alejandro E. de la Cruz, MD.

ST segment elevation  
everywhere

PR depression

Treat the underlying cause. For the majority, no clear cause is identified, and 
these “idiopathic” cases are generally presumed to be viral in etiology with 
Coxsackie B virus. These cases are treated with NSAIDs such as ibuprofen, 
naproxen, indomethacin, or any other drug in the class. Colchicine decreases 
recurrences.

Pericardial Tamponade

Definition/Etiology

Any of the causes of pericarditis can extravasate enough fluid to cause tampon-
ade. Compression of the chambers of the heart starts on the right side because 
the walls are thinner. As little as 50 mL of fluid accumulating acutely can cause 
tamponade. If accumulating over weeks to months, the pericardium will stretch 
to accommodate as much as 2 liters of fluid. Tamponade can also be from 
trauma with a bleed into the pericardium; it requires emergent thoracotomy.

“What Is the Most Likely Diagnosis?”

 · Hypotension
 · Tachycardia
 · Distended neck veins
 · Clear lungs

Which of the following 
physical findings is most 
likely to be associated 
with this patient? Pulsus 
paradoxus. This is a 
decrease of more than 
10 mm Hg in blood 
pressure on inhalation.

MTB Step 2.indb   99 10/24/12   11:53 AM

SUBASH KC/NMC-15TH



101100

Master the Boards: USMLE Step 2 CK

A 78-year-old man with a history of lung cancer comes to the emergency depart-
ment with several days of increasing shortness of breath. He became somewhat 
lightheaded today, and that is what has brought him to the hospital. On physical 
examination, he has a blood pressure of 106/70; pulse of 112; jugulovenous disten-
tion; and the lungs are clear to auscultation. The blood pressure drops to 92/58 
on inhalation.

Which of the following is the most appropriate to confirm the diagnosis?

a. EKG
b. Chest x-ray
c. Echocardiogram
d. Right heart catheterization
e. Cardiac MRI

Answer: C. The phrase “most appropriate” can be very difficult to interpret. It is not 
always clear whether “appropriate” means “first,” “best,” or “most accurate.” In this 
case, the reason the echo is “most appropriate” is because the EKG often shows nothing 
except sinus tachycardia. The chest x-ray is normal in an acute tamponade (x-ray can 
show a “globular heart”), and although right heart catheterization is the most accurate 
to determine precise pressures, it would never be appropriate to do a catheterization 
to evaluate for tamponade without having done an echocardiogram first.

Diagnostic Tests

EKG: electrical alternans (different heights of QRS complexes between beats) 
found on the EKG 

Chest x-ray: enlarged cardiac shadow expanding in both directions (“globular 
heart”)

Figure 3.10: Pericardial effusion. Source: Birju Shah, MD.

Massive pericardial effusion
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Echocardiogram: right atrial and ventricular diastolic collapse

Right heart catheterization: equalization of pressures in diastole

Treatment

1. Pericardiocentesis: Needle drainage will rapidly reexpand the heart
2.  Intravenous fluids 
3. A hole or “window” placed into the pericardium for recurrent cases

Constrictive Pericarditis
Any cause of pericarditis can result in sufficient calcification and fibrosis to 
prevent filling of the right side of the heart if it is chronic, such as tuberculosis. 

“What Is the Most Likely Diagnosis?”

Signs of right heart failure such as:

 · Edema
 · Ascites
 · Enlargement of the liver and spleen
 · JVD

Constrictive pericarditis is a combination of the physical findings described 
above with calcification on chest x-ray. 

“Which of the Following Physical Findings Is Most Likely to Be 
Associated with This Patient?”
 · Kussmaul sign: increase in JVD on inhalation (normally the neck veins 

should go down on inhalation)
 · “Knock”: This is an extra heart sound in diastole from ventricular filling. 

As the heart fills to its maximum, it hits the stiff, rigid pericardium with a 
“knock.”

Diagnostic Tests

The best initial test is a chest x-ray that shows calcification and fibrosis. 

CT scan and MRI are both more accurate, but would not be done if a chest 
x-ray were not done first. 

An echocardiogram is often indispensible in order to exclude right ventricular 
hypertrophy or cardiomyopathy as a cause of the presentation. The myocar-
dium moves normally in those with constrictive pericarditis. 

Treatment

1. Diuretics: used first to decompress the filling of the heart and relieve 
edema and organomegaly

2. Surgical removal of the pericardium

Diuretics will decrease 
intracardiac filling pressure 
and may markedly worsen 
the collapse of the right 
side of the heart.
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Peripheral Artery Disease 
Peripheral artery disease (PAD) is the stenosis of peripheral arteries with the 
same causative factors as coronary and carotid disease such as:

 · Diabetes mellitus
 · Hyperlipidemia
 · Hypertension
 · Tobacco smoking

“What Is the Most Likely Diagnosis?”

The key to this question is leg pain in the calves on exertion, relieved by rest. 
PAD pain occurs when walking up or down hills. Severe disease is associated 
with loss of:

 · Hair follicles
 · Sweat glands
 · Sebaceous glands

The skin becomes smooth and shiny.

