
1. 5 year old male came to ER with palpitations sweating since past 1 hr. On 

examination he had HR of 170/min which was regular, BP-120/70mmHg. ECG 

showed SVT. How will you manage this patient? 

A. Give IV adenosine 24mg stat 

B. Wait for senior to come to take decision 

C. Valsalva/modified valsalva manouvre 

D. DC cardioversion 

Answer: C(Page 1899,1899) 
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Heart Rate Over 120 —    200 BPM
Average
This E C G was not checked for A Fib
because your heart rate was over 120 BPM.

If you repeatedly get this result or you’re
not feeling well, you should talk to your
doctor.

Reported Symptoms
• 3apiE poVnEing or GlVttFring IFartCFat

• $IFst tigItnFss or pain

• 'ainting

25 mm/s, 10 mm/mV , Lead I, 511Hz , iO S 12.1.4, watchO S 5.1.3, Watch4,2 — The waveform is similar to a Lead I E C G . For more information, see Instructions for Use .

20s 21s 22s 23s 24s 25s 26s 27s 28s 29s

10s 11s 12s 13s 14s 15s 16s 17s 18s 19s

0s 1s 2s 3s 4s 5s 6s 7s 8s 9s

FIGURE 246-3 Narrow-complex tachycardia recorded by a consumer wearable monitor (Apple watch). Afib, atrial fibrillation; ECG, electrocardiogram.

TABLE 246-2 Vagal Maneuvers

Diaphragm

Chest
muscles

Lungs

Larynx

Abdominal
cavity

Abdominal
muscles

Rectus muscles

Holding breath while bearing down to  
increase intrathoracic pressure

15s

 Breathing hard into a syringe against pressure  
to increase intrathoracic pressure Raise legs abruptly to increase venous return

Submerge face into cold water (diver’s 
reflex)

Carotid sinus

Vagus nerve

Right common
carotid artery

Sternocleidomastoid
muscle

Cardiac plexus

Carotid sinus massage

Adenosine

Adenosine
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2. Which of the following drugs are not typically associated with sinus node 

dysfunction  

A. Beta blockers 

B. Lithium 

C. Digitalis 

D. Pantoprazole 

 
Answer:D(Page 1875) 

 

Common A trial Flutter and M
acroreentrant and M
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Regular narrow-complex 
tachycardia

Hemodynamic instability

C ardioversion

C atheter
ablation

Antiarrhythmic
therapy

Non-DHP C C B
and/or Beta-

blocker

Vagal reflex/
adenosine

No

Ineffective

Ineffective
Recurrent or

incessant

Recurrent

Recurrent

Recurrent

Yes

FIGURE 249-6 Treatment algorithm for patients presenting with hemodynamically 
stable paroxysmal supraventricular tachycardia. CCB, calcium channel blocker; 
DHP, dihydropyridine.

Carotid sinus massage is reasonable provided the risk of carotid 
vascular disease is low, as indicated by absence of carotid bruits 
and no prior history of stroke. A Valsalva maneuver should be 
attempted in cooperative individuals, and if effective, the patient 
can be taught to perform this maneuver as needed. If vagal maneu-
vers fail or cannot be performed, intravenous adenosine will ter-
minate the vast majority of PSVT episodes by transiently blocking 
conduction in the AV node. Adenosine may produce transient chest 
pain, dyspnea, and anxiety. It is contraindicated in patients with 
prior cardiac transplantation due to potential hypersensitivity due 
to surgical sympathetic denervation. It can theoretically aggravate 
bronchospasm. Adenosine precipitates AF, which is usually brief, 
in up to 15% of patients, so it should be used cautiously in patients 
with WPW syndrome in whom AF may produce hemodynamic 
instability. Intravenous beta blockers and calcium channel blockers 
(verapamil or diltiazem) are also effective but may cause hypoten-
sion before and after arrhythmia termination and have a longer 
duration of action. These agents can also be given orally and can be 
taken by the patient on an as-needed basis to slow ventricular rate 
and facilitate termination by Valsalva maneuver.

The differential diagnosis of wide-complex tachycardia includes 
ventricular tachycardia, PSVT with bundle branch block aberrancy, 
and preexcited tachycardia (see above). In general, these should be 
managed as ventricular tachycardia until proven otherwise. If the 
tachycardia is regular and the patient is stable, a trial of intravenous 
adenosine is reasonable. Very irregular wide-complex tachycardia is 
most likely preexcited AF or flutter (see above) and should be man-
aged with cardioversion, intravenous procainamide, or ibutilide. If 
the diagnosis of PSVT with aberrancy is unequivocal, as may be the 
case in patients with prior episodes, treatment for PSVT with vagal 
maneuvers and adenosine is reasonable. In all cases, continuous 
ECG monitoring should be implemented, and emergency cardio-
version and defibrillation should be available.

A���� � ���� ����
Gregory F. Michaud and William G. Stevenson contributed to this chap-
ter in the 20th edition, and some material from that chapter has been 
retained here.

Macroreentrant atrial tachycardia is due to a large anatomic reentry cir-
cuit, often associated with areas of scar in the atria. Common or typical 
right atrial flutter is due to a circuit pathway around the tricuspid valve 
annulus, bounded anteriorly by the annulus and posteriorly by func-
tional conduction block in the crista terminalis. The wavefront passes 
between the inferior vena cava and the tricuspid valve annulus, known 
as the sub-Eustachian or cavotricuspid isthmus, where it is susceptible 
to interruption by catheter ablation. Thus, common atrial flutter is also 
known as cavotricuspid isthmus-dependent atrial flutter. This circuit 
most commonly revolves in a counterclockwise direction (as viewed 
looking toward the tricuspid annulus from the ventricular apex), which 
produces the characteristic negative sawtooth flutter waves in leads 
II, III, and aVF and positive P waves in lead V1. When the direction 
is reversed, clockwise rotation produces the opposite P-wave vector 
in those leads. The atrial rate is typically 240–300 beats/min but may 
be slower in the presence of atrial disease or antiarrhythmic drugs. It 
often conducts to the ventricles with 2:1 AV block, creating a regular 
tachycardia at 130–150 beats/min, with P waves that may be difficult to 
discern from the T wave. Maneuvers that increase AV nodal block will 
typically expose flutter waves, allowing diagnosis. AV nodal disease or 
AV nodal–blocking agents may render the conduction ratio between 
atrium and ventricle higher, resulting in more obvious flutter waves 
(Fig. 250-1).

Common right atrial flutter often occurs in association with atrial 
fibrillation and often with atrial scar from senescence or prior cardiac 
surgery. Right-sided cardiac or pulmonary vascular disease may also 
predispose to common right atrial flutter. Some patients with atrial 
fibrillation treated with an antiarrhythmic drug, particularly flecain-
ide, propafenone, or amiodarone, will present with atrial flutter rather 
than fibrillation, since these agents slow atrial conduction velocity 
and can promote reentry, in addition to suppressing ectopic atrial  
triggers.

Macroreentrant atrial tachycardias (ATs) that are not dependent 
on conduction through the cavotricuspid isthmus are referred to as 
atypical atrial flutters. They can occur in either atrium and are almost 
universally associated with areas of atrial scar. Right atrial atypical flut-
ter often occurs after cardiac surgery if an atriotomy is performed in 
the right atrium as part of the surgery. Left atrial flutter and perimitral 
left atrial flutter are commonly seen after extensive left atrial ablation 
for atrial fibrillation or atrial surgery. The clinical presentation is sim-
ilar to common atrial flutter but with different P-wave morphologies. 
They can be difficult to distinguish from focal AT, and in most cases, 
the mechanism can only be confirmed by an electrophysiology study 
(Fig. 250-2).

250 Common Atrial Flutter 
and Macroreentrant and 
Multifocal Atrial Tachycardias
William H. Sauer, Paul C. Zei

 � FURTHER READING
B������ J et al: 2019 ESC Guidelines for the management of patients 

with supraventricular tachycardia. The task force for the management 
of patients with supraventricular tachycardia of the European Society 
of Cardiology (ESC) Developed in collaboration with the Association 
for European Paediatric and Congenital Cardiology (AEPC). Eur 
Heart J 41:655, 2020.

C������ DJ: Josephson’s Clinical Cardiac Electrophysiology: Techniques 
and Interpretations, 6th ed. Philadelphia, Wolters Kluwer, 2021.

J����� J, S�������� W (eds): Zipes and Jalife’s Cardiac Electrophysiol-
ogy: From Cell to Bedside, 8th ed. Philadelphia, Elsevier, 2022.
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3. 55 year old known AF with controlled ventricular rate, hypertensive and past history 

of IC bleed 6 yrs back came with Malena. His creatinine level was 4mg/dL. What 

would be the ideal next step for this patient? 

A. LAA closure 

B. Pacemaker 

C. Left ventricular assist devices 

D. Angioplasty 

 
Answer: A(Page 1906-07) 

 

Bleeding is the major risk of anticoagulation. Major bleeding requiring transfusion and intracranial bleeding 

occur in ~1% of patients per year with warfarin. Direct-acting anticoagulants appear to have a lower risk of 

intracranial bleeding compared with warfarin without sacrificing protective effects against thromboembolism. 

The Br adyarrhythmias: Disorders of the Sinoatrial Node 
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CHAPTER 244

TABLE 244-1 Reversible Causes of Sinus Node Dysfunction
Medical Conditions Associated with Sinus Bradycardia
•	 Hypothyroidism
•	 Sleep apnea
•	 Hypoxia
•	 Hypothermia
•	 Increased intracranial pressure
•	 Lyme disease
•	 Myocarditis
•	 COVID-19
•	 Vagal reflex (cough, pain, etc.)

Medications Associated with Sinus Node Dysfunction
Antihypertensive Medications
•	 Beta-adrenergic receptor blockers
•	 Clonidine
•	 Methyldopa
•	 Nondihydropyridine calcium channel blockers
Antiarrhythmic Medications
•	 Amiodarone
•	 Dronedarone
•	 Flecainide
•	 Procainamide
•	 Propafenone
•	 Quinidine
•	 Sotalol
•	 Ivabradine
Psychiatric Medications
•	 Donepezil
•	 Lithium
•	 Opioid analgesics
•	 Phenothiazine antiemetics and antipsychotics
•	 Phenytoin
•	 Selective serotonin reuptake inhibitors
•	 Tricyclic antidepressants
Other
•	 Anesthetic drugs (propofol)
•	 Cannabis
•	 Digoxin
•	 Muscle relaxants

In addition, commercially available wearable devices, such as 
watches with electrocardiographic recording capabilities, can also have 
excellent fidelity electrograms that may also be utilized. Contemporary 
event monitors may be automatically triggered to record the ECG 
when certain programmed heart rate criteria are met and implantable 
monitors permit very long-term recording (years) in particularly 
challenging patients. Treadmill testing can be utilized to assess for 
maximum heart rate. It is worth noting, however, that standard Bruce 
protocol treadmill testing may be helpful in detecting abnormalities in 
maximum heart rate, but more insidious chronotropic incompetence 
that manifests as abnormalities of rate increase during submaximal 
exercise may be more evident with treadmill protocols that have more 
gradual effort increases.

Once there is evidence of sinus node dysfunction, it is important to 
rule out reversible causes of resting sinus bradycardia or chronotropic 
incompetence. Table 244-1 lists the potentially reversible causes of 
sinus node disease and includes hypothyroidism and rate-slowing 
medications. Many patients with sleep apnea will have high vagal tone 
during sleep and especially during apneic events. Sinus bradycardia 
and sinus pauses frequently are seen if a patient is being monitored 
during this period. Sleep apnea, a common reversible cause, should be 
suspected if marked sinus bradycardia and prolonged sinus pauses are 
observed in a telemetry monitoring period during sleep.

If structural heart disease is suspected, transthoracic echocardiogra-
phy should be used to detect potential cardiac abnormalities associated 
with sinus node dysfunction (Fig. 244-3). Advanced cardiac imaging 
is indicated for evaluation of possible myocardial diseases such as 
amyloidosis, infiltrative cardiomyopathy, or myocarditis. Invasive 
electrophysiology testing solely to assess sinus node function is rarely 
utilized beyond the noninvasive techniques mentioned. In patients 
who are also undergoing electrophysiology studies (EPS) for other 
indications, evaluation of sinus node function as part of the EPS may 
be considered. In symptomatic patients with suspected SND, EPS may 
rarely be considered when the diagnosis remains uncertain and after 
initial noninvasive evaluation is inconclusive. Investigation of the sinus 
node during EPS can consist of determination of sinus node recovery 
time (SNRT) and sinoatrial conduction time (SACT). In addition, the 
intrinsic heart rate [118.1 – (0.57 � age)] can be assessed via pharma-
cologic blockade of autonomic tone with intravenous propranolol and 
atropine. EPS is not widely used, however, as there is no evidence that 
abnormal SNRT or SACT alone can be used as an indication for per-
manent pacing (PPM). There is no indication for EPS in asymptomatic 
patients with sinus bradycardia.

 � SA NODAL DYSFUNCTION SUBTYPES
SND can be categorized into problems with impulse formation and 
problems with impulse conduction. The term sick sinus syndrome may 
be used interchangeably with SND and refers to a group of related con-
ditions comprising problems of both impulse formation and impulse 
conduction.

Sinus Node Exit Block (See Fig. 244-4) “Sinus arrest” results 
from failure of impulse formation within the sinus node. Sinoatrial 
exit block results from failure of sinus node activity to propagate to the 
atrium. Sinoatrial exit block can have similar pattern characteristics of 
types of AV node block. It can manifest as complete SA block. Type I 
SA block involves fixed delay out of the sinus node. Type II SA block 
can occur with either progressive delay and then intermittent failure to 
propagate to the atrium (Mobitz I type) or fixed delay with intermittent 
failure to conduct (Mobitz II). The mass of the sinus node is not large 
enough to have an appearance on the ECG. Instead, the P waves that 
result from atrial depolarization can provide information that reflects 
the health of the sinus node. Type II second-degree SA block can be 
inferred on the ECG if the sinus rate abruptly transitions to a sinus 
rate that is half the previous rate (every other sinus depolarization is 
blocked from exiting to the atrium). Sinoatrial Wenckebach can be 
inferred from the ECG in the setting of progressive shortening of the 
P-P interval leading up to a sinus pause. This is due to progressive 
prolongation of sinoatrial conduction, but to a lesser extent with each 
successive prolongation. This is similar to the typical progressive short-
ening of the R-R interval that is observed with AV nodal Wenckebach. 
Other types of SA block require invasive EPS to decipher. The exercise 
of determining the type of SA block with invasive electrophysiology 
testing is typically not necessary because it does not alter management.

Tachy-Brady Syndrome Tachycardia-bradycardia (tachy-brady) 
syndrome is a subset of sick sinus syndrome/sinus node disease that 
consists of high heart rates (most commonly atrial fibrillation) with 
alternating symptomatic bradycardia or offset pauses (Fig. 244-5). 
Commonly, medications that are needed for rate control of tachycardia 
exacerbate bradycardia episodes, and thus the presence of tachy-brady 
syndrome is often a reason to consider pacemaker implantation.

Chronotropic Incompetence Chronotropic incompetence (CI) 
is broadly defined as the inability of the heart to increase its rate to 
meet activity or demand. Compared to an increase stroke volume, the 
increase in heart rate is a stronger contributor to the increase in oxygen 
uptake (VO2) during aerobic exercise. Therefore, CI can be associated 
with severe exercise intolerance and increased cardiovascular events 
and overall morality. CI can take many forms including failure to 
achieve a maximum heart rate [208 – (0.7 � age)], heart rate instability 
with exercise, or failure to achieve submaximal heart rate. Due to this 
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Risk factors for bleeding include age >65–75 years, heart failure, renal insufficiency, prior bleeding, and 

excessive alcohol or non- steroidal anti-inflammatory drug use. In patients who require dual antiplatelet therapy 

(e.g., aspirin and clopidogrel) after coronary or peripheral arterial stenting, there is a substantially increased 

bleeding risk when standard oral anticoagulation with warfarin or a direct-acting anticoagulant is added. The 

optimal combination of agents for patients with AF who also require antiplatelet therapy remains unclear.  

Chronic anticoagulation is contraindicated in some patients due to bleeding risks. Because most atrial thrombi 

likely originate in the left atrial appendage, surgical removal of the appendage, combined with atrial maze 

surgery, may be considered for patients undergoing surgery, although removal of the appendage has not been 

unequivocally shown to reduce the risk of thromboembolism. Percutaneously deployed devices that occlude or 

ligate the left atrial appendage are also available, appear to be noninferior to warfarin in reducing stroke risk, 

and are considered in patients who have a high risk of thromboembolism but serious bleeding risk from chronic 

oral anticoagulation  

 

 

4. Dabigatran is 

A. Factor Xa inhibitor 

B. Vitamin K antagonist 

C. Direct thrombin inhibitor 

D. Factor Xa inhibitor 

Answer: A(Page 1906) 

 

The options for anticoagulation are the oral factor Xa inhibitors apixaban, edoxaban, or rivaroxaban; the oral 

antithrombin inhibitor dabigatran; and the vitamin K antagonist warfarin  

The direct-acting anticoagulants dabigatran, rivaroxaban, apixaban, and edoxaban were noninferior to warfarin 

in individual trials of nonvalvular AF patients, and intent-to-treat analysis of pooled data suggests superiority to 

warfa- rin by small absolute margins of 0.4–0.7% in reduction of mortality, stroke, major bleeding, and 

intracranial hemorrhage. Warfarin is required for patients with rheumatic mitral stenosis or mechanical heart 

valves. The newer, direct-acting anticoagulants have not been tested in rheumatic heart disease, and a direct 

thrombin inhibitor did not prevent thromboembolism in patients with mechanical heart valves.  

 

 

5. 90 year old diabetic came with c/o giddiness since one day. Hear rate was 30 per min. 

Bp was 110/60 mm Hg. Electrolytes, TSH was normal. ECG showed Complete heart 



block. Echo showed no RWMA with EF 56%. What would be further course of action 

for this patient? 

A. Pacemaker 

B. Implantable cardioverter defibrillator 

C. CRT D 

D. Radio frequency ablation 

Anwer: A(Page1886) 

 
6. Patient on dabigatran for atrial fibrillation developed massive UGI bleed. What is the 

antidote that you would give? 

A. Idarasizumab 

B. Pcsk9 inhibitor 

C. Evolocumab 

D. Omalizumab 

 
Answer: A(Page 1906) 

 

Warfa- rin anticoagulation can be reversed by administration of fresh frozen plasma, prothrombin complex 

concentrate, and vitamin K. Reversal agents are available for dabigatran (idarucizumab), and Xa inhibitors are 

available (andexanet alfa), and both are administered intrave- nously. These agents may be pro-thrombotic and 

administration must be judicious.  
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with symptomatic bradycardia and irreversible second- or third- 
degree AV block, regardless of the cause or level of block in the 
conducting system. Symptoms may include those directly related to 
bradycardia and low cardiac output or to worsening heart failure, 
angina, or intolerance to an essential medication. Pacing in patients 
with asymptomatic AV block should be individualized; situations in 
which pacing should be considered are patients with acquired CHB, 
particularly in the setting of cardiac enlargement; left ventricular 
dysfunction; and waking heart rates �40 beats/min. Patients who 
have asymptomatic second-degree AV block of either type should 
be considered for pacing if the block is demonstrated to be intra- or 
infra-His or is associated with a wide QRS complex. Pacing may 
be indicated in asymptomatic patients in special circumstances, in 
patients with profound first-degree AV block and left ventricular 
dysfunction in whom a shorter AV interval produces hemodynamic 
improvement, and in the setting of milder forms of AV conduction 
delay (first-degree AV block, intraventricular conduction delay) 
in patients with neuromuscular diseases that have a predilection 
for the conduction system, such as myotonic dystrophy and other 
muscular dystrophies and Kearns-Sayre syndrome.

AV block in acute MI is often transient, particularly in inferior 
infarction. The circumstances in which pacing is indicated in acute 
MI are persistent second- or third-degree AV block, particularly 
if symptomatic, and transient second- or third-degree AV block 
associated with bundle branch block. Pacing is generally not indi-
cated in the setting of transient AV block in the absence of intra-
ventricular conduction delays or in the presence of fascicular block 
or first-degree AV block that develops in the setting of preexisting 
bundle branch block. Fascicular blocks that develop in acute MI in 
the absence of other forms of AV block also do not require pacing.

Distal forms of AV conduction block may require pacemaker 
implantation in certain clinical settings. Patients with bifascicular 
or trifascicular block and symptoms, particularly syncope that 
is not attributable to other causes, should undergo pacemaker 

implantation. Permanent pacemaker implantation is indicated in 
asymptomatic patients with bifascicular or trifascicular block who 
experience intermittent third-degree block, type II second-degree 
AV block, or alternating bundle branch block. In patients with 
fascicular block who are undergoing electrophysiologic study, a 
markedly prolonged HV interval or block below the His at long 
cycle lengths also may constitute an indication for permanent pac-
ing. Patients with fascicular block and the neuromuscular diseases 
previously described should also undergo pacemaker implantation. 
SELECTION OF PACING MODE AND SYSTEM
In general, a pacing mode that maintains AV synchrony reduces 
complications of pacing such as pacemaker syndrome and  
pacemaker-mediated tachycardia. This is particularly true in 
younger patients; the importance of dual-chamber pacing in the 
elderly, however, is less well established, although AV synchrony in 
patients with sinus rhythm and AV block is typically desired. 
Physiologic Ventricular Pacing In patients with left ventricular 
ejection fraction <50% and AV block who have an indication for 
permanent pacing and are expected to require ventricular pacing 
>40% of the time, techniques to provide more physiologic ventric-
ular activation are preferred to right ventricular pacing to prevent 
heart failure. Cardiac resynchronization therapy (CRT) involves 
placement of an additional pacing lead in a lateral or anterolateral 
branch of the coronary sinus to allow for simultaneous right ven-
tricle and lateral left ventricle pacing leading to a more physiologic 
left ventricular contraction. CRT pacing has been shown to improve 
outcomes and mortality in appropriately selected patients. Phys-
iologic ventricular pacing has also been achieved with placement 
of a ventricular pacing lead in the region of the His bundle. His 
bundle pacing recruits the specialized conduction system, leading 
to a more physiologic cardiac contraction. In addition to His bun-
dle pacing, left bundle branch area pacing in the proximal inter-
ventricular septal region has also been shown to achieve a more 

Symptoms

Lamin A/C ,
neuromuscular

disease

Neuromuscular
disease associated with

progressive conduction tissue
disorder

Complete heart
block (acquired),

advanced AV
block,

Mobitz Type II,
evidence for

infranodal block

Observation

Observation

Lamin
A/C

Neuromuscular
disease

Permanent
pacing

(C lass IIa)

Permanent
pacing

(C lass IIb)

Permanent
pacing

(C lass IIa)

Permanent
pacing

(C lass IIa)

Permanent
pacing

(C lass I)

Permanent
pacing

(C lass I)

Permanent
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(C lass III:
Harm)
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(C lass III:
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Marked first degree AV Block Mobitz Type I Block
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No

No
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FIGURE 245-5 Indications for pacing in patients with atrioventricular (AV) block. In patients presenting with AV block, the category of AV block should be determined 
(first-degree, second-degree, or complete heart block). In first-degree AV block, permanent pacing may be indicated in the setting of symptoms or higher-risk systemic 
disease such as neuromuscular disease or Lamin A/C cardiomyopathy. In Mobitz I AV block, pacing may be considered in the setting of symptoms or the additional 
disease mentioned with first-degree AV block. In complete heart block or Mobitz II AV block, permanent pacing is generally indicated. Class I recommendations should be 
performed or are indicated. Class IIa recommendations are considered reasonable to perform. Class IIb recommendations may be considered. Class III recommendations 
are associated with harm more than benefit. (Reproduced with permission from FM Kusumoto et al: 2018 ACC/AHA/HRS guideline on the evaluation and management of 
patients with bradycardia and cardiac conduction delay. Heart Rhythm 16:e128, 2019.)
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7. Identify the waveform 

 

 
A. Saw tooth pattern 

B. Delta wave 

C. Low voltage complex 

D. None of the above 

 

Answer:A(Page 1899) 

 

Common or typical right atrial flutter is due to a circuit pathway around the tricuspid valve annulus, bounded 

anteriorly by the annulus and posteriorly by func- tional conduction block in the crista terminalis. The wavefront 

passes between the inferior vena cava and the tricuspid valve annulus, known as the sub-Eustachian or 

cavotricuspid isthmus, where it is susceptible to interruption by catheter ablation. Thus, common atrial flutter is 

also known as cavotricuspid isthmus-dependent atrial flutter. This circuit most commonly revolves in a 

counterclockwise direction (as viewed looking toward the tricuspid annulus from the ventricular apex), which 

produces the characteristic negative sawtooth flutter waves in leads II, III, and aVF and positive P waves in lead 

V1. When the direction is reversed, clockwise rotation produces the opposite P-wave vector in those leads. The 

atrial rate is typically 240–300 beats/min but may be slower in the presence of atrial disease or antiarrhythmic 

drugs. It often conducts to the ventricles with 2:1 AV block, creating a regular tachycardia at 130–150 

beats/min, with P waves that may be difficult to discern from the T wave.  

Macroreentrant atrial tachycardias (ATs) that are not dependent on conduction through the cavotricuspid 

isthmus are referred to as atypical atrial flutters. They can occur in either atrium and are almost universally 

associated with areas of atrial scar. Right atrial atypical flut- ter often occurs after cardiac surgery if an 

atriotomy is performed in the right atrium as part of the surgery. Left atrial flutter and perimitral left atrial flutter 

are commonly seen after extensive left atrial ablation for atrial fibrillation or atrial surgery  



 

 

 

8. Which of the following arrhythmia is not secondary to re-entry phenomena? 

A. AVNRT 

B. Scar related VT 

C. Atrial flutter 

D. Digitalis toxicity VT 

Answer: D(Page 1869) 

 
 

9.  Which of the following arrhythmia are not secondary to delayed after depolarisation? 

A. Digitalis toxicity  

B. Ischemia 

C. CPVT 

D. TDP in long QT syndrome 

Answer:D(Page 1869) 

Delayed after depolarisation(Phase 4) Early after depolarisation(Phase 2-3) 

Digitalis toxicity Bradycardia 

Catecholamines Hypokalemia 

Prin ciples of Clinical Cardiac Electrophysiology 
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Table 243-1 Overview of the Mechanisms of Cardiac Tachyarrhythmias
TACHYARRHYTHMIA 
CATEGORY MECHANISM

PROTOTYPICAL 
ARRHYTHMIAS

Abnormal 
Automaticity

Enhanced (acceleration 
of phase 4 repolarization)

Idiopathic VT; AT

� Suppressed (absent or 
decelerated phase 4 
repolarization)

Sinus node dysfunction

Triggered Activity EADs TdP in long QT syndrome, 
PVCs

� DADs Reperfusion PVCs/VT,  
AT and VT with digitalis 
toxicity

Reentry
�

1) Anatomical or 
functional confinement 
of a circuit (i.e., scar, 
accessory pathway);  
2) unidirectional block 
after a premature 
impulse; 3) wave of 
excitation that travels 
in a single direction 
returning to its point of 
origin

AVNRT, AVRT, atrial flutter, 
scar-related VT

while in other tissues K currents, Ca currents, or even the Na/Ca and 
ATP-driven Na/K exchangers contribute.

The rate of depolarization during phase 4 drives the frequency APs, 
and hence automaticity rate of these tissues. In nodal tissues, this rate of 
depolarization is highly regulated by the autonomic system. Parasympa-
thetic input results in local acetylcholine (ACh) release, which then binds 
the IKACh potassium channel complex (specifically via a G protein  
mediated mechanism). The opening of IKACh channels, resulting in K 
efflux, hyperpolarizes these cells, resulting in slowing of phase 4 depo-
larization, thereby slowing the automaticity rate. Sympathetic input, via 
catecholamines, activates both alpha- and beta-adrenergic receptors. 
Beta-1 adrenergic stimulation results in activation of L-type Ca channels, 
Ca influx, and as a result, enhanced depolarization rates during phase 4, 
and increased automaticity rates. The normal range of SA automaticity 
rates is between 30–220 beats/min, corresponding to the normal range 
of rates during sinus rhythm. The sinus rate at any instant is therefore a 
dynamic balance between sympathetic and parasympathetic input, with 
the latter dominating in the restful state. The intrinsic heart rate (IHR) 
is defined as the “native” automaticity rate of the SA node, absent any 
autonomic input.

Abnormally enhanced automaticity may occur at any site that 
exhibits automaticity, including the SA node, AV node, or His-Purkinje 
system, resulting in pathologic tachycardia. In addition, in pathologic 
states, other stereotyped regions in the heart may exhibit enhanced 
automaticity, including the pulmonary veins, coronary sinus superior 
vena cava, and ventricular outflow tracts. Injury to myocardium, 
whether through ischemia or other mechanisms, may alter its cellular 
membrane properties, resulting in automaticity in these tissues. For 
instance, the border zones of infarcted ventricular myocardium, or rap-
idly reperfused ischemic myocardium, often exhibit automatic arrhyth-
mias including PVCs or automatic idioventricular rhythms (AIVR). 
Abnormal automaticity in the pulmonary veins is believed to underpin 
the triggers that drive paroxysmal atrial fibrillation, while automaticity 
elsewhere in the atria drives atrial tachycardias.

 � AFTERDEPOLARIZATIONS AND TRIGGERED 
ARRHYTHMIAS
Afterdepolarizations and triggered arrhythmias refer to abnormal 
depolarizations that occur in the late phases of the AP (afterdepolar-
izations) that can initiate sustained arrhythmias. Early afterdepolariza-
tions (EADs) occur typically during phases 2–3 of the AP and may be 
facilitated by intracellular Ca loading. When the QT interval prolongs, 
typically in a heterogeneous fashion across the ventricles, EADs may 
trigger wavefronts of abnormal depolarizations, resulting in torsades 
des pointes (TdP), a nonsustained or sustained ventricular arrhythmia 
that may result in cardiac arrest. Medications that prolong QT inter-
val, as well as other QT prolonging factors including hypokalemia, 
hypomagnesemia, and bradycardia, predispose the ventricles to EADs 
leading to TdP. Electrical remodeling in cardiomyopathies may also 
predispose to QT prolongation and risk of EADs and TdP.

Delayed afterdepolarizations (DADs) are abnormal depolarizations 
occurring in phase 4 of the AP. The mechanism underlying DADs 
is increased intracellular Ca, which then enhances repetitive depo-
larizations during the late phases of the AP. As a result, repetitive 
depolarizations ensue, including the well-described phenomenon 
of bidirectional ventricular tachycardia. Digitalis glycoside toxicity, 
ischemia, and catecholamines are the most commonly described causes  
for DADs.

 � REENTRY
Reentry refers to the circus movement of a wavefront of electrical 
activation. Reentry can occur around a fixed anatomic barrier, referred 
to as anatomic reentry, or around a functionally blocked or refractory 
barrier or anchor, termed functional reentry. Initiation and mainte-
nance of a reentrant arrhythmia requires (1) unidirectional block, 
where the electrical wavefront can only propagate in one direction, 
and (2) slow conduction, a zone within the reentrant circuit where 
conduction is relatively slow, allowing the remainder of the circuit to 
repolarize and recover from refractoriness (the inability to re-excite).

 � ENHANCED AUTOMATICITY
Automaticity, defined as spontaneous depolarizations occurring dur-
ing phase 4 of the AP, is a normal property of several myocardial 
tissues, including the SA node, AV node, and the His-Purkinje system. 
The automaticity of the SA node triggers the normal cardiac impulse. 
When the automaticity of a more proximal conduction system tissue 
is unreliable or slow, the automaticity of a more distal aspect of the 
conduction system may result in an “escape rhythm” that may maintain 
cardiac output. Automaticity in these tissues results from phase 4 depo-
larization of cellular membranes driven by several ionic currents. In the 
SA node, the nonselective Na/Ca If current drives this depolarization, 

Abnormal automaticity

Reentry

Triggered activity

E arly afterdepolarizations

Triggered activity

Delayed
afterdepolarizations

FIGURE 243-3 Schematic action potentials with early afterpolarizations (EADs) and 
delayed afterdepolarizations (DADs).
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10. According to Vaughan Williams classification which of this is not a class III anti-

arrhythmic drug 

A. Sotalol 

B. Dofetilide  

C. Ibutilide  

D. Flecainide  

Answer:D(Page 1871,1872) 

 

The traditional nomenclature of antiarrhythmic drugs (AADs) is known as the Vaughan Williams classification 

schema. In this schema, there are four classes (I–IV; Table 243-2). Class I AADs primarily target the Na 

channel, Class II agents target the beta- adrenergic receptor, Class III agents target potassium channels, and 

Class IV agents target Ca channels. Class I agents are further subdivided into three subclasses based on the 

kinetics of drug to Na channel interactions. Class IA agents, including procainamide and quinidine, possess 

intermediate binding kinetics and potency. Class IB agents, including lidocaine and mexiletine, possess rapid 

binding kinetics and relatively low potency. Class IC agents (fle- cainide, propafenone) possess slow kinetics 

and high potency. Class II agents consist entirely of beta adrenergic blocking agents. Class III agents (sotalol, 

dofetilide, ibutilide) specifically target the HERG potassium channel and risk prolongation of the QT interval 

through effects on the K channel (HERG) that in large part determine phases 2/3 of the AP, and hence 

ventricular repo- larization. Class IV agents are cardioselective Ca channel blockers including verapamil and 

diltiazem.  

 

 

 

11. Which of the following drugs can promote re-entrant arrhythmia 

A. Sotalol 

B. Ibutilide 

C. Flecainide 

D. Amiodarone 



 
Answer: C(Page 1872) 

 

 
 

 

12. 60 year male with non ischemic dilated cardiomyopathy and EF of 40 percent 

presents with AV block. Which of the following intervention will be most suitable for 

him 

A. Conventional Dual chamber pacemaker implant  

B. Leadless pacemaker implant  

C. Coronary angiogram  

D. His bundle pacing 

Answer: D(Page 1886,87) 

 

In patients with left ventricular ejection fraction <50% and AV block who have an indication for permanent 

pacing and are expected to require ventricular pacing >40% of the time, techniques to provide more physiologic 

ventric- ular activation are preferred to right ventricular pacing to prevent heart failure. Cardiac 

resynchronization therapy (CRT) involves placement of an additional pacing lead in a lateral or anterolateral 

branch of the coronary sinus to allow for simultaneous right ven- tricle and lateral left ventricle pacing leading 

to a more physiologic left ventricular contraction. CRT pacing has been shown to improve outcomes and 

mortality in appropriately selected patients. Physiologic ventricular pacing has also been achieved with 

placement of a ventricular pacing lead in the region of the His bundle. His bundle pacing recruits the specialized 

conduction system, leading to a more physiologic cardiac contraction. In addition to His bun- dle pacing, left 

bundle branch area pacing in the proximal inter- ventricular septal region has also been shown to achieve a more 

physiologic pacing response  
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part determine phases 2/3 of the AP, and hence ventricular repo-
larization. Class IV agents are cardioselective Ca channel blockers 
including verapamil and diltiazem. This classification has signifi-
cant limitations, however. Many AADs interact with multiple ion 
channels, and as a result many exhibit behavior consistent with 
multiple classes. Amiodarone, in particular, exhibits properties of 
all AAD classes. 
CATHETER ABLATION
The rationale that underlies catheter ablation for cardiac arrhythmia 
is that an anatomic substrate can be identified and localized, and 
mechanical disruption of that substrate will eliminate the cardiac 
arrhythmia. For automaticity-driven arrhythmias, a focal source of 
automaticity is identified, localized, and ablated. For anatomic reen-
trant arrhythmias, a critical zone of slow conduction that sustains 
arrhythmia and can be reasonably targeted is ablated. Moreover, 
the ablation target must be in a location deemed at acceptable risk 
of not damaging critical structures such as the native conduction 
system, coronary arteries, or epicardial structures including the 
esophagus and phrenic nerve. Advances in electroanatomical map-
ping, a technology that uses alterations in electrical impedance and 
a magnetic field as measured by an intracardiac mapping catheter, 
have allowed for real-time reconstruction of cardiac chambers and 
identification of arrhythmogenic tissue to be targeted for ablation 
while safely avoiding nontargeted critical structures. Intracardiac 

Table 243-2 Antiarrhythmic Drug Actions

DRUG
CLASS ACTIONS

OTHER ACTIONS/COMMON SIDE EFFECTSI II III IV
Quinidine ++ � ++ � Anticholinergic
Flecainide +++ � + � Can promote reentrant arrhythmias  

(AFL, VT)
Propafenone ++ + � � Mild beta-blocker effect
Amiodarone ++ ++ +++ + Multiorgan toxicity with long-term use
Sotalol � ++ +++ � Prominent beta-blocker effect
Dofetilide � � +++ � Prolongation of QT at slower heart rates
Dronedarone + + + + Mild effect
Ibutilide � � +++ � Used only for acute cardioversion
Ranolazine ++ � ++ � Late sodium channel blockade
Lidocaine ++ � � � Used for reperfusion arrhythmias

echocardiography has also been used to enhance the safety of inva-
sive electrophysiologic procedures with real-time visualization of 
cardiac structures (Fig. 243-4).

In the 1950s–1960s, as the underlying anatomic substrates for 
arrhythmias became better understood, open surgical disruption of 
arrhythmia circuits was the only available interventional and cura-
tive therapy for many arrhythmias. Surgical ligation of accessory 
pathways or resection of ischemic VT substrates was performed at 
specialized surgical centers. The first attempts at clinical catheter 
ablation utilized direct current (DC) energy. This resulted in a 
jarring pulse of electrical energy that would indeed ablate cardiac 
tissue, but with a difficult-to-control scope, often leading to sig-
nificant complications. Radiofrequency (RF) energy was adapted 
to catheter-based cardiac ablation in the 1980s. Radiofrequency 
alternating electrical current (300–550 kHz) delivered through a 
catheter tip results in local tissue heating and permanent injury. 
This type of ablation is similar to the technology used in electrosur-
gical techniques using a Bovie electrocautery device. For more than  
35 years, RF delivery via catheters has been iteratively optimized 
such that it has become the most common and mainstay energy 
source for catheter ablation. Catheter ablation is indicated for a wide 
variety of clinical arrhythmias, including SVT, accessory pathways, 
atrial flutter, atrial fibrillation, PVCs, and VT. Alternative ablative 
energy sources have been explored over the years, including light 
spectrum (laser), microwave, ultrasound, and more recently pulsed 
field electroporation, which injures targeted myocardium through 
high energy, ultra-short pulses of electrical current that disrupts the 
lipid cell membrane, resulting in permanent cell death. Recently, 
the well-established ablative technique of stereotactic (focused and 
directed) external beam ionizing radiation has been applied to the 
heart to treat various arrhythmias, including VT and AF. This par-
ticular treatment modality holds promise given its ability to target 
regions of the heart that may be inaccessible to catheters, as well as 
the completely noninvasive, and thereby theoretically lower risk, 
nature of the procedure.

The most widely applied non-RF ablative energy source today is 
cryothermy, where an ablative catheter tip is cooled to a tempera-
ture range (typically below –40°C) that results in permanent tissue 
death. Cryothermy is most widely applied to ablation of paroxysmal 
atrial ablation, via an expandable balloon introduced sequentially 
into each pulmonary vein and cooled to produce a circumferential 
ablative lesion at the ostium/antrum of each pulmonary vein (see 
Fig. 243-4B). 

A B

FIGURE 243-4 Catheter ablation of cardiac arrhythmias. A. A schematic of the catheter system and generator in a patient undergoing radiofrequency catheter ablation 
(RFCA); the circuit involves the catheter in the heart and a dispersive patch placed on the body surface (usually the back). The inset shows a diagram of the heart with a 
series of intracardiac catheters placed via the IVC, typically through femoral venous access. Catheters are located at the high right atrium, His bundle location, RV apex, and 
through a transseptal puncture within the left atrium. B. Images from an electroanatomic mapping system are shown during mapping and ablation of typical cavo-tricuspid 
isthmus-dependent atrial flutter. This system allows three-dimensional real-time localization and annotation of catheter position and cardiac anatomy to guide mapping and 
ablation. In this instance, two projections of the map are shown at the top of the RA, an RAO, and LAO caudal view. Annotations of ablation lesion delivery are shown as  
red dots. In the left lower aspect of this panel, a simultaneous image from intracardiac echocardiography (ICE) is shown of the RA, with the ablation catheter in view in all 
three images. In the lower right aspect of this panel, surface ECG and intracardiac electrograms acquired in real-time are shown.
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13.  Below is the ECG of a young patient presenting with palpitations. Localise the 

accessory pathway. 

A. Right Anteroseptal 

B. Right posteroseptal 

C. Right free wall 

D. Left anteroseptal 

 
 

Answer:A (Page 1896) 

 

Right-sided pathways preexcite the right ventricle, producing a left bundle branch block–like configuration in 

lead V1, and often create marked preexcitation because of relatively close proximity of the AP to the sinus node 

(Fig. 249-4). Left-sided pathways preexcite the left ventricle and may produce a right bundle branch–like 

configuration in lead V1 and a negative delta wave in aVL, indicating initial depolarization of the lateral portion 

of the left ventricle that can mimic Q waves of lateral wall infarction (Fig. 249-4). Because of the relatively 

large distance between the sinus node and left free wall APs, preexcitation may be minimal or absent on 12-lead 

ECG. Preexcitation due to an AP at the diaphragmatic surface of the heart, typically in the paraseptal region, 

produces delta waves that are negative in leads III and aVF, mimicking the Q waves of inferior wall infarction  



 

14. Below is the ECG of a patient who presented with sudden onset palpitations and 

syncope. Which drug should be used? 

 
 

A. CCBs 

B.BBs 

C. Adenosine 

D. Procainamide 

Answer: D(Page 1899) 

 

Very irregular wide-complex tachycardia is most likely preexcited AF or flutter (see above) and should be man- 

aged with cardioversion, intravenous procainamide, or ibutilide.  

 

 

15. A 60 year old male presents with previously untreated but recurrent paroxysmal 

episodes of atrial fibrillation. What will be the next best choice of treatment? 

A. Dabigatran  

B. Rate control 

C. Catheter ablation  

D. Surgical ablation 



Answer: C(Page 1907-1909) 

For patients with previously untreated but recurrent paroxysmal AF, catheter ablation has superior efficacy 

compared to antiarrhyth- mic drug therapy, and ablation is even more clearly superior to anti- arrhythmic drugs 

for patients who have recurrent AF despite drug treatment.  

 

 

16. Which of this is the most common site for idiopathic VT? 

A. LV outflow tract 

B. RV outflow tract 

C. LV fascicular VT 

D. Papillary muscle  

Answer:B(Page 1919) 
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procedure is often required to maintain sinus rhythm in patients 
with persistent and long-standing persistent AF because of lack of 
lesion durability and complex atrial substrate with non–pulmonary 
vein sources that may be incompletely treated at the initial ablation 
session (Fig. 251-5).

Catheter ablation has a 2–7% risk of major procedure-related 
complications, with the long-term trend suggesting steady improve-
ment in complication rates. Complication rates are clearly lowest 
with high-volume operators and centers. Complications including 
stroke (0.5–1%), cardiac tamponade (1%), phrenic nerve paral-
ysis, bleeding from femoral access sites, and fluid overload with 
heart failure, which can emerge 1–3 days after the procedure. It 
is important to recognize the potential for delayed presentation 
of some complications. Ablation within the PV can lead to PV 
stenosis, presenting weeks to months after the procedure with 
dyspnea or hemoptysis. The esophagus abuts the posterior wall 
of the left atrium where it is subject to injury, and esophageal 
ulcers can form immediately after the procedure and may rarely 
lead to a fistula between the left atrium and esophagus (esti-
mated incidence of <0.1%) that presents as endocarditis and stroke  
10 days to 3 weeks after the procedure. Early diagnosis of atri-
oesophageal fistula is important because delayed diagnosis leads to 
likely death. Diagnosis is made by chest CT scan with water-soluble 
oral and IV contrast. Endoscopy should be avoided in patients 
with a suspected fistula because of the risk of air/esophageal fluid 
embolus. Definitive repair of the atrioesophageal fistula with emer-
gent surgery is required.

Surgical ablation of AF is most frequently performed con-
comitant with cardiac valve or coronary artery surgery and less 
commonly as a stand-alone procedure. However, for patients with 
persistent AF, surgical or hybrid procedures (a combination of a 
surgical and catheter-based approach, most often in separate pro-
cedures) appear to have comparable efficacy to catheter ablation. 
Risks include sinus node injury requiring pacemaker implantation 
and higher morbidity with surgical ablation. Surgical removal of 
the left atrial appendage may reduce stroke risk, although throm-
bus can form in the remnant of the appendage or if the appendage 
is not completely ligated.

RISK FACTORS FOR AND LIFESTYLE 
IMPACT ON ATRIAL FIBRILLATION
There is strong evidence that AF is associated with obesity, hyperten-
sion, alcohol use, and sleep apnea. Aggressive treatment of these risk 
factors can substantially reduce AF episodes in some patients and is 
warranted in all patients, as additional benefits to the patient are likely 
beyond AF improvement. The amount of exercise appears to have a 
complex relationship with the risk of AF development. In males, a 
U-shaped curve exists, where AF risk is high among those with sed-
entary lifestyles and those who participate extensively in endurance 
athletics such as long-distance running or cycling. Moderate exercise 
appears to confer a lower risk of AF. On the other hand, in females, a 
linear relationship exists between exercise and AF risk, with risk of AF 
decreasing continuously with increasing exercise activity. Although 
caffeine intake is often invoked as a risk for AF development or as a 
trigger for AF episodes in patients with a known AF diagnosis, large 
cohort studies have demonstrated, in contrast, a modest decrease in AF 
risk with modest caffeine intake. Other proposed risk factors are being 
evaluated, including psychological stress. Genetic predisposition to AF 
is seen in those with first-degree relatives with AF, and a small subset of 
AF patients can be determined have a familial form of AF.

There is emerging emphasis on an integrated approach to man-
agement of AF patients, with coordinated management of risk factor 
modification, stroke prevention, rate control, rhythm control, and 
management of associated comorbidities of critical importance.

A���� � ���� ����
Gregory F. Michaud and William G. Stevenson contributed to this chap-
ter in the 20th edition, and some material from that chapter has been 
retained here.
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H�������� G et al: 2020 ESC guidelines for the diagnosis and management 
of atrial fibrillation developed in collaboration with the European Asso-
ciation of Cardio-Thoracic Surgery (EACTS). Eur Heart J 42:373, 2021.

J������ CT et al: 2019 AHA/ACC/HRS focused update of the 2014 
AHA/ACC/HRS guideline for the management of patients with 
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FIGURE 251-5 Rhythm control strategy for symptomatic atrial fibrillation (AF). This chart outlines the guideline-based management of patients with symptomatic atrial 
fibrillation. As outlined in Table 251-1, the first step is determination of the temporal nature of the patient’s AF (paroxysmal vs persistent) and any associated risk factors for AF 
recurrence, such as left atrial anatomic dimensions. A decision is then made regarding medical versus catheter ablation–based rhythm control, with recommendations for 
when to consider catheter ablation based on guideline recommendations (class IIa for paroxysmal, IIb for persistent without major risks for recurrence, or AF of any sort in 
patients with heart failure with reduced ejection fraction [EF], class I). Note the importance of patient choice, as well as the subsequent decisions to consider catheter ablation 
if drugs have failed. (G Hindricks et al: 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the European Association of 
Cardio-Thoracic Surgery (EACTS). Eur Heart J 42:17, 2020. (Translated and) Reprinted by permission of Oxford University Press on behalf of the European Society of Cardiology.)
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17. A 45 year old male presents with palpitations of 2 months duration. He is being on 

treatment with 10 mg of bisoprolol however continues to be symptomatic. Holter 

evaluation showed 15 percent PVC burden. What is the next best line of management  

A. Increase dose of bisoprolol 

B. Pacemaker implantation 

C. ICD implantation 

D. Radio frequency catheter ablation  

Answer:D 

Treatment is required for symptoms or when frequent or incessant arrhythmias depress ventricular function. 

Symptoms can be controlled with medications including beta blockers, calcium channel blockers, and sodium 

channel blockers such as flecainide. Although flecainide is not typically recommended in patients with structural 

heart disease, it has been used successfully to resolve tachycardia-induced cardiomyopathy in the setting of 

idiopathic PVCs and VT. Catheter ablation is also indicated for control of symptoms, has an overall success rate 

of 80%, and is recommended for those with symptomatic VT in whom medications are ineffective or not 

preferred by the patient. Efficacy and risks of catheter ablation vary with the specific site of origin of the VT, 

being most favorable for arrhythmias originating in the right ventricular out- flow tract. Failure of ablation is 

most often due to inability to initiate the arrhythmia for mapping in the electrophysiology laboratory.  

 

18. Which of the following conditions does not typically causes polymorphic VT 

A. In setting of acute ischemia 

B. Scar related VT 

Sus tained Ventricular Tachycardia
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Sustained monomorphic ventricular tachycardia (VT) is a ventricular 
arrhythmia with a wide QRS lasting for 30 s or requiring an inter-
vention for termination. Each QRS complex resembles the others, 
indicating either a site of origin from either an automatic focus or 
fixed reentry circuit. In structural heart disease, the substrate is most 
often an area of patchy replacement fibrosis due to infarction, fibrosis, 
inflammation, or prior cardiac surgery that creates anatomic or func-
tional reentry pathways. Less commonly, VT is related to reentry or 
automaticity in diseased conduction pathways in the Purkinje system. 
While scar-related reentrant VTs are associated with risk of sudden 
death, idiopathic VT is a more benign form of VT that occurs in struc-
turally normal hearts and can be due to a focal region of automaticity in 
the myocardium or reentry involving a portion of the Purkinje system.

The clinical presentation varies depending on the rate of the 
arrhythmia, underlying cardiac function, and autonomic adaptation in 
response to the arrhythmia. Rapid VT can produce hypotension that 
may present as syncope, particularly in patients with significant ven-
tricular dysfunction. In contrast, patients with normal cardiac function 
might tolerate their sustained VT, even presenting with simple palpita-
tions, despite rapid rates. Monomorphic VT that is rapid or associated 
with structural heart disease may eventually deteriorate to ventricular 
fibrillation (VF), which may be the initial cardiac rhythm recorded at 
the time of resuscitation of an out-of-hospital cardiac arrest.

DIAGNOSIS
Sustained monomorphic VT (Table 254-1) has to be distinguished 
from other causes of uniform wide QRS tachycardia. These include 
supraventricular tachycardia with left or right bundle branch block 
aberrant conduction, supraventricular tachycardias conducted to the 
ventricles over an accessory pathway, and rapid cardiac pacing, appro-
priate or inappropriate, in a patient with a ventricular pacemaker or 
defibrillator. In the presence of known heart disease, VT is the most 
likely diagnosis of a wide QRS tachycardia, independent of QRS mor-
phology. When left ventricular (LV) function is depressed or there is 
evidence of structural myocardial disease, scar-related reentry is the 
most likely cause of sustained monomorphic VT. Scars are suggested 
by pathologic Q waves on the electrocardiogram (ECG), segmental LV 
or right ventricular wall motion abnormalities on echocardiogram or 

254 Sustained Ventricular 
Tachycardia
William H. Sauer, Usha B. Tedrow

TABLE 254-1 Sustained Ventricular Arrhythmias
 1. Idiopathic ventricular tachycardia (VT) without structural heart disease

A. Outflow tract origin
•	 Right ventricular (RV) outflow tract: left bundle branch block pattern in 

V1 with inferior axis (tall QRS in inferior leads) and late transition in the 
precordial leads

•	 Left ventricular (LV) outflow tract: similar inferiorly directed axis but 
with early precordial transition with prominent R wave in V2–V3

B. LV fascicular VT: Typical right bundle branch block pattern in V1 with sharp 
intrinsicoid deflection and left axis deviation (arising from left posterior 
fascicle in its most common form)

C. Papillary muscle VT
•	 Posteromedial: atypical right bundle branch block pattern in V1 with 

monophasic R wave and left axis deviation
•	 Anterolateral: atypical right bundle branch block pattern in V1 with 

positive deflection in lead III and negative deflection in lead I
 2. Ischemic cardiomyopathy

•	 Monomorphic VT is common with prior large myocardial infarction
•	 Polymorphic VT and ventricular fibrillation (VF) should prompt ischemia 

evaluation
 3. Nonischemic cardiomyopathy

•	 Fibrotic scars can cause monomorphic VT, especially with sarcoidosis 
or other inflammatory cardiomyopathies, Chagas’ disease, and 
familial arrhythmogenic cardiomyopathies such as Lamin A/C genetic 
cardiomyopathy

•	 Polymorphic VT and VF can also occur independently or related to 
degeneration of monomorphic VT

 4. Arrhythmogenic RV cardiomyopathy
•	 Monomorphic VT usually of RV origin (left bundle branch morphology in V1)
•	 Polymorphic VT and VF can occur independently or related to 

degeneration of monomorphic VT
 5. Repaired tetralogy of Fallot

•	 Monomorphic VT of RV origin (usually left bundle branch morphology in V1)
 6. Hypertrophic cardiomyopathy

•	 Polymorphic VT or ventricular fibrillation
•	 Less commonly, monomorphic VT associated with myocardial scars, 

particularly apical aneurysms
 7. Genetic arrhythmia syndromes

A. Long QT syndrome
•	 Torsades des pointes VT

B. Brugada syndrome
•	 Ventricular fibrillation episodes, often nocturnal

C. Catecholaminergic polymorphic VT
•	 Polymorphic VT or bidirectional VT

D. Short QT and early repolarization syndromes
•	 Ventricular fibrillation

 8. Idiopathic polymorphic VT or ventricular fibrillation
•	 Usually triggered by recurrent premature ventricular contractions; the 

most common site of origin is the left posterior fascicle (right bundle 
branch block/left anterior fascicular block pattern)

nuclear imaging, and areas of delayed gadolinium enhancement during 
magnetic resonance imaging (MRI).

Hemodynamic stability during the arrhythmia does not help dis-
tinguish between VT and other mechanisms of wide-complex tachy-
cardia. A number of ECG criteria have been evaluated to distinguish 
supraventricular tachycardia with aberrancy from VT. The presence of 
ventriculoatrial (VA) dissociation is a reliable marker for VT, provided 
the atrial rate is slower than the ventricular rate. Sometimes, P waves 
can be difficult to define, and the VA relationship cannot be assessed 
in a patient with an ongoing atrial arrhythmia such as atrial fibrilla-
tion. A P wave following each QRS does not exclude VT because 1:1 
conduction from ventricle to atrium can occur. A monophasic R wave 
or Rs complex in aVR or concordance from V1 to V6 of monophasic 
R or S waves is also relatively specific for VT (Fig. 254-1). A num-
ber of other QRS morphology criteria have also been described, but 
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C. Congenital long QT syndrome  

D.Drug induced VT 

 
 

 

 

 

 
Answer: B(Page 1924,25,26) 

Acute MI 

Congenital Long QT syndrome 

Acquired long QT syndrome 

Short QT syndrome 

Brugada syndrome 

Early repolarisation syndrome 

CPVT 

HCM 

Ventricular fibrillation 

Genetically determined CMPS 
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syndromes account for 90% of cases. The most frequently encountered 
mutations (LQTS-1 and LQTS-2) are due to abnormalities of potas-
sium channels, but mutations affecting the sodium channel (LQTS-3) 
and calcium channels have also been described.

Typical presentation is with syncope or cardiac arrest, usually dur-
ing childhood. In LQTS-1, episodes tend to occur during exertion, 

particularly swimming. In LQTS-2, sudden auditory stimuli or emo-
tional upset predisposes to events. In LQTS-3, sudden death tends to 
occur during sleep. Asymptomatic patients may be discovered in the 
course of family screening or on a routine electrocardiogram (ECG). 
Genotyping can be helpful for family screening and to provide reassur-
ance regarding the diagnosis. Correlations of genotype with risk and 
response to therapy are beginning to emerge. In most patients with 
LQTS-1 or LQTS-2, adequate doses of beta-blocker therapy (the non-
selective agents nadolol and propranolol are favored) are sufficient pro-
tection from arrhythmia episodes. Markers of increased risk include 
QTc interval exceeding 500 ms, female gender, and a history of syncope 
or cardiac arrest. Recurrent syncope despite beta-blocker therapy or 
a high-risk profile merits consideration of an ICD. Avoidance of QT- 
prolonging drugs is critical for all patients with LQTS, including those 
who are genotype positive but have normal QT intervals.

 � SHORT QT SYNDROME
Short QT syndrome is very rare compared to LQTS. The QTc is <360 ms 
and usually <300 ms. The genetic abnormality causes a gain of function 
of the potassium channel (IKr) or reduced inward depolarizing currents. 
The abnormality is associated with atrial fibrillation, polymorphic VT, 
and sudden death.

 � BRUGADA SYNDROME
Brugada syndrome is a rare syndrome characterized by >0.2 mV of 
ST-segment elevation with a coved ST segment and negative T wave 
in more than one anterior precordial lead (V1–V3) (see Fig. 253-1) and 
episodes of syncope or cardiac arrest due to polymorphic VT in the 
absence of structural heart disease. Cardiac arrest may occur during 
sleep or be provoked by febrile illness. Males are more commonly 
affected than females. Mutations involving cardiac sodium channels 
are identified in ~25% of cases. Distinction from patients with similar 
ST elevation owing to LV hypertrophy, pericarditis, myocardial ische-
mia or MI hyperkalemia, hypothermia, right bundle branch block, and 
arrhythmogenic right ventricular cardiomyopathy is often difficult. 
Furthermore, the characteristic ST-segment elevation can wax and 
wane over time and may become pronounced during acute illness and 
fever. Administration of the sodium channel–blocking drugs flecain-
ide, ajmaline, or procainamide can augment or unmask ST elevation in 
affected individuals. An ICD is indicated for individuals who have had 
unexplained syncope or been resuscitated from cardiac arrest. Quini-
dine and catheter ablation of abnormal regions in the epicardial right 
ventricular free wall have been used successfully to suppress frequent 
episodes of VT.

 � EARLY REPOLARIZATION SYNDROME
Patients resuscitated from VF who have no structural heart disease or 
other identified abnormality have a higher prevalence of J-point ele-
vation with notching in the terminal QRS. A family history of sudden 
death is present in some patients, suggesting a potential genetic basis. 
J-point elevation is also seen in some patients with the Brugada syn-
drome and is associated with a higher risk of arrhythmias. An ICD is 
recommended for those who have had prior cardiac arrest. It should be 
noted that J-point elevation is commonly seen as a normal variant in 
patients without arrhythmias, and in the absence of specific symptoms, 
the clinical relevance is not known.

 � CATECHOLAMINERGIC POLYMORPHIC VT
This rare familial syndrome is due to mutations in the cardiac ryano-
dine receptor and, less commonly, the sarcoplasmic calcium binding 
protein calsequestrin 2. These mutations result in abnormal sarcoplas-
mic calcium handling and polymorphic ventricular arrhythmias that 
resemble those seen with digitalis toxicity. The VT is polymorphic or 
has a characteristic alternating QRS morphology termed bidirectional 
VT. Patients usually present during childhood with exercise or emotion- 
induced palpitations, syncope, or cardiac arrest. �-Adrenergic blockers 
(e.g., nadolol and propranolol) and an ICD are usually recommended. 
Verapamil, flecainide, or surgical left cardiac sympathetic denervation 
reduces or prevents recurrent VT in some patients. The use of ICDs 
is controversial because of the fear that an ICD shock could initiate a 

TABLE 255-1 Causes of QT Prolongation and Torsades des Pointes
1. Congenital long QT syndromes
  Long QT syndrome type 1: Reduced repolarizing current IKs due to mutation in 

KCNQ1 gene
  Long QT syndrome type 2: Reduced repolarizing current IKr due to mutation in 

KCNH2 gene
  Long QT syndrome type 3: Delayed inactivation of the INa due to mutations in 

SCN5A gene
  Others: Several other types of long QT syndromes have been described; long 

QT syndrome types 1, 2, and 3 account for 80–90% of cases
2. Electrolyte abnormalities: Hypokalemia, hypomagnesemia, hypocalcemia
3. Drug-induced acquired prolongation of QT interval
 Antiarrhythmic drugs
  Class IA: Quinidine, disopyramide, procainamide
  Class III: Sotalol, dronedarone, ranolazine, amiodarone, ibutilide, dofetilide
 Antibiotics
  Macrolides: Erythromycin, clarithromycin, azithromycin
  Fluroquinolones: Levofloxacin, moxifloxacin
  Trimethoprim-sulfamethoxazole
  Clindamycin
  Pentamidine
  Chloroquine
  Antifungals: Ketoconazole, itraconazole
  Antivirals: Amantadine
 Antipsychotics
   Haloperidol, phenothiazines, thioridazine, trifluoperazine, sertindole, 

zimelidine, ziprasidone
  Tricyclic and tetracyclic antidepressants
 Antihistamines (histamine 1-receptor antagonists)
  Astemizole, diphenhydramine, hydroxyzine
 Other drugs
  Citrate (massive blood transfusions)
  Cocaine
  Methadone
  Hydroxychloroquine

4. Cardiac conditions
 Myocardial ischemia and infarction
 Myocarditis
 Marked bradycardia
 Stress cardiomyopathy

5. Endocrine disorders
 Hypothyroidism
 Hyperparathyroidism
 Pheochromocytoma
 Hyperaldosteronism  

6. Intracranial disorders
 Subarachnoid hemorrhage
 Thalamic hematoma
 Cerebrovascular accident
 Encephalitis
 Head injury

7. Nutritional disorders
 Anorexia nervosa
 Starvation
 Liquid protein diets
 Gastroplasty and ileojejunal bypass
 Celiac disease
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19. Which of the following modalities is not used in the setting of acute electrical storm 

A. ICD implantation  

B. Stellate ganglia block 

C. Beta blockers 

D. Sedation 

Answer: A(Page 1929) 

 
 

20. Which of the following is the gold standard investigation to measure vessel wall 

stiffness in the patient’s suspected to have hypertension mediated organ damage 

(HMOD) 

a. Ankle brachial index 

b. Carotid angiography 

c. Pulse wave velocity 

d. Femoral artery doppler 

 

Answer: C(page 2075) 

 

An association between arterial stiffness and hypertension is well established. A stiffened vasculature is less 

able to buffer short-term alterations in flow. Although it has been assumed that arterial stiffness is a 

manifestation of hypertension, recent evidence suggests that vascu- lar stiffness may also contribute to elevated 

Electric al Storm and Incessant Ventricular Tachycardia 
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FIGURE 265-3 Global strategy for managing electrical storm. Shown are considerations for stabilization of 
electrical storm with medication strategies and procedures. ECMO, extracorporeal membrane oxygenation; IABP, 
intra-aortic balloon pump.
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FIGURE 256-4 Management algorithm for electrical storm. Shown is a suggested strategy for managing electrical storm based on the underlying rhythm and substrate. 
CCB, calcium channel blocker; DHP, dihydropyridine; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; MMVT, monomorphic ventricular 
tachycardia; PMVT, polymorphic ventricular tachycardia; PVC, premature ventricular contraction; SGB, stellate ganglion block; VF, ventricular fibrillation; VT, ventricular 
tachycardia.

therapies to be considered for patients with unique electrophysiologic 
substrate (Fig. 256-4).

 � VT/VF IN THE SETTING OF MYOCARDIAL 
ISCHEMIA
Ischemia should be considered especially if polymorphic VT or VF is 
identified as the primary arrhythmia. If electrical storm is occurring in 
the setting of an acute coronary syndrome, emergent revascularization 
and alleviation of anginal symptoms should be attempted. Within the 
infarcted myocardium, surviving Purkinje cells can exhibit triggered auto-
maticity and lead to recurrent episodes of polymorphic VT/VF requiring 
frequent cardioversions before and after revascularization. Catheter abla-
tion of premature ventricular contractions (PVCs) that are observed to 
repeatedly initiate the arrhythmia can be effective (Fig. 256-5).

 � PVC�INITIATED 
POLYMORPHIC VT/VF
Similar to the post–myocardial infarction 
electrical storm, patients without myocar-
dial infarction or ischemia can have PVC- 
initiated polymorphic VT/VF storm. This 
idiopathic form of VF is usually caused by 
triggering PVCs originating from fascicular 
tissue or papillary muscles. Often, the ven-
tricular ectopy is from scarred myocardial tis-
sue detected on cardiac magnetic resonance 
imaging. Catheter ablation is indicated for 
this condition when antiarrhythmic medica-
tion is ineffective.

 � ACQUIRED OR CONGENITAL 
LONG QT SYNDROME
If QT prolongation causing torsades des 
pointes (TdP) is possible, intravenous mag-
nesium should be administered for its imme-
diate effect on repolarization. In addition, 
electrolyte repletion, especially potassium, 
should be aggressively pursued. Increasing 
the heart rate can sometimes normalize the 
QT interval, and thus, pharmacologic or 

pacing support should be considered. Isoproterenol can be used to 
increase a patient’s sinus rate, but there is the possibility of increased 
ectopy with high doses of isoproterenol possibly exacerbating ven-
tricular arrhythmias. Although lidocaine can reduce the QT interval, 
other antiarrhythmic agents should be avoided because of their effect 
on repolarization.

 � BRUGADA SYNDROME
If the QT interval is not prolonged and a Brugada pattern of Rsr� with 
ST elevation in leads V1 or V2 is seen on resting ECG, administration 
of quinidine and/or isoproterenol may abolish recurrent polymorphic 
VT/VF episodes. Nondihydropyridine calcium channel blockers and 
isoproterenol have also been used to reduce arrhythmic events. An 
epicardial substrate-based catheter ablation over the right ventricular 
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arterial pressure. Clinically, noninvasive determination of elevated pulse wave velocity between the carotid and 

femoral arteries is often interpreted as an indicator of arte- rial stiffness. Due to arterial stiffness, central blood 

pressures (aortic, carotid) may not correspond to brachial artery pressures. Ejection of blood into the aorta elicits 

a pressure wave that is propagated at a given velocity. The forward traveling wave generates a reflected wave 

that travels backward toward the ascending aorta. Although mean arterial pressure is determined by cardiac 

output and peripheral resistance, pulse pressure is related to the functional properties of large arteries and the 

amplitude and timing of the incident and reflected waves. Increased arterial stiffness results in increased pulse 

wave velocity of both incident and reflected waves. The consequence is augmentation of aortic systolic pressure 

and a reduction of aortic diastolic pressure, i.e., an increase in pulse pressure. The aortic augmentation index, a 

surrogate index of arterial stiffening, is calculated as the ratio of central arterial pressure to pulse pressure. 

However, wave reflections are also influenced by left ventricular structure and function. Central blood pressure 

may be measured directly by placing a sensor in the aorta or noninvasively by radial tonometry. Central blood 

pressure and the aortic augmentation index are independent predictors of cardiovascu- lar disease and all-cause 

mortality. Central blood pressure also appears to be more strongly associated with preclinical organ damage 

than brachial blood pressure.  

 

 

21. Which of the following patients are having hypertensive urgency 

a. 50 year old male with BP- 162/104 with no other complaints 

b. 47 female with altered mental status, nausea, headache and BP- 190/120 

c. 60 year old male, BP 188/120 with no target organ damage 

d. 55 year old female, BP 200/140 with papilledema 

Answer: C(page 2086) 

 

Severe asymptomatic hypertension (systolic blood pressure ≥180 mmHg or diastolic blood pressure ≥120 

mmHg) is considered a hypertensive “urgency,” but when accompanied by acute target damage, it is considered 

a hypertensive “emergency.”  

 

 

22.  55 year old with diabetes, hypertension, dyslipidemia came to emergency with 

headache, vomiting. On examination he was agitated BP 220/120 and having 

papilledema. Drug least useful in this situation is 

a. Furosemide 

b. Nicardipine 

c. Labetalol 



d. Enalaprilat 

 

Answer: A(page 2087) 

 

 
 

23. . A patient with History of frequent exacerabations of COPD undergoing right 

heart catheterisation for evaluation. Which of the following Mean Pulmonary Arterial 

Pressure is diagnostic? 

a. >20mm/hg 

b. >25 mm/hg 

c. >32 mm/hg 

d. >30 mm/hg 

 

Answer: A(Page 2124) 

 

The RHC remains the gold standard test to both establish the diagnosis of PH and guide selection of appropriate 

medical therapy. The hemodynamic criteria for diagnosing PH requires, first, an mPAP >20 mmHg. Precapillary 

and postcapillary PH are then distinguished by virtue of a pulmo- nary artery wedge pressure (PAWP) (or left 

ventricular end-diastolic pressure [LVEDP]) ≤15 mmHg or >15 mmHg, respectively. Isolated precapillary PH 

also requires a PVR ≥3.0 Wood units (WU), whereas isolated postcapillary PH is defined by PVR <3.0 WU. 

Increasingly, combined pre- and postcapillary PH is recognized, defined by elevated mPAP >20 mmHg, PVR 

≥3.0 WU, and PAWP >15 mmHg  
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arterial blood pressure by no more than 25% within minutes to  
2 h or to a blood pressure in the range of 160/100–110 mmHg. This 
may be accomplished with IV nitroprusside, a short-acting vasodi-
lator with a rapid onset of action that allows for minute-to-minute 
control of blood pressure. Parenteral labetalol and nicardipine are 
also effective agents for the treatment of hypertensive encephal-
opathy. In the absence of encephalopathy or another catastrophic 
event, it is preferable to reduce blood pressure over hours or longer 
rather than minutes. This goal may effectively be achieved initially 
with frequent dosing of short-acting oral agents such as captopril, 
clonidine, and labetalol.

Acute, transient blood pressure elevations that last days to 
weeks frequently occur after thrombotic and hemorrhagic strokes. 
Autoregulation of cerebral blood flow is impaired in ischemic cere-
bral tissue, and higher arterial pressures may be required to main-
tain cerebral blood flow. Aggressive reductions of blood pressure 
should be avoided. With the increasing availability of improved CT 
technology for the noninvasive measurement of cerebral blood flow, 
studies are in progress to evaluate the effects of different classes of 
antihypertensive agents on both blood pressure and cerebral blood 
flow after an acute stroke. To prevent recurrence of cerebrovascular 
events, reduction of blood pressure appears to be more important 

TABLE 277-10 Preferred Parenteral Drugs for Selected Hypertensive 
Emergencies
Hypertensive encephalopathy Nitroprusside, nicardipine, labetalol
Malignant hypertension (when IV 
therapy is indicated)

Labetalol, nicardipine, nitroprusside, 
enalaprilat

Stroke Nicardipine, labetalol, nitroprusside
Myocardial infarction/unstable angina Nitroglycerin, nicardipine, labetalol, 

esmolol
Acute left ventricular failure Nitroglycerin, enalaprilat, loop 

diuretics
Aortic dissection Nitroprusside, esmolol, labetalol
Adrenergic crisis Phentolamine, nitroprusside
Postoperative hypertension Nitroglycerin, nitroprusside, labetalol, 

nicardipine
Preeclampsia/eclampsia of pregnancy Hydralazine, labetalol, nicardipine

Source: Reproduced with permission from DG Vidt, in S Oparil, MA Weber (eds): 
Hypertension, 2nd ed. Philadelphia, Elsevier Saunders, 2005.

TABLE 277-11 Usual Intravenous Doses of Antihypertensive Agents 
Used in Hypertensive Emergenciesa

ANTIHYPERTENSIVE 
AGENT INTRAVENOUS DOSE
Nitroprusside Initial 0.3 ( � g/kg)/min; usual 2–4 ( � g/kg)/min; maximum  

10 ( � g/kg)/min for 10 min
Nicardipine Initial 5 mg/h; titrate by 2.5 mg/h at 5–15 min intervals; 

max 15 mg/h
Labetalol 2 mg/min up to 300 mg or 20 mg over 2 min, then  

40–80 mg at 10-min intervals up to 300 mg total
Enalaprilat Usual 0.625–1.25 mg over 5 min every 6–8 h; maximum  

5 mg/dose
Esmolol Initial 80–500 � g/kg over 1 min, then 50–300 ( � g/kg)/min
Phentolamine 5–15 mg bolus
Nitroglycerin Initial 5 � g/min, then titrate by 5 � g/min at 3–5-min  

intervals; if no response is seen at 20 � g/min, 
incremental increases of 10–20 � g/min may be used

Hydralazine 10–50 mg at 30-min intervals
aConstant blood pressure monitoring is required. Start with the lowest dose. 
Subsequent doses and intervals of administration should be adjusted according to 
the blood pressure response and duration of action of the specific agent.

than the choice of specific agents. In the absence of comorbid con-
ditions requiring acute therapy, for patients with a systolic blood 
pressure �220 mmHg or a diastolic blood pressure �120 mmHg, 
who are not candidates for thrombolytic therapy or endovascular 
treatment, the benefit of instituting antihypertensive therapy within 
the first 48–72 h is uncertain. One suggestion for these patients is 
to lower blood pressure by 15% during the first 24 h after onset 
of the stroke. For patients with less severe hypertension, acute 
reduction of blood pressure is not effective in preventing death or 
dependency. If thrombolytic therapy or endovascular treatment is 
to be used, the recommended goal is to reduce blood pressure to  
<185 mmHg systolic pressure and <110 mmHg diastolic pressure 
before thrombolytic therapy is initiated. For neurologically stable 
patients with blood pressure >140/90 mmHg, starting or restarting 
antihypertensive therapy after the first 24 h to improve long-term 
blood pressure control is reasonable. In patients with hemorrhagic 
stroke, who have systolic blood pressure >220 mmHg, it is reason-
able to use continuous intravenous drug infusion to lower blood 
pressure. However, there is no consistent evidence that acute reduc-
tions of systolic blood pressure to a more aggressive target than 
140–179 mmHg improve functional outcome. The management 
of hypertension after subarachnoid hemorrhage is controversial. 
Cautious reduction of blood pressure is indicated if mean arterial 
pressure is >130 mmHg.

In addition to pheochromocytoma, an adrenergic crisis due to 
catecholamine excess may be related to cocaine or amphetamine 
overdose, clonidine withdrawal, acute spinal cord injuries, and an 
interaction of tyramine-containing compounds with monoamine 
oxidase inhibitors. These patients may be treated with phentola-
mine or nitroprusside.

Treatment of hypertension in patients with acute aortic dis-
section is discussed in Chap. 280, and treatment of hypertension 
in pregnancy is discussed in Chap. 479.
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24.  Which of the following groups of patient with PAH has the worst prognosis? 

a. HIV associated 

b. Scleroderma associated 

c. Left heart ds associated 

d. CKD related 

 

Answer: A(Page A) 

The true prevalence of HIV-PAH is not known; however, this PAH subtype is an important cause of mortality in 
the HIV- infected population, and prognosis in these patients is among the least favorable for all PH subgroups. 
There is no correlation between the stage of HIV infection and the development of PAH.  

 

 

25. 40 year old male K/C/O Marfan’s Syndrome came to a regular check up. Chest 

Xray is as shown in the figure below. Following which ECHO was done. Which is the 

following is the management? 

Pulmon ary Hypertension
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FIGURE 283-5 Hemodynamic classification of pulmonary hypertension (PH). Data from right heart catheterization (RHC) exclude PH or inform precapillary, postcapillary, or 
combined pre-/postcapillary PH phenotypes. These categories, in turn, correspond to World Health Organization (WHO) PH clinical groups as follows: group 1, pulmonary 
arterial hypertension; group 2, PH from left heart disease; group 3, PH from primary lung disease and sleep-disordered breathing; group 4, chronic thromboembolic 
pulmonary hypertension; group 5, selected (rare or miscellaneous) causes of PH. mPAP, mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; PVR, 
pulmonary vascular resistance.
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FIGURE 283-6 Strategy for diagnosing pulmonary hypertension (PH) in clinical practice. A high index of clinical suspicion for PH is raised based on clinical features, 
symptoms, and findings on transthoracic echocardiography (ECHO). The prevalence of PH is elevated in primary lung or cardiovascular disease; therefore, an initial 
assessment should be geared toward diagnosing these comorbidities. This may include emphasis on cardiovascular risk factors, pulmonary function testing (PFT), and/or 
high-resolution computed tomography (HRCT) of the chest. The diagnosis of PH and assessment of disease severity are determined by findings on right heart catheterization 
(RHC). Classification of PH subtype hinges on hemodynamic parameters and clinical features. Group 2 PH may be evident with PVR <3.0 WU, as detailed in Fig. 283-5. CTA, 
computed tomographic angiography; CTEPH, chronic thromboembolic pulmonary hypertension; DLCO, diffusing capacity of carbon monoxide; ECG, electrocardiogram; mPAP, 
mean pulmonary artery pressure; PAH, pulmonary arterial hypertension; PAWP, pulmonary artery wedge pressure; PE, pulmonary embolism; PVR, pulmonary vascular 
resistance; V/Q, ventilation/perfusion nuclear scan; WHO, World Health Organization; XR, x-ray.
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a. Operative repair if diameter is >5 cm 

b. Operative repair if diameter is >6 cm 

c. Operative repair if diameter is > 5.5 cm 

d. Operative repair if diameter is >4.5cm 

 

Answer: D(Page 2103) 

 

Operative repair with placement of a prosthetic graft is indicated in patients with symptomatic ascending 

thoracic aortic aneurysms, and for most asymptomatic aneurysms, including those associated with bicuspid 

aortic valves when the aortic root or ascending aor- tic diameter is ≥5.5 cm, or when the growth rate is >0.5 cm 

per year. Replacement of the ascending aorta >4.5 cm is reasonable in patients with bicuspid aortic valves 

undergoing aortic valve replace- ment because of severe aortic stenosis or aortic regurgitation. In patients with 

Marfan’s syndrome, ascending thoracic aortic aneu- rysms of 4–5 cm should be considered for surgery. 

Operative repair is indicated for patients with degenerative descending thoracic aor- tic aneurysms when the 

diameter is >6 cm, and endovascular repair should be considered if feasible when the diameter is >5.5 cm. 

Repair is also recommended when the diameter of a descending thoracic aortic aneurysm has increased >1 cm 

per year.  



 

 

26. 65 year old male came with acute chest pain radiating to the interscapular region 

in the back. He is Hypertenisive since 10 years. CT image is as shown in the figure. 

Drugs contraindicated in this patient is? 

 
 

a. Hydralazine 

b. Esmolol 

c. Labetolol 

d. Verapamil 

 

Answer: A(Page 2106) 

 

For acute dissection, unless contraindicated, β-adrenergic blockers should be administered parenterally, using 

intravenous propranolol, metoprolol, or the short-acting esmolol to achieve a heart rate of ~60 beats/min. This 

should be accompanied by sodium nitroprusside infusion to lower systolic blood pressure to ≤120 mmHg. 

Labetalol , a drug with both β- and α-adrenergic blocking properties, also may be used as a parenteral agent in 

acute therapy for dissection.  

The calcium channel antagonists verapamil and diltiazem may be used intravenously if nitroprusside or β-

adrenergic blockers cannot be employed. The addition of a parenteral angiotensin-converting enzyme (ACE) 

inhibitor such as enalaprilat to a β-adrenergic blocker also may be considered. Isolated use of a direct 



vasodilator such as hydralazine is contraindicated because these agents can increase hydraulic shear and may 

propagate the dissection.  

 

27. 45 year old female came with complaints of bluish discolouration of finger tips on 

exposure to cold. Drug to be avoided in this condition is 

a. Clonidine 

b. Prazosin 

c. Diltiazem 

d. Isradipine 

 

 Answer: A(Page 2113) 

 

 
28.  ECHO in a patient with pulmonary embolism shows akinesia of RV free wall 

while normal motion of RV apex. This sign is? 

a. Moose’s sign 

b. Mc Connel Sign 

c. Homan’s Sign 

d. Lowenback sign 

 

Answer: B(page 2097) 

Art erial Diseases of the Extremities 
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suggest that there may be a common predisposing cause for the 
vasospasm.

Results of physical examination are often entirely normal; the radial, 
ulnar, and pedal pulses are normal. The fingers and toes may be cool 
between attacks and may perspire excessively. Nailfold capillaroscopy 
reveals normal superficial capillaries, which appear as regularly spaced 
hairpin loops. Thickening and tightening of the digital subcutaneous 
tissue (sclerodactyly) develop in 10% of patients. Angiography of the 
digits for diagnostic purposes is not indicated.

In general, patients with primary Raynaud’s disease have milder 
clinical manifestations. Fewer than 1% of these patients lose a part of a 
digit. After the diagnosis is made, the disease improves spontaneously 
in ~15% of patients and progresses in ~30%.

Secondary Causes of Raynaud’s Phenomenon Raynaud’s 
phenomenon occurs in 80–90% of patients with systemic sclerosis 
(scleroderma) and is the presenting symptom in 30% (Chap. 360). 
It may be the only symptom of scleroderma for many years. Abnor-
malities of the digital vessels may contribute to the development of 
Raynaud’s phenomenon in this disorder. Ischemic fingertip ulcers may 
develop and progress to gangrene and autoamputation. About 20% 
of patients with systemic lupus erythematosus (SLE) have Raynaud’s 
phenomenon (Chap. 356). Occasionally, persistent digital ischemia 
develops and may result in ulcers or gangrene. In most severe cases, 
the small vessels are occluded by a proliferative endarteritis. Raynaud’s 
phenomenon occurs in ~30% of patients with dermatomyositis or 
polymyositis (Chap. 365). It frequently develops in patients with rheu-
matoid arthritis and may be related to the intimal proliferation that 
occurs in the digital arteries.

Atherosclerosis of the extremities is a common cause of Raynaud’s 
phenomenon in men aged >50 years. Thromboangiitis obliterans is an 
uncommon cause of Raynaud’s phenomenon but should be considered 

in young men, particularly those who are cigarette smokers. The devel-
opment of cold-induced pallor in these disorders may be confined to 
one or two digits of the involved extremity. Occasionally, Raynaud’s 
phenomenon may follow acute occlusion of large and medium-sized 
arteries by a thrombus or embolus. Embolization of atheroembolic 
debris may cause digital ischemia. The latter situation often involves 
one or two digits and should not be confused with Raynaud’s phe-
nomenon. In patients with thoracic outlet compression syndrome, 
Raynaud’s phenomenon may result from diminished intravascular 
pressure, stimulation of sympathetic fibers in the brachial plexus, or a 
combination of both. Raynaud’s phenomenon occurs in patients with 
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FIGURE 281-3 Vascular diseases associated with temperature: A. Raynaud’s phenomenon; B. acrocyanosis; C. livedo reticularis; D. pernio; E. erythromelalgia; and  
F. frostbite.

TABLE 281-1 Classification of Raynaud’s Phenomenon
Primary or idiopathic Raynaud’s phenomenon
Secondary Raynaud’s phenomenon
  Collagen vascular diseases: scleroderma, systemic lupus erythematosus, 

rheumatoid arthritis, dermatomyositis, polymyositis, mixed connective tissue 
disease, Sjögren’s syndrome

  Arterial occlusive diseases: atherosclerosis of the extremities, thromboangiitis 
obliterans, acute arterial occlusion, thoracic outlet syndrome

 Pulmonary hypertension
  Neurologic disorders: intervertebral disk disease, syringomyelia, spinal cord 

tumors, stroke, poliomyelitis, carpal tunnel syndrome, complex regional pain 
syndrome

  Blood dyscrasias: cold agglutinins, cryoglobulinemia, cryofibrinogenemia, 
myeloproliferative disorders, lymphoplasmacytic lymphoma

  Trauma: vibration injury, hammer hand syndrome, electric shock, cold injury, 
typing, piano playing

  Drugs and toxins: ergot derivatives, methysergide, � -adrenergic receptor 
blockers, bleomycin, vinblastine, cisplatin, gemcitabine, vinyl chloride
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Echocardiography is not a reliable diagnostic imaging tool for acute PE because most patients with PE have 

normal echocardiograms. However, echocardiography is a very useful diag- nostic tool for detecting conditions 

that may mimic PE, such as acute myocardial infarction, pericardial tamponade, and aortic dissection. 

Transthoracic echocardiography rarely images thrombus directly. The best-known indirect sign of PE on 

transthoracic echocardiography is McConnell’s sign: hypokinesis of the RV free wall with normal or 

hyperkinetic motion of the RV apex. One should consider transesoph- ageal echocardiography when CT 

scanning facilities are not available or when a patient has renal failure or severe contrast allergy that precludes 

administration of contrast despite premedication with high- dose steroids. This imaging modality can identify 

saddle, right main, or left main PE.  

 

29. A middle aged man presents to the emergency room with a sudden onset of pain 

in the right leg. The pain is associated with swelling, redness and tenderness. Which 

Of the following is false regarding the management of this condition? 

a. Recurrence of this condition despite intensive anticoagulation is an indication of 

IVC filter 

b. IVC filters can prevent recurrent PE in patients of right heart failure 

c. IVC filters reduce the rate of recurrence of this condition 

d. Pulmonary thromboendarterectomy is done in patients with chronic 

thromboembolic pulmonary hypertension 

 

Answer: B(Page  2098) 

 

Anticoagulation or placement of an inferior vena cava (IVC) filter constitutes secondary prevention of VTE. 

IVC filters are indicated in patients with an absolute contraindication to anticoagulation and for those who have 

suffered recurrent VTE while receiving therapeutic doses of anticoagulation. Under most circumstances, IVC 

filters are not indicated for primary prevention of VTE. The IVC filter should be retrieved if the clinician judges 

that the patient no longer requires it.  

 

 

30. In a patient with a Well’s score of 1.5, which of the following should be initial 

investigation? 

a. D-dimer levels 

b. CT-PA 



c. V/Q scan 

d. Doppler 

 

Answer: A(Page 2095) 

 

 
31.  45 year old woman underwent bariatric surgery. On post operative day 4, she 

developed pulmonary embolism as confirmed by CT-PA. Her BP was 70/44 mm/hd 

with poor urine output. IV fluids were administered with dobutamine after which the 

BP increased to 82/54mm/hg. 

Which is the most appropriate next step to manage this patient. 

a. LMWH 

b. IVC filter 

c. Mechanical pulmonary thrombectomy 

d. Thrombolysis with tPA 

 

Answer: C(Page 2100) 

 

Contraindications to fibrinolysis include intracranial disease, recent surgery, and trauma. The overall major 

bleeding rate is ~10%, including a 2–3% risk of intracranial hemorrhage. Careful screening of patients for 

contraindications to fibrinolytic therapy is the best way to minimize bleeding risk.  

Deep -Venous Thrombosis and Pulmonary Thromboembolism
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The standard upper of limit of a �-dimer is 500 ng/mL. However, 
guidelines now recommend use of an age-adjusted �-dimer when 
ruling out acute PE. The age-adjusted �-dimer applies to patients older 
than 50 years of age with low or intermediate clinical probability of PE. 
To calculate the upper limit of normal �-dimer in these patients, mul-
tiply the age by 10. For example, a 70-year-old patient suspected of PE 
would have 700 ng/mL as the upper limit of normal. The age-adjusted 
�-dimer does not apply to patients suspected of acute DVT. In vali-
dation studies, implementing routine use of the age-adjusted �-dimer 
may reduce the number of CT pulmonary angiograms that are ordered 
by about one-third.

The most common symptom of PE is unexplained breathlessness. 
When occult PE occurs concomitantly with overt congestive heart 
failure or pneumonia, clinical improvement often fails to ensue despite 
standard medical treatment of the concomitant illness. This scenario 
presents a clinical clue to the possible coexistence of PE.

With DVT, the most common symptom is a cramp or “charley 
horse” in the lower calf that persists and intensifies over several days. 
Wells Point Score criteria help estimate the clinical likelihood of DVT 
and PE (Table 279-2). Patients with a low likelihood of DVT or a 
low-to-moderate likelihood of PE should undergo initial diagnostic 
evaluation with �-dimer testing alone (see “Blood Tests”) without 
obligatory imaging tests if the �-dimer test result is negative (Fig. 279-7). 
However, patients with a high clinical likelihood of VTE should skip 
�-dimer testing and undergo imaging as the next step in the diagnostic 
algorithm.

Clinical Pearls Not all leg pain is due to DVT, and not all dyspnea 
is due to PE (Table 279-3). Sudden, severe calf discomfort suggests a 
ruptured Baker’s cyst. Fever and chills usually herald cellulitis rather 
than DVT. Physical findings, if present, may consist only of mild palpa-
tion discomfort in the lower calf. However, massive DVT often presents 
with marked thigh swelling, tenderness, and erythema. Recurrent left 
thigh edema especially in young women raises the possibility of May-
Thurner syndrome, with right proximal iliac artery compression of the 
left proximal iliac vein. If a leg is diffusely edematous, DVT is unlikely. 
More probable is an acute exacerbation of venous insufficiency due to 
postthrombotic syndrome. Upper extremity venous thrombosis may 
present with asymmetry in the supraclavicular fossa or in the circum-
ference of the upper arms.