Diagnostic Tests

The best initial test is the ankle-brachial index (ABI). This is the ratio of the 
blood pressure in the ankles to the brachial arteries. Normally BP is equal 
between them, or slightly greater in the ankles because of gravity. If the dif-
ference between them is greater than 10% (ABI less than 0.9), then disease is 
present.

The most accurate test is an angiogram, but this is not necessary unless specific 
revascularization will be done.

Treatment

The best initial therapy is:

 · Aspirin
 · Stopping smoking
 · Cilostazol

The single most effective medication is cilostazol. Surgery is done to bypass 
stenosis if these medical therapies are not effective. 

Spinal stenosis pain is 
worse when walking down 
hills, because of leaning 
back.

There is no routine 
screening for PAD since 
there is no mortality 
benefit to be obtained.
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In all major vascular disease, control each of the 
following:

 • BP

 • LDL below 100

 • Diabetes

Aortic Disease

 ▶TIP

The most frequently tested points regarding aortic disease are:

 · Diagnosis and treatment of acute dissection
 · Screening recommendations

A 67-year-old man comes to the emergency department with the sudden onset of 
chest pain. He also has pain between his scapulae. He has a history of hyperten-
sion and tobacco smoking. His blood pressure is 169/108.

What is the best initial test?

a. Chest x-ray
b. Chest CT
c. MRA
d. Transesophageal echocardiogram
e. Transthoracic echocardiogram
f. CT angiogram
g. Angiography

Answer: A. Although not as sensitive as the other tests, the chest x-ray might show 
widening of the mediastinum, which is an excellent clue as to the presence of aortic 
dissection. 

Key points for presence of aortic dissection

 • Pain in between the scapulae

 • Difference in blood pressure between the arms

A 67-year-old man comes to the emergency department with the sudden onset of 
chest pain. He also has pain between his scapulae. He has a history of hyperten-
sion and tobacco smoking. His blood pressure is 169/108.

What is the most accurate test?

a. MRA
b. Transesophageal echocardiogram 
c. Transthoracic echocardiogram
d. CT angiogram
e. Angiogram
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Answer: E. Angiography is more accurate than any of the other choices. It is the most 
invasive and has the potential allergic complications of contrast as well as renal failure, 
but it is the most sensitive and specific.

Treatment

In aortic dissection, the most important step is to control the blood pressure. 
This can be done with:
1. Beta blockers
2. Nitroprusside
3. Surgical correction

Beta blockade will decrease the “shearing forces” that are worsening the dis-
section. Beta blockers must be started before nitroprusside to protect against 
reflex tachycardia of nitro prusside, which will worsen shearing forces.

Which of the following is the most appropriate screening for aortic aneurysm?

a. Everyone above 50 with CT angiography
b. Men who ever smoked above 65 with ultrasound
c. Everyone above 50 with ultrasound
d. Everyone above 65 with ultrasound
e. Men above 65 with ultrasound

Answer: B. When the width of the abdominal aortic aneurysm (AAA) exceeds 5 cm in 
diameter, surgical or catheter-directed repair of the lesion is indicated. The incidence 
of AAA is less in both nonsmokers and in women, so there is no recommendation for 
screening in those groups. New-onset back pain in elderly patients (above 65) should 
have ultrasound of aorta to rule out AAA.

Heart Disease in Pregnancy

Which of the following is the most dangerous to a pregnant woman?

a. Mitral stenosis
b. Peripartum cardiomyopathy
c. Eisenmenger phenomenon
d. Mitral valve prolapse 
e. Atrial septal defect

Answer: B. The worst form of heart disease in pregnancy is peripartum cardiomyopa-
thy with persistent ventricular dysfunction. If a woman with peripartum cardiomyopa-
thy and persistent LV dysfunction becomes pregnant again, she has a very high chance 
of markedly worsening her cardiac function.

There is no difference in 
the accuracy of the MRA, 
CT angiogram, or TEE. 
MRA = CTA = TEE
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Peripartum Cardiomyopathy
It is unknown why there are antibodies made against the myocardium in some 
pregnant women. The LV dysfunction is often reversible and short term. If 
the LV dysfunction does not improve, then the person must undergo cardiac 
transplantation. 

The medical therapy consists of the same drugs as used for dilated cardiomy-
opathy of any cause, namely:

 · ACEi/ARB
 · Beta blockers
 · Spironolactone
 · Diuretics
 · Digoxin

Repeat pregnancy in a woman with peripartum cardiomyopathy will provoke 
enormous antibody production against the myocardium.

Eisenmenger Syndrome
This is the development of a right-to-left shunt from pulmonary hypertension. 
Eisenmenger develops in a person with a ventricular septal defect who has 
significant left-to-right shunting that eventually leads to the development of 
pulmonary hypertension. When the pulmonary hypertension becomes very 
severe, then the shunt reverses and right-to-left shunting develops. 

 ▶TIP

If peripartum cardiomyopathy is not one of the choices in asking, “What is 
the worst cardiac disease in pregnant women?” then look for Eisenmenger 
as one of the choices.

Peripartum 
cardiomyopathy develops 
after delivery in most 
cases; that is why ACEi/
ARBs are acceptable to use. 

Pregnancy increases 
plasma volume by 50%. 
Mitral stenosis will worsen 
in pregnancy, but not 
as much as peripartum 
cardiomyopathy or 
Eisenmenger syndrome.
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