TABLE 279-2 Clinical Decision Rules
Low Clinical Likelihood of DVT if Point Score Is Zero or Less; Moderate 
Likelihood if Score Is 1 to 2; High Likelihood if Score Is 3 or Greater

CLINICAL VARIABLE DVT SCORE
Active cancer 1
Paralysis, paresis, or recent cast 1
Bedridden for >3 days; major surgery <12 weeks 1
Tenderness along distribution of deep veins 1
Entire leg swelling 1
Unilateral calf swelling >3 cm 1
Pitting edema 1
Collateral superficial nonvaricose veins 1
Alternative diagnosis at least as likely as DVT –2
High Clinical Likelihood of PE if Point Score Exceeds 4

CLINICAL VARIABLE PE SCORE
Signs and symptoms of DVT 3.0
Alternative diagnosis less likely than PE 3.0
Heart rate >100/min 1.5
Immobilization >3 days; surgery within 4 weeks 1.5
Prior PE or DVT 1.5
Hemoptysis 1.0
Cancer 1.0

Abbreviations: DVT, deep-venous thrombosis; PE, pulmonary embolism.

Suspect DVT or P E

Assess clinical likelihood

Low

D-dimer D-dimer

Normal

No DVT Imaging test needed No P E Imaging test needed

High Normal High

Not low Not high High

DVT P E

FIGURE 279-7 How to decide whether diagnostic imaging is needed. For 
assessment of clinical likelihood, see Table 279-2. DVT, deep-venous thrombosis; 
PE, pulmonary embolism.

TABLE 279-3 Differential Diagnosis of DVT and PE
DVT
Ruptured Baker’s cyst
Muscle strain/injury
Cellulitis
Acute postthrombotic syndrome/venous insufficiency
PE
Pneumonia, asthma, chronic obstructive pulmonary disease
Congestive heart failure
Pericarditis
Pleurisy: “viral syndrome,” costochondritis, musculoskeletal discomfort
Rib fracture, pneumothorax
Acute coronary syndrome
Anxiety
Vasovagal syncope

Abbreviations: DVT, deep-venous thrombosis; PE, pulmonary embolism.

Pulmonary infarction usually indicates a small PE. This condition is 
exquisitely painful because the thrombus lodges peripherally, near the 
innervation of pleural nerves. Nonthrombotic PE etiologies include fat 
embolism after pelvic or long bone fracture, tumor embolism, bone 
marrow, and air embolism. Cement embolism and bony fragment 
embolism can occur after total hip or knee replacement. Intravenous 
drug users may inject themselves with a wide array of substances that 
can embolize, such as hair, talc, and cotton. Amniotic fluid embolism 
occurs when fetal membranes leak or tear at the placental margin.

Nonimaging Diagnostic Modalities • BLOOD TESTS The 
quantitative plasma �-dimer enzyme-linked immunosorbent assay 
(ELISA) rises in the presence of DVT or PE because of the breakdown 
of fibrin by plasmin. Elevation of �-dimer indicates endogenous 
although often clinically ineffective thrombolysis. The sensitivity of 
the �-dimer is >80% for DVT (including isolated calf DVT) and >95% 
for PE. The �-dimer is less sensitive for DVT than for PE because the 
DVT thrombus size is smaller. A normal �-dimer is a useful “rule out” 
test for PE. However, the �-dimer assay is not specific. Levels increase 
in patients with myocardial infarction, pneumonia, sepsis, cancer, the 
postoperative state, and those in the second or third trimester of preg-
nancy. Therefore, �-dimer rarely has a useful role among hospitalized 
patients, because levels are frequently elevated due to systemic illness.
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For patients with submassive PE who have preserved systolic blood pressure but moderate or severe RV 

dysfunction, use of fibrinolysis remains controversial. A 2019 American Heart Asso- ciation Scientific 

Statement suggests considering advanced therapy with thrombolysis or embolectomy in patients with lack of 

improve- ment, clinical deterioration, severe physical distress with anticoag- ulation alone, clot in transit, severe 

or persistent RV strain, signs of low cardiac output, low bleeding risk, and good life expectancy.  

 

 

32. Which one of the following regarding intra vascular imaging and physiology is 

not true? 

A. OCT has a better spatial resolution than IVUS 

B. IVUS has a better depth of field 

C. A FFR more than 0.80 suggests hemodynamic significant stenosis  

D. A coronary flow reserve less than 2 is considered abnormal 

 

Answer: C( Page 1865) 

Intravascular ultrasound (IVUS) provides a more accurate anatomic assessment of the coronary artery and the 

degree of coronary athero- sclerosis . IVUS is performed using a small flexible catheter with a 40-mHz 

transducer at its tip that is advanced into the coronary artery over a guidewire. Data from IVUS studies may be 

used to image atherosclerotic plaque precisely, determine luminal cross-sectional area, and measure vessel size; 

it is also used during or following percutaneous coronary intervention to assess the stenosis and determine the 

adequacy of stent placement. Optical coherence tomography (OCT) is a catheter- based imaging technique that 

uses near-infrared light to generate images with better spatial resolution than IVUS (12–18 microns vs 150– 200 

microns); however, the depth of field is smaller. The advantage of OCT imaging over IVUS lies in its ability to 

image characteristics of the atherosclerotic plaque (lipid, fibrous cap) with high definition and to assess 

coronary stent placement, apposition, and patency  

Fractional flow reserve is measured using a coronary pressure–sensor guidewire at rest and at maximal 

hyperemia following the infusion of adenosine . A fractional flow reserve of <0.80 indicates a hemodynamically 

significant stenosis that would benefit from intervention.  

Microvascular dysfunction can be evaluated by assessing coronary flow reserve, the ratio between coronary 

blood flow at maximal hyper- emia and rest. Coronary flow reserve is measured using a Doppler wire– or 

pressure wire–based thermodilution technique in patients with unexplained chest pain or ischemia and no 

obstructive coronary artery disease. A coronary flow reserve <2.0 is considered abnormal.  



 
 

 

 
 

 
 

33. Which of the following statements regarding restrictive cardiomyopathy is not true? 

A. Prominent right atrial y descent  

B. Right ventricular systolic pressure more than 60 mm Hg 

C. Right and left ventricular systolic pressure relationship concordance  

D. RVEDP and LVEDP difference less than 5 mm Hg 

Answer: D(Page 1863) 
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FIGURE 242-6 Coronary stenoses on cine angiogram and intravascular ultrasound. 
Significant stenoses in the coronary artery are seen as narrowings (black arrows) 
of the vessel. Intravascular ultrasound shows a normal segment of artery (A), areas 
with eccentric plaque (B, C), and near total obliteration of the lumen at the site of the 
significant stenosis (D). Note that the intravascular ultrasound catheter is present in 
the images as a black circle.
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Lipid plaque Thrombus Stent

FIGURE 242-7 Optical coherence tomography imaging. A. The optical coherence tomography (OCT) catheter (*) in the lumen of a coronary artery with limited neointima 
formation. The intima is seen with high definition, but unlike intravascular ultrasound imaging, the vessel media and adventitia are not well visualized. B. A fibrous plaque 
(arrow) is characterized by a bright signal. C. A large, eccentric, lipid-rich plaque obscures part of the vessel lumen. Because lipid in the plaque absorbs light, the lipid-rich 
plaque appears as a dark area with irregular borders (arrow). The plaque is covered by a thin fibrous cap (arrowhead) typical of a vulnerable plaque. D. A thrombus (arrow) 
adherent to a ruptured plaque that is protruding into the vessel lumen. E. A coronary stent is that is well opposed to the vessel wall. The stent struts appear as short bright 
lines with dropout behind the struts (arrow).

 � INTRAVASCULAR ULTRASOUND, OPTICAL 
COHERENCE TOMOGRAPHY, FRACTIONAL FLOW 
RESERVE, AND CORONARY FLOW RESERVE
During coronary angiography, intermediate stenoses (40–70%), inde-
terminate findings, or anatomic findings that are incongruous with the 
patient’s symptoms may require further interrogation. In these cases, 
intravascular ultrasound (IVUS) provides a more accurate anatomic 
assessment of the coronary artery and the degree of coronary athero-
sclerosis (Fig. 242-6). IVUS is performed using a small flexible catheter 
with a 40-mHz transducer at its tip that is advanced into the coronary 
artery over a guidewire. Data from IVUS studies may be used to image 
atherosclerotic plaque precisely, determine luminal cross-sectional area, 
and measure vessel size; it is also used during or following percutaneous 
coronary intervention to assess the stenosis and determine the adequacy 
of stent placement. Optical coherence tomography (OCT) is a catheter- 
based imaging technique that uses near-infrared light to generate 
images with better spatial resolution than IVUS (12–18 microns vs 150–
200 microns); however, the depth of field is smaller. The advantage of 
OCT imaging over IVUS lies in its ability to image characteristics of the 

atherosclerotic plaque (lipid, fibrous cap) with high definition and to 
assess coronary stent placement, apposition, and patency (Fig. 242-7).

Measurement of the fractional flow reserve provides a functional 
assessment of the stenosis and is more accurate in predicting long-
term clinical outcome than imaging techniques. The fractional flow 
reserve is the ratio of the pressure in the coronary artery distal to the 
stenosis divided by the pressure in the artery proximal to the stenosis 
at maximal vasodilation. Fractional flow reserve is measured using a 
coronary pressure–sensor guidewire at rest and at maximal hyperemia 
following the infusion of adenosine (Fig. 242-8). A fractional flow 
reserve of <0.80 indicates a hemodynamically significant stenosis that 
would benefit from intervention. The instantaneous wave-free ratio, 
which measures the gradient across the stenosis during the latter part 
of diastole, does not require the use of adenosine and may be preferred 
for some patients with asthma or documented allergy to adenosine. 
An instantaneous wave-free ratio of <0.89 is considered positive for 
ischemia. Resting gradients have also been shown to predict a signifi-
cant stenosis. Using both pressure and velocity, an index of myocardial 
resistance can also be calculated. Studies have shown this to be an 
important predictor of outcome as well.

Microvascular dysfunction can be evaluated by assessing coronary 
flow reserve, the ratio between coronary blood flow at maximal hyper-
emia and rest. Coronary flow reserve is measured using a Doppler 
wire– or pressure wire–based thermodilution technique in patients 
with unexplained chest pain or ischemia and no obstructive coronary 
artery disease. A coronary flow reserve <2.0 is considered abnormal.

 � POSTPROCEDURE CARE
Once the procedure is completed, vascular access sheaths are removed. 
If the femoral approach is used, direct manual compression or vascular 
closure devices that immediately close the arteriotomy site with a sta-
ple/clip, collagen plug, or sutures are used to achieve hemostasis. These 
devices decrease the length of supine bed rest (from 6 h to 2–4 h) and 
improve patient satisfaction but have not been shown definitively to 
be superior to manual compression with respect to access-site compli-
cations. With radial-artery access, the sheath is removed and a plastic 
wristband with an air pillow is used to keep pressure on the access site 
while maintaining flow through the radial artery. Bed rest is needed for 
only 2 h. When cardiac catheterization is performed as an elective out-
patient procedure, the patient completes postprocedure bed rest in a 
monitored setting and is discharged home with instructions to liberal-
ize fluids because contrast agents promote an osmotic diuresis, to avoid 
strenuous activity, and to observe the vascular access site for signs of 
complications. Overnight hospitalization may be required for high-risk 
patients with significant comorbidities, patients with complications 
occurring during the catheterization, or patients who have undergone 
a complicated percutaneous coronary intervention. Hypotension early 
after the procedure may be due to inadequate fluid replacement or 
retroperitoneal bleeding from the access site. Patients who received 
>2 Gy of radiation during the procedure should be examined for signs 
of erythema. For patients who received higher doses (>5 Gy), clinical 
follow-up within 1 month to assess for skin injury is recommended.
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FIGURE 242-6 Coronary stenoses on cine angiogram and intravascular ultrasound. 
Significant stenoses in the coronary artery are seen as narrowings (black arrows) 
of the vessel. Intravascular ultrasound shows a normal segment of artery (A), areas 
with eccentric plaque (B, C), and near total obliteration of the lumen at the site of the 
significant stenosis (D). Note that the intravascular ultrasound catheter is present in 
the images as a black circle.
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FIGURE 242-7 Optical coherence tomography imaging. A. The optical coherence tomography (OCT) catheter (*) in the lumen of a coronary artery with limited neointima 
formation. The intima is seen with high definition, but unlike intravascular ultrasound imaging, the vessel media and adventitia are not well visualized. B. A fibrous plaque 
(arrow) is characterized by a bright signal. C. A large, eccentric, lipid-rich plaque obscures part of the vessel lumen. Because lipid in the plaque absorbs light, the lipid-rich 
plaque appears as a dark area with irregular borders (arrow). The plaque is covered by a thin fibrous cap (arrowhead) typical of a vulnerable plaque. D. A thrombus (arrow) 
adherent to a ruptured plaque that is protruding into the vessel lumen. E. A coronary stent is that is well opposed to the vessel wall. The stent struts appear as short bright 
lines with dropout behind the struts (arrow).

 � INTRAVASCULAR ULTRASOUND, OPTICAL 
COHERENCE TOMOGRAPHY, FRACTIONAL FLOW 
RESERVE, AND CORONARY FLOW RESERVE
During coronary angiography, intermediate stenoses (40–70%), inde-
terminate findings, or anatomic findings that are incongruous with the 
patient’s symptoms may require further interrogation. In these cases, 
intravascular ultrasound (IVUS) provides a more accurate anatomic 
assessment of the coronary artery and the degree of coronary athero-
sclerosis (Fig. 242-6). IVUS is performed using a small flexible catheter 
with a 40-mHz transducer at its tip that is advanced into the coronary 
artery over a guidewire. Data from IVUS studies may be used to image 
atherosclerotic plaque precisely, determine luminal cross-sectional area, 
and measure vessel size; it is also used during or following percutaneous 
coronary intervention to assess the stenosis and determine the adequacy 
of stent placement. Optical coherence tomography (OCT) is a catheter- 
based imaging technique that uses near-infrared light to generate 
images with better spatial resolution than IVUS (12–18 microns vs 150–
200 microns); however, the depth of field is smaller. The advantage of 
OCT imaging over IVUS lies in its ability to image characteristics of the 

atherosclerotic plaque (lipid, fibrous cap) with high definition and to 
assess coronary stent placement, apposition, and patency (Fig. 242-7).

Measurement of the fractional flow reserve provides a functional 
assessment of the stenosis and is more accurate in predicting long-
term clinical outcome than imaging techniques. The fractional flow 
reserve is the ratio of the pressure in the coronary artery distal to the 
stenosis divided by the pressure in the artery proximal to the stenosis 
at maximal vasodilation. Fractional flow reserve is measured using a 
coronary pressure–sensor guidewire at rest and at maximal hyperemia 
following the infusion of adenosine (Fig. 242-8). A fractional flow 
reserve of <0.80 indicates a hemodynamically significant stenosis that 
would benefit from intervention. The instantaneous wave-free ratio, 
which measures the gradient across the stenosis during the latter part 
of diastole, does not require the use of adenosine and may be preferred 
for some patients with asthma or documented allergy to adenosine. 
An instantaneous wave-free ratio of <0.89 is considered positive for 
ischemia. Resting gradients have also been shown to predict a signifi-
cant stenosis. Using both pressure and velocity, an index of myocardial 
resistance can also be calculated. Studies have shown this to be an 
important predictor of outcome as well.

Microvascular dysfunction can be evaluated by assessing coronary 
flow reserve, the ratio between coronary blood flow at maximal hyper-
emia and rest. Coronary flow reserve is measured using a Doppler 
wire– or pressure wire–based thermodilution technique in patients 
with unexplained chest pain or ischemia and no obstructive coronary 
artery disease. A coronary flow reserve <2.0 is considered abnormal.

 � POSTPROCEDURE CARE
Once the procedure is completed, vascular access sheaths are removed. 
If the femoral approach is used, direct manual compression or vascular 
closure devices that immediately close the arteriotomy site with a sta-
ple/clip, collagen plug, or sutures are used to achieve hemostasis. These 
devices decrease the length of supine bed rest (from 6 h to 2–4 h) and 
improve patient satisfaction but have not been shown definitively to 
be superior to manual compression with respect to access-site compli-
cations. With radial-artery access, the sheath is removed and a plastic 
wristband with an air pillow is used to keep pressure on the access site 
while maintaining flow through the radial artery. Bed rest is needed for 
only 2 h. When cardiac catheterization is performed as an elective out-
patient procedure, the patient completes postprocedure bed rest in a 
monitored setting and is discharged home with instructions to liberal-
ize fluids because contrast agents promote an osmotic diuresis, to avoid 
strenuous activity, and to observe the vascular access site for signs of 
complications. Overnight hospitalization may be required for high-risk 
patients with significant comorbidities, patients with complications 
occurring during the catheterization, or patients who have undergone 
a complicated percutaneous coronary intervention. Hypotension early 
after the procedure may be due to inadequate fluid replacement or 
retroperitoneal bleeding from the access site. Patients who received 
>2 Gy of radiation during the procedure should be examined for signs 
of erythema. For patients who received higher doses (>5 Gy), clinical 
follow-up within 1 month to assess for skin injury is recommended.
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FIGURE 242-8. Fractional flow reserve. The fractional flow reserve is measured using a coronary pressure-sensor guidewire that measures the ratio of the pressure in 
the coronary artery distal to the stenosis (Pd, green) divided by the pressure in the artery proximal to the stenosis (Pa, red) at maximal hyperemia following the injection of 
adenosine. A fractional flow reserve of <0.80 indicates that revascularization would be beneficial.

HISTORICAL PERSPECTIVE
Clinical cardiac electrophysiology is the subspecialty of cardiology 
that focuses on the study and management of heart rhythm disorders. 
The development of the modern surface electrocardiogram (ECG) by 
Willem Einthoven more than 100 years ago enabled understanding 
of the relationship between cardiac electrical potentials, mechanical 
cardiac function, and pathophysiology of cardiac arrhythmias. In the 
mid-twentieth century, the recording of cellular membrane currents 
enabled the understanding that the surface ECG represents the sum 
of cellular cardiac electrical activity. An understanding of cellular 
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electrophysiology also ushered in the development of antiarrhythmic 
drugs utilized by cardiac electrophysiologists.

The modern era of clinical cardiac electrophysiology began with 
the first recordings of human intracardiac electrograms in the 1960s. 
Initially, invasive electrophysiology studies were limited as diagnos-
tic tools. This included serial electrophysiologic testing to evaluate 
arrhythmia mechanisms and evaluate arrhythmia suppression by anti-
arrhythmic drugs, and programmed stimulation of the heart for risk 
stratification of sudden cardiac death. In the 1960s and 1970s, cardiac 
surgery was the only available invasive treatment for cardiac arrhyth-
mias. The subsequent development of radiofrequency catheter ablation 
in the 1980s ushered in the era of interventional cardiac electrophysi-
ology. In addition, with the development of implanted cardiac rhythm 
management devices including pacemakers and defibrillators, clinical 
cardiac electrophysiology became a distinct medical subspecialty.

CELLULAR ELECTROPHYSIOLOGY
The cardiac action potential (AP) drives the electrophysiologic behav-
ior of all cardiac myocytes. The AP is characterized morphologically 
by five distinct phases, termed phases 0–4, as shown in Fig. 243-1. 
Moreover, as ventricular electrophysiologic activity accounts for the 
QRS and T complexes of the surface ECG, each AP phase in ventricular 
tissues corresponds to distinct phases in the surface ECG: Phase 0, the 
rapid upstroke, corresponds to the QRS deflection; phases 1–2 account 
for the ST segment; phase 3 accounts for the T wave; while phase 4 
corresponds to the segment between the end of the T wave and the sub-
sequent QRS deflection. In addition, the P wave corresponds to atrial 
depolarization, while the PR interval corresponds to the time between 
initiation of atrial depolarization to the initiation of ventricular depo-
larization, comprised (typically) for the most part by the conduction 
time through the AV node.

AP morphologies are the result of the precise and carefully timed 
sequences of opening, closing, and inactivation of an array of mem-
brane ion channels in response to cellular membrane potential changes, 
ligands that bind to the ion channel complex, or membrane stretch in 
a time-dependent fashion. The open ion channel allows flux of specific 
charged ions through a central pore, resulting in electrical (ionic) cur-
rents that drive the AP. The activity of different subsets of ion channels 
drives the different phases of the AP. Specific ionic currents that flux 
through an open channel are driven by the electrochemical gradient 
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34. Which of the following normal hemodynamic measurements are not true? 

A. Mean RA pressure 0-5 mm Hg 

B. Mean PCWP 4-12 mm Hg 

C. Cardiac index 2.8-4.2 L-min/m2 

D. PVRI 140-200 dyn-s/cm2 

 

Answer: D(Page 1861) 

 
 

35.  Which test is used to check the integrity of arcuate system of hand.  
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cardiac chambers. The severity of the shunt is determined by the ratio of 
pulmonary blood flow (Qp) to the systemic blood flow (Qs), or Qp/Qs =  
([systemic arterial oxygen content � mixed venous oxygen content]/
pulmonary vein oxygen content � pulmonary artery oxygen content). 
For an atrial septal defect, a shunt ratio of 1.5 is considered significant 
and factored with other clinical variables to determine the need for 
intervention. When a congenital ventricular septal defect is present, a 
shunt ratio of �2.0 with evidence of left ventricular volume overload is 
a strong indication for surgical correction.

 � VENTRICULOGRAPHY 
AND AORTOGRAPHY
Ventriculography to assess left ventric-
ular function may be performed dur-
ing cardiac catheterization. A pigtail 
catheter is advanced retrograde across 
the aortic valve into the left ventricle, 
and 30–45 mL of contrast is power- 
injected to visualize the left ventricular 
chamber during the cardiac cycle. The 
ventriculogram is usually performed 
in the right anterior oblique projection 
to examine wall motion and mitral 
valve function. Normal wall motion 
is observed as symmetric contraction 
of all segments; hypokinetic segments 
have decreased contraction, akinetic 
segments do not contract, and dyski-
netic segments appear to bulge para-
doxically during systole (Fig. 242-3). 
Ventriculography may also reveal a 
left ventricular aneurysm, pseudoan-
eurysm, or diverticulum and can be 
used to assess mitral valve prolapse 
and the severity of mitral regurgitation. 
The degree of mitral regurgitation is 
estimated by comparing the density 
of contrast opacification of the left 
atrium with that of the left ventricle. 
Minimal contrast reflux into the left 
atrium is considered 1+ mitral regur-
gitation, while contrast density in the 
left atrium that is greater than that in 
the left ventricle with reflux of con-
trast into the pulmonary veins within 

three beats defines 4+ mitral regurgitation. When it takes more than 3 
beats but fully fills the atrium, it is 3+. Both 3+ and 4+ are considered 
severe regurgitation. Ventriculography performed in the left anterior 
oblique projection can be used to identify a ventricular septal defect. 
Calculation of the ventricular volumes in systole and diastole allows 
calculation of stroke volume and cardiac output.

Aortography in the cardiac catheterization laboratory visualizes 
abnormalities of the ascending aorta, including aneurysmal dilation 
and involvement of the great vessels, as well as dissection with com-
pression of the true lumen by an intimal flap that separates the true 

TABLE 242-3 Hemodynamic Findings in Tamponade, Constrictive Pericarditis, and Restrictive Cardiomyopathy

� CARDIAC TAMPONADE
CONSTRICTIVE 
PERICARDITIS

EFFUSIVE-CONSTRICTIVE 
PERICARDITIS

RESTRICTIVE 
CARDIOMYOPATHY

Pericardial pressure � � � Normal
Right atrium pressure � � �  (Fails to decrease by 50% or to <10 

mmHg after pericardiocentesis)
�

Right atrium pressure 
waveform

Prominent “x” descent
Diminished or absent “y” 
descent

Prominent “x” descent
Prominent “y” descent

Prominent “x” descent
“y” descent less prominent than 
expected

Prominent “y” descent

Right ventricle systolic 
pressure

<50 mmHg <50 mmHg <50 mmHg >60 mmHg

Right ventricle end-diastolic 
pressure

� >1/3 right ventricular 
systolic pressure

>1/3 right ventricular systolic pressure <1/3 right ventricular systolic 
pressure

� Equals left ventricular end-
diastolic pressure within  
5 mmHg

Equals left ventricular end-
diastolic pressure within  
5 mmHg

Equals left ventricular end-diastolic 
pressure within 5 mmHg

Less than left ventricular end-
diastolic pressure by �5 mmHg

Right ventricle pressure 
waveform

� Dip and plateau or “square 
root” sign

Dip and plateau or “square root” sign Dip and plateau or “square 
root” sign

Right ventricle–left 
ventricle systolic pressure 
relationship with inspiration

Discordant Discordant Discordant Concordant

DIASTOLE SYSTOLE

FIGURE 242-3 Left ventriculogram at end diastole (left) and end systole (right). In patients with normal left ventricular 
function, the ventriculogram reveals symmetric contraction of all walls (top). Patients with coronary artery disease may 
have wall motion abnormalities on ventriculography as seen in this 60-year-old male following a large anterior myocardial 
infarction. In systole, the anterior, apical, and inferior walls are akinetic (white arrows) (bottom).
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Right Heart Catheterization This procedure measures pressures 
in the right heart and pulmonary artery. Right heart catheterization 
is no longer a routine part of diagnostic cardiac catheterization, but 
it is reasonable in patients with unexplained dyspnea, pulmonary 
hypertension, valvular heart disease, pericardial disease, right and/or 
left ventricular dysfunction, congenital heart disease, and suspected 
intracardiac shunts. Right heart catheterization most commonly uses 
a balloon-tipped flotation catheter that is advanced sequentially to the 
right atrium, right ventricle, pulmonary artery, and pulmonary wedge 
position (as a surrogate for left atrial pressure) using fluoroscopic guid-
ance; in each cardiac chamber, pressure is measured and blood samples 
are obtained for oxygen saturation analysis to screen for intracardiac 
shunts and calculate a cardiac output.

Left Heart Catheterization This procedure measures pressures 
in the left heart as a determinant of left ventricular performance. With 
the aid of fluoroscopy, a catheter is guided to the ascending aorta and 
across the aortic valve into the left ventricle to provide a direct measure 
of left ventricular pressure. In patients with a tilting-disc prosthetic 
aortic valve, crossing the valve with a catheter is contraindicated, and 
the left heart may be accessed via a transseptal technique from the right 
atrium using a needle-tipped catheter to puncture the atrial septum 
at the fossa ovalis. Once the catheter crosses from the right to the left 
atrium, it can be advanced across the mitral valve to the left ventricle. 
This technique is also used for mitral valvuloplasty. Heparin is given 
for prolonged procedures to limit the risk of stroke from embolism 
of clots that may form on the catheter. For patients with heparin- 
induced thrombocytopenia, the direct thrombin inhibitors bivalirudin  
(0.75 mg/kg bolus, 1.75 mg/kg per hour for the duration of the proce-
dure) or argatroban (350 �g/kg bolus, 15 �g/kg per min for the dura-
tion of the procedure) may be used.

 � HEMODYNAMICS
A comprehensive hemodynamic assessment involves obtaining pres-
sure measurements in the right and left heart and peripheral arterial 
system and determining the cardiac output (Table 242-2). The shape 

and magnitude of the pressure waveforms provide important diag-
nostic information; an example of normal pressure tracings is shown 
in Fig. 242-1. In the absence of valvular heart disease, the atria and 
ventricles are “one chamber” during diastole when the tricuspid  
and mitral valves are open, whereas in systole, when the pulmonary 
and aortic valves are open, the ventricles and their respective outflow 
tracts are considered “one chamber.” These concepts form the basis 
by which hemodynamic measurements are used to assess valvular 
stenosis. When aortic stenosis is present, there is a systolic pressure 
gradient between the left ventricle and the aorta; when mitral stenosis 
is present, there is a diastolic pressure gradient between the pulmonary 
capillary wedge (left atrial) pressure and the left ventricle (Fig. 242-2). 
Hemodynamic measurements also discriminate between aortic steno-
sis and hypertrophic obstructive cardiomyopathy where the asym-
metrically hypertrophied septum creates a dynamic intraventricular 
pressure gradient during ventricular systole. The magnitude of this 
obstruction is measured using an end-hole catheter positioned at the 
left ventricular apex that is pulled back while recording pressure; once 
the catheter has passed the septal obstruction and is positioned in the 
apex of the left ventricle, a gradient can be measured between the left 
ventricular apex and the aorta. Hypertrophic obstructive cardiomyo-
pathy is confirmed by the Brockenbrough-Braunwald sign: following 
a premature ventricular contraction, there is an increase in the left 
ventricular–aorta pressure gradient with a simultaneous decrease in 
the aortic pulse pressure. The finding of a decrease in pulse pressure is 
absent in aortic stenosis.

Regurgitant valvular lesions increase volume (and pressure) in the 
“receiving” cardiac chamber. In severe mitral and tricuspid regur-
gitation, the increase in blood flow to the atria takes place during 
ventricular systole, leading to an increase in the v wave (often two 
times greater than the mean pressure). The size of the v wave is a 
measure of the compliance of the left atrium but is not a reliable 
measure of the severity of the mitral regurgitation. Severe aortic 
regurgitation leads to a decrease in aortic diastolic pressure with a 
concomitant rise in left ventricular end-diastolic pressure, result-
ing in equalization of pressures between the two chambers at end  
diastole.

Hemodynamic measurements are also used to differentiate between 
cardiac tamponade, constrictive pericarditis, and restrictive cardiomy-
opathy (Table 242-3). In cardiac tamponade, right atrial pressure is 
increased with a decreased or absent “y” descent, indicative of impaired 
right atrial emptying in diastole, and there is diastolic equalization of 
pressures in all cardiac chambers. In constrictive pericarditis, right 
atrial pressure is elevated with a prominent “y” descent, indicating 
rapid filling of the right ventricle during early diastole. A diastolic dip 
and plateau, or “square root sign,” in the ventricular waveforms due 
to an abrupt halt in ventricular filling during diastole, elevated right 
ventricular and pulmonary artery pressures, and discordant pressure 
changes in the right and left ventricles with inspiration (right ventric-
ular systolic pressure increases while left ventricular systolic pressure 
decreases) are observed. In the absence of constriction, the two ventric-
ular pressures are concordant. The latter hemodynamic phenomenon 
is the most specific for constriction. Restrictive cardiomyopathy may 
be distinguished from constrictive pericarditis by a marked increase 
in right ventricular and pulmonary artery systolic pressures (usually 
>60 mmHg), a separation of the left and right ventricular diastolic 
pressures by >5 mmHg (at baseline or with acute volume loading), 
and concordant changes in left and right ventricular diastolic filling 
pressures with inspiration (both increase).

Cardiac Output Cardiac output is measured by the Fick method or 
the thermodilution technique. Typically, the Fick method and thermo-
dilution technique are both performed during cardiac catheterization, 
although the Fick method is considered more reliable in the presence of 
tricuspid regurgitation and in low-output states. The Fick method uses 
oxygen as the indicator substance and is based on the principle that 
the amount of a substance taken up or released by an organ (oxygen 
consumption) is equal to the product of its blood flow (cardiac output) 
and the difference in the concentration of the substance in the arterial 

TABLE 242-2 Normal Values for Hemodynamic Measurements
Pressures (mmHg)
Right atrium �
 Mean 0–5
 a wave 1–7
 v wave 1–7
Right ventricle �
 Peak systolic/end diastolic 17–32/1–7
Pulmonary artery �
 Peak systolic/end diastolic 17–32/1–7
 Mean 9–19
Pulmonary capillary wedge (mean) 4–12
Left atrium �
 Mean 4–12
 a wave 4–15
 v wave 4–15
Left ventricle �
 Peak systolic/end diastolic 90–130/5–12
Aorta �
 Peak systolic/end diastolic 90–130/60–85
 Mean 70–100
Resistances ([dyn-s]/cm5)
Systemic vascular resistance 900–1400
Pulmonary vascular resistance 40–120
Oxygen Consumption Index ([L-min]/m2) 115–140
Arteriovenous oxygen difference (vol %) 3.5–4.8
Cardiac index ([L-min]/m2) 2.8–4.2
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A. Harvey’s test.  

B. Millers test 

C. Allen’s test 

D. Harvey’s test 

Answer: C(Page 1860) 

 

Cardiac catheterization procedures are performed using a percutaneous technique to enter the femoral or radial 

artery and femoral, brachial, or internal jugular vein as the access sites for left and right heart catheterization, 

respectively. A flexible sheath is inserted into the vessel over a guidewire, allowing diagnostic catheters to be 

introduced into the vessel and advanced toward the heart using fluoroscopic guidance. The radial artery (or 

rarely the brachial artery) access site is advantageous in patients with peripheral arterial disease that involves the 

abdominal aorta, iliac, or femoral vessels; severe iliac artery tortuosity; morbid obesity; or preference for early 

postprocedure ambulation. Use of radial artery access is the preferred access route due to a lower rate of access-

site bleeding complications and improved patient comfort. A normal modified Allen’s test or Barbeau test con- 

firming dual blood supply to the hand from the radial and ulnar arter- ies is recommended prior to access at this 

site.  

 

 

36. Which of the following regarding contrast induced AKI is not true? 

A. Defined as increase in creatinine more than 25 percent at 48-72 hours 

B. Occurs in 2-7 percent population 

C. Pretreatment with N- acetyl cysteine has shown to reduce its risk 

D. People with DM , old age and heart failure are at increased risk 

Answer: C(Page 1860) 

Contrast-induced acute kidney injury, defined as an increase in crea- tinine >0.5 mg/dL or 25% above baseline 

that occurs 48–72 h after con- trast administration, occurs in ~2–7% of patients with rates of 20–30% reported in 

high-risk patients, including those with diabetes mellitus, congestive heart failure, chronic kidney disease, 

anemia, older age, or who present with an ST-segment elevation myocardial infarction. Dial- ysis is required in 

0.3–0.7% of patients and is associated with a fivefold increase in in-hospital mortality. For all patients, adequate 

intravascular volume expansion with intravenous 0.9% saline (1.0–1.5 mL/kg per hour) for 3–12 h before and 

continued 6–24 h after the procedure limits the risk of contrast-induced acute kidney injury by >50%. Pre- 

treatment with N-acetylcysteine (Mucomyst) has not reduced the risk of contrast-induced acute kidney injury 

consistently and, therefore, is no longer recommended routinely. Diabetic patients treated with met- formin 

should stop the drug 24 h prior to the procedure and not restart until 48 h after contrast administration to limit 

the associated risk of lactic acidosis. Other strategies to decrease risk include the adminis- tration of sodium 



bicarbonate (3 mL/kg per hour) 1 h before and 6 h after the procedure (similar outcome to saline infusion); use 

of low- or iso-osmolar contrast agents; and limiting the volume of contrast to <50 mL per procedure.  

 

 

37. Which of the following regarding Doppler echocardiography is true? 

A. Pulse wave Doppler is used to interrogate high velocity flow 

B. CW Doppler can interrogate velocity at a specific depth location 

C. M mode echo has high temporal resolution and accuracy for making linear 

measurements  

D. Doppler shift is inversely related to pressure gradient between two chambers 

 

Answer:C(Page 1832) 

 

Although M-mode echocardiography has largely been supplanted by two-dimensional (2D) echocardiography, it 

is still used because of its high temporal resolution and accuracy for making linear measurements.  

 

 

There are three types of Doppler ultrasound that are typically used in standard echocardiographic examinations: 

spectral Doppler, which consists of both pulsed wave Doppler and continuous wave Doppler, and color flow 

Doppler. Both types of spectral Doppler will display a waveform representing the velocity of blood flow, with 

time on the horizontal axis and velocity on the vertical axis. Pulsed wave Doppler is used to interrogate 

relatively low velocity flow and has the ability to determine blood flow velocity at a particular location within 

the heart. Continuous wave Doppler is used to assess high-velocity flow, but it can only identify the highest 

velocity in a particular direction and can- not interrogate the velocity at a specific depth location.  

Echocardiography can be used to interrogate blood flow within the heart and blood vessels by using the Doppler 

principle to ascertain the velocity of blood flow. When ultra- sound emitted from a transducer reflects off red 

blood cells that are moving toward the transducer, the reflected ultrasound will return at a slightly higher 

frequency than emitted; the opposite is true when flow moves away from the transducer. That frequency 

difference, termed the Doppler shift, is directly related to the velocity of the flow of the red blood cells. The 

velocity of blood flow between two chambers will be directly related to the pressure gradient between those 

chambers  

 



38. Which of the following is not a feature of moderate or grade II diastolic dysfunction ? 

A. A> E 

B. Deceleration time > 140 ms 

C. E/E’ less than 10 

D. Pulmonary vein S< D 

 

Answer: C(Page 1839) 

 

 
 

39. Which of the following statement regarding cardiac MRI is false ? 

Noninv asive Cardiac Imaging: Echocardiography, Nuclear Cardiology, and M
agnetic Resonance/Computed Tomography Imaging 
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left-sided filling pressures. Right atrial dilatation and dilatation of the 
inferior vena cava are common in conditions in which central venous 
pressure is elevated.

PATIENT SAFETY CONSIDERATIONS
 � RADIATION EXPOSURE

Both cardiac CT and radionuclide imaging expose patients to ionizing 
radiation. Several recent publications have raised concern regarding the 
potential harmful effects of ionizing radiation associated with cardiac 
imaging. The effective dose is a measure used to estimate the biologic 
effects of radiation and is expressed in millisieverts (mSv). However, 
measuring the radiation effective dose associated with diagnostic imag-
ing is complex and imprecise and often results in varying estimates, even 

among experts. The effective dose from a typical myocardial perfusion 
SPECT scan ranges between ~4 and 11 mSv, depending on the protocol 
and type of scanner used. The effective dose from a typical myocardial 
perfusion PET scan is lower, ~2.0–4 mSv. Radiation exposure associated 
with cardiac CT is variable and, as with radionuclide imaging, also 
depends on the imaging protocol and scanner used. Although historic 
radiation doses with cardiac CT have been quite high, the introduction 
of newer technologies (e.g., x-ray tube modulation, prospective ECG 
gating) has resulted in a significant dose reduction. The current aver-
age radiation dose for a coronary CTA ranges from 3 to 15 mSv and, 
in selected cases, can be as low as 1 mSv. Imaging laboratories follow 
the ALARA (as low as reasonably achievable) principle when balancing 
the clinical need and imaging approach. By comparison, the average 
dose for invasive coronary angiography is ~7 mSv, whereas exposure 
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FIGURE 241-8 Stages of diastolic function based on various parameters, including mitral inflow (with and without Valsalva maneuver), Doppler tissue imaging, pulmonary 
venous flow, and flow propagation. (Adapted from MM Redfield et al: Burden of systolic and diastolic ventricular dysfunction in the community: appreciating the scope of 
the heart failure epidemic. JAMA 289:194, 2003.)
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A. T2 weighed sequences can estimate myocardial infarction edema and iron 

infiltration  

B.T1 sequences can assess cardiac function, blood flow and perfusion 

C. Nephrogenic systemic fibrosis is common with group II gadolinium based contrast 

agents 

D. CMR has allowed spatial resolution compared to SPECT in diagnosis of ischemia 

 

Answer: C(Page 1837,40,43) 

 

In CMR, T1-weighted pulse sequences are most common, and they assess cardiac structure and function, blood 

flow, and myocardial perfusion with pharmacologic stress. T2-weighted and T2*-weighted pulse sequences, on 

the other hand, evaluate myocardial edema and myocardial iron infiltration, respectively  

Older generation (group I) linear-structured GBCAs have been associated with a rare but serious condition 

known as nephrogenic systemic fibrosis (NSF), which is an interstitial inflammatory reaction manifested as 

fibrosis of tissues or internal organs and even death. Risk factors to developing NSF include high-dose use in 

presence of severe renal dysfunction (eGFR <30 mL/min per 1.73 m2), need for hemodialysis, an eGFR <15 

mL/min per 1.73 m2, acute renal deterioration, and concur- rent proinflammatory/systemic illnesses. Newer-

generation (group II) macrocyclic-structured GBCAs have a substantially improved safety profile, including in 

patients with chronic kidney dysfunction and, indeed, have become the agents of choice in most MRI centers. 

American College of Radiology considers the use of group II agents as safe, including in patients with renal 

dysfunction or dialysis. With widespread use of group II GBCAs, routine pretest screening, and weight-based 

dosing, a near-zero incidence of NSF has been reported in the past decade.  

The advantages of stress perfusion CMR over SPECT include its higher spatial resolution, which allows 

detection of subendocardial ischemia or infarction that may be missed by SPECT. As with other imaging 

modalities, stress CMR studies also provide robust risk stratification. In a recent randomized controlled trial, a 

stress CMR–guided strategy was shown to improve the guidance toward the use of invasive investigation and 

coronary revascularization.  

 

 

 

 

 



40.  Which of the following imaging modalities have highest sensitivity in detection 

of coronary artery disease? 

A. Ct coronary angiogram 

B. Dobutamine echocardiography  

C. Myocardial perfusion PET 

D. SPECT MPI 

 

Answer: A(Page 1840) 

 

 
 

 

41. Which of the following does not cause mid diastolic murmur at apex 

A. Flow murmur of ASD 

B. Austin flint murmur 

C. Flow murmur of VSD 

D. Carey coomb murmur 

Answer: A(Page 1822) 

MS is the classic cause of a mid- to late diastolic murmur, which is best heard over the apex in the left lateral 

decubitus position, is low- pitched or rumbling, and is introduced by an OS in the early stages of the rheumatic 

disease process. Functional” mitral or tricuspid stenosis refers to the generation of mid-diastolic murmurs that 

are created by increased and accelerated transvalvular diastolic flow, even in the absence of valvular obstruc- 

tion, in the setting of severe MR, severe TR, or a large ASD with left- to-right shunting. The Austin Flint 

murmur of chronic severe AR is a low-pitched mid- to late apical diastolic murmur that sometimes can be 

confused with MS. Unusual causes of a mid-diastolic murmur include atrial myxoma, complete heart block, and 

acute rheumatic mitral valvulitis.  
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to radiation from natural sources in the United States amounts to ~3 
mSv annually.

The risk of a fatal malignancy from medical imaging–related radia-
tion is difficult to estimate precisely but is likely small and difficult to 
discern from the background risk of natural malignancies. The small 
but potential radiation risks from imaging mandate an assessment of 
the risk-versus-benefit ratio in the individual patient. In this context, 
one must not fail to take into account the risks of missing important 
diagnostic information by not performing a test (which could poten-
tially influence near-term management and outcomes) for a theoretical 
concern of a small long-term risk of malignancy. Before ordering any 
test, especially one associated with ionizing radiation, we must ensure 
the appropriateness of the study and that the potential benefits out-
weigh the risks. The likelihood that the study being considered will 
affect clinical management of the patient should be addressed before 
testing is performed. It is also important that “routine” follow-up scans 
in asymptomatic individuals be avoided.

 � CONTRAST AGENTS
Contrast agents are commonly used in cardiac CT, CMR, and echoc-
ardiography. Although their use significantly enhances the diagnostic 
information of each of these tests, there are also potential risks from the 
administration of contrast agents that should be considered.

The risk of adverse reactions from iodinated contrast agents used 
in cardiac CT is well established. The precise pathogenesis of contrast 
reactions following intravascular administration of iodinated contrast 
media is not known. The overall incidence of contrast reactions is 
0.4–3% with nonionic formulations and higher for ionic formulations. 
Most contrast adverse reactions are mild and self-limiting. The risk of 
contrast-induced nephropathy (CIN) in patients with relatively normal 
renal function (estimated glomerular filtration rate [eGFR] >60 mL/
min) is low. In most patients, CIN is self-limited, and renal function 
usually returns to baseline within 7–10 days, without progressing to 
chronic renal failure. However, this risk increases in patients with 
GFR <60 mL/min, especially older diabetic subjects. In such patients, 
appropriate screening and pre- and postscan hydration are necessary.

The use of gadolinium-based contrast agents (GBCAs) enhances the 
versatility of CMR imaging. There are many commercially available 
GBCAs in the United States, but their use in cardiac imaging is off- 
label. Mild reactions from GBCAs, such as skin pruritus or erythema, 
occur in ~1% of patients, but severe or anaphylactic reactions are very 
rare at ~1 in 100,000 patients. All GBCAs are chelated to make the 
compounds nontoxic and facilitate renal excretion. Older generation 
(group I) linear-structured GBCAs have been associated with a rare 
but serious condition known as nephrogenic systemic fibrosis (NSF), 
which is an interstitial inflammatory reaction manifested as fibrosis of 
tissues or internal organs and even death. Risk factors to developing 
NSF include high-dose use in presence of severe renal dysfunction 
(eGFR <30 mL/min per 1.73 m2), need for hemodialysis, an eGFR 
<15 mL/min per 1.73 m2, acute renal deterioration, and concur-
rent proinflammatory/systemic illnesses. Newer-generation (group II) 
macrocyclic-structured GBCAs have a substantially improved safety 
profile, including in patients with chronic kidney dysfunction and, 
indeed, have become the agents of choice in most MRI centers. The 

American College of Radiology considers the use of group II agents 
as safe, including in patients with renal dysfunction or dialysis. With 
widespread use of group II GBCAs, routine pretest screening, and 
weight-based dosing, a near-zero incidence of NSF has been reported 
in the past decade.

Contrast agents can also be used in echocardiography. Injected 
agitated saline is used routinely to assess cardiac shunts, because these 
“bubbles” are too large to traverse the pulmonary circulation. After 
saline injection, the presence of bubbles in the left side of the heart is 
indicative of shunt, although the location can sometimes be difficult to 
determine. The current U.S. Food and Drug Administration (FDA)–
approved use of echocardiographic contrast agents is for opacification 
of left-sided chambers and to improve delineation of left ventricular 
endocardial border in patients with suboptimal echocardiograms. 
These agents are either albumin- or lipid-based microspheres filled 
with inert gases, typically perfluorocarbons. They are considered 
extremely safe, although they have, in extremely rare instances, been 
associated with allergic reactions and neurologic events.

 � SAFETY CONSIDERATIONS OF CMR IN PATIENTS 
WITH PACEMAKERS AND DEFIBRILLATORS
There are now multiple FDA-approved MRI-conditional internal car-
diac defibrillators and pacemakers that are safe for patients who need 
an MRI study. For non-FDA-approved cardiac devices (legacy devices), 
collective evidence has indicated that MRI studies can be safely per-
formed at 1.5 T under normal operational settings, in the absence of 
fractured, epicardial, or abandoned leads, and when an experienced 
staff is available to interrogate the cardiac device before and after the 
MRI study. The Centers for Medicare and Medicaid Services have 
approved and expanded coverage of MRI studies in patients with an 
implanted legacy device.

PATIENT�CENTERED APPLICATIONS OF 
CARDIAC IMAGING

 � CORONARY ARTERY DISEASE
The basis for the diagnostic application of imaging tests in patients 
with known or suspected CAD should be viewed considering the 
pretest probability of disease as well as the specific characteristics of 
imaging tests (i.e., sensitivity and specificity). In symptomatic patients, 
the prevalence or pretest probability of CAD differs based on the type 
of symptom (typical angina, atypical angina, noncardiac chest pain), 
as well as on age, gender, and coronary risk factors. In an individual 
patient, the results of the initial test inform the posttest likelihood of 
CAD. In patients undergoing sequential testing (e.g., ECG treadmill 
testing followed by stress imaging), the posttest probability of disease 
after the first test becomes the pretest likelihood of disease for the sec-
ond test. Regardless of the sequence, the expectation is that a test will 
provide sufficient information to confirm or exclude the diagnosis of 
CAD and that such information will allow accurate risk stratification 
to be able to guide management decisions.

Table 241-3 summarizes the relative diagnostic accuracies of cardiac 
imaging modalities for the diagnosis of CAD.

TABLE 241-3 Comparative Diagnostic Accuracy of Cardiac Imaging Approaches to Coronary Artery Disease
IMAGING MODALITY PUBLISHED DATA SENSITIVITY SPECIFICITY
Exercise echocardiography 15 studies (n = 1849 patients) 84% 82%
Dobutamine echocardiography 28 studies (n = 2246 patients) 80% 84%
SPECT MPI 113 studies (n = 11,212 patients) 88% 76%
Myocardial perfusion PET 9 studies (n = 650 patients) 93% 81%
CMR perfusion 37 studies (n = 2841 patients) 91% 81%
CMR wall motion 14 studies (n = 754 patients) 83% 86%
Coronary CTA 18 studies (n = 1286 patients) 99% 89%

Note: In these studies, the diagnosis of coronary artery disease was based on the presence of a >50% or >70% stenosis on invasive coronary angiography.
Abbreviations: CMR, cardiac magnetic resonance; CTA, computed tomography angiography; MPI, myocardial perfusion imaging; PET, positron emission tomography; SPECT, 
single-photon emission computed tomography.
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42. Reverse splitting of S2 is seen in all except: 

A. LBBB 

B. RV Pacing 

C. LV pacing 

D. LV dysfunction 

Answer: B(Page 1820) 

 

 

Causes 

LBBB 

RV Pacing 

Acute Myocardial Ischemia 

Severe AS 

LV dysfunction 

 

 

43. continuous murmur is found in all except: 

A. mitral stenosis with mitral regurgitation 

B. patent ductus arteriosus 

C. Rupture of sinus of Valsalva 

D. systemic arteriovenous fistula 

Answer: A(Page 1822) 

 

A continuous murmur is predicated on a pressure gradient that persists between two cardiac chambers or blood 

vessels across systole and diastole. The murmurs typically begin in sys- tole, envelop the second heart sound 

(S2), and continue through some portion of diastole. They can often be difficult to distinguish from individual 

systolic and diastolic murmurs in patients with mixed valvular heart disease. The classic example of a 

continuous murmur is that associated with a PDA, which usually is heard in the second or third interspace at a 

slight distance from the sternal border. Other causes of a continuous murmur include a ruptured sinus of 

Valsalva aneurysm with creation of an aortic–right atrial or right ventricular fistula, a cor- onary or great vessel 

arteriovenous fistula, and an arteriovenous fistula constructed to provide dialysis access. There are two types of 

benign continuous murmurs. The cervical venous hum is heard in children or adolescents in the supraclavicular 



fossa. It can be obliterated with firm pressure applied to the diaphragm of the stethoscope, especially when the 

subject turns his or her head toward the examiner. The mammary soufflé of pregnancy relates to enhanced 

arterial blood flow through engorged breasts. The diastolic component of the murmur can be oblit- erated with 

firm pressure over the stethoscope.  

 

 

44. Which of the following is not true? 

A. pulmonary ejection click increased on inspiration 

B. with squatting the murmur of MVP decreased 

C. the murmur of MS increases on expiration 

D. the murmur of MR increases on hand gripping  

Answer: B(Page 1822,23) 

 

Except for the pulmonic ejection sound, right-sided events increase in intensity with inspiration and decrease 

with expiration; left-sided events behave oppositely (100% sensitivity, 88% specificity).  

The murmur of MR is best heard over the cardiac apex. The intensity of the murmur increases with maneuvers 

that increase LV afterload, such as sustained hand grip. The murmur of a VSD (without significant pulmonary 

hypertension) is holosystolic and loudest at the mid-left sternal border, where a thrill is usually present. The 

murmur of TR is loudest at the lower left sternal border, increases in intensity with inspiration (Carvallo’s sign), 

and is accompanied by visible cv waves in the jugular venous wave form and, on occasion, by pulsatile 

hepatomegaly.  

 



 

 
 

45.  Which of the following is a not a cause of cannon waves in JVP 

A. Junctional rhythm  

B. Complete heart block 
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Dynamic Auscultation Diagnostic accuracy can be enhanced 
by the performance of simple bedside maneuvers to identify heart 
murmurs and characterize their significance (Table 239-1). Except for 
the pulmonic ejection sound, right-sided events increase in intensity 
with inspiration and decrease with expiration; left-sided events behave 
oppositely (100% sensitivity, 88% specificity). As previously noted, 
the intensity of the murmurs associated with MR, VSD, and AR will 
increase in response to maneuvers that increase LV afterload, such 
as hand grip and vasopressors. The intensity of these murmurs will 
decrease after exposure to vasodilating agents. Squatting is associated 
with an abrupt increase in LV preload and afterload, whereas rapid 
standing results in a sudden decrease in preload. In patients with MVP, 
the click and murmur move away from the first heart sound with 
squatting because of the delay in onset of leaflet prolapse at higher 
ventricular volumes. With rapid standing, however, the click and 
murmur move closer to the first heart sound as prolapse occurs earlier 
in systole at a smaller chamber dimension. The murmur of HOCM 
behaves similarly, becoming softer and shorter with squatting (95% 
sensitivity, 85% specificity) and longer and louder on rapid standing 
(95% sensitivity, 84% specificity). A change in the intensity of a systolic 
murmur in the first beat after a premature beat or in the beat after a 
long cycle length in patients with atrial fibrillation suggests valvular AS 
rather than MR, particularly in an older patient in whom the murmur 
of the AS may be well transmitted to the apex (Gallavardin effect). 
Of note, however, the systolic murmur of HOCM also increases in 
intensity in the beat after a premature beat. This increase in intensity 
of any LV outflow murmur in the beat after a premature beat relates to 
the combined effects of enhanced LV filling (from the longer diastolic 
period) and postextrasystolic potentiation of LV contractile function. 
In either instance, forward flow will accelerate, causing an increase 
in the gradient across the LV outflow tract (dynamic or fixed) and a 
louder systolic murmur. In contrast, the intensity of the murmur of 
MR does not change in a postpremature beat, because there is relatively 
little change in the nearly constant LV to left atrial pressure gradient or 

further alteration in mitral valve flow. Bedside exercise can sometimes 
be performed to increase cardiac output and, secondarily, the intensity 
of both systolic and diastolic heart murmurs. Most left-sided heart 
murmurs decrease in intensity and duration during the strain phase 
of the Valsalva maneuver. The murmurs associated with MVP and 
HOCM are the two notable exceptions. The Valsalva maneuver also 
can be used to assess the integrity of the heart and vasculature in the 
setting of advanced heart failure.

Prosthetic Heart Valves The first clue that prosthetic valve 
dysfunction may contribute to recurrent symptoms is frequently a 
change in the quality of the heart sounds or the appearance of a new 
murmur. The heart sounds with a bioprosthetic valve resemble those 
generated by native valves. A mitral bioprosthesis usually is associated 
with a grade 1 to 2 midsystolic murmur along the left sternal border 
(created by turbulence across the valve struts as they project into the 
LV outflow tract) as well as by a soft mid-diastolic murmur that occurs 
with normal LV filling. This diastolic murmur often can be heard only 
in the left lateral decubitus position and after exercise. A high-pitched 
or holosystolic apical murmur is indicative of pathologic MR due to a 
paravalvular leak and/or intra-annular bioprosthetic regurgitation from 
leaflet degeneration, for which diagnostic noninvasive imaging is indi-
cated. Clinical deterioration can occur rapidly after the first expression 
of mitral bioprosthetic valve failure. A tissue valve in the aortic position 
is always associated with a grade 1 to 3 midsystolic murmur at the 
base or just below the suprasternal notch. A diastolic murmur of AR is 
abnormal in any circumstance. Mechanical valve dysfunction may first 
be suggested by a decrease in the intensity of either the opening or the 
closing sound. A high-pitched apical systolic murmur in patients with 
a mechanical mitral prosthesis and a diastolic decrescendo murmur 
in patients with a mechanical aortic prosthesis indicate paravalvular 
regurgitation. Patients with prosthetic valve thrombosis may present 
clinically with signs of shock, muffled heart sounds, and soft murmurs.

Pericardial Disease A pericardial friction rub is nearly 100% 
specific for the diagnosis of acute pericarditis, although the sensitivity 
of this finding is not nearly as high, because the rub may come and go 
over the course of an acute illness or be very difficult to elicit. The rub 
is heard as a leathery or scratchy three-component or two-component 
sound, although it may be monophasic. Classically, the three com-
ponents are ventricular systole, rapid early diastolic filling, and late 
presystolic filling after atrial contraction in patients in sinus rhythm. It 
is necessary to listen to the heart in several positions. Additional clues 
to the presence of acute pericarditis may be present from the history 
and 12-lead electrocardiogram. The rub typically disappears as the 
volume of any pericardial effusion increases. Pericardial tamponade 
can be diagnosed with a sensitivity of 98%, a specificity of 83%, and 
a positive likelihood ratio of 5.9 (95% confidence interval 2.4–14) by 
a pulsus paradoxus that exceeds 12 mmHg in a patient with a large 
pericardial effusion.

The findings on physical examination are integrated with the symp-
toms previously elicited with a careful history to construct an appro-
priate differential diagnosis and proceed with indicated imaging and 
laboratory assessment. The physical examination is an irreplaceable 
component of the diagnostic algorithm and, in selected patients, can 
inform prognosis. Educational efforts to improve clinician competence 
eventually may result in cost saving, particularly if the indications for 
imaging can be influenced by the examination findings.

 � FURTHER READING
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2008.

F������� AC et al: Does this patient with chest pain have acute 
coronary syndrome? The Rational Clinical Examination Systematic 
Review. JAMA 314:1955, 2015.

F��� JC, O’G��� PT: The history and physical examination. An  
evidence-based approach, in Braunwald’s Heart Disease. A Textbook 
of Cardiovascular Medicine, 11th ed, Zipes DP et al (eds). Philadelphia, 
Elsevier/Saunders, 2019, pp 83–101.

TABLE 239-1 Effects of Physiologic Interventions on the Intensity of 
Heart Murmurs and Sounds
Respiration
Right-sided murmurs and sounds generally increase with inspiration, except for 
the PES. Left-sided murmurs and sounds are usually louder during expiration.
Valsalva Maneuver
Most murmurs decrease in length and intensity. Two exceptions are the systolic 
murmur of HOCM, which usually becomes much louder, and that of MVP, which 
becomes longer and often louder. After release of the Valsalva maneuver, 
right-sided murmurs tend to return to control intensity earlier than do left-sided 
murmurs.
After VPB or AF
Murmurs originating at normal or stenotic semilunar valves increase in the 
cardiac cycle after a VPB or in the cycle after a long cycle length in AF. By 
contrast, systolic murmurs due to AV valve regurgitation do not change or 
become shorter (MVP).
Positional Changes
With standing, most murmurs diminish, with two exceptions being the murmur 
of HOCM, which becomes louder, and that of MVP, which lengthens and often 
is intensified. With squatting, most murmurs become louder, but those of HOCM 
and MVP usually soften and may disappear. Passive leg raising usually produces 
the same results.
Exercise
Murmurs due to blood flow across normal or obstructed valves (e.g., PS, 
MS) become louder with both isotonic and submaximal isometric (hand grip) 
exercise. Murmurs of MR, VSD, and AR also increase with hand grip exercise. 
However, the murmur of HOCM often decreases with nearly maximum hand 
grip exercise. Left-sided S4 and S3 sounds are often accentuated by exercise, 
particularly when due to ischemic heart disease.

Abbreviations: AF, atrial fibrillation; AR, aortic regurgitation; HOCM, hypertrophic 
obstructive cardiomyopathy; MR, mitral regurgitation; MS, mitral stenosis; MVP, 
mitral valve prolapse; PES, pulmonic ejection sound; PR, pulmonic regurgitation; 
PS, pulmonic stenosis; TR, tricuspid regurgitation; TS, tricuspid stenosis; VPB, 
ventricular premature beat; VSD, ventricular septal defect.
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FIGURE 239-6 Behavior of the click (C) and murmur (M) of mitral valve prolapse with changes in loading 
(volume, impedance) and contractility. S1, first heart sound; S2, second heart sound. With standing (left side 
of figure), volume and impedance decrease, as a result of which the click and murmur move closer to S1. With 
squatting (right), the click and murmur move away from S1 due to the increases in left ventricular volume and 
impedance (afterload). Ao, aorta; LV, left ventricle. (Adapted from RA O’Rourke, MH Crawford: Curr Prob Cardiol 
1:9, 1976.)

softer with passive leg raising and when squat-
ting. The murmur of AS is typically loudest in 
the second right interspace with radiation into 
the carotids, whereas the murmur of HOCM is 
best heard between the lower left sternal border 
and the apex. The murmur of PS is best heard 
in the second left interspace. The midsystolic 
murmur associated with enhanced pulmonic 
blood flow in the setting of a large ASD is usu-
ally loudest at the mid-left sternal border.

A late systolic murmur, heard best at the 
apex, indicates MVP. As previously noted, the 
murmur may or may not be introduced by a 
nonejection click. Differential radiation of the 
murmur, as previously described, may help 
identify the specific leaflet involved by the myx-
omatous process. The click-murmur complex 
behaves in a manner directionally similar to 
that demonstrated by the murmur of HOCM 
during the Valsalva and stand/squat maneuvers  
(Fig. 239-6). The murmur of MVP can be iden-
tified by the accompanying nonejection click.

Holosystolic murmurs are plateau in con-
figuration and reflect a continuous and wide 
pressure gradient between the left ventricle and 
left atrium with chronic MR, the left ventricle 
and right ventricle with a ventricular septal 
defect (VSD), and the right ventricle and right 
atrium with TR. In contrast to acute MR, in 
chronic MR, the left atrium is enlarged and its 
compliance is normal or increased to the extent 
that there is little if any further increase in left 
atrial pressure from any increase in regurgitant 
volume. The murmur of MR is best heard over the cardiac apex. The 
intensity of the murmur increases with maneuvers that increase LV 
afterload, such as sustained hand grip. The murmur of a VSD (without 
significant pulmonary hypertension) is holosystolic and loudest at the 
mid-left sternal border, where a thrill is usually present. The murmur 
of TR is loudest at the lower left sternal border, increases in intensity 
with inspiration (Carvallo’s sign), and is accompanied by visible cv 
waves in the jugular venous wave form and, on occasion, by pulsatile 
hepatomegaly.

Diastolic Murmurs In contrast to some systolic murmurs, diastolic 
heart murmurs always signify structural heart disease (Fig. 239-5). The 
murmur associated with acute, severe AR is relatively soft and of short 
duration because of the rapid rise in LV diastolic pressure and the 
progressive diminution of the aortic-LV diastolic pressure gradient. 
In contrast, the murmur of chronic severe AR is classically heard as a 
decrescendo, blowing diastolic murmur along the left sternal border in 
patients with primary valve pathology and sometimes along the right 
sternal border in patients with primary aortic root pathology. With 
chronic AR, the pulse pressure is wide and the arterial pulses are bound-
ing in character. These signs of significant diastolic run-off are often 
absent in the acute phase. The murmur of pulmonic regurgitation is also 
heard along the left sternal border. It is most commonly due to pulmo-
nary hypertension and enlargement of the annulus of the pulmonic valve. 
S2 is single and loud and may be palpable. There is a right ventricular/ 
parasternal lift that is indicative of chronic right ventricular pressure 
overload. A less impressive murmur of PR is present after repair of tetral-
ogy of Fallot or pulmonic valve atresia. In this postoperative setting, the 
murmur is softer and lower-pitched, and the severity of the accompany-
ing pulmonic regurgitation can be underestimated significantly.

MS is the classic cause of a mid- to late diastolic murmur, which is 
best heard over the apex in the left lateral decubitus position, is low-
pitched or rumbling, and is introduced by an OS in the early stages 
of the rheumatic disease process. Presystolic accentuation refers to an 
increase in the intensity of the murmur just before the first heart sound 
and occurs in patients with sinus rhythm. It is absent in patients with 

atrial fibrillation. The auscultatory findings in patients with rheumatic 
tricuspid stenosis typically are obscured by left-sided events, although 
they are similar in nature to those described in patients with MS. 
“Functional” mitral or tricuspid stenosis refers to the generation of 
mid-diastolic murmurs that are created by increased and accelerated 
transvalvular diastolic flow, even in the absence of valvular obstruc-
tion, in the setting of severe MR, severe TR, or a large ASD with left-
to-right shunting. The Austin Flint murmur of chronic severe AR is a 
low-pitched mid- to late apical diastolic murmur that sometimes can 
be confused with MS. The Austin Flint murmur typically decreases 
in intensity after exposure to vasodilators, whereas the murmur of 
MS may be accompanied by an OS and also may increase in intensity 
after vasodilators because of the associated increase in cardiac output. 
Unusual causes of a mid-diastolic murmur include atrial myxoma, 
complete heart block, and acute rheumatic mitral valvulitis.

Continuous Murmur A continuous murmur is predicated on a 
pressure gradient that persists between two cardiac chambers or blood 
vessels across systole and diastole. The murmurs typically begin in sys-
tole, envelop the second heart sound (S2), and continue through some 
portion of diastole. They can often be difficult to distinguish from 
individual systolic and diastolic murmurs in patients with mixed val-
vular heart disease. The classic example of a continuous murmur is that 
associated with a PDA, which usually is heard in the second or third 
interspace at a slight distance from the sternal border. Other causes of 
a continuous murmur include a ruptured sinus of Valsalva aneurysm 
with creation of an aortic–right atrial or right ventricular fistula, a cor-
onary or great vessel arteriovenous fistula, and an arteriovenous fistula 
constructed to provide dialysis access. There are two types of benign 
continuous murmurs. The cervical venous hum is heard in children or 
adolescents in the supraclavicular fossa. It can be obliterated with firm 
pressure applied to the diaphragm of the stethoscope, especially when 
the subject turns his or her head toward the examiner. The mammary 
soufflé of pregnancy relates to enhanced arterial blood flow through 
engorged breasts. The diastolic component of the murmur can be oblit-
erated with firm pressure over the stethoscope.
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C. Ventricular tachycardia  

D. Avnrt 

 

Answer: D 

A prominent a wave is seen in patients with reduced right ventricular compliance; a cannon a wave occurs with 

atrioventricular (AV) dissociation and right atrial contraction against a closed tricuspid valve. In a patient with a 

wide complex tachycardia, the appreciation of cannon a waves in the jugular venous waveform identifies the 

rhythm as ventricular in origin.  

 

 

46.Which of the following doesn’t cause Kussamauls sign in JVP 

A. Constrictive pericarditis  

B. Advanced LV systolic failure  

C. Cardiac tamponade  

D. RCM 

 

Answer:C(Page 1817) 

Normally, the venous pressure should fall by at least 3 mmHg with inspiration. Kussmaul’s sign is defined by 

either a rise or a lack of fall of the JVP with inspiration and is classically associated with constrictive 

pericarditis, although it has been reported in patients with restrictive cardiomyopathy, massive pulmonary embo- 

lism, right ventricular infarction, and advanced left ventricular (LV) systolic heart failure. It is also a common, 

isolated finding in patients after cardiac surgery without other hemodynamic abnormalities.  

 

 

47. Which of the following does not cause discrepancy in both upper limb blood 

pressures? 

A. Subclavian artery ds 

B. Supravalvular AS 

C. Aortic dissection  

D. Aortic coarctation with post ductal coarctation  

Answer: D(Page 1818) 

 



Blood pressure should be mea- sured in both arms, and the difference should be <10 mmHg. A blood pressure 

differential that exceeds this threshold may be associated with atherosclerotic or inflammatory subclavian artery 

disease, supravalvu- lar aortic stenosis, aortic coarctation, or aortic dissection. Systolic leg pressures are usually 

as much as 20 mmHg higher than systolic arm pressures. Greater leg–arm pressure differences are seen in 

patients with chronic severe AR as well as patients with extensive and calcified lower extremity peripheral 

arterial disease. The ankle-brachial index (systolic pressure in the dorsalis pedis and/or posterior tibial artery 

divided by the higher of the two brachial artery pressures) is a powerful predictor of long-term cardiovascular 

mortality.  

 

 

48. Following figure 1. shows configurational change in carotid pulse. Which 

condition is associated with the given tracing 

 
A. HOCM 

B. Aortic regurgitation  

C. Post IABP insertion  

D. Typhoid fever 

 



Answer: B(Page 1819) 

 

Some patients with advanced AR may have a bifid or bisferiens pulse, in which two systolic peaks can be 

appreciated. A bifid pulse is also described in patients with hypertrophic obstructive cardiomyopathy (HOCM), 

with inscription of percussion and tidal waves. A bifid pulse is easily appreciated in patients on intraaortic 

balloon counterpulsation (IABP), in whom the second pulse is diastolic in timing.  

 

 

 
• 49. Macrocirculation and microcirculation across segments and sizes of the coronary 

arteries. The location and size of the arteries supplying blood to the heart is shown at 

the top. The main function of each of the arterial segments is shown – which is correct 

sequence?  
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calcium and action potential duration. When pulsus alternans is 
associated with electrocardiographic T-wave alternans, the risk for an 
arrhythmic event appears to be increased.

Ascending aortic aneurysms can rarely be appreciated as a pulsatile 
mass in the right parasternal area. Appreciation of a prominent abdom-
inal aortic pulse should prompt noninvasive imaging with ultrasound 
or computed tomography for better characterization. Femoral and/or 
popliteal artery aneurysms should be sought in patients with abdomi-
nal aortic aneurysm disease.

The level of a claudication-producing arterial obstruction can often 
be identified on physical examination (Fig. 239-3). For example, in a 
patient with calf claudication, a decrease in pulse amplitude between 
the common femoral and popliteal arteries will localize the obstruc-
tion to the level of the superficial femoral artery, although inflow 
obstruction above the level of the common femoral artery may coexist. 
Auscultation for carotid, subclavian, abdominal aortic, and femoral 
artery bruits should be routine. However, the correlation between the 
presence of a bruit and the degree of vascular obstruction is poor. A 
cervical bruit is a weak indicator of the degree of carotid artery steno-
sis; the absence of a bruit does not exclude the presence of significant 
luminal obstruction. If a bruit extends into diastole or if a thrill is pres-
ent, the obstruction is usually severe. Another cause of an arterial bruit 
is an arteriovenous fistula with enhanced flow.

The likelihood of significant lower extremity peripheral arterial 
disease increases with typical symptoms of claudication, cool skin, 
abnormalities on pulse examination, or the presence of a vascular bruit. 
Abnormal pulse oximetry (a >2% difference between finger and toe 
oxygen saturation) can be used to detect lower extremity peripheral 
arterial disease and is comparable in its performance characteristics to 
the ankle-brachial index.

Inspection and Palpation of the Heart The LV apex beat 
may be visible in the midclavicular line at the fifth intercostal space 
in thin-chested adults. Visible pulsations anywhere other than this 
expected location are abnormal. The left anterior chest wall may heave 
in patients with an enlarged or hyperdynamic left or right ventricle. 
As noted previously, a visible right upper parasternal pulsation may be 
suggestive of ascending aortic aneurysm disease. In thin, tall patients 
and patients with advanced obstructive lung disease and flattened 
diaphragms, the cardiac impulse may be visible in the epigastrium and 
should be distinguished from a pulsatile liver edge.

Palpation of the heart begins with the patient in the supine position 
at 30° and can be enhanced by placing the patient in the left lateral 
decubitus position. The normal LV impulse is <2 cm in diameter and 
moves quickly away from the fingers; it is better appreciated at end 
expiration, with the heart closer to the anterior chest wall. Character-
istics such as size, amplitude, and rate of force development should be 
noted.

Enlargement of the LV cavity is manifested by a leftward and down-
ward displacement of an enlarged apex beat. A sustained apex beat is a 
sign of pressure overload, such as that which may be present in patients 
with AS or chronic hypertension. A palpable presystolic impulse cor-
responds to the fourth heart sound (S4) and is indicative of reduced 
LV compliance and the forceful contribution of atrial contraction to 
ventricular filling. A palpable third sound (S3), which is indicative of 
a rapid early filling wave in patients with heart failure, may be present 
even when the gallop itself is not audible. A large LV aneurysm may 
sometimes be palpable as an ectopic impulse, discrete from the apex 
beat. HOCM may very rarely cause a triple cadence beat at the apex 
with contributions from a palpable S4 and the two components of the 
bisferiens systolic pulse.

Right ventricular pressure or volume overload may create a sternal 
lift. Signs of either TR (cv waves in the jugular venous pulse) and/or 
pulmonary arterial hypertension (a loud single or palpable P2) would 
be confirmatory. The right ventricle can enlarge to the extent that 
left-sided events are obscured. A zone of retraction between the right 
ventricular and LV impulses sometimes can be appreciated in patients 
with right ventricle pressure or volume overload when they are placed 
in the left lateral decubitus position. Systolic and diastolic thrills signify 
turbulent and high-velocity blood flow. Their locations help identify 
the origin of heart murmurs.

 � CARDIAC AUSCULTATION
Heart Sounds Ventricular systole is defined by the interval between 
the first (S1) and second (S2) heart sounds (Fig. 239-4). The first heart 
sound (S1) includes mitral and tricuspid valve closure. Normal split-
ting can be appreciated in young patients and those with right bundle 
branch block, in whom tricuspid valve closure is relatively delayed. The 
intensity of S1 is determined by the distance over which the anterior 
leaflet of the mitral valve must travel to return to its annular plane, leaf-
let mobility, LV contractility, and the PR interval. S1 is classically loud 
in the early phases of rheumatic MS and in patients with hyperkinetic 
circulatory states or short PR intervals. S1 becomes softer in the later 
stages of MS when the leaflets are rigid and calcified, after exposure 
to �-adrenergic receptor blockers, with long PR intervals, and with 
LV contractile dysfunction. The intensity of heart sounds, however, 
can be reduced by any process that increases the distance between the 
stethoscope and the responsible cardiac event, including mechanical 
ventilation, obstructive lung disease, obesity, pneumothorax, and a 
pericardial effusion.

Aortic and pulmonic valve closure constitutes the second heart sound 
(S2). With normal or physiologic splitting, the A2–P2 interval increases 
with inspiration and narrows during expiration. This physiologic inter-
val will widen with right bundle branch block because of the further 
delay in pulmonic valve closure and in patients with severe MR because 
of the premature closure of the aortic valve. An unusually narrowly 
split or even a singular S2 is a feature of pulmonary arterial hyper-
tension. Fixed splitting of S2, in which the A2–P2 interval is wide and 
does not change during the respiratory cycle, occurs in patients with a 
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A2 A2
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P2
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P2
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Dicrotic notchA

Dicrotic notchC Dicrotic notchD

Dicrotic notchE

Dicrotic notchB

FIGURE 239-2 Schematic diagrams of the configurational changes in carotid pulse 
and their differential diagnoses. Heart sounds are also illustrated. A. Normal. S4, 
fourth heart sound; S1, first heart sound; A2, aortic component of second heart 
sound; P2, pulmonic component of second heart sound. B. Aortic stenosis. Anacrotic 
pulse with slow upstroke to a reduced peak. C. Bisferiens pulse with two peaks in 
systole. This pulse is rarely appreciated in patients with severe aortic regurgitation. 
D. Bisferiens pulse in hypertrophic obstructive cardiomyopathy. There is a rapid 
upstroke to the first peak (percussion wave) and a slower rise to the second peak 
(tidal wave). E. Dicrotic pulse with peaks in systole and diastole. This waveform may 
be seen in patients with sepsis or during intraaortic balloon counterpulsation with 
inflation just after the dicrotic notch. (Reproduced with permission from K Chatterjee, 
W Parmley [eds]: Cardiology: An Illustrated Text/Reference. Philadelphia, Gower 
Medical Publishers, 1991.)
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1. A-Regulation, b-transport, c-exchange 

2. A-Transport, b-regulation, c-exchange 

3. A-pressure, b-flow, c-metabolites 

4. A-flow, b-exchange, c-regulation 

Answer: 2(Page 2031) 

 

 
 

50. WHEN CORONARY DIAMETER REDUCED BY _____%, RESTING BLOOD FLOW 

TO HEART MAY BE REDUCED. 

A. 50 % 

B. 60 % 

C. 70 % 

D. 80 % 

Answer:D(Page 2031) 

Ischem ic Heart Disease
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flow. Blood flows through the coronary arteries in a phasic fashion, 
with the majority occurring during diastole. About 75% of the total 
coronary resistance to flow occurs across three sets of arteries: (1) 
large epicardial arteries (Resistance 1 = R1), (2) prearteriolar vessels 
(R2), and (3) arteriolar and intramyocardial capillary vessels (R3). In 
the absence of significant flow-limiting atherosclerotic obstructions, 
R1 is trivial; the major determinant of coronary resistance is found in 
R2 and R3 (Fig. 273-1). The normal coronary circulation is dominated 
and controlled by the heart’s requirements for oxygen. This need is met 
by the ability of the coronary vascular bed to vary its resistance (and, 
therefore, blood flow) considerably while the myocardium extracts a 
high and relatively fixed percentage of oxygen. Normally, intramyocar-
dial resistance vessels demonstrate a great capacity for dilation (R2 and 
R3 decrease). For example, the changing oxygen needs of the heart with 
exercise and emotional stress affect coronary vascular resistance and, 
in this manner, regulate the supply of oxygen and substrate to the myo-
cardium (metabolic regulation). The coronary resistance vessels also 
adapt to physiologic alterations in blood pressure to maintain coronary 
blood flow at levels appropriate to myocardial needs (autoregulation).

By reducing the lumen of the coronary arteries, atherosclerosis 
limits appropriate increases in perfusion when the demand for more 
coronary flow occurs. When the luminal reduction is severe, myocar-
dial perfusion in the basal state is reduced. Coronary blood flow also 
can be limited by spasm (see Prinzmetal’s angina in Chap. 274), arterial 
thrombi, and, rarely, coronary emboli as well as by ostial narrowing 
due to aortitis. Congenital abnormalities such as the origin of the left 
anterior descending coronary artery from the pulmonary artery may 
cause myocardial ischemia and infarction in infancy, but this cause is 
very rare in adults.

Myocardial ischemia also can occur if myocardial oxygen demands 
are markedly increased and particularly when coronary blood flow 
may be limited, as occurs in severe left ventricular hypertrophy (LVH) 
due to aortic stenosis. The latter can present with angina that is indis-
tinguishable from that caused by coronary atherosclerosis largely 
owing to subendocardial ischemia (Chap. 261). A reduction in the 
oxygen-carrying capacity of the blood, as in extremely severe anemia 
or in the presence of carboxyhemoglobin, rarely causes myocardial 
ischemia by itself but may lower the threshold for ischemia in patients 
with moderate coronary obstruction.

Not infrequently, two or more causes of ischemia coexist in a 
patient, such as an increase in oxygen demand due to LVH secondary 

Segment
and size

Macrocirculation Microcirculation

Main stimulus
for vasomotion MetabolitesPressureF low

ExchangeRegulationTransportMain
function

Percentage of
total resistance
to flow

Epicardial arteries >400 µm Small arteries <400 µm Arterioles <100 µm C apillaries <10 µm

FIGURE 273-1 Macrocirculation and microcirculation across segments and sizes of the arteries. The location and size of the arteries supplying blood to the heart is shown 
at the top. Vasomotion of the arterial segments occurs in response to the stimuli shown. The main function of each of the arterial segments is shown next, followed by a 
depiction of the relative resistance to antegrade flow. (Reproduced with permission from B De Bruyne et al: Microvascular (dys)function and clinical outcome in stable 
coronary disease. J Amer Coll Cardiol 67:1170, 2016.)

to hypertension and a reduction in oxygen supply secondary to cor-
onary atherosclerosis and anemia. Abnormal constriction or failure 
of normal dilation of the coronary resistance vessels also can cause 
ischemia. When it causes angina, this condition is referred to as 
microvascular angina.

CORONARY ATHEROSCLEROSIS
Epicardial coronary arteries are the major site of atherosclerotic dis-
ease. The major risk factors for atherosclerosis (high levels of plasma 
low-density lipoprotein [LDL], cigarette smoking, hypertension, and 
diabetes mellitus) vary in their relative impact on disturbing the nor-
mal functions of the vascular endothelium. These functions include 
local control of vascular tone, maintenance of an antithrombotic 
surface, and control of inflammatory cell adhesion and diapedesis. 
The loss of these defenses leads to inappropriate constriction, luminal 
thrombus formation, and abnormal interactions between blood cells, 
especially monocytes and platelets, and the activated vascular endo-
thelium. Functional changes in the vascular milieu ultimately result in 
the subintimal collections of fat, smooth muscle cells, fibroblasts, and 
intercellular matrix that define the atherosclerotic plaque. Rather than 
viewing atherosclerosis strictly as a vascular problem, it is useful to 
consider it in the context of alterations in the nature of the circulating 
blood (hyperglycemia; increased concentrations of LDL cholesterol, 
tissue factor, fibrinogen, von Willebrand factor, coagulation factor VII, 
and platelet microparticles). The combination of a “vulnerable vessel” 
in a patient with “vulnerable blood” promotes a state of hypercoag-
ulability and hypofibrinolysis. This is especially true in patients with 
diabetes mellitus.

Atherosclerosis develops at irregular rates in different segments of 
the epicardial coronary tree and leads eventually to segmental reduc-
tions in cross-sectional area, i.e., plaque formation. There is also a 
predilection for atherosclerotic plaques to develop at sites of increased 
turbulence in coronary flow, such as at branch points in the epicardial 
arteries. When a stenosis reduces the diameter of an epicardial artery 
by 50%, there is a limitation of the ability to increase flow to meet 
increased myocardial demand. When the diameter is reduced by ~80%, 
blood flow at rest may be reduced, and further minor decreases in the 
stenotic orifice area can reduce coronary flow dramatically to cause 
myocardial ischemia at rest or with minimal stress.

Segmental atherosclerotic narrowing of epicardial coronary arter-
ies is caused most commonly by the formation of a plaque, which is 
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Atherosclerosis develops at irregular rates in different segments of the epicardial coronary tree and leads 

eventually to segmental reduc- tions in cross-sectional area, i.e., plaque formation. There is also a predilection 

for atherosclerotic plaques to develop at sites of increased turbulence in coronary flow, such as at branch points 

in the epicardial arteries. When a stenosis reduces the diameter of an epicardial artery by 50%, there is a 

limitation of the ability to increase flow to meet increased myocardial demand. When the diameter is reduced by 

~80%, blood flow at rest may be reduced, and further minor decreases in the stenotic orifice area can reduce 

coronary flow dramatically to cause myocardial ischemia at rest or with minimal stress.  

 

 

51. NORMAL MYOCARDIUM PREFERENTIALLY UTILIZE ___________ AS 

ENERGY SUBSTRATE. 

A. GLUCOSE 

B. SUCROSE 

C. FATTY ACID 

D. LACTATE 

Answer: C(Page 2032) 

A wide range of abnormalities in cell metabolism, function, and structure underlie these mechanical 

disturbances during ischemia. The normal myocardium metabolizes fatty acids and glucose to carbon dioxide 

and water. With severe oxygen deprivation, fatty acids cannot be oxidized, and glucose is converted to lactate; 

intracellular pH is reduced, as are the myocardial stores of high-energy phosphates, i.e., ATP and creatine 

phosphate. Impaired cell membrane function leads to the leakage of potassium and the uptake of sodium by 

myocytes as well as an increase in cytosolic calcium. The severity and duration of the imbalance between 

myocardial oxygen supply and demand deter- mine whether the damage is reversible (≤20 min for total 

occlusion in the absence of collaterals) or permanent, with subsequent myocardial necrosis (>20 min).  

 

 

52. STRESS AND REST MYOCARDIAL PERFUSION PET IMAGES OBTAINED WITH 

RUBIDIUM-82 IN A PATIENT WITH CHEST PAIN ON EXERTION. THE IMAGES 

DEMONSTRATE _________ 

A. REVERSIBLE DEFECT 

B. FIXED DEFECT 

C. NO DEFECT 

D. SCAR 



 
 

Answer:A(Page 1841 , 2036) 

 

SPECT myocardial perfusion imaging is the most com- mon form of stress imaging tests for CAD eval- uation. 

The presence of a reversible myocardial perfusion defect is indicative of ischemia whereas a fixed perfusion 

defect generally reflects prior myocardial infarction . PET has advantages compared to SPECT, but it is not 

widely available and is more expensive and, thus, considered an emerging technology in clinical practice.  

 

53.  ………INHIBITS THE LATE INWARD SODIUM CURRENT (INa)à LIMITATION 

OF  Na OVERLOAD OF ISCHEMIC MYOCYTES AND PREVENTION OF Ca2+ 

OVERLOAD VIA THE Na+–Ca2+ EXCHANGER. 

 

A. IVABRADINE 

B. NICORANDIL 

C. RANOLAZINE 

D. PHENYTOIN 



Answer: C(Page 2042) 

 

Ranolazine, a piperazine derivative, may be useful for patients with chronic angina despite standard medical 

therapy . Its antianginal action is believed to occur via inhi- bition of the late inward sodium current (INa). The 

benefits of INa inhibition include limitation of the Na overload of ischemic myo- cytes and prevention of Ca2+ 

overload via the Na+–Ca2+ exchanger. A dose of 500–1000 mg orally twice daily is usually well tolerated. 

Ranolazine is contraindicated in patients with hepatic impairment or with conditions or drugs associated with 

QTc prolongation and when drugs that inhibit the CYP3A metabolic system (e.g., ketoco- nazole, diltiazem, 

verapamil, macrolide antibiotics, HIV protease inhibitors, and large quantities of grapefruit juice) are being 

used.  

 

 

54. PATHOPHYSIOLOGY OF NSTE-ACS INCLUDES: 

A. PLAQUE FISSURE WITH/WITHOUT INFLAMMATION 

B. PLAQUE EROSION 

C. EPICARDIAL OR MICROVASCULAR SPASM 

D. ALL OF THE ABOVE 

 

Answer: D(Page 2046) 
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former decreases blood pressure and dilates coronary arteries, the 
latter slows heart rate and decreases contractility. Amlodipine and 
the other second-generation dihydropyridine calcium antagonists 
(nicardipine, isradipine, long-acting nifedipine, and felodipine) are 
potent vasodilators and are useful in the simultaneous treatment of 
angina and hypertension. Short-acting dihydropyridines should be 
avoided because of the risk of precipitating infarction, particularly 
in the absence of concomitant beta blocker therapy. 
Choice Between Beta Blockers and Calcium Channel Blockers for 
Initial Therapy Since beta blockers have been shown to improve 
life expectancy after acute myocardial infarction (Chaps. 274 and 
275) and calcium channel blockers have not, the former may also 
be preferable in patients with angina and a damaged left ventricle. 
However, calcium channel blockers are indicated in patients with 
the following: (1) inadequate responsiveness to the combination 
of beta blockers and nitrates; many of these patients do well with a 
combination of a beta blocker and a dihydropyridine calcium chan-
nel blocker; (2) adverse reactions to beta blockers such as depres-
sion, sexual disturbances, and fatigue; (3) angina and a history of 
asthma or chronic obstructive pulmonary disease; (4) sick-sinus 
syndrome or significant atrioventricular conduction disturbances; 
(5) Prinzmetal’s angina; or (6) symptomatic peripheral arterial 
disease.

A comparison of the common side effects, contraindications, 
and potential drug interactions of many of the frequently presented 
antianginal agents is shown in Table 273-7. 
Antiplatelet Drugs Aspirin is an irreversible inhibitor of plate-
let cyclooxygenase and thereby interferes with platelet activation. 
Chronic administration of 75–325 mg orally per day has been shown 
to reduce coronary events in asymptomatic adult men over age 50, 
patients with chronic stable angina, and patients who have or have 
survived unstable angina and myocardial infarction. There is a 
dose-dependent increase in bleeding when aspirin is used chroni-
cally. It is preferable to use an enteric-coated formulation in the range 
of 81–162 mg/d. Administration of this drug should be considered 
in all patients with IHD in the absence of gastrointestinal bleed-
ing, allergy, or dyspepsia. Clopidogrel (300–600 mg loading and  
75 mg/d) is an oral agent that blocks P2Y12 ADP receptor–mediated 
platelet aggregation. It provides benefits similar to those of aspirin 

in patients with stable chronic IHD and may be substituted for 
aspirin if aspirin causes the side effects listed above. Clopidogrel 
combined with aspirin reduces death and coronary ischemic events 
in patients with an acute coronary syndrome (Chap. 274) and also 
reduces the risk of thrombus formation in patients undergoing 
implantation of a stent in a coronary artery (Chap. 276). Alterna-
tive antiplatelet agents that block the P2Y12 platelet receptor such as 
prasugrel and ticagrelor have been shown to be more effective than 
clopidogrel for prevention of ischemic events after placement of a 
stent for an acute coronary syndrome but are associated with an 
increased risk of bleeding. Although combined treatment with clop-
idogrel and aspirin for at least a year is recommended in patients 
with an acute coronary syndrome treated with implantation of a 
drug-eluting stent, studies have not shown any benefit from the 
routine addition of clopidogrel to aspirin in patients with chronic 
stable IHD. 

OTHER THERAPIES
The ACE inhibitors are widely used in the treatment of survivors 
of myocardial infarction, patients with hypertension or chronic 
IHD including angina pectoris, and those at high risk of vascular 
diseases such as diabetes. The benefits of ACE inhibitors are most 
evident in IHD patients at increased risk, especially if diabetes mel-
litus or LV dysfunction is present, and those who have not achieved 
adequate control of blood pressure and LDL cholesterol on beta 
blockers and statins. However, the routine administration of ACE 
inhibitors to IHD patients who have normal LV function and have 
achieved blood pressure and LDL goals on other therapies does not 
reduce the incidence of events and therefore is not cost-effective.

Despite treatment with nitrates, beta blockers, or calcium chan-
nel blockers, some patients with IHD continue to experience 
angina, and additional medical therapy is now available to alleviate 
their symptoms. Ranolazine, a piperazine derivative, may be useful 
for patients with chronic angina despite standard medical therapy 
(Table 273-7). Its antianginal action is believed to occur via inhi-
bition of the late inward sodium current (INa). The benefits of INa 
inhibition include limitation of the Na overload of ischemic myo-
cytes and prevention of Ca2+ overload via the Na+–Ca2+ exchanger. 
A dose of 500–1000 mg orally twice daily is usually well tolerated. 
Ranolazine is contraindicated in patients with hepatic impairment 

TABLE 273-7 Antianginal Agents
AGENT COMMON SIDE EFFECTS CONTRAINDICATIONS POTENTIAL DRUG INTERACTIONS
Agents That Have a Physiologic Effect
Short-acting and long-acting 
nitrates

Headache, flushing, hypotension, 
syncope and postural hypotension, 
reflex tachycardia, methemoglobinemia

Hypertrophic obstructive cardiomyopathy Phosphodiesterase type 5 inhibitors 
(sildenafil and similar agents), beta-
adrenergic blockers, calcium channel 
blockers

Beta blockers Fatigue, depression, bradycardia, 
heart block, bronchospasm, peripheral 
vasoconstriction, postural hypotension, 
impotence, masked signs of 
hypoglycemia

Low heart rate or heart conduction disorder, 
cardiogenic shock, asthma, severe peripheral 
vascular disease, decompensated heart failure, 
vasospastic angina; use with caution in patients 
with COPD (cardioselective beta blockers may be 
used if patient receives adequate treatment with 
long-acting beta agonists)

Heart rate–lowering calcium channel 
blockers, sinus node or AV conduction 
depressors

Calcium-channel blockers � � �
Heart rate–lowering agents Bradycardia, heart conduction defect, 

low ejection fraction, constipation, 
gingival hyperplasia

Cardiogenic shock, severe aortic stenosis, 
obstructive cardiomyopathy

CYP3A4 substrates (digoxin, simvastatin, 
cyclosporine)

Dihydropyridine Headache, ankle swelling fatigue, 
flushing, reflex tachycardia

Low heart rate or heart rhythm disorder, sick-sinus 
syndrome, congestive heart failure, low blood 
pressure

Agents with cardiodepressant effects 
(beta blockers, flecainide), CYP3A4 
substrates

Agents That Affect Myocardial Metabolism
Ranolazine Dizziness, constipation, nausea, QT 

interval prolongation
Liver cirrhosis CYP3A4 substrates (digoxin, simvastatin, 

cyclosporine), drugs that prolong the 
corrected QT interval

Abbreviations: AV, atrioventricular; COPD, chronic obstructive pulmonary disease; CYP3A4, cytochrome P450 3A4.
Source: Data from SE Husted: Lancet 386:691, 2015, and EM Ohman: N Engl J Med 374:1167, 2016.

HPIM21e_Part6_p1797-p2130.indd   2042 21/01/22   6:24 PM



NSTE-ACS is caused by an imbalance between myocardial oxygen supply and demand resulting from one or 

more of three processes that lead to coronary arterial thrombosis: (1) plaque fissure with inflammation—the 

inflammatory response is reflected by an increased activity of effector T cells as part of an adaptive immunity 

dysregulation; (2) plaque fissure without inflammation; and (3) plaque erosion, which is present in at least one-

third of ACS and is recognized with increasing frequency . The so-called “vulnerable plaques” responsible for 

ACS may show an eccentric stenosis with scalloped or overhanging edges and a narrow neck on coronary 

angiography. Such plaques usually are composed of a lipid-rich core with a thin fibrous cap. Patients with 

NSTE-ACS frequently have multiple such plaques that are at risk of disruption. A fourth process, without 

thrombosis, may be caused by epicardial or microvascular spasm or increased myocardial oxygen demand in the 

presence of fixed epicardial coronary obstruction.  

 

 

55. WHICH OF THE FOLLOWING CHARACTERISTICS ARE ASSOCIATED WITH 

THIS EVENT? 

A. THICK FIBROUS CAP, COLLAGEN RICH, NO OR LITTLE LIPID, PLATELET 

RICH THROMBUS 

B. THIN FIBROUS CAP, COLLAGEN RICH, LESS LIPID, WHITE THROMBUS 

C. THICK FIBROUS CAP, COLLAGEN POOR, LARGE LIPID CORE, RED 

THROMBUS  

D. THIN FIBROUS CAP, COLLAGEN POOR, LARGE LIPID CORE, FIBRIN-RICH 

THROMBUS 

 

 
 

Answer: D (Page 2047) 



 

 
56. WHICH ORAL ANTIPLATELET IS REVERSIBLE INHIBITOR: 

A. ASPIRIN 

B. CLOPIDOGREL 

C. TICAGRELOR 

D. PRASUGREL 

Answer: C(Page 2049,50) 

Initial treatment should begin with the cyclooxygenase inhibitor aspirin with a dose of at least 162 mg of a 

rapidly acting preparation (oral non-enteric-coated or intravenous). Lower doses (75–100 mg/d) are 

recommended thereafter since they maintain efficacy while causing less bleeding. Contraindications are severe 

active bleeding and aspirin allergy.  

In the absence of a high risk for bleeding, patients with NSTE- ACS, irrespective of whether an invasive or 

conservative strategy (see below) is selected, should also receive a platelet P2Y12 receptor blocker to inhibit 

platelet activation. There are now three oral and one intravenous P2Y12 inhibitors to choose from. The 

thienopyri- dine clopidogrel is an inactive prodrug that is converted into an active metabolite that causes 

irreversible blockade of the platelet P2Y12 receptor. The loading dose of clopidogrel is 600 mg, whereas the 

Non-S T-Segment Elevation Acute Coronary Syndrome (Non-ST-Segment Elevation M
yocardial Infarction and Unstable Angina)    
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epigastric discomfort, nausea, or weakness may occur instead of 
chest discomfort. These equivalents are more frequent in women, the 
elderly, and patients with diabetes mellitus. The physical examination 
resembles that in patients with stable angina (Chap. 273) and may be 
unremarkable. However, if the patient has a large area of myocardial 
ischemia or a large NSTEMI, the physical findings can include dia-
phoresis; pale, cool skin; sinus tachycardia; a third and/or fourth heart 
sound; basilar rales; and hypotension.

Electrocardiogram New ST-segment depression occurs in about 
one-third of patients with NSTE-ACS. It may be transient but can per-
sist for as long as several days following NSTEMI. T-wave changes are 
more common but are a less specific sign of ischemia, unless they are 
new and deep T-wave inversions (�0.3 mV).

Cardiac Biomarkers Patients with NSTEMI have elevated biomark-
ers of necrosis, such as cardiac troponin (cTn) I or T (cTnI or cTnT). 
cTns are sensitive, relatively specific, and the preferred markers of myo-
cardial necrosis. Elevated levels of cTn with a dynamic early change 

Low likelihood

1. Presentation

2. ECG

3. Troponin

4. Diagnosis Non-cardiac O ther
cardiacUA NSTEMI STEMI

High likelihood

FIGURE 274-1 Assessment of patients with suspected acute coronary syndromes. The initial assessment is based on the integration of low-likelihood and/or high-likelihood 
features derived from clinical presentation (i.e., symptoms, vital signs), 12-lead electrocardiogram (ECG), and cardiac troponin. The proportion of the final diagnoses 
derived from the integration of these parameters is visualized by the size of the respective boxes. NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, 
ST-segment elevation myocardial infarction; UA, unstable angina. (Reproduced with permission from M Roffi et al: ESC Guidelines for the management of acute coronary 
syndromes in patients presenting without persistent ST-segment elevation: task force for the management of acute coronary syndromes in patients presenting without 
persistent st-segment elevation of the European Society of Cardiology (ESC). Eur Heart J 37:267, 2016. https://doi.org/10.1093/eurheartj/ehv320, Translated and reproduced 
by permission of Oxford University Press on behalf of the European Society of Cardiology.)
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FIGURE 274-2 Comparison of the characteristics of human atheromata complicated 
by thrombosis and causing acute coronary syndrome. The column on the left 
highlights some of the characteristics demonstrated by analyses of human coronary 
arterial lesions that have undergone thrombosis by these two diverse mechanisms. 
NETs, neutrophil extracellular traps (Reproduced with permission from P Libby et al: 
Reassessing the mechanisms of acute coronary syndromes the “vulnerable plaque” 
and superficial erosion. Circ Res 124:150, 2019.)

these features (without electrocardiographic ST-segment elevations) 
develops evidence of myocardial necrosis, as reflected in abnormally 
elevated levels of circulating troponin, in the absence of another 
explanation (see below). The chest discomfort is typically located in 
the substernal region and radiates to the left arm, left shoulder, and/or 
superiorly to the neck and jaw. Anginal equivalents such as dyspnea, 

TABLE 274-1 TIMI Risk Score for NSTE-ACS
RISK MARKERS
•	 Age �65 years
•	 Known CAD (�50% stenosis)
•	 ST deviation >0.5mm on 

presenting ECG

•	 �  cardiac markers
•	 �2 original episodes in prior 24 h
•	 Prior angina
•	 �3 CAD risk factors

NO. OF RISK MARKERS INCIDENCE OF ADVERSE CARDIAC EVENTS* (%)
0/1 5
2 8
3 13
4 20
5 26
6/7 41

*Risk at 14 days of death, new or recurrent MI, or severe recurrent ischemia 
requiring urgent revascularization.
Abbreviations: CAD, coronary artery disease; ECG, electrocardiogram; NSTE-
ACS, non-ST-segment elevation acute coronary syndrome; TIMI, Thrombolysis in 
Myocardial Infarction.
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maintenance dose is 75 mg daily. When clopidogrel is added to aspirin, so-called dual antiplatelet therapy 

(DAPT), in patients with NSTE-ACS, it confers a 20% relative reduction in cardiovascular death, MI, or stroke, 

compared to aspirin alone but is associated with a moderate (absolute 1%) increase in major bleeding  

Two other P2Y12 inhibitors have been shown to be superior to clopidogrel in preventing recurrent cardiac 

ischemic events but both increase bleeding. Prasugrel, also a thienopyridine, achieves a more rapid onset and 

higher level of irreversible platelet inhibition than clopidogrel. It has been approved for ACS patients following 

angiography when PCI is planned; it should be administered at loading dose of 60 mg followed by 10 mg/d. 

Compared to clopi- dogrel, prasugrel significantly reduces the combined risk of car- diovascular death, MI, 

stroke, and stent thrombosis but increases bleeding. Prasugrel is contraindicated in patients with prior stroke or 

transient ischemic attack or at high risk for bleeding.  

Ticagrelor, a potent, reversible platelet P2Y12 inhibitor, reduces the risk of cardiovascular death, total mortality, 

or MI compared to clopidogrel across a broad spectrum of patients with ACS. After a loading dose of 180 mg, 

90 mg bid is administered as maintenance. Like prasugrel, ticagrelor increases the risk of bleeding. Unlike 

prasugrel, ticagrelor demonstrated benefit whether patients were managed conservatively or with an early 

invasive strategy (see below). Some patients may develop dyspnea soon after administra- tion, although the 

symptoms are often transient and infrequently serious.  

 

 

57. IMAGE REPRESENTS WHICH TYPE OF MI ? 

 
A. TYPE 1 

B. TYPE 2 

C. TYPE 3 



D. NONE 

Answer: B(Page 2058) 

 

 
 

58. WHICH IF THESE IS NOT A CAUSE OF ST ELEVATION IN ECG? 

A. HYPERKALEMIA 

B. HYPERTHERMIA 

C. HYPERCALCEMIA 

D. TYPE IA ANTIARRHYTHMIC DRUGS 

Answer: B(Page 1830) 
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Myocardial Infarction Type 1 Myocardial Infarction Type 2

Atherosclerosis and oxygen
supply/demand imbalance

Vasospasm or coronary
microvascular dysfunction

Non-atherosclerotic
coronary dissection

Oxygen supply/demand
imbalance alone

Plaque rupture/erosion with
occlusive thrombus

Plaque rupture/erosion with
non-occlusive thrombus

Damaged
heart tissue

Occluded
cardiac vessel

FIGURE 275-4 Distinction between type 1 and type 2 myocardial infarction (MI). A. Type 1 MIs are caused by atherothrombotic coronary artery disease (CAD) and usually 
precipitated by atherosclerotic plaque disruption (rupture or erosion). The relative burden of atherosclerosis and thrombosis in the culprit lesion varies greatly. B. The 
pathophysiologic mechanism leading to ischemic myocardial injury in the context of a mismatch between oxygen supply and demand has been classified as type 2 MI, while 
the infarct-related coronary artery is typically occluded in Type 1 MI’s, subtotal occlusion may be present in Type II Mi’s. (Adapted from K Thygesen: Circulation 138:e618, 2018.)

ST EMI patient who is a
candidate for reperfusion

Diagnostic angiogram

Medical
therapy only

*Patients with cardiogenic shock or severe heart failure initially seen at a non–P CI-capable hospital should be transferred for cardiac
catheterization and revascularization as soon as possible , irrespective of time delay from myocardial infarction (MI) onset (C lass I, LO E: B).
†Angiography and revascularization should not be performed within the first 2–3 h after administration of fibrinolytic therapy.

P CI CAB G

Initially seen at a
P CI-capable

hospita l

Initially seen at a
non–P CI-capable

hospital*

Send to cath lab
for primary P CI

FMC-device time
�90 min

(C lass I, LO E: A)

Transfer for
angiography and
revascularization
within 3–24 h for
other patients as

part of an
invasive strategy†

(C lass IIa , LO E: B)

Transfer for
primary P CI
FMC-device

time as soon as
possible and

�120 min
(C lass I, LO E: B)

Administer fibrinolytic
agent within 30 min of

arrival when
anticipated FMC-
device >120 min
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Urgent transfer for
P CI for patients
with evidence of

failed reperfusion
or reocclusion

(C lass IIa , LO E: B)

DID O time �30 min

FIGURE 275-5 Reperfusion therapy for patients with ST-segment elevation myocardial infarction (STEMI). The bold arrows and boxes are the preferred strategies. 
Performance of percutaneous coronary intervention (PCI) is dictated by an anatomically appropriate culprit stenosis. CABG, coronary artery bypass graft; DIDO, door-in–
door-out; FMC, first medical contact; LOE, level of evidence. Colors correspond to the class of recommendation in the guideline. While the infarct-related coronary artery 
is typically occluded in Type I MI’s, subtotal occlusion may be present in Type II MI’s. (Reproduced with permission from PT O’Gara: 2013 ACCF/AHA guideline for the 
management of st-elevation myocardial infarction. Circulation 127:e362, 2013.)
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59. 56 YRS OLD MALE FROM REMOTE AREA PRESENTED WITH ACS-AWMI 

(WINDOW PERIOD 1 HR) AT LOCAL HOSPITAL. JOURNEY TO THE NEAREST PCI 

CAPABLE HOSPITAL IS 3 HRS FROM THIS LOCAL HOSPITAL BY ROAD. WHAT 

SHOULD BE YOUR STRATEGY? 

A. GIVE DAPT, STATIN, HEPARIN AND MANAGE AT THE LOCAL HOSPITAL 

ONLY 

B. IMMEDIATELY SHIFT TO PCI CAPABLE HOSPITAL 

C. IMMEDIATELY THROMBOLYSE THE PATIENT AND SHIFT TO PCI 

CAPABLE HOSPITAL 

D. GIVE DAPT, STATIN, HEPARIN AND AFTER 24 HRS SHIFT TO PCI 

CAPABLE HOSPITAL 

Answer: C(Page 2058) 

1830

PART 6
D
isorders of the Cardiovascular System

slow sinusoidal type of mechanism (“sine-wave” pattern) followed by 
asystole. Hypokalemia (Fig. 240-15) prolongs ventricular repolariza-
tion, often with prominent U waves. Prolongation of the QT interval 
is also seen with drugs that increase the duration of the ventricular 
action potential: class 1A antiarrhythmic agents and related drugs 
(e.g., quinidine, disopyramide, procainamide, tricyclic antidepressants, 
phenothiazines) and class III agents (e.g., amiodarone [Fig. 240-15], 
dofetilide, sotalol, ibutilide). Systemic hypothermia (Fig. 240-15) also 
prolongs repolarization, usually with a distinctive convex elevation of 
the J point (Osborn wave). Marked QT prolongation, sometimes with 
deep, wide T-wave inversions, may occur with intracranial bleeds, 
particularly subarachnoid hemorrhage (“CVA T-wave” pattern) (Fig. 
240-15). Hypocalcemia typically prolongs the QT interval (ST portion), 
whereas hypercalcemia shortens it (Fig. 240-16). Digitalis glycosides 

also shorten the QT interval, often with a characteristic “scooping” of 
the ST–T-wave complex (digitalis effect).

 � NONSPECIFIC ST�T CHANGES AND LOW QRS 
VOLTAGE
Many other factors are associated with ECG changes, particularly 
alterations in ventricular repolarization. T-wave flattening, minimal 
T-wave inversions, or slight ST-segment depression (“nonspecific 
ST–T-wave changes”) may occur with a variety of electrolyte and acid-
base disturbances, infectious or inflammatory processes, central ner-
vous system disorders, endocrine abnormalities, many drugs, ischemia, 
hypoxia, and virtually any type of cardiopulmonary abnormality, in 
addition to physiologic changes (e.g., with posture or with meals). Low 
QRS voltage is arbitrarily defined as peak-to-trough QRS amplitudes of 
�5 mm in the six limb leads and/or �10 mm in the chest leads. Multiple 
factors may be responsible. Among the most serious include pericar-
dial (Fig. 240-17) or pleural effusions, chronic obstructive pulmonary 
disease, infiltrative cardiomyopathies, and anasarca.

 � ELECTRICAL ALTERNANS SYNDROMES
Electrical alternans—a beat-to-beat alternation in one or more com-
ponents of the ECG signal—is a common type of nonlinear cardio-
vascular response to a variety of hemodynamic and electrophysiologic 
perturbations. Total electrical alternans (P-QRS-T) with sinus tachy-
cardia is a relatively specific sign of pericardial effusion, usually with 
cardiac tamponade (Fig. 240-17). In contrast, pure repolarization 
(ST-T or U wave) alternans is a sign of electrical instability and may 
precede ventricular tachyarrhythmias.

 � CLINICAL INTERPRETATION OF THE ECG
Accurate analysis of ECGs requires thoroughness and care. The 
patient’s age, gender, and clinical status should always be taken into 
account. Many mistakes in ECG interpretation are errors of omis-
sion. Therefore, a systematic approach is essential. The following 14 
points should be analyzed carefully in every ECG: (1) standardization 
(calibration) and technical features (including lead placement and 
artifacts), (2) rhythm, (3) heart rate, (4) PR interval/AV conduction, 
(5) QRS interval, (6) QT/QTc intervals, (7) mean QRS electrical axis, 
(8) P waves, (9) QRS voltages, (10) precordial R-wave progression, (11) 
abnormal Q waves, (12) ST segments, (13) T waves, and (14) U waves. 
Comparison with any previous ECGs is invaluable.

 � COMPUTERIZED ELECTROCARDIOGRAPHY
Computerized systems are widely used for immediate retrieval of 
thousands of ECG records. Fully automated computerized ECG anal-
yses still have major limitations and, therefore, should not be accepted 
without careful clinician review of both waveforms and intervals.

TABLE 240-1 Differential Diagnosis of ST-Segment Elevations
Myocardial ischemia/infarction
  Noninfarction, transmural ischemia (Prinzmetal’s syndrome due to localized 

coronary spasm)
 Acute myocardial infarction (especially due to epicardial coronary occlusion)
 Takotsubo syndrome (“stress cardiomyopathy”)
 Postmyocardial infarction (ventricular aneurysm pattern)
Acute pericarditis
Normal variants (including benign “early repolarization” patterns)
Left ventricular hypertrophy/left bundle branch blocka

Other (rarer)
 Acute pulmonary embolisma

  Brugada patterns (right bundle branch block–like morphology with ST 
elevations in right precordial leads)

 Class 1C antiarrhythmic drugsa

 DC cardioversion (transient)
 Hypercalcemiaa

 Hyperkalemiaa

 Hypothermia (J [Osborn] waves)
 Nonischemic myocardial injury
  Myocarditis syndromes (infectious and non-infectious)
  Tumor invading left ventricle
  Trauma to ventricles

aUsually localized to V1–V2 or V3.
Source: Modified from AL Goldberger et al: Goldberger’s Clinical 
Electrocardiography: A Simplified Approach, 9th ed. Philadelphia, Elsevier/
Saunders, 2017.

Hyperkalemia

Mild-Moderate Moderate-Severe Very Severe

Lead I

Lead II

V1

V2

V1
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V2

1s

1mV

FIGURE 240-14 The earliest ECG change with hyperkalemia is usually peaking (“tenting”) of the T waves. With further increases in the serum potassium concentration, 
the QRS complexes widen, the P waves decrease in amplitude and may disappear, and finally a sine-wave pattern leads to asystole unless emergency therapy is given. 
(Reproduced with permission from AL Goldberger et al: Goldberger’s cinical electrocardiography: A simplified approach, 9th ed. Philadelphia, Elsevier/Saunders, 2017.)
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60. WHICH OF THE FOLLOWING FFR VALUE IS SIGNIFICANT ? 

A. 0.90 

B. 0.85 

C. 0.75 

D. 1.00 

Answer: C(Page 

 

Measurement of the fractional flow reserve provides a functional assessment of the stenosis and is more 

accurate in predicting long- term clinical outcome than imaging techniques. The fractional flow reserve is the 

ratio of the pressure in the coronary artery distal to the stenosis divided by the pressure in the artery proximal to 

the stenosis at maximal vasodilation. Fractional flow reserve is measured using a coronary pressure–sensor 

guidewire at rest and at maximal hyperemia following the infusion of adenosine. A fractional flow reserve of 

<0.80 indicates a hemodynamically significant stenosis that would benefit from intervention. The instantaneous 

wave-free ratio, which measures the gradient across the stenosis during the latter part of diastole, does not 

require the use of adenosine and may be preferred for some patients with asthma or documented allergy to 

adenosine. An instantaneous wave-free ratio of <0.89 is considered positive for ischemia. Resting gradients 
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Myocardial Infarction Type 1 Myocardial Infarction Type 2

Atherosclerosis and oxygen
supply/demand imbalance

Vasospasm or coronary
microvascular dysfunction

Non-atherosclerotic
coronary dissection

Oxygen supply/demand
imbalance alone

Plaque rupture/erosion with
occlusive thrombus

Plaque rupture/erosion with
non-occlusive thrombus

Damaged
heart tissue

Occluded
cardiac vessel

FIGURE 275-4 Distinction between type 1 and type 2 myocardial infarction (MI). A. Type 1 MIs are caused by atherothrombotic coronary artery disease (CAD) and usually 
precipitated by atherosclerotic plaque disruption (rupture or erosion). The relative burden of atherosclerosis and thrombosis in the culprit lesion varies greatly. B. The 
pathophysiologic mechanism leading to ischemic myocardial injury in the context of a mismatch between oxygen supply and demand has been classified as type 2 MI, while 
the infarct-related coronary artery is typically occluded in Type 1 MI’s, subtotal occlusion may be present in Type II Mi’s. (Adapted from K Thygesen: Circulation 138:e618, 2018.)

ST EMI patient who is a
candidate for reperfusion

Diagnostic angiogram

Medical
therapy only

*Patients with cardiogenic shock or severe heart failure initially seen at a non–P CI-capable hospital should be transferred for cardiac
catheterization and revascularization as soon as possible , irrespective of time delay from myocardial infarction (MI) onset (C lass I, LO E: B).
†Angiography and revascularization should not be performed within the first 2–3 h after administration of fibrinolytic therapy.

P CI CAB G

Initially seen at a
P CI-capable

hospita l

Initially seen at a
non–P CI-capable

hospital*

Send to cath lab
for primary P CI

FMC-device time
�90 min

(C lass I, LO E: A)

Transfer for
angiography and
revascularization
within 3–24 h for
other patients as

part of an
invasive strategy†

(C lass IIa , LO E: B)

Transfer for
primary P CI
FMC-device

time as soon as
possible and

�120 min
(C lass I, LO E: B)

Administer fibrinolytic
agent within 30 min of

arrival when
anticipated FMC-
device >120 min
(C lass I, LO E: B)

Urgent transfer for
P CI for patients
with evidence of

failed reperfusion
or reocclusion

(C lass IIa , LO E: B)

DID O time �30 min

FIGURE 275-5 Reperfusion therapy for patients with ST-segment elevation myocardial infarction (STEMI). The bold arrows and boxes are the preferred strategies. 
Performance of percutaneous coronary intervention (PCI) is dictated by an anatomically appropriate culprit stenosis. CABG, coronary artery bypass graft; DIDO, door-in–
door-out; FMC, first medical contact; LOE, level of evidence. Colors correspond to the class of recommendation in the guideline. While the infarct-related coronary artery 
is typically occluded in Type I MI’s, subtotal occlusion may be present in Type II MI’s. (Reproduced with permission from PT O’Gara: 2013 ACCF/AHA guideline for the 
management of st-elevation myocardial infarction. Circulation 127:e362, 2013.)
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have also been shown to predict a signifi- cant stenosis. Using both pressure and velocity, an index of 

myocardial resistance can also be calculated. Studies have shown this to be an important predictor of outcome as 

well.  

Microvascular dysfunction can be evaluated by assessing coronary flow reserve, the ratio between coronary 

blood flow at maximal hyper- emia and rest. Coronary flow reserve is measured using a Doppler wire– or 

pressure wire–based thermodilution technique in patients with unexplained chest pain or ischemia and no 

obstructive coronary artery disease. A coronary flow reserve <2.0 is considered abnormal.  

 

 

61. 50 YRS OLD MALE HAD RECENT AWMI, S/P LAD PCI 4 MONTHS BEFORE, 

AND CURRENTLY ON NYHA II WITH LV EF 30% ON GDMT. WHICH OF THE 

FOLLOWING IS REQUIRED FOR PRIMARY PREVENTION OF SCD?  

A. AMIODARONE 

B. CRT-D 

C. ICD 

D. MEXILITINE 

Answer: C(Page 2064) 
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patient who develops combined persistent bifascicular and transient 
third-degree heart block during the acute phase of MI.

 � OTHER COMPLICATIONS
Recurrent Chest Discomfort Because recurrent or persistent 
ischemia often heralds extension of the original infarct or reinfarction 
in a new myocardial zone and is associated with a near tripling of mor-
tality after STEMI, patients with these symptoms should be referred 
for prompt coronary arteriography and mechanical revascularization. 
Administration of a fibrinolytic agent is an alternative to early mechan-
ical revascularization.

Pericarditis (See also Chap. 270) Pericardial friction rubs and/or 
pericardial pain are frequently encountered in patients with STEMI 
involving the epicardium. This complication can usually be managed 
with aspirin (650 mg four times daily). It is important to diagnose 
the chest pain of pericarditis accurately because failure to recognize it 
may lead to the erroneous diagnosis of recurrent ischemic pain and/or 
infarct extension, with resulting inappropriate use of anticoagulants, 
nitrates, beta blockers, or coronary arteriography. When it occurs, 
complaints of pain radiating to either trapezius muscle is helpful 
because such a pattern of discomfort is typical of pericarditis but rarely 
occurs with ischemic discomfort. Anticoagulants potentially could 
cause tamponade in the presence of acute pericarditis (as manifested by 
either pain or persistent rub) and therefore should not be used unless 
there is a compelling indication.

Thromboembolism Clinically apparent thromboembolism com-
plicates STEMI in ~10% of cases, but embolic lesions are found in 
20% of patients in necropsy series, suggesting that thromboembolism 
is often clinically silent. Thromboembolism is considered to be an 

important contributing cause of death in 25% of patients with STEMI 
who die after admission to the hospital. Arterial emboli originate from 
LV mural thrombi, while most pulmonary emboli arise in the leg veins.

Thromboembolism typically occurs in association with large 
infarcts (especially anterior), CHF, and an LV thrombus detected by 
echocardiography. The incidence of arterial embolism from a clot 
originating in the ventricle at the site of an infarction is small but real. 
Two-dimensional echocardiography reveals LV thrombi in about one-
third of patients with anterior wall infarction but in few patients with 
inferior or posterior infarction. Arterial embolism often presents as a 
major complication, such as hemiparesis when the cerebral circulation 
is involved or hypertension if the renal circulation is compromised. 
When a thrombus has been clearly demonstrated by echocardiographic 
or other techniques or when a large area of regional wall motion 
abnormality is seen even in the absence of a detectable mural throm-
bus, systemic anticoagulation should be undertaken (in the absence of 
contraindications), as the incidence of embolic complications appears 
to be markedly lowered by such therapy. The appropriate duration of 
therapy is unknown, but 3–6 months is probably prudent.

Left Ventricular Aneurysm The term ventricular aneurysm is 
usually used to describe dyskinesis or local expansile paradoxical wall 
motion. Normally functioning myocardial fibers must shorten more 
if stroke volume and cardiac output are to be maintained in patients 
with ventricular aneurysm; if they cannot, overall ventricular function 
is impaired. True aneurysms are composed of scar tissue and neither 
predispose to nor are associated with cardiac rupture.

The complications of LV aneurysm do not usually occur for weeks 
to months after STEMI; they include CHF, arterial embolism, and 
ventricular arrhythmias. Apical aneurysms are the most common and 
the most easily detected by clinical examination. The physical finding 
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Reassess LV E F >40 d after MI
and/or >90 d after
revascularization

Yes
Primary prevention in pts with IHD,
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(C lass I)
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(C lass I)
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(C lass IIb)
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FIGURE 275-6 Primary prevention of SCD in patients with ischemic heart disease, including recent MI. Colors correspond to class of recommendation in the guideline (green =  
Class I; yellow = Class IIa; amber = Class IIb; red = Class III). *Scenarios exist for early ICD placement in select circumstances such as patients with a pacing indication 
or syncope. †Advanced HF therapy includes CRT, cardiac transplant, and left ventricular assist device. CRT, cardiac resynchronization therapy; EP, electrophysiologic; 
GDMT, guideline-directed management and therapy; HF, heart failure; ICD, implantable cardioverter-defibrillator; IHD, ischemic heart disease, LVEF, left ventricular 
ejection fraction; MI, myocardial infarction; NSVT, nonsustained ventricular tachycardia; NYHA, New York Heart Association; pts, patients; SCD, sudden cardiac death; VT, 
ventricular tachycardia; WCD, wearable cardioverter-defibrillator. The available evidence does not suggest there is a survival advantage to the use of an ICD early after 
MI, and the WCD is a potential option while waiting until the ejection fraction is reassessed (see figure). While the WCD appears to be effective in patients who wear the 
device, it is associated with frequent alarms, skin irritation, and emotional distress, which results in reduced wear time in a large number of patients. (Reproduced with 
permission from SM Al-Khatib et al: 2017 AHA/ACC/HRS guideline for management of patients with ventricular arrhythmias and the prevention of sudden cardiac death. 
Circulation 138:e272, 2018.)
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62. WHICH OF THE FOLLOWING STATEMENTS REGARDIMG BUNDLE BRANCG 

BLOCK PATTERN IS NOT TRUE? 

A. IN SUB- JECTS WITHOUT STRUCTURAL HEART DISEASE, RIGHT BUNDLE 

BRANCH BLOCK IS SEEN MORE COMMONLY THAN LEFT BUNDLE BRANCH 

BLOCK.  

B. LEFT BUNDLE BRANCH BLOCK IS OFTEN A MARKER OF UNDERLYING 

CONDITIONS ASSOCIATED WITH INCREASED RISK OF CARDIOVASCULAR 

MORBIDITY AND MORTALITY RATES  

C. LEFT POSTERIOR FASCICULAR BLOCK (QRS AXIS MORE RIGHTWARD THAN 

+110–120°) IS COMMON AS AN ISOLATED FINDING  

D. PRIMARY REPOLARIZATION ABNOR- MALITIES ARE INDEPENDENT OF QRS 

CHANGES AND ARE RELATED INSTEAD TO ACTUAL ALTERATIONS IN THE 

ELECTRICAL PROPERTIES OF THE MYOCARDIAL FIBERS THEMSELVES  

Answer:C(Page 1828) 

In sub- jects without structural heart disease, right bundle branch block is seen more commonly than left bundle 

branch block. Right bundle branch block also occurs with heart disease, both congenital (e.g., atrial sep- tal 

defect) and acquired (e.g., valvular, ischemic). Left bundle branch block is often a marker of one of four 

underlying conditions associated with increased risk of cardiovascular morbidity and mortality rates: coronary 

heart disease (frequently with impaired left ventricular func- tion), hypertensive heart disease, aortic valve 

disease (including after transcatheter aortic valve replacement), and cardiomyopathy.  

Bundle branch blocks and depolarization abnormalities secondary to artificial pacemakers not only affect 

ventricular depolarization (QRS) but also are characteristically associated with secondary repo- larization (ST-

T) abnormalities. With bundle branch blocks, the T wave is typically opposite in polarity to the last deflection of 

the QRS  

In contrast, primary repolarization abnor- malities are independent of QRS changes and are related instead to 

actual alterations in the electrical properties of the myocardial fibers themselves (e.g., in the resting membrane 

potential or action potential duration), not just to changes in the sequence of repolarization. Ische- mia, 

electrolyte imbalance, and drugs such as digitalis all cause such primary ST–T-wave changes  

Left anterior fas- cicular block (QRS axis more negative than –45°) is probably the most common cause of 

marked left axis deviation in adults. In contrast, left posterior fascicular block (QRS axis more rightward than 



+110–120°) is extremely rare as an isolated finding and requires exclusion of other factors causing right axis 

deviation mentioned earlier. Intraventricular conduction delays also can be caused by factors extrinsic (toxic) to 

the conduction system that slow ventricular conduction, particularly hyperkalemia or drugs (e.g., class 1 

antiarrhythmic agents, tricyclic antidepressants, phenothiazines).  

 

 

 

 

63. WHICH OF THE FOLLOWING IS NOT A CAUSE OF LOW VOLTAGE COMPLEX 

IN ECG? 

A. MASSIVE PERICARDIAL EFFUSION 

B. COPD 

C. CARDIAC AMYLOIDOSIS 

D.MULTIVALVULAR HEART DISEASE 

Answer: D(Page 1830) 

Many other factors are associated with ECG changes, particularly alterations in ventricular repolarization. T-

wave flattening, minimal T-wave inversions, or slight ST-segment depression (“nonspecific ST–T-wave 

changes”) may occur with a variety of electrolyte and acid- base disturbances, infectious or inflammatory 

processes, central ner- vous system disorders, endocrine abnormalities, many drugs, ischemia, hypoxia, and 

virtually any type of cardiopulmonary abnormality, in addition to physiologic changes (e.g., with posture or with 

meals). Low QRS voltage is arbitrarily defined as peak-to-trough QRS amplitudes of ≤5 mm in the six limb 

leads and/or ≤10 mm in the chest leads. Multiple factors may be responsible. Among the most serious include 

pericar- dial ( or pleural effusions, chronic obstructive pulmonary disease, infiltrative cardiomyopathies, and 

anasarca.  

 

 



64. WHICH OF THE FOLLOWING DOES NOT MEET THE CRITERIA OF CARDIAC 

CACHEXIA? 

A.DECRAESED MUSCLE STRENGTH 

B. DECREASED GLOBULIN 

C. INCRASED INFLAMMATORY MARKERS 

D. ANOREXIA 

Answer : B(Page 1937) 

 

65. WHICH OF THE FOLLOWINBG DRUGS HAVE NOT SHOWN MORTALITY 

BENEFIT IN PATIENTS WITH HEART FAILURE? 

A. SGLT2 INHIBITORS 

B. ARNI 

C. DIGOXIN 

D. BETABLOCKERS 

Answer: C(Page 1945) 

Treatment of symptomatic HF has evolved from a renocen- tric (diuretics) and hemodynamic therapy model 

(digoxin, inotropic therapy) to an era of disease-modifying therapy with neurohormonal antagonism. In this 

Hea rt Failure: Pathophysiology and Diagnosis
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CHAPTER 257

pallor due to anemia or duskiness due to low output. Other signs of 
severe HF include cool extremities and peripheral cyanosis. Cardiac 
cachexia (Table 257-6), defined partially as unintentional edema-free 
weight loss of >5% over 12 months, may be observed in patients with 
longstanding, severe HF as bitemporal or upper body muscle wast-
ing. Contributing factors include poor oral intake due to anorexia, 
decreased fat absorption due to bowel wall edema, and catabolic/
metabolic imbalance from activation of inflammatory cytokines (see 
above) and dysregulation of the growth hormone–insulin-like growth 
factor 1 pathway. Rarely, scleral icterus and jaundice may result from 
severe right HF.

Vital Signs With new-onset HF, heart rate rises and blood pressure 
may initially be increased due to sympathetic activation. In patients 
with chronic HF on guideline-directed medical therapy, resting heart 
rate ideally should be <70–75 beats/min, and blood pressure should be 
in the normal to low-normal range. An irregular rhythm may be due 
to atrial fibrillation or flutter or frequent premature atrial or ventricular 
complexes. Severe HF may be associated with hypotension and narrow 
pulse pressure along with a rapid, thready pulse. An alternatingly 
strong and weak pulse, known as pulsus alternans, is attributed to 
reduced left ventricular contraction in every other cardiac cycle due to 
incomplete recovery causing alternation in the left ventricular stroke 
volume. Respiratory rate may be normal at rest but may increase on 
lying down or on minimal exertion. Advanced HF may be associated 
with periodic breathing or Cheyne-Stokes respirations. The patient is 
usually unaware of the altered breathing pattern, but family members 
or friends may become alarmed or attribute this incorrectly to anxiety. 
Oxygen saturation is typically normal on room air unless there is acute 
pulmonary edema, underlying CHD with shunting, severe pulmonary 
arterial hypertension, or concomitant acute or chronic lung disease. A 
low-grade fever resulting from cytokine activation may occur in severe 
HF and subside when compensation is restored.

Jugular Venous Pulse Examination of the jugular veins provides 
an estimate of the right atrial pressure. Typically, the patient is exam-
ined at a 45° angle, and jugular venous pressure (JVP) is quantified in 
centimeters of water by estimating the height of the venous column 
of blood above the sternal angle in centimeters and then adding 5. In 
patients with mild right HF, JVP may be normal at rest (�8 cmH2O) but 
increase with compression of the right upper quadrant. Hepatojugular 
reflux is elicited by applying firm continuous pressure over the liver 
for 15–30 s while observing the neck veins. The patient must breathe 
normally and not strain during the maneuver. Higher levels of venous 
pressure approaching the angle of the jaw are common in chronic right 
HF. If significant tricuspid regurgitation is present, prominent V waves 
and Y descents may be noted. The abdominojugular test, defined as 
an increase in right atrial pressure during 10 s of firm midabdominal 
compression followed by an abrupt drop on pressure release, suggests 
elevated left-sided filling pressure. A rise in JVP with inspiration or 
Kussmaul’s sign may be due to severe biventricular HF and is a marker 
of poor outcome.

Lung Examination Pulmonary rales result from transudation of 
fluid from the intravascular space into the alveoli and airways. In gen-
eral, rales are heard at the lung bases, but in severe HF or acute pulmo-
nary edema, they may be heard throughout the lung fields. Wheezing 
and rhonchi can occur with congestion of the bronchial mucosa and 
sometimes lead to a misdiagnosis (and inappropriate treatment) of 
asthma or chronic obstructive pulmonary disease (COPD). Rales may 
be absent in patients with longstanding HF and chronically elevated 
pulmonary capillary wedge pressures due to increased lymphatic 
drainage, which prevents spillage from the interstitium into the alveoli. 
In biventricular or predominant right HF, bilateral pleural effusions are 
recognized as dullness to percussion and decreased breath sounds at 
the bases. When pleural effusions are unilateral, they typically involve 
the right side.

Cardiac Examination As discussed above, chronic HF with 
ventricular remodeling is accompanied by cardiac enlargement. The 
apical impulse is displaced downward and to the left and may be dif-
fuse in dilated cardiomyopathy or sustained in pressure overloaded 
states such as aortic stenosis. In biventricular or severe right HF, a 
right ventricular heave or parasternal lift may be palpated along the 
left sternal border. Uncommonly, a palpable third heart sound may be 
present. In patients with HFpEF, precordial palpation is often normal. 
On auscultation, an S3 gallop is most commonly present in patients 
with volume overload and tachycardia, suggests severe hemodynamic 
compromise, and carries negative prognostic significance. An S4 gal-
lop is not specific to HF but may be present in patients with HFpEF 
due to hypertension. Holosystolic murmurs of mitral and tricuspid 
regurgitation are present in the setting of advanced HF, often in the 
absence of structural valvular abnormalities. In patients with second-
ary pulmonary hypertension, a loud pulmonary component of the 
second heart sound may be heard.

Abdomen and Extremities Hepatomegaly is an early sign of sys-
temic venous congestion. The liver edge may be tender due to stretch-
ing of the capsule, but with progression of right HF, tenderness may 
disappear. The liver edge may be pulsatile in patients with tricuspid 
regurgitation. Longstanding hepatic congestion may result in cardiac 
cirrhosis with congestive splenomegaly and mild-moderate ascites. 
The presence of massive ascites should lead to a search for other causes 
such as constrictive pericarditis or primary liver failure. Dependent 
lower extremity edema is common in chronic HF and is typically 
symmetric and pitting. Over time, chronic edema may cause redden-
ing and induration of the skin, become weeping, or lead to cellulitis. 
Anasarca is used to describe massive, generalized edema involving the 
legs, sacrum, and abdominal wall. In patients with acute HF or younger 
adults with chronic HF, lower extremity edema may be absent despite 
marked systemic venous hypertension. Unilateral lower extremity 
edema may be due to deep venous thrombosis, prior trauma, or history 
of vein harvest for bypass surgery. Nonpitting edema that does not 
respond to increasing doses of diuretics may represent lymphedema 
that requires alternative diagnostic workup and treatment.

 � DIAGNOSIS
The diagnosis of HF is relatively straightforward when the patient 
presents with typical signs and symptoms; however, the signs and 
symptoms of HF are neither specific nor sensitive. It is therefore 
important for clinicians to have a high index of suspicion for HF, 
particularly in patients who are at increased risk, including older patients 
with underlying cardiovascular disease and those with comorbidities such 
hypertension, diabetes, and chronic kidney disease. In this setting, addi-
tional laboratory testing and imaging should be performed (Fig. 257-6).

Routine Laboratories Standard laboratory testing in patients 
with HF includes a comprehensive metabolic panel, complete blood 
count, coagulation studies, and urinalysis. Selected patients should 
have assessment for diabetes, dyslipidemia, and thyroid function. Blood 
urea nitrogen and creatinine levels are often elevated in moderate-severe 
HF due to reduced renal blood flow and/or increased renal venous 
pressure. Worsening renal function (Chaps. 310 and 311) due to 

TABLE 257-6 Definition of Cardiac Cachexia
Edema-free weight loss of at least 5% in 12 months or less in the presence of 
underlying illness (or a BMI <20 kg/m2) and at least three of the following criteria:
•	 Decreased muscle strength (lowest tertile)
•	 Fatigue (physical and/or mental weariness resulting from exertion)
•	 Anorexia (limited food intake [<70% of usual] or poor appetite)
•	 Low fat-free BMI (lean tissue depletion by DEXA <5.45 in women and <7.25 in 

men)
•	 Abnormal biochemistry:

•	 Increased inflammatory markers (CRP >5.0 mg/L, IL-6 >4.0 pg/mL)
•	 Anemia (hemoglobin <12 g/dL)
•	 Low serum albumin (<3.2 g/dL)

Abbreviations: BMI, body mass index; CRP, C-reactive protein; DEXA, dual-energy 
x-ray absorptiometry; IL, interleukin.
Source: Modified from WJ Evans et al: Clin Nutr 27:793, 2008.
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regard, RAAS blockers, beta-adrenergic receptor blockers, and most recently, SGLT2 inhibitors, form the pillars 

of pharmacotherapy and facilitate stabilization and even improvement in cardiac structure and function with 

consequent reduction in symp- toms, improvement in QOL, decreased burden of hospitalizations, and a decline 

in mortality from both pump failure and arrhythmic deaths  

 

66. WHICH OF THIS IS NOT A TRIAL OF DRUGS IN HEART FAILURE WITH 

PRESERVED  EJECTION FRACTION? 

A. CHARM TRIAL 

B. TOPCAT TRIAL 

C.PEP-CHF TRIAL 

D. PARADIGM-HF TRIAL 

Answer: D(Page 1941) 

Composite angiotensin receptor-neprilysin inhibition (ARNI) with sacubitril-valsartan reduced cardiovascular 

mortality, overall mortality, and HF hospitalization compared with enalapril among patients with HFrEF 

randomized in the PARADIGM-HF trial. The PARAGON-HF trial randomized 4822 patients with symptomatic 

HFpEF (LVEF ≥45%), elevated natriuretic peptides, and structural heart disease to treatment with either 

sacubitril-valsartan or valsartan with the novel composite primary endpoint of cardiovascular death and total 

hospi- talizations for HF. Although there was a 13% reduction in the rate of the primary composite endpoint in 

those allocated to sacubitril-valsartan, this result narrowly missed the margin for statistical significance in the 

primary statistical analysis (p = .06). Directional benefits in sec- ondary endpoints including QOL, NYHA class, 

and renal function favoring sacubitril-valsartan support a possible modest benefit of nepr- ilysin inhibition in 

this population, particularly among patients with lower (i.e., mildly reduced or mid-range) EF and women, 

subgroups who appeared to derive greater benefit.  

 

67. WHICH OF THIS NOVEL THERAPIES IN HEART FAILURE WITH REDUCED 

EJECTION FRACTION IS MYOSIN ACTIVATOR? 

A.VERICIGUAT 

B. OMAPATRILAT 



C.OMECAMTIV MECARBIL 

D. EMPAGLIFOZIN 

Answer: C(Page 1949) 

A novel approach to augmentation of cardiac output is to prolong ven- tricular systole without increasing 

myocardial contractility. As a selec- tive myosin activator, omecamtiv mecarbil prolongs the ejection period and 

increases fractional shortening without altering the force of con- traction as a consequence. This agent, distinct 

from inotropic agents, is not associated with an increase in myocardial oxygen demand. Importantly, the drug is 

available for oral, rather than intravenous, administration, enabling chronic use in the ambulatory setting. In the 

COSMIC-HF (Chronic Oral Study of Myosin Activation to Increase Contractility in Heart Failure) trial of 448 

patients with chronic HF and left ventricular systolic dysfunction, treatment with omecamtiv mecarbil for 20 

weeks was associated with significant improvements in cardiac function and indices of left ventricular 

remodeling, as well as reductions in natriuretic peptide levels. Notably, the safety profile was comparable to 

placebo, with no increase in cardiac adverse events despite a modest increase in cardiac troponins in patients 

allocated to omecamtiv mecarbil. These promising preliminary data fueled a larger clinical outcomes trial 

(GALACTIC-HF, in which 8256 patients with symptomatic chronic heart failure and ejection fraction of 35% or 

less were randomized to treatment with omecamtiv mecarbil (dosage 25-50 mg twice daily based on plasma 

levels) or placebo in addition to standard HF therapy. Over median follow up of 21.8 months, patients allocated 

to omecamtiv mecarbil experienced a 14% reduction in the primary composite endpoint of death from 

cardiovascular causes or first heart failure event (hospitalization or urgent visit for heart failure), an outcome 

driven principally by reduction in heart failure events (no measureable effect on CV death alone). benefit in 

patients with features of advanced HF (lower EF, higher 1949 natriuretic peptide levels, more severe symptoms) 

combined with a favorable safety and tolerability profile suggests a possible role for this agent in patients with 



late-stage disease, though additional study is needed. 

 

68. WHICH OF THE FOLLOWING STATEMENTS REGARDING ICD IMPLANTATION 

IN PATIENTS WITH HEART FAILURE FOR PREVENTION OF SUDDEN CARDIAC 

DEATH IS TRUE? 

A. PATIENTS WITH NYHA CLASS III OR IV SYMPTOMS OF HF AND AN LVEF 

<35%, IRRESPECTIVE OF ETIOLOGY OF HF, ARE APPROPRIATE CANDIDATES 

FOR ICD PROPHYLACTIC THERAPY  

B. IF A PATIENT WITH HFrEF MEETS THE QRS CRITERIA FOR CRT, ONLY CRT 

IMPLANTATION SHOULD BE CONSIDERED. 

 

C. ICD CAN BE CONSIDERED AFTER REVASCULARISATION WITHIN 40 DAYS 

FOR PRIMARY PREVENTION 
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TABLE 258-2 Guideline-Directed Pharmacologic Therapy and Target Doses in Heart Failure with Reduced Ejection Fraction

DRUG CLASS GENERIC DRUG
MEAN DAILY DOSE IN 
CLINICAL TRIALS (mg) INITIATION (mg) TARGET DOSE (mg)

Angiotensin-Converting Enzyme Inhibitors
� Lisinopril 4.5–33 2.5–5 qd 20–35 qd
� Enalapril 17 2.5 bid 10–20 bid
� Captopril 123 6.25 tid 50 tid
� Trandolapril N/A 0.5–1 qd 4 qd
Angiotensin Receptor Blockers
� Losartan 129 50 qd 150 qd
� Valsartan 254 40 bid 160 bid
� Candesartan 24 4–8 qd 32 qd
Aldosterone Antagonists
� Eplerenone 42.6 25 qd 50 qd
� Spironolactone 26 12.5–25 qd 25–50 qd
Beta Blockers
� Metoprolol succinate CR/XL 159 12.5–25 qd 200 qd
� Carvedilol 37 3.125 bid 25–50 bid
� Bisoprolol 8.6 1.25 qd 10 qd
Arteriovenous Vasodilators
� Hydralazine isosorbide dinitrate 270/136 37.5/20 tid 75/40 tid
� Fixed-dose hydralazine/isosorbide 

dinitrate
143/76 37.5/20 qid 75/40 qid

Angiotensin Receptor-Neprilysin Inhibitor
� Sacubitril-valsartan 375 100 bid 200 bid
Novel Therapies (Under Investigation)
� Vericiguat (sGC stimulator) 9.2 2.5 qd 10 qd
� Dapagliflozin, Empagliflozin 

(SGLT-2 inhibitors)
10 10 qd 10 qd

� Omecamtiv mecarbil (myosin 
activator)

Not reported 25 bid Up to 50 mg bid (based on 
plasma concentrations)

Abbreviations: sGC, soluble guanylyl cyclase; SGLT-2, sodium-glucose cotransporter-2.

of both drugs at target doses. Compared to those assigned to enalapril, 
patients assigned to sacubitril-valsartan experienced a dramatic 20% 
reduction in the composite primary endpoint of cardiovascular death 
or HF hospitalization and a 16% reduction in all-cause mortality, as well 
as clinically important improvements in QOL measures. Sacubitril- 
valsartan was well tolerated and associated with lower rates of hyper-
kalemia and worsening renal function, but greater rates of symptom-
atic hypotension, than enalapril. Guidelines now advocate a switch to 
ARNI for patients with symptomatic HFrEF who tolerate ACEIs and 
ARBs, and emerging data suggest that up-front utilization of ARNI in 
patients with de novo HF naïve to ACEIs/ARBs may also be appropri-
ate for those with adequate blood pressure to tolerate it. Given ongoing 
concern for angioedema, use of ARNI is contraindicated in patients 
with prior history of angioedema, and those being transitioned from 
ACEIs should receive ARNI only after a 36-hour gap to limit the risk of 
overlap. Table 258-2 lists the common neurohormonal and vasodilator 
regimens for HFrEF.

 � HEART RATE MODIFICATION
Distinct from �-adrenergic receptor blockers, ivabradine, an inhibitor 
of the If current in the sinoatrial node, selectively reduces heart rate 
without affecting cardiac contractility or vascular tone. The Systolic 
Heart Failure Treatment with Ivabradine Compared with Placebo Trial 
(SHIFT) was conducted in patients with NYHA class II or III HFrEF, prior 
HF hospitalization, sinus rhythm, and heart rate >70 beats/min. Ivabra-
dine reduced the combined endpoint of cardiovascular-related death 
and HF hospitalization in proportion to the degree of heart rate reduc-
tion, which supports the notion that heart rate may be a therapeutic 
target in patients with HFrEF in sinus rhythm. Importantly, despite 

a protocol requirement for patients to be treated with a maximally 
tolerated dose of a beta blocker prior to study entry, 10% of patients 
randomized were not treated with a beta blocker, and 75% were 
treated at subtarget doses. Accordingly, it remains unclear whether  
this agent would have been effective in patients receiving robust, 
guideline-recommended therapy for HF; however, these data do sup-
port the potential value of ivabradine as an adjunct or alternative in 
those who are intolerant to initiation or dose titration of beta blockers. 
Clinical guidelines have been adapted to encourage consideration of 
ivabradine in patients with HFrEF who remain symptomatic after 
treatment with guideline-based ACEi/ARB/ARNI, beta blockers, and 
mineralocorticoid receptor antagonists; are in sinus rhythm; and have 
a residual heart rate >70 beats/min.

 � SGLT�2 INHIBITION
Inhibitors of SGLT-2 have been shown to reduce cardiovascular events 
and mortality among patients with type 2 diabetes mellitus at high 
cardiovascular risk or with established atherosclerotic cardiovascular 
disease. A particular signal of benefit has been seen with regard to the 
incidence of HF hospitalization, which was reduced by 35% in compar-
ison to placebo in the Empagliflozin Cardiovascular Outcome Event 
Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOMES) 
study. Because the cardiovascular benefits of SGLT-2 inhibition appear 
to be unrelated to the degree of reduction in hemoglobin A1c, it has been 
postulated that the HF benefits of this therapy might be extended to 
patients without diabetes mellitus. Recently, the Dapagliflozin in Heart 
Failure (DAPA-HF) study randomized 4744 patients with symptomatic 
HFrEF treated with guideline-directed medical therapy (including a beta 
blocker, ACEI/ARB/ARNI, and spironolactone in >70% of patients) to 
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D. IN PATIENTS WITH A MYOCARDIAL INFARCTION AND OPTIMAL MEDICAL 

THERAPY WITH RESIDUAL LVEF ≤30% (EVEN WHEN ASYMPTOMATIC), 

PLACEMENT OF AN ICD IS APPROPRIATE  

Answer: D(Page 1951) 

Currently, patients with NYHA class II or III symptoms of HF and an LVEF <35%, irrespective of etiology of 

HF, are appropriate candidates for ICD prophylactic therapy. In patients with a myocardial infarction and 

optimal medical therapy with residual LVEF ≤30% (even when asymptomatic), placement of an ICD is 

appropriate. A recent Danish trial suggested that prophylactic ICD implantation in patients with symptomatic 

systolic HF not caused by coronary artery disease was not associated with a significantly lower long-term rate of 

death from any cause than was usual clinical care. In this trial, benefits were noted in those aged <60 years. In 

patients with a terminal illness and a predicted life span of <6 months or in those with NYHA class IV 

symptoms who are refractory to medications and who are not candidates for transplant, the risks of multiple ICD 

shocks must be carefully weighed against the survival benefits. If a patient meets the QRS criteria for CRT, 

combined CRT with ICD is often employed  

 

 

69. WHICH IS THE MOST COMMON MODE OF INHERITANCE OF FAMILIAL 

CARDIOMYOPATHIES? 

A. AUTOSOMAL DOMINANT 

B. AUTOSOMAL RECESSIVE 

1952

PART 6
D
isorders of the Cardiovascular System

Revascularizing those with left ventricular failure in the absence of 
angina remains controversial. The Surgical Treatment for Ischemic 
Heart Failure (STICH) trial in patients with an EF of �35% and 
coronary artery disease amenable to CABG demonstrated no signifi-
cant initial benefit compared to medical therapy. However, patients 
assigned to CABG had lower rates of death from cardiovascular 
causes and of death from any cause or hospitalization for cardiovas-
cular causes over 10 years than among those who received medical 
therapy alone. An ancillary study of this trial also determined that 
the detection of hibernation (viability) pre-revascularization did not 
materially influence the efficacy of this approach, nor did it help 
to define a population unlikely to benefit if hibernation was not 
detected.

Surgical ventricular restoration (SVR), a technique character-
ized by infarct exclusion to remodel the left ventricle by reshaping it 
surgically in patients with ischemic cardiomyopathy and dominant 
anterior left ventricular dysfunction, has been proposed. However, 
in a 1000-patient trial in patients with HFrEF who underwent CABG 
alone or CABG plus SVR, the addition of SVR to CABG had no dis-
ease-modifying effect. However, left ventricular aneurysm surgery is 
still advocated in those with refractory HF, ventricular arrhythmias, 
or thromboembolism arising from an akinetic aneurysmal segment of 
the ventricle. Other remodeling procedures, such as use of an external 
mesh-like net attached around the heart to limit further enlargement, 
have not been shown to provide hard clinical benefits, although favor-
able cardiac remodeling was noted.

Functional (or secondary) mitral regurgitation (MR) occurs with 
varying degrees in patients with HFrEF and dilated ventricles, and 
its severity is correlated inversely with prognosis. Annular dilatation 
and leaflet noncoaptation related to distorted papillary muscle geom-
etry in the context of ventricular remodeling is typically responsible, 
although in patients with ischemic heart disease and prior myocardial 
infarction, leaflet tethering and displacement may contribute. The 
primary approach to management of functional MR is optimization 
of guideline-directed medical therapy, followed by CRT in eligible 
patients, but relief may be incomplete for many patients with advanced 
HF. In these patients with HF and severe left ventricular dysfunc-
tion who are not candidates for surgical coronary revascularization, 
surgical mitral valve repair (MVR) to remedy functional MR carries 
significant risk and remains controversial. The development of percu-
taneous approaches to edge-to-edge MVR has provided a less invasive 
approach that enables reduction in functional MR at lower risk than 
conventional surgery. Recently, two large randomized trials of tran-
scatheter MVR using this approach have been conducted in patients 
with symptomatic HFrEF and moderate-severe functional MR. In the 
Cardiovascular Outcomes Assessment of the MitraClip Percutaneous 

Therapy for Heart Failure Patients with Functional Mitral Regurgita-
tion (COAPT) study, patients allocated to MVR versus standard HF 
therapy experienced a marked reduction in both HF hospitalizations 
and mortality at 2 years, supporting the efficacy of this approach. In the 
second trial, Percutaneous Repair with the MitraClip Device for Severe 
Functional/Secondary Mitral Regurgitation (MITRA-FR), which 
employed a similar design, the rates of death or HF hospitalization 
did not differ between the percutaneous MVR and medical therapy 
groups. The precise reason for discrepant results between these studies 
remains unclear but may be related to differences in background uti-
lization of guideline-directed medical therapy, procedural success rates, 
and patient selection (particularly whether or not the severity of MR 
is proportionate or disproportionate to the degree of left ventricular 
cavity dilation). Because mortality rates at 2 years remain high even 
with percutaneous MVR, patients with advanced symptoms of HF in 
whom MR severity is driven principally by end-stage left ventricular 
remodeling should also be considered for advanced therapies such as 
mechanical circulatory support.

CELLULAR AND GENE�BASED THERAPY
The cardiomyocyte possesses regenerative capacity, and such renewal 
is accelerated under conditions of stress and injury, such as an ische-
mic event or HF. Investigations that use either bone marrow–derived 
precursor cells or autologous cardiac-derived cells have gained traction 
but have not generally improved clinical outcomes in a convincing 
manner. More promising, however, are cardiac-derived stem cells. Two 
preliminary pilot trials delivering cells via an intracoronary approach 
have been reported. In one, autologous c-kit–positive cells isolated 
from the atria obtained from patients undergoing CABG were cultured 
and reinfused. In another, cardiosphere-derived cells grown from end-
omyocardial biopsy specimens were used. These small trials demon-
strated improvements in left ventricular function but require far more 
work to usher in a clinical therapeutic success. Efforts to utilize mes-
enchymal stem cells to facilitate left ventricular recovery and weaning 
from mechanical circulatory support in patients with left ventricular 
assist devices have also been disappointing. The appropriate route of 
administration, the quantity of cells to achieve a minimal therapeutic 
threshold, the constitution of these cells (single source or mixed), the 
mechanism by which benefit accrues, and short- and long-term safety 
remain to be elucidated.

Targeting molecular aberrations using gene transfer therapy, mostly 
with an adenoviral vector, has been tested in HFrEF. A cellular target 
includes calcium cycling proteins such as inhibitors of phospholamban 
such as SERCA2a, which is deficient in patients with HFrEF. Primarily 
responsible for reincorporating calcium into the sarcoplasmic reticu-
lum during diastole, this target was tested in the CUPID (Efficacy and 
Safety Study of Genetically Targeted Enzyme Replacement Therapy for 
Advanced Heart Failure) trial. This study used coronary arterial infu-
sion of adeno-associated virus type 1 carrying the gene for SERCA2a 
and initially demonstrated that natriuretic peptides were decreased, 
reverse remodeling was noted, and symptomatic improvements were 
forthcoming. However, a confirmatory trial failed to meet its primary 
efficacy endpoint.

More advanced therapies for late-stage HF such as left ventricular 
assist devices and cardiac transplantation are covered in detail in 
Chap. 260.

DISEASE MANAGEMENT AND  
SUPPORTIVE CARE
Despite stellar outcomes with medical therapy, admission rates fol-
lowing HF hospitalization remain high, with nearly half of all patients 
readmitted to hospital within 6 months of discharge. Recurrent HF and 
related cardiovascular conditions account for only half of readmissions 
in patients with HF, whereas other comorbidity-related conditions 
account for the rest. The key to achieving enhanced outcomes must 
begin with the attention to transitional care at the index hospitalization 
with facilitated discharge through comprehensive discharge planning, 

TABLE 258-3 Principles of ICD Implantation for Primary Prevention 
of Sudden Death
PRINCIPLE COMMENT
Arrhythmia–sudden 
death mismatch

Sudden death in heart failure patients is generally due 
to progressive LVD, not a focal arrhythmia substrate 
(except in patients with post-MI HF)

Diminishing returns 
with advanced disease

Intervention at early stages of HF most successful 
since sudden death diminishes as cause of death with 
advanced HF

Timing of benefits LVEF should be evaluated on optimal medical therapy 
or after revascularization before ICD therapy is 
employed; no benefit to ICD implant within 40 days of 
an MI (unless for secondary prevention)

Estimation of benefits 
and prognosis

Patients and clinicians often overestimate benefits of 
ICDs; an ICD discharge is not equivalent to an episode 
of sudden death (some ventricular arrhythmias 
terminate spontaneously); appropriate ICD discharges 
are associated with a worse near-term prognosis

Abbreviations: HF, heart failure; ICD, implantable cardioverter-defibrillator; LVD, 
left ventricular disease; LVEF, left ventricular ejection fraction; MI, myocardial 
infarction.
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C. X-LINKED 

D. NONE OF THE ABOVE 

Answer: A(Page 1954) 

Most familial cardiomyopathies are inherited in an autosomal dominant pattern, with occasional autosomal 

recessive, matrilineal (mitochondrial), and X-linked inheritance. Missense mutations with amino acid 

substitutions and truncating variants are the most common genetic abnormalities in cardiomyopathy. Expressed 

mutant proteins may interfere with function of the normal allele through a dominant negative mechanism. 

Mutations introducing a premature stop codon (nonsense) or shift in the reading frame (frame- shift) may create 

a truncated or unstable protein, the lack of which causes cardiomyopathy (haploinsufficiency). Deletions or 

duplications of an entire exon or gene are uncommon causes of cardiomyopathy, except for the 

dystrophinopathies.  

 

70. DALLAS CRITERIA IN ENDOMYOCARDIAL BIOPSY OS USED. FOR THE 

DIAGNOSIS OF WHICH OF THE FOLLOWING DISEASES? 

A. RESTRICTIVE CARDIOMYOPATHY 

B.   HYPERTROPHIC CARDIOMYOPATHY 

C. MYOCARDITIS 

D. PERICARDIAL DISEASES 

Answer: C(Page 1960) 

When biopsy is performed, the key Dallas criteria for myocarditis include lymphocytic infiltrate with evidence 

of myocyte necrosis  and are neg- ative in 80–90% of patients with clinical myocarditis. Negative Dallas criteria 

can reflect sampling error or early resolution of lymphocytic infiltrates, but may also be influenced by the 

insensitivity of the test when inflammation results from cytokines and antibody-mediated injury. Routine 

histologic examination of endomyocardial biopsy rarely reveals a specific infective etiology, such as 

toxoplasmosis or cytomegalovirus subsets. Immunohistochemistry of myocardial biopsy samples is commonly 

used to identify active lymphocyte subtypes and may also detect upregulation of HLA antigens and the presence 

of complement components attributed to inflammation, but the specific- ity and significance of these findings 

are uncertain.  



71. WHICH OF THE FOLLOWING IS NOT A FORM OF FULMINANT 

MYOCARDITIS? 

A. GIANT CELL MYOCARDITIS 

B. EOSINOPHILIC MYOCARDITIS 

C. CHECKPOINT IMMUNE THERAPY 

D. CHRONIC ACTIVE MYOCARDITIS 

Answer: D(Page 1958) 

Myocardial inflammation without obvious infection is seen in sarcoi- dosis and giant cell myocarditis, with 

checkpoint inhibitor therapy, in eosinophilic myocarditis, or in association with autoimmune diseases such as 

polymyositis and systemic lupus erythematosus. Fulminant myocarditis can result from viral infection, 

checkpoint inhibitor ther- apy, giant cell myocarditis, or necrotizing eosinophilic myocarditis, and is often 

complicated by recurrent arrhythmias. Early recognition of fulminant myocarditis is crucial as recovery to near-

normal cardiac function can occur during aggressive circulatory support.  

 

72. WHICH OF THE FOLLOWING STATEMENTS REGARDING METABOLIC  

CAUSES OF CARDIOMYOPATHY IS NOT TRUE? 

A. INBORN DISORDERS OF METABOLISM MOST COMMONLY PRESENT WITH 

DCM. 

B. PHEOCHROMOCYTOMA  SHOULD BE CONSIDERED WHEN A PATIENT HAS 

HEART FAILURE AND VERY LABILE BLOOD PRESSURE AND HEART RATE, 

SOMETIMES WITH EPISODIC PALPITATIONS  

C. THE MOST COMMON CURRENT REASON FOR THYROID ABNORMALITIES IN 

THE CARDIAC POPULATION IS THE TREATMENT OF TACHYARRHYTHMIAS 

WITH AMIODARONE  



D. DIABETES IS A TYPICAL FACTOR IN HEART FAILURE WITH “PRESERVED” 

EJECTION FRACTION, ALONG WITH HYPERTENSION, ADVANCED AGE, AND 

FEMALE GENDER.  

73.  MATCH THE FOLLOWING FORMS OF CARDIOMYOPATHIES WITH THE 

GENES INVOLVED 

1. ARVC 

2. PERIPARTUM CARDIOMYOPATHY 

3. LV NON COMPACTION 

4. HYPERTROPHIC CARDIOMYOPATHY 

I. MYH7 

II. TAZ 

III.TTN 

IV.DESMOPLAKIN 

A. 1-IV 2-II 3-III 4-I 

B. 1-IV 2-III 3-II 4-1 

C. 1-I 2-II 3-III 4-IV 

D. 1-IV 2-I 3-II 4-III 

74. WHICH OF THE FOLLOWING STATEMENTS REGARDING CARDIAC 

AMYLOIDOSIS IS TRUE? 

A. CARDIAC INVOLEMENT IS MOST COMMONLY SEEN IN AA AMYLOIDOSIS 

B. MOST COMMON CLINICAL PRESENTATION IS LEFT HEART FAILURE 

C. LOW VOLTAGE COMPLEXES IS. MORE COMMON IN AL THAN ATTR 

AMYLOIDOSIS 



D. ENDOMYOCARDIAL BIOPSY HAS LOW SENSITIVITY AND SPECIFICITY IN 

DIAGNOSIS. 

Answer: C(Page 1967,68) 

Conduction system disease and atrial fibrillation are common. Nephrotic syndrome is common in AL amyloid, 

which may also cause angina as the amy- loid encircles the coronary arteries. Because the ventricular cavity is 

diminished by amyloid infiltration, cardiac output may be very low with a modest ejection fraction reduction. 

Peripheral and autonomic neuropathy are common in both AL amyloidosis and ATTRm amyloi- dosis. A 

history of carpal tunnel syndrome is common in ATTRm and ATTRwt, often preceding cardiac symptoms by 

many years. ATTRwt is also associated with spinal stenosis.  

Amyloidosis should be suspected when ventricular myocardium appears thick on imaging with low ECG 

voltage, but this mismatch is more common with AL than TTR amyloidosis. Atrial enlargement is prominent 

and diastolic dysfunction more severe than that of other causes of hypertrophy. Longitudinal strain is frequently 

more pre- served at the apex, creating a “bull’s-eye” pattern. MRI shows diffuse late gadolinium enhancement. 

Technetium-pyrophosphate scanning reliably highlights TTR amyloidosis but does not detect AL amyloid. 

ndomyocardial biopsy is virtually 100% reliable for the diagnosis of all amyloid due to the characteristic 

birefringence pattern of Congo red staining of the amyloid fibrils under polarized light, but immu- 

nohistochemistry may be necessary to confirm the amyloid type, as serum or urine electrophoresis may be 

misleading. Until recently, the therapy of amyloidosis was limited to the treatment of congestion and 

arrhythmias.  

 

 

75. WHICH OF THE FOLLOWING IS NOT A DEFINITE FACTOR FOR RISK 

STRATIFICATION IN  HCM FOR SUDDEN DEATH? 

A. HISTORY OF CARDIAC ARREST 

B. SYNCOPE 

C. ABNORMAL BLOOD PRESSURE RESPONSE 

D. LATE GADOLINIUM ENHANCEMENT 

Answer: D(Page 1972) 



 

76. WHICH IS THE MOST COMMON VALVE LESION AMONG ADULT PATIENTS 

WITH CHRONIC VALVULAR HEART DISEASE ? 

A. AORTIC STENOSIS 

B. MITRAL STENOSIS 

C. AORTIC REGURGITATION 

D. MITRAL REGURGITATION 

1972

PART 6
D
isorders of the Cardiovascular System

continuous variables such as outflow tract gradient and left atrial 
size. Shared decision-making around implantable cardioverter- 
defibrillator implantation for primary prevention has emphasized 
discussions of estimated risk levels rather than dichotomous yes-no 
criteria. Long-term use of a defibrillator may be associated with 
serious device-related complications, particularly in young active 
patients. Refinement of sudden death risk through the application of 
contemporary technologies such as cardiac MRI is ongoing.

Atrial fibrillation is common in patients with hypertrophic 
cardiomyopathy and may lead to hemodynamic deterioration and 
embolic stroke. Rapid ventricular response is poorly tolerated 
and may worsen outflow tract obstruction. �-Adrenergic block-
ing agents and L-type calcium channel blockers slow AV nodal 
conduction and improve symptoms; cardiac glycosides should be 
avoided, as they may increase contractility and worsen obstruction. 
Even with adequate rate control, symptoms exacerbated by atrial 
fibrillation may persist due to loss of AV synchrony and may require 
restoration of sinus rhythm. Disopyramide and amiodarone are 
the preferred antiarrhythmic agents, with radiofrequency ablation 

considered for medically refractory cases. Anticoagulation to pre-
vent embolic stroke in atrial fibrillation is recommended.

PROGNOSIS
The general prognosis for hypertrophic cardiomyopathy is better than in 
early studies of referral populations, but mortality remains higher than 
in an age-matched population without cardiomyopathy. The sudden 
death risk is <1% per year; however, up to 1 in 20 patients will progress to 
overt systolic dysfunction with a reduced ejection fraction (<50%) with 
or without dilated remodeling (i.e., “burned out” or end-stage hyper-
trophic cardiomyopathy). These patients may suffer from low cardiac 
output and have an increased risk of death from progressive heart failure 
and sudden death unless they undergo timely cardiac transplantation.

GLOBAL PERSPECTIVES
The worldwide prevalence of myocarditis and cardiomyopathy com-
bined is estimated at 5.4 million people, compared to 26 million people 
with heart failure. The estimated prevalence of myocarditis/cardiomy-
opathy has increased by >50% since 1990 due to the growing popula-
tion, while the rate per 100,000 people has declined by >20% during 
the same period to 68, with an estimated mortality of 4.8 per 100,000. 
The highest age-standardized prevalence is reported in central Europe, 
whereas the highest attributed mortality is in Eastern Europe; however, 
comparison of myocardial diseases across eras and countries is compli-
cated by differing ascertainment and techniques for cardiac diagnoses.

For comparison, the current mortality rates are similar to that of 
rheumatic heart disease, which has declined overall by 26.5% and by 
55% after adjustment for age. Deaths from Chagas’ cardiomyopathy 
worldwide have declined from 12.7 thousand to 10.6 thousand, with a 
reduction of 51.7% in the age-adjusted rates per 100,000 population to 
0.2, attributable, in major part, to improved health conditions in rural 
areas of South and Central America.

Health care for other diseases affects myocarditis and cardiomyopa-
thy. Developed nations will see a higher prevalence of cardiomyopathy 
due to chemotherapy. However, vaccination has reduced deaths from 
diphtheria-associated myocarditis to <50 per 100 million population, 
currently most common in Russia. World regions providing HAART for 
HIV have decreased not only transmission but also the rate of associated 
cardiomyopathy by several-fold. Increasing global availability of genetic 
testing is expected to shift the apparent epidemiology of cardiomyopathy 
away from acquired causes toward causative and facilitating genetic fac-
tors. For example, heart failure with preserved ejection fraction attrib-
uted to hypertension and diabetes is increasingly recognized to represent 
amyloidosis from mutant transthyretin, with distinct, recognized muta-
tions in Portugal, Japan, and the African-Caribbean population.
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TABLE 259-6 Risk Stratification for Sudden Death in Hypertrophic 
Cardiomyopathy
RISK FACTOR � SCREENING TECHNIQUE
History of cardiac 
arrest or spontaneous 
sustained ventricular 
tachycardiaa

� History

Syncope Nonvagal, often with or 
after exertion

History

Family history of sudden 
cardiac death

� Family history

Spontaneous 
nonsustained ventricular 
tachycardia

>3 beats at rate >120 Exercise or 24- to 48-h 
ambulatory recording

LV thickness >30 mm Present in <10% of 
patients

Echocardiography

Abnormal blood pressure 
response to exerciseb

Systolic blood pressure 
fall or failure to increase 
at peak exercise

Maximal upright exercise 
testing

Variables Utilized in the European Society of Calculator for Estimated Risk of 
Sudden Death
LV outflow tract gradient Peak gradient measured 

at rest or with the 
Valsalva maneuver, 
mmHg

Echocardiography

Left atrial diameter Diameter measured in 
the parasternal long 
axis, mm

Echocardiography

LV thickness Maximal wall thickness, 
mm

Echocardiography

Age � �
Syncope, family history, 
nonsustained ventricular 
tachycardia

As above As above

Emerging Risk Factors
Late gadolinium 
enhancement

As a percentage of 
myocardial mass

Cardiac magnetic 
resonance imaging

Left ventricular apical 
aneurysm

Generally applicable 
to patients with apical 
hypertrophy

Echocardiography 
with contrast, cardiac 
magnetic resonance 
imaging

aImplantable cardioverter-defibrillator advised for patients with prior arrest or 
sustained ventricular tachycardia regardless of other risk factors if life expectancy 
is estimated to be >1 year. bPrognostic value most applicable to patients <40 years 
old. The European Society of Cardiology risk calculator can be found at https://
doc2do.com/hcm/webHCM.html and provides an estimated 5-year risk of cardiac 
arrest. Patients with estimated risk of �6% are generally advised placement of an 
implantable cardioverter-defibrillator; those with risk between 4 and 6% can be 
considered for implant, and implant is not advised when risk is <4%. Emerging risk 
factors merit further clinical validation.
Abbreviation: LV, left ventricle.
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Answer: A(Page 1979) 

Aortic stenosis (AS) is the most common valve lesion among adult patients with chronic valvular heart disease; 

the majority of adult patients with symptomatic, valvular AS are male.  

 

77. WHICH OF THE FOLLOWING IS NOT A CLASS I INDICATION FOR SURGERY 

OR TAVR IN PATIENTS WITH SEVERE AS? 

A. SYMPTOMATIC SEVERE AS 

B. ASYMPTOMATIC SEVERE AS WITH EF LESS THAN 50% 

C. ASYMPTOMATIC SEVERE AS UNDERGOING CABG 

D. ASYMPTOMATIC SEVERE AS WITH RAPID DS PROGRESSION 

Answer: D(Page 1983) 

 

Aort ic Stenosis

1983

CHAPTER 261

Abnormal aortic valve with
reduced systolic opening

Symptoms due to AS

Severe AS stage D1
• Vmax �4 m/s or
• å1mean �40 mm Hg

AS stage B
(Vmax 3–3.9 m/s)

AS stage C
(Vmax �4 m/s)

Severe AS stage D2
DS E Vmax �4 m/s at

any flow rate

Severe AS stage D3
AVA1 �0.6 cm2/m2

and SVI <35 mL/m2

AS most likely
cause of symptoms

Rapid disease
progression

Low surgical
risk

or

or

�  E F to <60%
on 3

serial studies

#/1 ��x
normal

Vmax �5 m/s

Vmax �4 m/s and
AVA �1.0 cm2

LV E F <50%

Yes No E F
<50%

O ther
cardiac
surgery

O ther
cardiac
surgery

E TT with
� #1 or

� ex. capacity

No AS symptoms

AVR (SAVR or TAVI) (1) AVR (SAVR or TAVI) (1) SAVR (2a) SAVR (2b)

FIGURE 261-4 Management strategy for patients with aortic stenosis. Preoperative coronary angiography should be performed routinely as determined by age, symptoms, 
and coronary risk factors. Cardiac catheterization and angiography may also be helpful when there is a discrepancy between clinical and noninvasive findings. Patients who 
do not meet criteria for intervention should be monitored with clinical and echocardiographic follow-up. The class designations refer to the American Heart Association/
American College of Cardiology methodology for treatment recommendations. Class I recommendations should be performed or are indicated; Class IIa recommendations 
are considered reasonable to perform; Class IIb recommendations may be considered. The stages refer to the stages of progression of the disease. At disease stage A, risk 
factors are present for the development of valve dysfunction; stage B refers to progressive, mild-moderate, asymptomatic valve disease; stage C disease is severe in nature 
but clinically asymptomatic; stage C1 characterizes asymptomatic patients with severe valve disease but compensated ventricular function; stage C2 refers to asymptomatic, 
severe disease with ventricular decompensation; stage D refers to severe, symptomatic valve disease. With aortic stenosis, stage D1 refers to symptomatic patients with 
severe aortic stenosis and a high valve gradient (>40 mmHg mean gradient); stage D2 comprises patients with symptomatic, severe, low-flow, low-gradient aortic stenosis 
and low left ventricular ejection fraction (LVEF); and stage D3 characterizes patients with symptomatic, severe, low-flow, low-gradient aortic stenosis and preserved left 
ventricular ejection fraction (paradoxical, low-flow, low-gradient severe aortic stenosis). Patients with symptomatic severe AS (left side of the diagram, jet velocity �4m/s) 
should be referred for AVR (SAVR or TAVI). Asymptomatic patients with severe AS (jet velocity �4m/s) should be referred for AVR (SAVR or TAVI) for LVEF <50% or when 
other cardiac surgery is needed (e.g., aneurysm repair). There are several findings for which referral for AVR would be reasonable related to results of exercise testing, the 
presence of a jet velocity >5 m/s or elevated B-type natriuretic peptide (BNP), provided the patient is considered low risk for complications related to AVR. AS, aortic stenosis; 
AVA, aortic valve area; AVR, aortic valve replacement; BP, blood pressure; DSE, dobutamine stress echocardiography; EF, ejection fraction; ETT, exercise treadmill test; � Pmean,  
mean pressure gradient; SAVR, surgical AVR; TAVI, transcatheter aortic valve implantation; Vmax, maximum velocity. (Reproduced with permission from CM Otto et al:  
2020 AHA/ACC Guideline for management of patients with valvular heart disease: A report of the American College of Cardiology/American Heart Association Task Force 
on Practice Guidelines. Circulation 143:e72, 2021.)

TABLE 261-2 Mortality Rates After Aortic Valve Surgerya

OPERATION NUMBER
UNADJUSTED OPERATIVE 
MORTALITY (%)

AVR (isolated) 25,274 1.9
AVR + CAB 15,855 3.6

aData are for calendar year 2018 during which 1088 participant groups reported a 
total of 287,872 procedures.
Abbreviations: AVR, aortic valve replacement; CAB, coronary artery bypass.
Source: Adapted from ME Bowdish et al: Ann Thorac Surg 109:1646, 2020.

age >65 years. Shared decision-making with younger patients must 
be individualized, although increasing numbers of patients age <65 
now opt for a biological valve replacement. Approximately 30% 
of bioprosthetic valves evidence primary valve failure by 10 years, 

requiring re-replacement (or valve-in-valve TAVI, see below), and 
an approximately equal percentage of patients with mechanical 
prostheses develop hemorrhagic complications as a consequence 
of treatment with vitamin K antagonists. In a large observational 
study of patients who underwent SAVR in California between 1996 
and 2013, receipt of a biological versus a mechanical prosthesis in 
patients <55 years old was associated with an excess hazard of death 
over 15 years of follow-up. Homograft AVR is usually reserved for 
patients with aortic valve endocarditis.

The Ross procedure involves replacement of the diseased aortic 
valve with the autologous pulmonic valve and implantation of a 
homograft in the native pulmonic position. It is a technically com-
plex procedure that may be considered in young or middle-aged 
adult patients when surgical and institutional expertise are avail-
able. Late postoperative complications include aortic root dilation, 
AR, and pulmonary homograft stenosis. 
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78. A 80 YEAR OLD MALE PRESENTS WITH SEVERE SYMPTOMATIC AS. HE HAS 

A HISTORY OF CKD ON HEMODIALYSIS AND KNOWN COPD AND HIGH 

FRAILITY INDEX. WHICH OF THE MODE OF TREATMENT WILL BE MOST 

PREFERED? 

A. MEDICAL MANAGEMENT 

B. SAVR 

C. TAVR 

D. BALLOON AORTIC VALVULOPLASTY 

Answer:C(Page 1984) 

TAVI is most frequently undertaken via the transfemoral route, although trans-LV apical, subclavian, carotid, 

and ascending aortic routes have been used. Aortic balloon valvuloplasty under rapid RV (or LV) pacing is 

performed as a first step to create an orifice of sufficient size for the prosthesis. Procedural success rates exceed 

95% in appropriately selected patients. Valve performance characteristics are excellent over 5 years; longer-

term durability assessment is ongoing. Outcomes achieved with this transformative technology have been very 

favorable and have allowed the extension of AVR to groups of patients previously considered at high or 

prohibitive risk for conven- tional surgery. Nevertheless, some prohibitive or high surgical risk patients are not 

candidates for this procedure because their comorbid- ity profile and frailty would make its undertaking 

inappropriate. The heart team is specifically charged with making challenging decisions of this nature. The use 

of these devices for treatment of patients with structural deterioration of bioprosthetic aortic valves (valve-in-

valve TAVI), as an alternative to reoperative valve replacement, has increased sharply over the past 5 years.  

 

79. WHICH OF THE FOLLOWING IS THE MOST SENSITIVE PERIPHRAL SIGN IN 

CHRONIC AORTIC REGURGITATION? 

A. HILLS SIGN 

B. TRAUBES SIGN 

C. COLLAPSING PULSE 



D. DUROZIEZS SIGN 

Answer: D (Page 1988) 

A rapidly rising “water-hammer” pulse, which col- lapses suddenly as arterial pressure falls rapidly during late 

systole and diastole (Corrigan’s pulse), and capillary pulsations, an alternate flush- ing and paling of the skin at 

the root of the nail while pressure is applied to the tip of the nail (Quincke’s pulse), are characteristic of chronic 

severe AR. A booming “pistol-shot” sound can be heard over the femo- ral arteries (Traube’s sign), and a to-

and-fro murmur (Duroziez’s sign) is audible if the femoral artery is lightly compressed with a stethoscope  

 

80. WHICH OF THE FOLLOWING IS NOT A CLASS I INDICATION OF SURGERY IN 

SEVERE AORTIC REGURGITATION? 

A. SYMPTOMATIC SEVERE AR 

B. ASYMPTOMATIC AND EF LESS THAN 55 % 

C. ASYMPTOMATIC AR PATIENTS UNDERGOING CABG 

D. ASYMTOMATIC WITH  ESD >5O MM AND EF >55 % 

Answer: D(Page 1989) 



 

 

81. WHICH OF THE FOLLOWING DRUGS ARE CONTRAINDICATED IN ACUTE 

SEVERE AR? 

A. HYDRALAZINE 

B. DIURETICS 

C. BETA BLOCKERS 

D. NITROPRUSSIDE 

Answer: C(Page 1989) 

Aort ic Regurgitation

1989

CHAPTER 262

Low
surgical risk

Aortic regurgitation

Severe AR
(VC >0.6 cm, holodiastolic

aortic flow reversal, RVol �60 mL,
R F �50%, E RO �0.3 cm2)

Symptomatic
(Stage D)

Asymptomatic
(Stage C)

Moderate
AR

O ther
cardiac
surgery

O ther
cardiac
surgery

AVR (1) AVR (2a) AVR (2a)AVR (2b)

E F �55%
(Stage C2)

E F �55%
LV E SD >50 mm

and
LV E SD >25 mm/m2

Progressive
changes

(�3 studies)
E F 55–60%

E DD >65 mm

FIGURE 262-1 Management of patients with aortic regurgitation. See legend for Fig. 261-4 for explanation of treatment recommendations (Class I, IIa, and IIb) and disease 
stages (B, C1, C2, and D). Preoperative coronary angiography should be performed routinely as determined by age, symptoms, and coronary risk factors. Cardiac catheterization 
and angiography may also be helpful when there is a discrepancy between clinical and noninvasive findings. Surgery is indicated for patients with severe AR and symptoms, 
LV dysfunction, or other indications for operation (e.g., aneurysm disease). Surgery is also reasonable once the LV indexed end-systolic dimension reaches or exceeds 25 mm/
m2. Patients who do not meet criteria for intervention should be monitored periodically with clinical and echocardiographic follow-up. AR, aortic regurgitation; AVR, aortic valve 
replacement (valve repair may be appropriate in selected patients); EDD, end-diastolic dimension; EF, ejection fraction; ERO, effective regurgitant orifice; LV, left ventricular; 
LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; RF, regurgitant fraction; RVol, regurgitant 
volume; VC, vena contracta. (Reproduced with permission from CM Otto et al: 2020 AHA/ACC Guideline for management of patients with valvular heart disease: A report of the 
American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation 143:e72, 2021.)

usually short-lived and operation is indicated urgently. Intra-aortic 
balloon counterpulsation is contraindicated. Beta blockers are best 
avoided so as not to reduce the CO further or slow the heart rate, 
thus allowing more time for diastolic filling of the LV. Surgery is 
the treatment of choice and is usually necessary within 24 h of  
diagnosis. 

CHRONIC AORTIC REGURGITATION
The onset of symptoms, or LV systolic dysfunction, is an indica-
tion for surgery. Medical treatment with diuretics and vasodilators 
(angiotensin-converting enzyme inhibitors, angiotensin receptor 
blockers [ARBs], dihydropyridine calcium channel blockers, or 
hydralazine) may be useful as a temporizing measure. Surgery 
can then be performed in a more controlled setting. The use of 
vasodilators to extend the compensated phase of chronic severe 
AR in asymptomatic patients before the onset of symptoms or 
the development of LV dysfunction is not useful, although these 
agents should be employed to treat hypertension (systolic blood 
pressure >140 mm Hg). It is often difficult to achieve adequate 
blood pressure control because of the increased stroke volume and 
enhanced LV ejection that accompany severe AR. Cardiac arrhyth-
mias and systemic infections are poorly tolerated in patients with 

severe AR and must be treated promptly and vigorously. Although 
nitroglycerin and long-acting nitrates are not as helpful in relieving 
anginal pain as they are in patients with coronary heart disease, 
they are worth a trial. Patients with syphilitic aortitis should receive 
a full course of penicillin therapy (Chap. 182). Beta blockers and 
the ARB losartan may be useful to retard the rate of aortic root 
enlargement in young patients with Marfan’s syndrome and aortic 
root dilation. A randomized controlled trial showed no differ-
ence in efficacy between atenolol and losartan for this indication. 
Whether beta blockers or ARBs are useful in retarding the rate 
of growth of aortic aneurysms in other patient subsets (e.g., BAV 
disease with aortopathy, Takayasu’s disease) has not been demon-
strated. Beta blockers in patients with valvular AR were previously 
considered relatively contraindicated due to concern that slowing 
of the heart rate would allow more time for diastolic regurgitation. 
Observational reports, however, have suggested that beta blockers 
may provide functional benefit in some patients with chronic AR. 
Beta blockers can sometimes provide incremental blood pressure 
lowering in patients with chronic AR and hypertension. They can 
also lessen the sense of forceful heart action that many patients find 
uncomfortable. Patients with severe AR, particularly those with an 
associated aortopathy, should avoid isometric exercises. 
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Patients with acute severe AR may respond to intravenous diuretics and vasodilators (such as sodium 

nitroprusside), but stabilization is sually short-lived and operation is indicated urgently. Intra-aortic balloon 

counterpulsation is contraindicated. Beta blockers are best avoided so as not to reduce the CO further or slow 

the heart rate, thus allowing more time for diastolic filling of the LV. Surgery is the treatment of choice and is 

usually necessary within 24 h of diagnosis.  

82. WHICH OF THE FOLLOWING DRUGS HAVE BEEN MOST STUDIED FOR 

BLOOD PRESSURE CONTROL IN ASYMPTOMATIC SEVERE AR? 

A. BETABLOCKERS 

B. NIFEDIPINE 

C.HYDRALAZINE 

D. LOSARTAN 

Answer: B(Page 1989) 

Medical treatment with diuretics and vasodilators (angiotensin-converting enzyme inhibitors, angiotensin 

receptor blockers [ARBs], dihydropyridine calcium channel blockers, or hydralazine) may be useful as a 

temporizing measure. The use of vasodilators to extend the compensated phase of chronic severe AR in 

asymptomatic patients before the onset of symptoms or the development of LV dysfunction is not useful, 

although these agents should be employed to treat hypertension (systolic blood pressure >140 mm Hg). It is 

often difficult to achieve adequate blood pressure control because of the increased stroke volume and enhanced 

LV ejection that accompany severe AR  

Beta blockers and the ARB losartan may be useful to retard the rate of aortic root enlargement in young patients 

with Marfan’s syndrome and aortic root dilation. A randomized controlled trial showed no differ- ence in 

efficacy between atenolol and losartan for this indication. Whether beta blockers or ARBs are useful in retarding 

the rate of growth of aortic aneurysms in other patient subsets (e.g., BAV disease with aortopathy, Takayasu’s 

disease) has not been demon- strated. Beta blockers in patients with valvular AR were previously considered 

relatively contraindicated due to concern that slowing of the heart rate would allow more time for diastolic 

regurgitation. Observational reports, however, have suggested that beta blockers may provide functional benefit 

in some patients with chronic AR. Beta blockers can sometimes provide incremental blood pressure lowering in 

patients with chronic AR and hypertension. They can also lessen the sense of forceful heart action that many 

patients find uncomfortable. Patients with severe AR, particularly those with an associated aortopathy, should 

avoid isometric exercises.  

 



 

 

83. WHICH OF THE FOLLOWING REGARDING PATHOPHYSIOLOGY OF MITRAL 

STENOSIS IS NOT TRUE? 

A. THE LV DIASTOLIC PRESSURE AND EJECTION FRACTION (EF) ARE NORMAL 

IN ISOLATED MS  

B. IN PATIENTS WITH SEVERE MS (MITRAL VALVE ORIFICE 1–1.5 CM2), THE CO 

IS NORMAL OR ALMOST SO AT REST  

C. AT END STAGE, ORGANIC OBLITERATIVE CHANGES IN THE PULMONARY 

VASCULAR BED ARE SEEN 

D. IN MS AND SINUS RHYTHM, THE ELEVATED LA AND PA WEDGE PRESSURES 

EXHIBIT A PROMINENT V WAVE PATTERN  

Answer: D(page 1991,92) 

The LV diastolic pressure and ejection fraction (EF) are normal in isolated MS. In MS and sinus rhythm, the 

elevated LA and PA wedge pressures exhibit a prominent atrial contraction pattern (a wave) and a gradual 

pressure decline after the v wave and mitral valve opening (y descent). In severe MS and whenever pulmonary 

vascular resistance is significantly increased, the PA pressure (PAP) is elevated at rest and rises further during 

exercise, often causing secondary elevations of right ventricular (RV) end-diastolic pressure and volume.  

In patients with severe MS (mitral valve orifice 1–1.5 cm2), the CO is normal or almost so at rest, but rises 

subnormally  during exertion. In patients with very severe MS (valve area <1 cm2), particularly those in whom 

pulmonary vascular resistance is markedly elevated, the CO is subnormal at rest and may fail to rise or may 

even decline during activity.  

The clinical and hemodynamic fea- tures of MS are influenced importantly by the level of the PAP. Pul- monary 

hypertension results from (1) passive backward transmission of the elevated LA pressure; (2) pulmonary 

arteriolar constriction (the so-called “second stenosis”), which presumably is triggered by LA and pulmonary 

venous hypertension (reactive pulmonary hypertension); (3) interstitial edema in the walls of the small 

pulmonary vessels; and (4) at end stage, organic obliterative changes in the pulmonary vascular bed.  

 



84. THE BELOW IMAGES SHOWS RESULTS OF WHICH PROCEDURE? 

 

A. PTMC 

B. TAVR 

C. BPV 

D. BAV 

 

 

Answer: A(Page 1994) 

Successful commissurotomy is defined by a 50% reduction in the mean mitral valve gradient and a doubling of 

the mitral valve area. Successful commissurotomy, whether balloon or surgical, usually results in striking 

symptomatic and hemodynamic improvement and prolongs survival.  

 

 

85. WHICH OF THE FOLLOWING STATEMENTS REGARDING TREATMENT OF 

MITRAL STENOSIS IS NOT TRUE? 

A. ASYMPTOMATIC PTS WITH NEW ONSET AF AND PASP>50 MM HG ARE 

ELIGIBLE CANDIDATES FOR PTMC 

1994

PART 6
D
isorders of the Cardiovascular System

important for at-risk patients with rheumatic MS. Recommenda-
tions for infective endocarditis prophylaxis are similar to those for 
other valve lesions and are restricted to patients at high risk for 
complications from infection, including patients with a history of 
endocarditis. In symptomatic patients, some improvement usu-
ally occurs with restriction of sodium intake and small doses of 
oral diuretics. Beta blockers, nondihydropyridine calcium channel 
blockers (e.g., verapamil or diltiazem), and digitalis glycosides are 
useful in slowing the ventricular rate of patients with AF. Vitamin 
K antagonist therapy (such as warfarin) targeted to an international 
normalized ratio (INR) of 2–3 should be administered indefinitely 
to patients with MS who have AF, a history of thromboembolism, or 
demonstrated LA thrombus. The routine use of a vitamin K antag-
onist in patients in sinus rhythm with LA enlargement (maximal 
dimension >5.5 cm) with or without spontaneous echo contrast 
is more controversial. As of this writing, non–vitamin K oral anti-
coagulants (e.g., apixaban, rivaroxaban) have not been adequately 
studied in patients with moderate or severe rheumatic MS and, 
thus, are not recommended.

If AF is of relatively recent onset in a patient whose MS is not 
severe enough to warrant PMBC or surgical intervention, rever-
sion to sinus rhythm pharmacologically or by means of electri-
cal countershock is indicated. Usually, cardioversion should be 
undertaken after the patient has had at least 3 consecutive weeks 
of anticoagulant treatment to a therapeutic INR. If cardioversion is 
indicated more urgently, then intravenous heparin should be pro-
vided and TEE performed to exclude the presence of LA thrombus 
before the procedure. Conversion to sinus rhythm is rarely suc-
cessful or sustained in patients with severe MS, particularly those 
in whom the LA is significantly enlarged or in whom AF has been 
present for >1 year, conditions that favor the development of an LA 
myopathy. 

MITRAL COMMISSUROTOMY
Unless there is a contraindication, mitral commissurotomy is indi-
cated in symptomatic (New York Heart Association [NYHA] Func-
tional Class II–IV) patients with isolated severe MS, whose effective 
orifice (valve area) is <~1 cm2/m2 body surface area, or <1.5 cm2 
in normal-sized adults. Mitral commissurotomy can be carried 
out either percutaneously or surgically. In PMBC (Figs. 263-2 and 
263-3), a catheter is directed into the LA after transseptal punc-
ture, and a single balloon is directed across the valve and inflated 
in the valvular orifice. Ideal patients have relatively pliable leaflets 
with little or no commissural calcium. In addition, the subvalvular 
structures should not be significantly scarred or thickened, and 
there should be no LA thrombus. Any associated MR should be of 
�2+/4+ severity. The short- and long-term results of this procedure 
in appropriate patients are similar to those of surgical commissuro-
tomy, but with less morbidity and a lower periprocedural mortality 
rate. Event-free survival in younger (<45 years) patients with 
pliable valves is excellent, with rates as high as 80–90% over 3–7 
years. Therefore, PMBC is the procedure of choice for such patients 
when it can be performed by a skilled operator in a high-volume  
center.

TTE is helpful in identifying patients for the percutaneous pro-
cedure; TEE is performed routinely to exclude LA thrombus and 
to assess the degree of MR at the time of the scheduled procedure. 
An “echo score” has been developed to help guide decision-making. 
The score accounts for the degree of leaflet thickening, calcification, 
and mobility, and for the extent of subvalvular thickening. A lower 
score predicts a higher likelihood of successful PMBC.

In patients in whom PMBC is not possible or unsuccessful, or 
in many patients with restenosis after previous surgery, an “open” 
surgical commissurotomy using cardiopulmonary bypass is neces-
sary. In addition to opening the valve commissures, it is important 
to loosen any subvalvular fusion of papillary muscles and chordae 
tendineae; to remove large deposits of calcium, thereby improving 

valvular function; and to remove atrial thrombi. The perioperative 
mortality rate for this type of mitral valve repair procedure is ~2%.

Successful commissurotomy is defined by a 50% reduction in the 
mean mitral valve gradient and a doubling of the mitral valve area. 
Successful commissurotomy, whether balloon or surgical, usually 
results in striking symptomatic and hemodynamic improvement 
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FIGURE 263-2 Inoue balloon technique for percutaneous mitral balloon 
commissurotomy. A. After transseptal puncture, the deflated balloon catheter is 
advanced across the interatrial septum, then across the mitral valve and into the 
left ventricle. B–D. The balloon is inflated stepwise within the mitral orifice.
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FIGURE 263-3 Simultaneous left atrial (LA) and left ventricular (LV) pressure 
before and after percutaneous mitral balloon commissurotomy (PMBC) in a patient 
with severe mitral stenosis. ECG, electrocardiogram. (Courtesy of Raymond G. 
McKay, MD.)
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B. NOACS CAN BE CONSIDERED FOR MODERATE TO SEVERE PATIENTS WITH 

MS AND ATRIAL FIBRILLATION 

C. LEFT ATRIAL CLOT AND SEVERE COMMISURAL CALCIFICATION ARE 

CONTRAINDICATION FOR PTMC 

D. OPERATIVE MORTALITY OF MITRAL VALVE REPLACEMENT AND CABG IS 

AROUND 9.6 %. 

Answer: B(Page 1994 ) 

Vitamin K antagonist therapy (such as warfarin) targeted to an international normalized ratio (INR) of 2–3 

should be administered indefinitely to patients with MS who have AF, a history of thromboembolism, or 

demonstrated LA thrombus. The routine use of a vitamin K antag- onist in patients in sinus rhythm with LA 

enlargement (maximal dimension >5.5 cm) with or without spontaneous echo contrast is more controversial. As 

of this writing, non–vitamin K oral anti- coagulants (e.g., apixaban, rivaroxaban) have not been adequately 

studied in patients with moderate or severe rheumatic MS and, thus, are not recommended.  

Unless there is a contraindication, mitral commissurotomy is indi- cated in symptomatic (New York Heart 

Association [NYHA] Func- tional Class II–IV) patients with isolated severe MS, whose effective orifice (valve 

area) is <~1 cm2/m2 body surface area, or <1.5 cm2 in normal-sized adults. Mitral commissurotomy can be 

carried out either percutaneously or surgically. In PMBC a catheter is directed into the LA after transseptal 

punc- ture, and a single balloon is directed across the valve and inflated in the valvular orifice. Ideal patients 

have relatively pliable leaflets with little or no commissural calcium. In addition, the subvalvular structures 

should not be significantly scarred or thickened, and there should be no LA thrombus. Any associated MR 

should be of ≤2+/4+ severity  



 

 

 

 

 

 

86. WHICH OF THE FOLLOWING CRITERIA FOR DIAGNOSIS OF SEVERE MR 

DOESNOT HOLD TRUE? 

A. REGURGITANT VOL > 60 ML 
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of the upper lobe pulmonary veins, and posterior displacement of the 
esophagus by an enlarged LA. Kerley B lines are fine, dense, opaque, 
horizontal lines that are most prominent in the lower and mid-lung 
fields that result from distention of interlobular septae and lymphatics 
with edema when the resting mean LA pressure exceeds ~20 mmHg.

 � DIFFERENTIAL DIAGNOSIS
Like MS, significant MR may also be associated with a prominent dia-
stolic murmur at the apex due to increased antegrade transmitral flow, 
but in patients with isolated MR, this diastolic murmur commences 
slightly later than in patients with MS, and there is often clear-cut 
evidence of LV enlargement. An OS and increased P2 are absent, and 
S1 is soft or absent. An apical pansystolic murmur of at least grade III/
VI intensity as well as an S3 suggests significant MR. Similarly, the 
apical mid-diastolic murmur associated with severe AR (Austin Flint 
murmur) may be mistaken for MS but can be differentiated from it 
because it is not intensified in pre-systole and becomes softer with 
administration of amyl nitrite or other arterial vasodilators. TS, which 
occurs rarely in the absence of MS, may mask many of the clinical fea-
tures of MS or be clinically silent; when present, the diastolic murmur 
of TS increases with inspiration and the y descent in the jugular venous 
pulse is delayed.

Atrial septal defect (Chap. 269) may be mistaken for MS; in both 
conditions, there is often clinical, ECG, and chest x-ray evidence of RV 
enlargement and accentuation of pulmonary vascularity. However, the 
absence of LA enlargement and of Kerley B lines and the demonstra-
tion of fixed splitting of S2 with a grade II or III mid-systolic murmur 
at the mid to upper left sternal border all favor atrial septal defect over 

MS. Atrial septal defects with large left-to-right shunts may result in 
functional TS because of the enhanced diastolic flow.

Left atrial myxoma (Chap. 271) may obstruct LA emptying, causing 
dyspnea, a diastolic murmur, and hemodynamic changes resembling 
those of MS. However, patients with an LA myxoma often have features 
suggestive of a systemic disease, such as weight loss, fever, anemia, 
systemic emboli, and elevated serum IgG and interleukin 6 (IL-6) con-
centrations. The auscultatory findings may change markedly with body 
position. The diagnosis can be established by the demonstration of a 
characteristic echo-producing mass in the LA with TTE.

 � CARDIAC CATHETERIZATION
Left and right heart catheterization can be useful when there is a 
discrepancy between the clinical and noninvasive findings, including 
those from TEE and exercise echocardiographic testing when appro-
priate. Catheterization can also be helpful in assessing associated 
lesions, such as AS and AR, and in patients with recurring or worsening 
symptoms later after mitral valve intervention. Computed tomographic 
coronary angiography is increasingly used to screen preoperatively for 
the presence of coronary artery disease in appropriate patients prior to 
heart valve surgery or transcatheter treatment.

TREATMENT
Mitral Stenosis (Fig. 263-1)
Penicillin prophylaxis of group A �-hemolytic streptococcal infec-
tions (Chap. 359) for secondary prevention of rheumatic fever is 

Yes
Yes

No

Rheumatic mitral
stenosis

Severe MS
MVA �1.5 cm2

Surgical
candidate

PMB C at
C VC (1)

MV surgery
(1)

PMB C at
C VC (2b)

PMB C at
C VC (2b)

PMB C at
C VC (2a)

New A F PASP
>50 mmHg

Symptomatic
Stage D

Severe
symptoms

NYHA III–IV

NoPliable valve
No clot
<2+ MR

Pliable valve
No clot
<2+ MR

Pliable valve
No clot
<2+ MR

Stress test
Hemodynamically

significant MS

Asymptomatic
Stage C

Progressive MS
MVA >1.5 cm2

Exertional
symptoms

FIGURE 263-1 Management of rheumatic mitral stenosis. See legend for Fig. 261-4 for explanation of treatment recommendations (Class I, IIa, IIb) and disease stages (C, 
D). Preoperative coronary angiography should be performed routinely as determined by age, symptoms, and coronary risk factors. Cardiac catheterization and angiography 
may also be helpful when there is a discrepancy between clinical and noninvasive findings. AF, atrial fibrillation; CVC, comprehensive valve center; MR, mitral regurgitation; 
MS, mitral stenosis; MV, mitral valve; MVA, mitral valve area; MVR, mitral valve surgery (repair or replacement); NYHA, New York Heart Association; PASP, pulmonary 
arterial systolic pressure; PMBC, percutaneous mitral balloon commissurotomy. (Reproduced with permission from CM Otto et al: ACC/AHA guideline for the management of 
patients with valvular heart disease: A report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 
143:e72, 2021.)
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TABLE 263-2 Mortality Rates after Mitral Valve Surgerya

OPERATION NUMBER
UNADJUSTED OPERATIVE 
MORTALITY (%)

MVR (isolated) 10,699 4.5
MVR + CAB 3509 9.6
MVRp 12,424 1.2
MVRp + CAB 4093 5.4

aData are for calendar year 2018 during which 1088 participant groups reported 
a total of 287,872 procedures. Surgical mitral valve commissurotomy cases are 
included in the mitral valve repair procedures.
Abbreviations: CAB, coronary artery bypass; MVR, mitral valve replacement; MVRp, 
mitral valve repair.
Source: Adapted from ME Bowdish et al: Ann Thorac Surg 109:1646, 2020.

and prolongs survival. However, there is no evidence that the proce-
dure improves the prognosis of patients with slight or no functional 
impairment. Therefore, unless recurrent systemic embolization or 
severe pulmonary hypertension has occurred (PA systolic pressures 
>50 mmHg at rest or >60 mmHg with exercise), commissurotomy 
is not recommended for patients who are asymptomatic and/or who 
have mild or moderate stenosis (mitral valve area >1.5 cm2). When 
there is little symptomatic improvement after commissurotomy, it 
is likely that the procedure was ineffective, that it induced MR, or 
that associated valvular or myocardial disease was present. About 
half of all patients undergoing surgical mitral commissurotomy 
require reoperation by 10 years. In the pregnant patient with MS, 
commissurotomy should be carried out if pulmonary congestion 
occurs despite intensive medical treatment. PMBC is the preferred 
strategy in this setting and is performed with TEE and no or mini-
mal x-ray exposure.

Mitral valve replacement (MVR) is necessary in patients with MS 
and significant associated MR, those in whom the valve has been 
severely distorted by previous transcatheter or operative manipu-
lation, or those in whom the surgeon does not find it possible to 
improve valve function significantly with commissurotomy. MVR 
is now routinely performed with preservation of the chordal attach-
ments to optimize LV functional recovery. Perioperative mortality 
rates with MVR vary with age, LV function, the presence of CAD, 
and associated comorbidities. They average 5% overall but are lower 
in young patients and may be twice as high in patients >65 years 
of age with significant comorbidities (Table 263-2). Because there 
are also long-term complications of valve replacement, patients in 
whom preoperative evaluation suggests the possibility that MVR 
may be required should be operated on only if they have severe 
MS—i.e., an orifice area �1.5 cm2—and are in NYHA Class III, 
i.e., symptomatic with ordinary activity despite optimal medical 
therapy. The overall 10-year survival of surgical survivors is ~70%. 
Long-term prognosis is worse in patients >65 years of age and those 
with marked disability and marked depression of the CO preopera-
tively. Pulmonary hypertension and RV dysfunction are additional 
risk factors for poor outcome.

 � FURTHER READING
N�������� RA et al: Mitral valve disease: Current management and 

future challenges. Lancet 387:1324, 2016.
O��� CM et al: 2020 ACC/AHA guideline for the management of 
patients with valvular heart disease: a report of the American College of 
Cardiology/American Heart Association Joint Committee on Clinical 
Practice Guidelines. Circulation 143:e72, 2021.

The role of the physical examination in the evaluation of patients with 
valvular heart disease is also considered in Chaps. 42 and 239; of elec-
trocardiography (ECG) in Chap. 240; of echocardiography and other 
noninvasive imaging techniques in Chap. 241; and of cardiac catheter-
ization and angiography in Chap. 242.

 � ETIOLOGY
Mitral regurgitation (MR) may result from an abnormality or disease 
process that affects any one or more of the five functional components 
of the mitral valve apparatus (leaflets, annulus, chordae tendineae, pap-
illary muscles, and subjacent myocardium) (Table 264-1). Acute MR 
can occur in the setting of acute myocardial infarction (MI) with pap-
illary muscle rupture (Chap. 275), following blunt chest wall trauma, 
or during the course of infective endocarditis (IE) owing to leaflet 
perforation or destruction. With acute MI, the posteromedial papil-
lary muscle is involved much more frequently than the anterolateral 
papillary muscle because of its singular blood supply. Transient, acute 
MR can occur during periods of active ischemia and bouts of angina 
pectoris. Rupture of chordae tendineae can result in “acute-on-chronic 
MR” in patients with myxomatous degeneration of the valve apparatus.

Chronic MR can result from several disease processes (Table 264-1). 
Distinction should be drawn between primary (degenerative) MR, in 
which the leaflets and/or chordae tendineae are primarily responsible 
for abnormal valve function, and secondary (functional) MR, in which 
the leaflets and chordae tendineae are usually normal but the regurgi-
tation is caused by left ventricular (LV) remodeling, annular dilation, 
papillary muscle displacement, dyssynchrony, posterior leaflet tether-
ing, or their combination. Patient assessment, treatment approach, and 
long-term prognosis differ significantly between primary and second-
ary MR. Mitral valve prolapse (MVP) is discussed more extensively 
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TABLE 264-1 Major Causes of Mitral Regurgitation (MR)
Etiologies
Acute
 IE
 Papillary muscle rupture (post-MI)
 Chordal rupture/leaflet flail (MVP, IE)
 Blunt trauma
Chronic
 Primary (affecting leaflets, chordae)
  Myxomatous (MVP, Barlow’s, forme fruste)
  Rheumatic fever
  IE (healed)
  Congenital (cleft, AV canal)
  Radiation
 Secondary (leaflets, chordae are “innocent bystanders”)
  Ischemic cardiomyopathy
  Dilated cardiomyopathy
  HOCM (with SAM)
  AF with LA enlargement and annular dilation (atrial functional MR)
 Mitral annular calcificationa

aMitral annular calcification may include elements of both primary and secondary 
MR (mixed) as the disease process may encroach on the leaflets, impair the 
normal sphincteric function of the annulus, or both. There are additional examples 
of “mixed” secondary MR such as the coexistence of MVP with an ischemic 
cardiomyopathy.
Abbreviations: AF, atrial fibrillation; AV, atrioventricular; HOCM, hypertrophic 
obstructive cardiomyopathy; IE, infective endocarditis; LA, left atrial; LV, left 
ventricular; MI, myocardial infarction; MVP, mitral valve prolapse; SAM, systolic 
anterior motion.
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B. REGURGITANT FRACTION MORE THAN 50 % 

C. VENA CONTRACTA > 6 MM 

D. EFFECTIVE REGURGITANT ORIFICE > 0.4 CM2  

Answer: C(Page 1996,97) 

Doppler imaging should demonstrate the width or area of the color flow MR jet within the LA, the duration and 

intensity of the continuous wave Doppler signal, the pulmonary venous flow contour, the early peak mitral 

inflow velocity, and quantitative measures of regurgitant volume, RF, and effective regurgitant orifice area. In 

addition, the PA pressures (PAPs) can be estimated from the TR jet velocity. TTE is also indicated to follow the 

ourse of patients with chronic MR and to provide rapid assessment for  any clinical change. Chronic, severe MR 

is defined by a regurgitant volume ≥60 mL/beat, regurgitant fraction (RF) ≥50%, and effective regurgitant 

orifice area ≥0.40 cm2. 

 

 

 

87. THE IMAGE BELOW SHOWS WHICH OF THE FOLLOWINGF ETIOLOGY OF 

SEVERE MR 
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FIGURE 265-2. Barlow’s valve with classic mitral valve prolapse, as seen on 
transthoracic echocardiogram in parasternal long-axis windows. Left: parasternal 
long-axis window, showing both myxomatous leaflets billowing into the left atrium 
in late systole. Right: same window with color Doppler showing significant mitral 
regurgitation (arrow) in systole. (Courtesy of Justina Wu, MD, PhD.)

LABORATORY EXAMINATION
The ECG most commonly is normal but may show biphasic or inverted 
T waves in leads II, III, and aVF and, occasionally, supraventricular or 
ventricular premature beats. Transthoracic echocardiography (TTE) is 
particularly effective in identifying the abnormal position and prolapse 
of the mitral valve leaflets. A useful echocardiographic definition of 
MVP is systolic displacement (in the parasternal long axis view) of the 
belly of the mitral valve leaflets by at least 2 mm into the left atrium 
(LA) superior to the plane of the mitral annulus. There can be prolapse 
of one or both leaflets (Fig. 265-2). Color flow and continuous wave 
Doppler imaging is helpful to evaluate the associated MR and provide 
estimates of severity. The jet lesion of MR due to MVP is most often 
eccentric, and assessment of the effective regurgitant orifice area and 
regurgitant volume can be difficult with standard techniques. Both 
three-dimensional echocardiography and cardiac magnetic resonance 
imaging can provide more precise determinations of LV volumes. 
Transesophageal echocardiography (TEE) is indicated when more 
accurate anatomic information is required and is performed routinely 
for intraoperative guidance during valve repair. Exercise testing can be 
performed when there is uncertainty regarding functional capacity. It 
is often combined with rest and immediate poststress TTE to assess LV 
and right ventricular (RV) function and the dynamic nature of MR and 
pulmonary artery pressures. Left ventriculography done at the time of 
right and left heart catheterization is rarely necessary but can also show 
prolapse of the posterior and sometimes of both mitral valve leaflets.

TREATMENT
Mitral Valve Prolapse
Infective endocarditis prophylaxis is indicated for patients with a 
prior history of endocarditis. Beta blockers sometimes relieve chest 
pain and control palpitations. Decisions regarding anticoagulation 
for stroke prevention in AF should be based on the CHA2DS2-
VASc score and an assessment of bleeding risk. If the patient is 
symptomatic from severe MR, mitral valve repair is indicated (see 
Fig. 264-1). Other indications for surgery for MVP with severe pri-
mary MR include findings of established or progressive LV systolic 
dysfunction. Surgery can also be considered for low-risk asymp-
tomatic patients in whom a successful and durable repair can be 
achieved with at least 95% likelihood by an expert surgeon. Mitral 
valve repair is preferred over replacement in patients with MVP or 
flail mitral leaflet (see Table 264-2); technical success is dependent 
not only on the anatomic findings but also on the skill and expe-
rience of the surgeon. Repair of isolated posterior leaflet prolapse 
is usually straightforward, but increasingly more complex pathol-
ogies (e.g., anterior leaflet prolapse, bileaflet prolapse, Barlow’s 
deformity) require advanced skills. Careful pre- and intraoperative 
TEE imaging is an important component of patient evaluation and 
surgical planning. Transcatheter edge-to-edge repair (TEER) using 
a clip to grasp the anterior and posterior leaflets together can be 

considered for treatment of symptomatic patients at prohibitive 
or high surgical risk with severe primary MR due to MVP (see  
Fig. 264-3). Most often, the MR will be reduced in severity but not 
eliminated. Nevertheless, symptom status and indices of LV size and 
function can be improved with this approach, which is now offered 
at >475 specialized sites in the United States. Reported hospital 
mortality rates following the procedure are ~2%. Other transcathe-
ter repair and replacement devices are not yet approved for clinical 
use in the United States (see Chap. 264).

 � FURTHER READING
D������� LA et al: The mitral annulus disjunction arrhythmic  

syndrome. J Am Coll Card 72:1600, 2018.
N�������� RA et al: Mitral valve disease. Current management and 

future challenges. Lancet 387:1324, 2016.
O’G��� PT et al: 2017 ACC expert consensus decision pathway on 
the management of mitral regurgitation. J Am Coll Cardiol 70:2421, 
2017.

O��� CM et al: 2020 ACC/AHA guideline for the management of 
patients with valvular heart disease: A report of the American Col-
lege of Cardiology/American Heart Association Joint Committee on 
Clinical Practice Guidelines. Circulation 143:e72, 2021.

TRICUSPID STENOSIS
Tricuspid stenosis (TS), which is much less prevalent than mitral steno-
sis (MS) in North America and Western Europe, is generally rheumatic 
in origin and is more common in women than men (Table 266-1). It 
does not occur as an isolated lesion and is usually associated with MS. 
Hemodynamically significant TS occurs in 5–10% of patients with 
severe MS; rheumatic TS is commonly associated with some degree 
of tricuspid regurgitation (TR). Nonrheumatic causes of TS are rare.

 � PATHOPHYSIOLOGY
A diastolic pressure gradient between the right atrium (RA) and right 
ventricle (RV) defines TS. It is augmented when the transvalvular 
blood flow increases during inspiration and declines during expiration. 
A mean diastolic pressure gradient of 4 mmHg is usually sufficient to 
elevate the mean RA pressure to levels that result in systemic venous 
congestion. Unless sodium intake has been restricted and diuretics 
administered, this venous congestion is associated with hepatomegaly, 
ascites, and edema, sometimes severe. In patients with sinus rhythm, 
the RA a wave may be extremely tall and may even approach the level 
of the RV systolic pressure. The y descent is prolonged. The cardiac 
output (CO) at rest is usually depressed, and it fails to rise during 
exercise. The low CO is responsible for the normal or only slightly ele-
vated left atrial (LA), pulmonary artery (PA), and RV systolic pressures 
despite the presence of MS. Thus, the presence of TS can mask the 
hemodynamic and clinical features of any associated MS.

 � SYMPTOMS
Because the development of MS generally precedes that of TS, many 
patients initially have symptoms of pulmonary congestion and fatigue. 
Characteristically, patients with severe TS complain of relatively little 
dyspnea for the degree of hepatomegaly, ascites, and edema that they 
have. However, fatigue secondary to a low CO and discomfort due to 
refractory edema, ascites, and marked hepatomegaly are common in 
patients with advanced TS and/or TR. In some patients, TS may be sus-
pected for the first time when symptoms of right-sided failure persist 
after an adequate mitral commissurotomy.

266 Tricuspid Valve Disease
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A. RHEUMATIC HEART DS 

B. MITRAL VALVE PROLAPSE 

C. FLAIL LEAFLET 

D. MITRAL ANNULAR CALCIFICATION 

ANSWER: B(PAGE 2001) 

Transthoracic echocardiography (TTE) is particularly effective in identifying the abnormal position and 

prolapse of the mitral valve leaflets. A useful echocardiographic definition of MVP is systolic displacement (in 

the parasternal long axis view) of the belly of the mitral valve leaflets by at least 2 mm into the left atrium (LA) 

superior to the plane of the mitral annulus. There can be prolapse of one or both leaflets . Color flow and 

continuous wave Doppler imaging is helpful to evaluate the associated MR and provide estimates of severity. 

The jet lesion of MR due to MVP is most often eccentric, and assessment of the effective regurgitant orifice area 

and regurgitant volume can be difficult with standard techniques.  

 

88. MITRAL ANNULAR DISJUNCTION ASSOCIATED WITH SUDDEN CARDIAC 

DEATH HAS BEEN REPORTED IN WHICH OF THE FOLLOWING DISEASES? 

A. RHEUMATIC MS 

B. CALCIFIC AS 

C. MVP 

D. RHEUMATIC MR 

ANSWER : C(PAGE 2000) 

Sudden death is a very rare complication and occurs most often in patients with severe MR and depressed left 

ventricle (LV) systolic function, although it can occur in individuals with normal LV size and function. A small 

subset of MVP patients with high-grade ventricular ectopy has been identified with pheno- typic features 

including electrocardiographic inferior-apical T-wave abnormalities, high-density premature ventricular 

complexes at rest, mitral annular disjunction (defined as abnormal atrial displacement of the mitral valve leaflet 

hinge point), and papillary muscle fibrosis on cardiac magnetic resonance imaging with late gadolinium 

enhance- ment. In addition, there may be an excess risk of sudden death among patients with a flail leaflet.  

 



89. WHICH OF THE FOLLOWING STATEMENTS REGARDING SURGICAL 

CORRECTION OF MITRAL REGURGITATION IS TRUE? 

A. SURGERY SHOULD BE RECOMMENDED FOR ASYMPTOMATIC PATIENTS 

WITH LV DYSFUNCTION CHARACTERIZED BY AN EF ≤60% OR AN LV END-

SYSTOLIC DIMENSION (LV ESD) ≥50 MM  

B. ISOLATED MITRAL VALVE REPAIR HAS A OPERATIVE MORTALITY OF 3 %. 

C. MITRAL VALVE RELACEMENT IS PREFERRED OVER REPAIR IN PATIENTS 

WITH MVP OR FLAIL MITRAL LEAFLET  

D. MITRACLIP IS CONSIDERED FOR TREATMENT OF SYMPTOMATIC PATIENTS 

AT PROHIBITIVE OR HIGH SURGICAL RISK WITH SEVERE PRIMARY MR DUE TO 

MVP 

Answer: D(Page 1998, 2001 

Surgery for chronic severe primary MR is indicated once symp- toms occur, especially if valve repair is feasible 

(Fig. 264-1). Surgery should also be recommended for asymptomatic patients with LV dysfunction 

characterized by an EF ≤60% or an LV end-systolic dimension (LV ESD) ≥40 mm. Other indications for early 

consider- ation of mitral valve repair in asymptomatic patients include a pro- gressive decrease in LVEF or 

increase in LV ESD on serial imaging as well as MV anatomy that would predict a >95% of a successful and 

durable repair in a low surgical risk patient . 

Mitral valve repair is preferred over replacement in patients with MVP or flail mitral leaflet . Repair of isolated 

posterior leaflet prolapse is usually straightforward, but increasingly more complex pathol- ogies (e.g., anterior 

leaflet prolapse, bileaflet prolapse, Barlow’s deformity) require advanced skills.  

Transcatheter edge-to-edge repair (TEER) using a clip to grasp the anterior and posterior leaflets together can be 

considered for treatment of symptomatic patients at prohibitive or high surgical risk with severe primary MR 

due to MVP .Most often, the MR will be reduced in severity but not eliminated. Nevertheless, symptom status 

and indices of LV size and function can be improved with this approach  
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stenosis is also present; they are also not approved for use in patients 
with mechanical prosthetic heart valves. Cardioversion should be 
considered depending on the clinical context, AF chronicity, and 
LA size. In contrast to the acute setting, there are no large, long-
term prospective studies to substantiate the use of vasodilators 
for the treatment of chronic, isolated severe MR with preserved 
LV systolic function in the absence of systemic hypertension. The 
severity of secondary MR in the setting of an ischemic or dilated 
cardiomyopathy may diminish with aggressive guideline-directed 
therapy (GDMT) of heart failure including the use of diuretics for 
decongestion, beta blockers, angiotensin-converting enzyme (ACE) 
inhibitors/angiotensin receptor blockers, angiotensin-neprilysin 
inhibitors, mineralocorticoid receptor antagonists, sodium-glucose 
cotransporter-2 inhibitors and biventricular pacing (cardiac resyn-
chronization therapy [CRT]) when indicated. Antibiotic prophy-
laxis for prevention of IE is indicated for MR patients with a prior 
history of IE. Asymptomatic patients with severe MR in sinus 
rhythm with normal LV size and systolic function should avoid 
isometric forms of exercise.

Patients with acute severe MR require urgent stabilization and 
preparation for surgery. Diuretics, intravenous vasodilators (partic-
ularly sodium nitroprusside), and even mechanical support may be 
needed for patients with post-MI papillary muscle rupture or other 
forms of acute severe MR. 

SURGICAL TREATMENT
In the selection of patients with chronic, severe, primary MR 
for surgical treatment, the often slowly progressive nature of the 
condition must be balanced against the immediate and long-term 
risks associated with operation. These risks are significantly lower 
for primary valve repair than for valve replacement (Table 264-2). 
Repair usually consists of valve reconstruction using a variety of 

valvuloplasty techniques and insertion of an annuloplasty ring. 
Repair spares the patient the long-term adverse consequences of 
valve replacement, including thromboembolic and hemorrhagic 
complications in the case of mechanical prostheses and late valve 
failure necessitating repeat valve replacement in the case of bio-
prostheses. In addition, by preserving the integrity of the papil-
lary muscles, subvalvular apparatus, and chordae tendineae, mitral 
repair and valvuloplasty maintain LV function to a relatively greater 
degree than does valve replacement.

Surgery for chronic severe primary MR is indicated once symp-
toms occur, especially if valve repair is feasible (Fig. 264-1). Surgery 
should also be recommended for asymptomatic patients with LV 
dysfunction characterized by an EF �60% or an LV end-systolic 
dimension (LV ESD) �40 mm. Other indications for early consider-
ation of mitral valve repair in asymptomatic patients include a pro-
gressive decrease in LVEF or increase in LV ESD on serial imaging 

Secondary mitral
regurgitation

G DMT supervised by a
H F specialist (1)

LV E F �50%

Persistent symptoms on
optimal G DMT and A F Rx

MV surgery
(2b)

MV surgery
(2b)

MV surgery*
(2a)

Transcatheter edge-to-
edge MV repair (2a)

Persistent symptoms on
optimal G DMT

Undergoing
CAB G

Mitral anatomy favorable
LV E F 20–50%

LV E SD �70 mm
PASP �70 mm Hg

LV E F <50%

Severe MR Stage D
RVol �60 mL, R F �50%,
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FIGURE 264-2 Management of secondary mitral regurgitation. See legend for Fig. 261-4 for explanation of treatment recommendations (Class I, IIa, IIb) and disease stages 
(B, C1, C2, D). Preoperative coronary angiography should be performed routinely as determined by age, symptoms, and coronary risk factors. Cardiac catheterization and 
angiography may also be helpful when there is a discrepancy between clinical and noninvasive findings. Surgery is recommended for patients with left ventricular ejection 
fraction (LVEF) >50%. Transcatheter edge-to-edge repair (TEER) is reasonable is selected patients after guideline-directed management and therapy (GDMT) has been optimized. 
� MV replacement may be preferred over MV repair for ischemic MR; AF, atrial fibrillation; CABG, coronary artery bypass grafting; EF, ejection fraction; ERO, effective regurgitant 
orifice; ESD, end-systolic dimension; HF, heart failure; LV, left ventricular; MR, mitral regurgitation, MV, mitral valve; PASP, pulmonary artery systolic pressure; RF, regurgitant 
fraction; RVol, regurgitant volume; Rx, treatment. (Reproduced with permission from CM Otto et al: ACC/AHA guideline for the management of patients with valvular heart 
disease: A report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 143:e72, 2021.)

TABLE 264-2 Mortality Rates after Mitral Valve Surgerya

OPERATION NUMBER
UNADJUSTED OPERATIVE 
MORTALITY (%)

MVR (isolated) 10,699 4.5
MVR + CAB 3509 9.6
MVRp 12,424 1.2
MVRp + CAB 4093 5.4

aData are for calendar year 2018 during which 1088 participant groups reported 
a total of 287,872 procedures. Surgical mitral valve commissurotomy cases are 
included in the mitral valve repair procedures.
Abbreviations: CAB, coronary artery bypass; MVR, mitral valve replacement; MVRp, 
mitral valve repair.
Source: Adapted from ME Bowdish et al: Ann Thorac Surg 109:1646, 2020.
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strikes the LA wall adjacent to the aortic root. In this situation, the sys-
tolic murmur is transmitted to the base of the heart and, therefore, may 
be confused with the murmur of AS. In patients with ruptured chordae 
tendineae, the systolic murmur may have a cooing or “seagull” quality, 
whereas a flail leaflet may produce a murmur with a musical quality. 
The systolic murmur of chronic MR not due to MVP is intensified by 
isometric exercise (handgrip) but is reduced during the strain phase of 
the Valsalva maneuver because of the associated decrease in LV preload.

 � LABORATORY EXAMINATION
ECG In patients with sinus rhythm, there is evidence of LA enlarge-
ment, but right atrial (RA) enlargement also may be present when pul-
monary hypertension is significant and affects RV function and size. 
Chronic severe MR is frequently associated with AF. In many patients, 
there is no clear-cut ECG evidence of enlargement of either ventricle. 
In others, the signs of eccentric LV hypertrophy are present.

Echocardiogram Transthoracic echocardiography (TTE) is indi-
cated to assess the mechanism of the MR and its hemodynamic sever-
ity. LV function can be assessed from LV end-diastolic and end-systolic 
volumes and EF. Observations can be made regarding leaflet structure 
and function, chordal integrity, LA and LV size, annular calcification, 
and regional and global LV systolic function. Doppler imaging should 
demonstrate the width or area of the color flow MR jet within the LA, 
the duration and intensity of the continuous wave Doppler signal, the 
pulmonary venous flow contour, the early peak mitral inflow velocity, 
and quantitative measures of regurgitant volume, RF, and effective 
regurgitant orifice area. In addition, the PA pressures (PAPs) can be 
estimated from the TR jet velocity. TTE is also indicated to follow the 

course of patients with chronic MR and to provide rapid assessment for 
any clinical change. Transesophageal echocardiography (TEE) provides 
greater anatomic detail than TTE (see Fig. 241-5). Exercise testing with 
TTE can be useful to assess exercise capacity as well as any dynamic 
change in MR severity, PA systolic pressures, and biventricular func-
tion, for patients in whom there is a discrepancy between clinical 
findings and the results of other noninvasive testing.

Chest X-Ray The LA and LV are the dominant chambers in 
chronic MR. Late in the course of the disease, the LA may be mas-
sively enlarged and forms the right border of the cardiac silhouette. 
Pulmonary venous congestion, interstitial edema, and Kerley B lines 
are sometimes noted. Marked calcification of the mitral leaflets occurs 
commonly in patients with long-standing, combined rheumatic MR 
and MS, as well as in patients with radiation-induced mitral valve dis-
ease. Calcification of the mitral annulus may be visualized, particularly 
on the lateral view of the chest. Patients with acute severe MR may 
have asymmetric pulmonary edema if the regurgitant jet is directed 
predominantly to the orifice of an upper lobe pulmonary vein.

TREATMENT �FIGS. 264�1 AND 264�2�
Mitral Regurgitation 

MEDICAL TREATMENT
The management of chronic severe MR depends to some degree on 
its cause. Anticoagulation with either warfarin or a direct oral agent 
(e.g., apixaban, rivaroxaban) should be provided if AF intervenes, 
as guided by the CHA2DS2-VASc risk score. The direct oral antico-
agulants should not be used if moderate or severe rheumatic mitral 

Yes

No

MV surgery (1)

Primary mitral
regurgitation

Severe MR (VC �0.7 cm,
RVol �60 mL, R F �50%,

E RO �0.40 cm2)

No symptoms due to MR
(Stage C)

Symptoms due to MR
(Stage D)

(regardless of LV
function)

High or prohibitive
surgical risk with

anatomy favorable
for transcatheter
approach and life
expectancy >1 y

Expected surgical
mortality <1% with
>95% likelihood of

successful and
durable repair without

residual MR

Progressive
increase in LV

size or decrease
in LV E F on at
least 3 studies

LV systolic dysfunction
(Stage C2)

(LV E F �60% or
E SD �40 mm)

Normal LV systolic
function (Stage C1)

(LV E F >60% or
E SD <40 mm)

Degenerative MV
disease

Successful and durable
repair possible

Rheumatic MV
disease

Successful and durable
repair possible

MV surgery at
primary or C VC (1)

MV repair at
primary or C VC (2a)

Transcatheter edge-to-
edge MV repair (2a)

MV repair or
replacement (2b)MV repair at C VC (2b)

FIGURE 264-1 Management of primary mitral regurgitation (MR). See legend for Fig. 261-4 for explanation of treatment recommendations (Class I, IIa, IIb) and disease stages  
(B, C1, C2, D). Preoperative coronary angiography should be performed routinely as determined by age, symptoms, and coronary risk factors. Cardiac catheterization and 
angiography may also be helpful when there is a discrepancy between clinical and noninvasive findings. Mitral valve repair is strongly preferred over valve replacement whenever 
feasible for surgical treatment of primary MR. Transcatheter edge-to-edge repair (TEER) is reserved for high or prohibitive surgical risk patients with appropriate anatomy on 
transesophageal imaging. CVC, comprehensive valve center; EF, ejection fraction; ERO, effective regurgitant orifice; ESD, end-systolic dimension; LV, left ventricular; MV, mitral 
valve; RF, regurgitant fraction; RVol, regurgitant volume; VC, vena contracta. (Reproduced with permission from CM Otto et al: ACC/AHA guideline for the management of patients 
with valvular heart disease: A report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 143:e72, 2021.)
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90.  WHICH OF THIS IS NOT A CAUSE OF PRIMARY PULMONARY 

REGURGITATION? 

A. CARCINOID 

B. POST VALVOTOMY 

C. ENDOCARDITIS 

D. PULMONARY HYPERTENSION 

Answer :D(Page 2004) 

 

91. WHICH OF THE FOLLOWING CARRIES EXTREMELY HIGH RISK OF 

MATERNAL MORTALITY AND IS ABSOULUTE CONTRAINDICATION FOR 

CONTINUING PREGNANCY? 

A. SYMPTOMATIC SEVERE MS OR AS 

B. MODERATE LEFT VENTRICULAR IMPAIRMENT(EF 30-45%) 

C. FONTAN CIRCULATION 

D. MODERATE AORTIC DILATATION 
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PULMONIC STENOSIS
Pulmonic valve stenosis (PS) is essentially a congenital disorder  
(Table 267-1). With isolated PS, the valve is typically domed. Dys-
plastic pulmonic valves are seen as part of the Noonan syndrome  
(Chap. 281), which maps to chromosome 12. Mutations in the PTPN1 
gene are associated with about half of all cases of Noonan syndrome. 
Much less common etiologies include carcinoid and obstructing 
tumors or bulky vegetations. The pulmonic valve is only very rarely 
affected by the rheumatic process.

 � PATHOPHYSIOLOGY
PS is defined hemodynamically by a systolic pressure gradient between 
the right ventricle (RV) and the main pulmonary artery (PA). RV hyper-
trophy (RVH) develops as a consequence of sustained obstruction to RV 
outflow, and systolic ejection is prolonged. Compared with the ability of 
the LV to compensate for the pressure overload imposed by aortic steno-
sis (AS), RV dysfunction from afterload mismatch occurs earlier in the 
course of PS and at lower peak systolic pressures, because the RV adapts 

267 Pulmonic Valve Disease
Patrick T. O’Gara, Joseph Loscalzo

TABLE 267-1 Causes of Pulmonic Valve Disease
VALVE LESION ETIOLOGIES
Pulmonic stenosis Congenital
� Carcinoid
� Tumor
� Endocarditis
Pulmonic regurgitation Primary valve disease
�  Congenital
�  Post-valvotomy
�  Endocarditis
�  Carcinoid
� Annular enlargement
�  Pulmonary hypertension
�  Idiopathic dilation
�  Marfan syndrome

helpful because many patients have secondary hyperaldosteronism 
from marked hepatic congestion. Therapies to reduce elevated PA 
pressures and/or pulmonary vascular resistance, including those tar-
geted at left-sided heart disease, can also be considered for patients 
with PA hypertension and severe secondary TR. Tricuspid valve 
surgery is recommended for patients with severe TR who are under-
going left-sided valve surgery and is also undertaken frequently for 
treatment of even moderate TR in patients undergoing left-sided 
valve surgery who have tricuspid annular dilation (>40 mm), a 
history of right heart failure, or PA hypertension. Operation most 
often comprises repair rather than replacement in these settings 
and has become routine in most major surgical centers. Surgery 
may also infrequently be required for treatment of severe, primary 
TR with right heart failure not responsive to standard medical 
therapy or because of progressively declining RV systolic function. 
Reported perioperative mortality rates for isolated tricuspid valve 
surgery (repair and replacement) are high (~8–9%) and likely are 
influenced by the hazards encountered during reoperation on 
patients who have undergone previous left-sided valve surgery and 
have reduced RV function. Indwelling pacemaker or defibrillator 
leads can also pose technical challenges. Investigation of transcath-
eter tricuspid valve repair and replacement systems is ongoing.

 � FURTHER READING
D������ GD et al: Functional tricuspid regurgitation. J Am Coll Car-
diol 65:2331, 2015.

H��� RT et al: Early feasibility study of transcatheter tricuspid valve 
annuloplasty. J Am Coll Cardiol 69:1795, 2017.

K���� AN et al: Outcomes of patients with severe tricuspid regurgita-
tion and congestive heart failure. Heart 105:1813, 2019.

O��� CM et al: 2020 ACC/AHA guideline for the management 
of patients with valvular heart disease: A report of the American  
College of Cardiology/American Heart Association Joint Committee 
on Clinical Practice Guidelines. Circulation 143:e72, 2021.

R����-C���� J et al: Diagnosis and treatment of tricuspid valve dis-
ease: Current and future perspectives. Lancet 388:2431, 2016.

R����-C���� J et al: Transcatheter therapies for treating tricuspid 
regurgitation. J Am Coll Cardiol 67:1829, 2016.

less well to this type of hemodynamic burden. With normal systolic 
function and cardiac output (CO), severe PS is defined by a peak sys-
tolic gradient across the pulmonic valve of >64 mmHg (mean gradient  
>35 mm Hg, Doppler jet velocity >4 m/s); moderate PS correlates with 
a peak gradient of 36–64 mmHg (Doppler jet velocity 3-4 m/s). Mild PS 
is characterized by a jet velocity <3 m/s (peak gradient <36 mmHg). PS 
rarely progresses in patients with mild PS mmHg but may worsen in 
those with moderate disease due to valve thickening and calcification 
with age. The right atrial (RA) a wave elevates in relation to the higher 
pressures needed to fill a noncompliant, hypertrophied RV. A promi-
nent RA v wave signifies functional tricuspid regurgitation (TR) from 
RV and annular dilation. The CO is maintained until late in the course 
of the disease.

 � SYMPTOMS
Patients with mild or even moderate PS are usually asymptomatic and 
first come to medical attention because of a heart murmur (or early 
systolic click) that leads to echocardiography. With severe PS, patients 
may report exertional dyspnea or early-onset fatigue. Anginal chest 
pain from RV oxygen supply-demand mismatch and syncope may 
occur with very severe forms of obstruction, particularly in the pres-
ence of a destabilizing trigger such as atrial fibrillation, fever, infection, 
anemia, or pregnancy.

 � PHYSICAL FINDINGS
The murmur of mild or moderate PS is mid-systolic in timing,  
crescendo–decrescendo in configuration, heard best in the left second 
interspace, and usually introduced by an ejection sound (click) in 
younger adults whose valves are still pliable. The ejection sound is the 
only right-sided acoustic event that decreases in intensity with inspi-
ration. This phenomenon reflects premature opening of the pulmonic 
valve by the elevated RV end-diastolic (post-atrial a wave) pressure. 
The systolic murmur increases in intensity during inspiration. With 
progressively severe PS, the ejection sound moves closer to the first 
heart sound and eventually becomes inaudible. A right-sided fourth 
heart sound may emerge. The systolic murmur peaks later and may 
persist through the aortic component of the second heart sound (A2). 
Pulmonic valve closure is delayed, and the pulmonic component of 
the second heart sound (P2) is reduced or absent. A prominent a wave, 
indicative of the higher atrial pressure necessary to fill the noncompli-
ant RV, may be seen in the jugular venous pulse. A parasternal or RV 
lift can be felt with significant pressure overload. Signs of right heart 
failure, such as hepatomegaly, ascites, and edema, are uncommon but 
may appear very late in the disease.

 � LABORATORY EXAMINATION
The electrocardiogram (ECG) will show right axis deviation, RVH, and 
RA enlargement in adult patients with severe PS. Chest x-ray findings 
include poststenotic dilation of the main PA in the frontal plane projec-
tion and filling of the retrosternal airspace due to RV enlargement on 

HPIM21e_Part6_p1797-p2130.indd   2004 21/01/22   6:23 PM



Answer:A(Page 2010) 

 

92. DIGEORGE SYNDROME IS MOST COMMONLY ASSOCIATED WITH WHCIG 

CONGENITAL HEART DS? 

A. ASD 

B. TRANSPOSITION PHYSIOLOGY 

C. CONOTRUNCAL LESIONS 

D. TRUNCUS ARTERIOSUS 

Answer: C (Page 2009) 

Conotruncal defects are associated with a number of chromosomal abnormalities, most notably a deletion at 

chromosome 22q11 (DiGeorge syndrome). Echocardiographic clues to this association in patients with a 

conotruncal defect include an associated right aortic arch or aberrant subclavian artery. Many adults currently 

living with conotruncal defects may not have undergone test- ing for DiGeorge syndrome. This condition is 

important to recognize because a variety of psychiatric disorders and disabilities in cognitive function may be 

present and go untreated.  
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syndrome commonly have a dysplastic pulmonary valve and have 
facial and lymphatic abnormalities. Several defects in specific genes 
have been associated with Noonan syndrome, most notably PTPN11. 
Adults with Williams syndrome (7q11.23 deletion) commonly have 
supravalvar aortic stenosis and diffuse arteriopathy, with a “cocktail-
like” personality and hypercalcemia. There is a growing importance of 
genome-wide analyses in subjects with CHD.

 � SPECIFIC CHD LESIONS
Dilated Right Heart There are many congenital etiologies for 
right heart dilation (Table 269-3). These include congenital valvular 
anomalies (such as Ebstein anomaly or pulmonary regurgitation), 
intrinsic RV myocardial anomalies (arrhythmogenic RV dysplasia, 
Uhl’s anomaly), or shunt lesions occurring proximal to the tricuspid 
valve. Cardiac imaging is critical in determining the etiology of right 
heart dilation, and knowledge of the anatomy and physiology of vari-
ous shunt lesions is essential.

Atrial Septal Defect One of the most common etiologies of right 
heart dilation is presence of an atrial septal defect (ASD; Fig. 269-2A). 
 Intracardiac communications allow blood transmission between 
chambers or spaces based on relative resistance, propulsion, and flow 
patterns. Patients with large ASDs often present in childhood; however, 
many ASDs are not discovered until adult life. The physiology of an 
ASD is predominantly that of a “left-to-right” shunt (flow of pulmo-
nary venous, or oxygenated, blood toward systemic venous, or deox-
ygenated, chambers or vessels). The degree of left-to-right shunting 
determines the amount of right heart volume loading and is dictated by 
the size of the defect as well as the diastolic properties of the heart. As 
patients age, several factors, such as diabetes mellitus, systemic hyper-
tension, and atherosclerosis, may contribute to decreased compliance 
of the left-sided cardiac chambers and contribute to increased left-to-
right shunting and symptomatology. The classic physical examination 
finding is a wide, fixed splitting of the second heart sound, which is 

due to prolonged RV ejection and increased PA capacitance, which, in 
turn, delay pulmonary valve closure. The surface electrocardiogram 
(ECG) commonly displays an incomplete right bundle branch block. 
Symptoms, when they occur, most commonly include exercise intoler-
ance, arrhythmia, and dyspnea with exertion. It is not uncommon for 
adults to have incidentally noted asymptomatic ASD during evaluation 
of other comorbid issues. Right heart dilation, without additional eti-
ology for such, in the setting of unrepaired ASD is considered a risk 
for progression toward symptomatic right heart failure, atrial arrhyth-
mias, and potential development of pulmonary arterial hypertension 
(if such is not already present). Therefore, a patient with an ASD and 
right heart dilation, particularly with symptoms attributable to such, 
should be offered ASD closure. Pulmonary vascular disease leading 
to pulmonary hypertension develops in up to 10% of patients with 
unrepaired ASD, and Eisenmenger syndrome (ES) is a rare complica-
tion (see below). Management of patients with concomitant ASD and 
pulmonary hypertension should be coordinated with both ACHD and 
pulmonary hypertension experts.

Figure 269-2B illustrates the locations of various ASDs. The most 
common type of an ASD is a secundum ASD, which is a defect, or 
true deficiency in the atrial septum, in the region of the fossa ovalis. 
This should be differentiated from a patent foramen ovale (PFO), 
which is persistence of patency of the flap valve of the fossa ovalis (not 
associated with right-sided cardiac dilation) and persists in up to 25% 
of adults. Secundum ASDs can often be closed with occluder devices 
placed percutaneously. However, certain anatomic determinants make 
percutaneous closure less favorable, including large defects, inadequate 
tissue rims surrounding the defect, and concomitance of anomalous 
draining pulmonary veins. A primum ASD is a deficiency of the atri-
oventricular (AV) canal portion of the atrial septum; primum ASD is 
always associated with abnormal development of the AV valves, most 
commonly resulting in a cleft in the mitral valve. A coronary sinus 
defect is rare and involves an opening between the coronary sinus 
and the left atrium. A sinus venosus defect is not a defect in the atrial 

TABLE 269-2 Modified World Health Organization (mWHO) Classification of Heart Disease in Pregnancy
� mWHO I mWHO II mWHO II-III mWHO III mWHO IV
Diagnosis (if 
otherwise well and 
uncomplicated)

Small or mild
•	 Pulmonary stenosis
•	 Patent ductus 

arteriosus
•	 Mitral valve prolapse
Successfully repaired 
simple lesions (atrial or 
ventricular septal defect, 
patent ductus arteriosus, 
anomalous pulmonary 
venous drainage)
Atrial or ventricular 
ectopic beats, isolated

Unoperated atrial or 
ventricular septal defect
Repaired tetralogy of 
Fallot
Most arrythmias
(supraventricular 
arrhythmias)
Turner syndrome without 
aortic dilatation

Mild left ventricular 
impairment (EF >45%)
Hypertrophic 
cardiomyopathy
Native or tissue valve 
disease not considered 
WHO I or IV (mild mitral 
stenosis, moderate aortic 
stenosis)
Marfan or other HTAD 
syndrome without aortic 
dilatation
Aorta <45 mm in bicuspid 
aortic valve pathology
Repaired coarctation
Atrioventricular septal 
defect

Moderate left ventricular 
impairment (EF 30–45%)
Previous peripartum 
cardiomyopathy without 
any residual left ventricular 
impairment
Mechanical valve
Systemic right ventricle with 
good or mildly decreased 
ventricular function
Fontan circulation
Fontan circulation with good 
clinical course and without 
associated comorbidities
Unrepaired cyanotic heart 
disease
Other complex heart disease
Moderate mitral stenosis
Severe asymptomatic aortic 
stenosis
Moderate aortic dilatation 
(40–45 mm in Marfan syndrome 
or other HTAD; 45–50 mm in 
bicuspid aortic valve, Turner 
syndrome ASI 20–25 mm/m2, 
tetralogy of Fallot <50 mm)
Ventricular tachycardia

Pulmonary arterial 
hypertension
Severe systemic 
ventricular dysfunction 
(EF <30% or NYHA class 
III–IV)
Previous peripartum 
cardiomyopathy with any 
residual left ventricular 
impairment
Severe mitral stenosis
Severe symptomatic 
aortic stenosis
Systemic right ventricle 
with moderate or severely 
decreased ventricular 
function
Severe aortic dilatation 
(>45 mm in Marfan 
syndrome or other HTAD, 
>50 mm in bicuspid aortic 
valve, Turner syndrome 
ASI >25 mm/m2, tetralogy 
of Fallot >50 mm)
Vascular Ehlers-Danlos
Severe (re)coarctation
Fontan with any 
complication

Risk No detectable increased 
risk of maternal mortality 
and no/mild increased 
risk in morbidity

Small increased risk of 
maternal mortality or 
moderate increase in 
morbidity

Intermediate increased 
risk of maternal mortality 
or moderate to severe 
increase in morbidity

Significantly increased risk of 
maternal mortality or severe 
morbidity

Extremely high risk of 
maternal mortality or 
severe morbidity

Abbreviations: ASI, aortic size index; EF, ejection fraction; HTAD, heritable thoracic aortic disease.
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93. WHICH OF THE FOLLOWING ECG MARKERS IS ASSOCIATED WITH RISK OF 

SUDDEN CARDIAC DEATH AFTER A TOF SURGERY? 

A. LBBB 

B. PROLONGED PR INTERVAL 

C. QRS MORE THAN 180 MSEC 

D. RBBB 

Answer: C(Page 2012,15) 

A QRS duration on a resting ECG of 180 ms or more has been associated with increased risk of ventricular 

tachycardia and sudden death in this patient population  

 

 

94. RASTELLI PROCEDURE IS DONE FOR WHICH OF THE FOLLOWING CCHD? 

A. TOF 

B. EISENMENGER SYNDROME 

Cong enital Heart Disease in the Adult 
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draping of the branch PAs over the ascending aorta. A coronary artery 
translocation is performed. The ASO has resulted in substantial long-
term survival.

The potential long-term sequelae of the various surgical procedures 
for D-loop TGA are listed in Table 269-5.

The less common form of TGA, known as L-loop TGA (physiologi-
cally corrected or “congenitally corrected” TGA; Fig. 269-9), may not 
require surgical intervention but is presented here in relation to other 
forms of TGA. L-loop TGA involves both AV discordance (RA allow-
ing passage of deoxygenated systemic venous return to the LV, and 
conversely, the left atrium conducting oxygenated pulmonary venous 
blood to the RV) as well as ventriculoarterial discordance (connections 

of LV to PA, RV to aorta). This results in normal arterial oxygen satu-
ration, yet an RV associated with the aorta. Patients with L-loop TGA 
commonly have associated congenital anomalies, including dextrocar-
dia, ASDs, a dysplastic tricuspid valve, and pulmonary stenosis. Con-
duction disturbances are common, and complete heart block occurs in 
up to 30% of patients. Those patients without associated defects may 
not present until later in life, most commonly with heart failure, TR, or 
newly recognized conduction disease.

Coarctation of the Aorta Adults with coarctation of the aorta 
(Fig. 269-10) typically have a shelf-like obstruction at the level of the 
descending aorta that passes just posterior to the junction of the main 
and left PA; obstruction less commonly involves the transverse aortic 
arch. On physical examination, the lower extremity blood pressure 
and pulses are lower than (and delayed in timing, in contrast to) the 
upper extremity values, unless significant aortic collaterals have devel-
oped. A continuous murmur over the scapula may be present due to 
the collateral blood flow. Significant coarctation increases afterload 
to all proximal structures in the path of oxygenated blood, from LV 
and coronary arteries, to ascending and transverse aorta, to cerebral 
and arm vessels and proximal descending aorta. Bicuspid aortic valve 
(typically with right-left commissural fusion) is a common association. 
In women with short stature, webbed neck, lymphedema, and primary 
amenorrhea, a concomitant diagnosis of Turner syndrome should be 
considered, the presence of which indicates greater degree of, and 
risks from, sequelae from seemingly similar anatomy and physiology. 
Patients who have undergone surgical repair in general have a good 
prognosis; however, they remain at risk for systemic hypertension, 
premature atherosclerosis, LV failure, and aortic aneurysm, dissection, 
and recurrent coarctation.

TABLE 269-4 Potential Sequelae of Repaired Tetralogy of Fallot
Right atrial dilation
Right ventricular dilation
Right ventricular dysfunction
Right ventricular outflow tract obstruction
Pulmonary regurgitation
Branch pulmonary artery stenosis
Tricuspid regurgitation
Residual ventricular septal defect
Left ventricular dysfunction
Aortic root dilation
Atrial arrhythmias
Ventricular arrhythmias
Sudden cardiac death

FIGURE 269-8 A. Transposition of the great arteries. When the great arteries are transposed, the aorta arises from the RV, and the pulmonary artery arises from the LV, 
leaving deoxygenated blood circulating from systemic veins to systemic arteries in separated fashion from oxygenated blood, which circulates from pulmonary veins to 
pulmonary arteries. Without interchamber or intravascular communications, this circulation is incompatible with life. Presence of an atrial septal defect (ASD), depicted 
here, ventricular septal defect (VSD), or patent ductus arteriosus (PDA) allows for some interchamber or intravascular mixing and, at best, partial relief of cyanosis and 
sustenance of life, at the expense of increased pulmonary blood flow. B. Atrial switch. Atrial level switch procedures (Mustard and Senning) were the first standardized 
surgeries to alter the natural course of complex congenital heart disease, utilizing intracardiac rerouting via a “baffle” to redirect blood flow. The atrial switch simulates 
inverted trousers, with each “pants leg” (*) attaching to either the SVC or the IVC, transporting deoxygenated blood through the interior of the trousers to the “waist of 
the trousers” and directing blood through the mitral valve to the LV and out the PA. Surgical removal of the atrial septum allows pulmonary venous return to traverse from 
posterior left atrium through the space between the pants legs of the baffle, through the tricuspid valve to the RV (serving as the “systemic ventricle,” i.e., that pumps to 
the systemic arterial circulation), and out the aorta. Non-infrequent sequelae include sinus node dysfunction, atrial arrhythmias, systolic dysfunction of the RV, tricuspid 
regurgitation (from RV to LA), leaks in the baffle material allowing shunting of blood, and obstruction of the systemic or pulmonary venous baffles. C. Arterial switch. The 
arterial switch operation allowed both anatomic and physiologic correction for D-loop transposition of the great arteries. Successful surgical switching of the PA and the 
Ao above the level of the native roots (hashed lines) necessitated ability to transfer coronary artery origins contained within a button of tissue (*) back to the neo-aorta 
(now supported by the LV). Deoxygenated blood flow from SVC and IVC passes from RA to RV to PA, and oxygenated blood passes from PV to LA to LV to Ao. Uncommon 
sequelae include obstruction at any of the surgical sites (supravalvar PA or Ao stenosis, coronary orifice obstruction) or more distal obstructions due to tension placed on 
the PA, Ao, or coronary arteries. Ao, aorta; IVC, inferior vena cava; LA, left atrium; LV, left ventricle; PA, pulmonary arteries; PV, pulmonary veins; RA, right atrium; RV, right 
ventricle; SVC, superior vena cava.
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C. D -TGA 

D. TAPVC 

Answer: C(Page 2014) 

A subset of patients with D-loop TGA, VSD, and PS may have undergone a Rastelli procedure. This 

intervention involves placing an RV-to-PA conduit and routing the LV to the aorta through the VSD, which 

results in relief of cyanosis and the benefit of a systemic LV. 

 

 

95. IMAGE BELOW SHOWS WHICH CLASSICAL SURGERY FOR A CCHD 

 

A. FONTAN SURGERY 

B. RASTELLI SURGERY 
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FIGURE 269-8 (Continued)

Single Ventricle Physiology The term single ventricle heart dis-
ease is imprecise but useful in some settings, as it refers to congenital 
heart conditions in which one ventricle or its valves preclude surgical 
creation of a biventricular circulation. Common congenital diag-
noses in this category include tricuspid atresia, double inlet LV, and 

TABLE 269-5 Long-Term Sequelae of D-Loop TGA Surgery
ATRIAL SWITCH ARTERIAL SWITCH RASTELLI PROCEDURE
Systemic venous baffle Arterial anastomosis 

stenosis
Subaortic stenosis

Pulmonary venous baffle Branch PA stenosis RV-PA conduit 
obstruction

RV (systemic) 
dysfunction

Neo-aortic root dilation Pulmonary regurgitation

Tricuspid regurgitation Neo-aortic regurgitation Ventricular dysfunction
Baffle leaks Coronary artery stenosis �
LVOT obstruction (PS) LV dysfunction �

Abbreviations: LV, left ventricle; LVOT, left ventricular outflow tract; PA, pulmonary 
artery; RV, right ventricle; TGA, transposition of the great arteries.

hypoplastic left heart syndrome. Most patients with single ventricle 
physiology undergo a series of surgeries culminating in a Fontan pro-
cedure (Fig. 269-11A, B). Since its initial use for tricuspid valve atresia 
in 1971, multiple modifications of this procedure have occurred, with 
common features of near complete separation of the pulmonary and 
systemic circulations. The Fontan procedure utilizes the single ventri-
cle to pump pulmonary venous (oxygenated) blood through the aorta 
to the body and allows for “passive” flow of systemic venous return 
of deoxygenated blood through surgically created connections to the 
lungs. Patients who have undergone a Fontan procedure are at risk 
for multiple comorbidities in adulthood, including atrial arrhythmias, 
heart failure, renal and hepatic dysfunction, and both venous and arte-
rial thrombosis and embolism.

 � UNREPAIRED CYANOTIC CHD
Eisenmenger Syndrome ES is felt to be the consequence of a 
long-standing high-volume or pressurized left-to-right shunt in which 
excessive blood flow to the pulmonary vasculature leads to severely 
increased pulmonary vascular resistance that eventually results in 
reversal of the shunt, creating bidirectional or right-to-left flow. ES is a 
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FIGURE 269-11 A. Fontan surgery creates a unique circulation in which deoxygenated blood is directed to the PAs from the SVC and IVC in a fashion that bypasses any 
pumping chamber. The SVC and IVC are connected (*) via either an internal “tunnel” or an extracardiac conduit that guides flow to the PA. Pulmonary venous (oxygenated) 
return courses from PV to LA to LV to aorta. In contrast to physiology in normal adults (where pressure is generated by an RV to propel blood flow from a lower pressure RA 
to a higher pressure LA), in Fontan circulation, by definition, due to the absence of a pumping chamber to the PA, RA pressure is greater than LA pressure, permitting flow 
through the lungs. Ao, aorta; IVC, inferior vena cava; LA, left atrium; LV, left ventricle; PA, pulmonary arteries; PV, pulmonary veins; SVC, superior vena cava; *, Fontan baffle. 
B. Diagrammatic representation of the location of various types of Fontan operations. (Part B used with permission from Emily Flynn McIntosh, illustrator.)
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C. MODIFIED BT SHUNT 

D. POTTS SHUNT 

Answer: A(Page 2016) 

The Fontan procedure utilizes the single ventri- cle to pump pulmonary venous (oxygenated) blood through the 

aorta   to the body and allows for “passive” flow of systemic venous return of deoxygenated blood through 

surgically created connections to the lungs. Patients who have undergone a Fontan procedure are at risk for 

multiple comorbidities in adulthood, including atrial arrhythmias, heart failure, renal and hepatic dysfunction, 

and both venous                

96. BELOW IS THE ECG OF A PATIENT PRESENTING WITH HYPOTENSION. 

WHICH OF THE FOLLOWING STATEMENT HOLDS TRUE? 

 

 

A. BECKS TRIAD INCLUDES HYPOTENSION , MUFFLED HEART SOUNDS 

AND RAISED JVP WITH PROMINENT Y DESCENT 

B. PULSUS PARADOX IS UNIVERSALLY SEEN IN PATIENTS WITH CARDIAC 

TAMPONADE AND CONSTRICTIVE PERICARDITIS 

C. ECHOCARDIOGRAPHY SHOWS A EARLY DIASTOLIC COLLAPSE OF 

RIGHT VENTRICLE AND ATRIUM 

D. RIGHT VENTRICULAR INFARCTION MAY RESEMBLE CLINICALLY WITH 

THIS CONDITION 
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because of concomitant involvement of the epicardium in the 
inflammatory process (an epi-myocarditis) with resulting myocyte 
necrosis. If they occur, however, these elevations are quite modest 
compared to those in AMI, given the extensive electrocardiographic 
ST-segment elevation in pericarditis. This dissociation is useful in 
differentiating between these conditions.

2. A pericardial friction rub is audible at some point in the illness in 
about 85% of patients with acute pericarditis. The rub may have up 
to three components per cardiac cycle and is described as rasping, 
scratching, or grating (Chap. 239); it is heard most frequently at end 
expiration with the patient upright and leaning forward.

3. The electrocardiogram (ECG) in acute pericarditis without massive 
effusion usually displays changes secondary to acute subepicardial 
inflammation (Fig. 270-1A), and typically evolves through four 
stages. In stage 1, there is widespread elevation of the ST segments, 
often with upward concavity, involving two or three standard limb 
leads and V2–V6, with reciprocal depressions only in aVR and 
occasionally V1. In addition, there is depression of the PR segment 
below the TP segment, reflecting atrial involvement, an early change 
that may occur prior to ST segment elevation. Usually there are no 
significant changes in QRS complexes unless a large pericardial 
effusion develops (see below). After several days, the ST segments 
return to normal (stage 2), and only then, or even later, do the T 
waves become inverted (stage 3). Weeks or months after the onset 
of acute pericarditis, the ECG returns to normal (stage 4). In con-
trast, in AMI, ST elevations are upwardly convex, and reciprocal 

FIGURE 270-1 A. Acute pericarditis. There are diffuse ST-segment elevations in leads I, II, aVF, and V2–V6). There is PR-segment depression due to a concomitant atrial injury 
current. B. Electrical alternans. This tracing was obtained from a patient with a large pericardial effusion with cardiac tamponade.
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depression is usually more prominent; these changes may return 
to normal within a day or two. Q waves may develop, with loss of 
R-wave amplitude, and T-wave inversions; by contrast, with acute 
pericarditis, these changes are usually seen within hours before the 
ST segments have become isoelectric (Chaps. 274 and 275).

4. Pericardial effusion is usually associated with pain and/or the ECG 
changes mentioned above and, if the effusion is large, with electrical 
alternans (Fig. 270-1B). Pericardial effusion is especially important 
clinically when it develops within a relatively short time because it 
may lead to cardiac tamponade (see below). Differentiation from 
cardiac enlargement on physical examination may be difficult, but 
heart sounds may be fainter with large pericardial effusion. The 
friction rub and the apex impulse may disappear. The base of the 
left lung may be compressed by pericardial fluid, producing Ewart’s 
sign, a patch of dullness, increased fremitus, and egophany beneath 
the angle of the left scapula. The chest roentgenogram may show 
enlargement of the cardiac silhouette, with a “water bottle” configu-
ration, but may be normal in patients with small effusions.

Diagnosis Echocardiography (Chap. 241) is the most widely used 
imaging technique. It is sensitive, specific, simple, and noninvasive; 
may be performed at the bedside; and allows localization and estima-
tion of the quantity of pericardial fluid. The presence of pericardial 
fluid is recorded by two-dimensional transthoracic echocardiography 
as a relatively echo-free space between the posterior pericardium and 
left ventricular epicardium and/or as a space between the anterior right 
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Answer: D(Page 2021,22 

The three principal features of tamponade (Beck’s triad) are hypotension, soft or absent heart sounds, and 

jugular venous distention with a prominent x (early systolic) descent but an absent y (early diastolic) descent.  

Paradoxical pulse also occurs in approximately one-third of patients with constrictive pericarditis (see below), 

and in some cases of hypovolemic shock, acute and chronic obstructive airway disease, and pulmonary 

embolism. Right ventricular infarction may resemble cardiac tamponade with hypotension, elevated jugular 

venous pressure, an absent y descent in the jugular venous pulse, and occasionally, a paradoxical pulse  

In tamponade, there is late diastolic inward motion (collapse) of the right ventricular free wall and the right 
atrium.  

 

 

97. WHICH OF THE FOLLOWING IS NOT USED IN THE TREATMENT OF 

RECURRENT AND RELAPSING PERICARDITIS? 

A. STEROIDS 

B. ANAKINRA 

C. AZATHIOPRENE 

D. IVIG 

Answer: D(Page 2021) 

In patients with multiple, frequent, and disabling recurrences that continue for >2 years, are not prevented by 

continuing colchic- ine and other NSAIDs, and are not controlled by glucocorticoids, treatment with 

azathioprine or anakinra (an interleukin 1β receptor antagonist) has been reported to be of benefit. Rarely, 

pericardial stripping may be necessary; however, this procedure may not always terminate the recurrences.  

 

98. WHICH OF THE FOOLWING ARE NOT ASSOCIATED WITH CARDIAC 

MYXOMAS? 

A. CARNEYS COMPLEX 



B. LAMB SYNDROME 

C. NAME SYNDROME 

D. MUTATION IN TSC1/2 

Answer: D(Page 2026) 

Approximately 90% of myxomas are sporadic; the remainder are familial with autosomal dominant 

transmission. The familial variety often occurs as part of a syndrome complex (Carney complex) that includes 

(1) myxomas (cardiac, skin, and/or breast), (2) lentigines and/or pigmented nevi, and (3) endocrine overactivity 

(primary nodular adrenal cortical disease with or without Cushing’s syndrome, testic- 

ular tumors, and/or pituitary adenomas with gigantism or acromegaly). Certain constellations of findings have 

been referred to as the NAME syndrome (nevi, atrial myxoma, myxoid neurofibroma, and ephelides) or the 

LAMB syn- drome (lentigines, atrial myxoma, and blue nevi), although these syndromes probably represent 

subsets of the Carney complex. The genetic basis of this complex has not been elucidated completely; however, 

inactivating mutations in the tumor-suppressor gene PRKAR1A, which encodes the protein kinase A type I-α 

regulatory subunit, have been identified in ~70% of patients with Carney complex.  

 

99. BELOW IMAGES FITS INTO WHICH GRADE OF PULMONARY 

HYPERTENSION? 

 

 

A. GROUP 1 

B. GROUP2 

C. GROUP3 

D. GROUP4 
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and PH require a thorough evaluation. In sarcoidosis, PH develops 
mainly due to granulomatous inflammation of the pulmonary vessels, 
although mechanical compression of pulmonary arteries by enlarged 
lymph nodes is also reported.

Sickle Cell Disease Cardiovascular system abnormalities are 
prominent in the clinical spectrum of sickle cell disease (and other 
hemoglobinopathies), including PH, which occurs in 6–10% of patients. 
The etiology is multifactorial, including hemolysis, hypoxemia, throm-
boembolism, chronically high CO, and chronic liver disease.

Schistosomiasis Globally, schistosomiasis is among the most 
common causes of PH. The development of PH occurs in the setting 
of hepatosplenic disease and portal hypertension. Studies suggest that 
inflammation from the infection triggers maladaptive pulmonary 
vascular changes. The diagnosis is confirmed by finding the parasite 
ova in the urine or stool of patients with symptoms, which can be 
difficult. The efficacy of therapies directed toward PH in these patients 
is unknown.

 � PHARMACOLOGIC TREATMENT OF PAH
Prior to the availability of disease-specific therapy, the 1- and 3-year 
mortality rates for IPAH or hereditary PAH were 68 and 48%, 
respectively. In the current era, there are 14 U.S. Food and Drug 
Administration (FDA)–approved medical therapies for PAH, and 
standardized treatment strategies have been developed that empha-
size early, aggressive pharmacotherapy initiated at a PH specialty 
clinical center. Among optimally treated patients, the 1- and 3-year 
survival rates have improved to 91 and 69%, respectively. All medical 
therapies target the prostacyclin, NO•, or endothelin receptor sig-
naling pathways. Drug delivery methods now include oral, inhaled, 
subcutaneous (including via surgically implanted devices), and intra-
venous routes.

Prostanoids In PAH, endothelial dysfunction and platelet acti-
vation cause an imbalance of arachidonic acid metabolites with 
reduced prostacyclin levels and increased thromboxane A2 produc-
tion. Prostacyclin (PGI2) activates cyclic adenosine monophosphate 
(cAMP)–dependent pathways that mediate vasodilation. PGI2 also has 
antiproliferative effects on vascular smooth muscle and inhibits platelet 
aggregation. Protein levels of prostacyclin synthase are decreased in 
pulmonary arteries of patients with PAH. This imbalance of mediators 
is offset therapeutically by the administration of either exogenous 
prostacyclin (and analogues, termed prostanoids) or a prostacyclin 
receptor agonist.

Epoprostenol was the first prostanoid available for the management 
of PAH. Epoprostenol delivered as a continuous intravenous infusion 
improves functional capacity and survival in PAH. The efficacy of 

epoprostenol in WHO Functional Class (FC) III and IV PAH patients 
was demonstrated in a clinical trial that showed improved quality of 
life, mPAP, PVR, 6-MWD, and mortality. Treprostinil has a longer 
half-life than epoprostenol (~4 h vs ~6 min), which allows for sub-
cutaneous administration. Treprostinil has been shown to improve 
pulmonary hemodynamics, symptoms, exercise capacity, and survival 
in PAH. Inhaled prostacyclin provides the beneficial effects of infused 
prostacyclin therapy without the inconvenience and side effects of 
infusion catheters (e.g., risk of infection and infusion site reactions). 
Both inhaled iloprost and treprostinil have been approved for patients 
with PAH and severe heart failure symptoms. Oral prostacyclin is also 
efficacious in clinical trials, but the maximal dose is modest and, there-
fore, generally reserved as a second-line therapy.

Selexipag is an oral nonprostanoid diphenylpyrazine derivative that 
binds the prostaglandin I2 (IP) receptor with high affinity. The active 
metabolite of selexipag has a prolonged half-life in comparison with 
prostanoid analogues and permits twice-daily dosing. The efficacy 
of selexipag was evaluated in patients with PAH in New York Heart 
Association (NYHA) FC II to III on background therapy with either 
an endothelin-1 (ET-1) receptor antagonist or sildenafil, or both. This 
trial represents the largest randomized placebo-controlled trial among 
patients with PAH ever completed, enrolling 1156 patients treated for 
a median of 1.4 years. Selexipag reduced the risk of hospitalization and 
the risk of disease progression by 43% (p < .0001) compared to those 
who received placebo. There were no significant differences in mortal-
ity between the two study groups, and the side effect profile was similar 
to that of prostacyclins.

Endothelin Receptor Antagonists Endothelin receptor antago-
nists (ERAs) inhibit the detrimental effects of ET-1, a potent endoge-
nous vasoconstrictor and vascular smooth muscle mitogen. In PAH, 
ET-1 associates positively with PVR and mPAP, and inversely with CO 
and 6-MWD. The ET-1 signaling axis is complex and cell type–specific: 
ET type A (ETA) and type B (ETB) receptors expressed in pulmonary 
artery smooth muscle cells mediate vasoconstriction, whereas human 
pulmonary artery endothelial cells express ETB receptors that promote 
ET-1 clearance and vasodilation through endothelial nitric oxide syn-
thase activation and prostacyclin release.

The three ERAs approved for use in the United States are the non-
selective ETA/B receptor antagonists bosentan and macitentan and the 
selective ETA antagonist ambrisentan. Studies have shown that bosen-
tan improves hemodynamics and exercise capacity and delays clinical 
worsening. The randomized, placebo-controlled, phase 3 Bosentan 
Randomized Trial of Endothelin Antagonist Therapy (BREATHE)-1 
trial comparing bosentan to placebo demonstrated improved symp-
toms, 6-MWD, and WHO FC in patients treated with bosentan. 
The Endothelin Antagonist Trial in Mildly Symptomatic Pulmonary 

1cm
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FIGURE 283-7 Chronic thromboembolic pulmonary hypertension (CTEPH) imaging findings and surgical endarterectomy specimen. A. Contrast-enhanced computed 
tomography of the chest shows an obstructive vascular pattern involving segmental pulmonary arteries (yellow arrows) in a 63-year-old man with exertional dyspnea and 
remote history of pulmonary embolism. B. Still image of a pulmonary angiography of the right lung (submaximal injection shown) shows pulmonary artery stricture, webbing, 
and severe dearborization that is classic for CTEPH. C. Fibrotic, chronic clot specimens resected during surgical pulmonary endarterectomy, which is curative in most 
CTEPH patients. (Panel C is reproduced with permission from IM Lang, M Madani: Update on chronic thromboembolic pulmonary hypertension. Circulation 130:508, 2014.)
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Answer: D(Page 2125,2126) 

The development of PH after chronic thromboembolic obstruction of the pulmonary arteries, termed CTEPH, is 

well described. The incidence of CTEPH following a sin- gle pulmonary embolic event is difficult to determine 

accurately, but probably is between 3 and 7% of patients. Importantly, 25% of patients with CTEPH have no 

history of clinical venous thromboembolism, suggesting that CTEPH may develop following a subclinical 

pulmo- nary embolism or through a diverse range of mechanisms. Obstruction of the proximal pulmonary 

vasculature due to webbing, stricture, or focal fibrotic occlusion signifies proximal vessel involvement. Distal 

pulmonary arterioles remodel by luminal narrowing or obliteration. Approximately 10–15% of patients will 

develop a disease very similar clinically and pathologically to PAH after resection of the proximal thrombus  

 

 

100. WHICH OF THE FOLLOWING DRUGS USED FOR TREATMENT OF PAH ACTS 

AS SOLUBLE GUANYL CYCLASE STIMULATOR? 

A. MACITENTAN 

B. TADALAFIL 

C. RIOCIGUAT 
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FIGURE 283-5 Hemodynamic classification of pulmonary hypertension (PH). Data from right heart catheterization (RHC) exclude PH or inform precapillary, postcapillary, or 
combined pre-/postcapillary PH phenotypes. These categories, in turn, correspond to World Health Organization (WHO) PH clinical groups as follows: group 1, pulmonary 
arterial hypertension; group 2, PH from left heart disease; group 3, PH from primary lung disease and sleep-disordered breathing; group 4, chronic thromboembolic 
pulmonary hypertension; group 5, selected (rare or miscellaneous) causes of PH. mPAP, mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; PVR, 
pulmonary vascular resistance.

WH O PH Group 1 2 3 4

No

5

Focus on left heart and lung disease:
Assess risk factors, P F T+DLC O ,

Chest XR , HR C T, arterial blood gas

Is RH C indicated for definitive PH diagnosis
and to assess disease severity?

Complete RH C

Alternative non-PH
causes of symptoms

mPAP >20 mmHg,
PVR �3.0 WU

PAWP
�15 mmHg

No other
cause for PH

PAH PH due to left
heart disease

PH due to
lung disease C T E PH Rare PAH

subtypes

Comorbid
diseases that are
PAH risk factors

Prior P E ,
abnormal

V/Q or C TA

Obstructive or
parenchymal
lung disease

PAWP
�15 mmHg

PAWP
�15 mmHg

PAWP
�15 mmHg

PAWP
>15 mmHg

Suspect PH:
C linical features, symptoms, E C G , E C H O

FIGURE 283-6 Strategy for diagnosing pulmonary hypertension (PH) in clinical practice. A high index of clinical suspicion for PH is raised based on clinical features, 
symptoms, and findings on transthoracic echocardiography (ECHO). The prevalence of PH is elevated in primary lung or cardiovascular disease; therefore, an initial 
assessment should be geared toward diagnosing these comorbidities. This may include emphasis on cardiovascular risk factors, pulmonary function testing (PFT), and/or 
high-resolution computed tomography (HRCT) of the chest. The diagnosis of PH and assessment of disease severity are determined by findings on right heart catheterization 
(RHC). Classification of PH subtype hinges on hemodynamic parameters and clinical features. Group 2 PH may be evident with PVR <3.0 WU, as detailed in Fig. 283-5. CTA, 
computed tomographic angiography; CTEPH, chronic thromboembolic pulmonary hypertension; DLCO, diffusing capacity of carbon monoxide; ECG, electrocardiogram; mPAP, 
mean pulmonary artery pressure; PAH, pulmonary arterial hypertension; PAWP, pulmonary artery wedge pressure; PE, pulmonary embolism; PVR, pulmonary vascular 
resistance; V/Q, ventilation/perfusion nuclear scan; WHO, World Health Organization; XR, x-ray.
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D. SELEXIPAG 

Answer: C(Page 2129) 

Riociguat increases bioactive cGMP by (1) stabilizing the molecular interaction between NO• and sGC, and (2) 

directly stimulating sGC independent of NO• bioavailability. Riociguat significantly improved exercise 

capacity, pulmonary hemodynamics, WHO FC, and time to clinical worsening in patients with PAH and is the 

sole approved pharmacotherapy for CTEPH patients for whom surgical pulmonary endarterectomy is ineffective 

or contraindicated.  

 

 

101. WHICH OF THIS FACTORS FAVOUR REVASCULARISATION IN PATIENT 

WITH RENAL ARTERY STENOSIS? 

A. RECUURENT CCF IN APATIENT IN WHOM LV DYSFUNCTION CANNOT FULLY 

EXPLAIN THE CAUSE 

B. DECLINE IN GFR DURING THERAPY WITH ACEI/ARBS 

C. FAILURE TO ATTAIN TARGET BLOOD PRESSURE ON OMT 

D. CONCOMITANT RENAL PARENCHYMAL DS THAT CAUSE PROGRESSIVE 

RENAL DYSFUNCTION 

Answer:D(Page 2090) 
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Dr. Aaron Waxman contributed to this chapter in the 20th edition and 
some material from that chapter has been retained here.
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TABLE 283-2 FDA-Approved Therapies for the Treatment of Pulmonary Arterial Hypertension (PAH)

GENERIC NAME
ROUTE OF 
ADMINISTRATION DRUG CLASS INDICATION

Epoprostenol IV Prostacyclin derivative Treatment of PAH to improve exercise capacity
Iloprost Inhaled Prostacyclin derivative Treatment of PAH to improve a composite endpoint consisting of exercise 

tolerance, symptoms (NYHA class), and lack of deterioration
Treprostinil IV or SC Prostacyclin derivative Treatment of PAH to diminish symptoms associated with exercise
Treprostinil Inhaled Prostacyclin derivative Treatment of PAH to improve exercise ability
Treprostinil Oral Prostacyclin derivative Treatment of PAH to improve exercise ability
Selexipeg Oral Selective IP receptor agonist Treatment of PAH to improve a composite endpoint lack of clinical 

deterioration
Bosentan Oral Endothelin receptor antagonist Treatment of PAH to improve exercise capacity and to decrease clinical 

worsening
Ambrisentan Oral Endothelin receptor antagonist Treatment of PAH to improve exercise capacity and delay clinical 

worsening
Macitentan Oral Endothelin receptor antagonist Treatment of PAH to improve a composite endpoint of delay of clinical 

worsening
Sildenafil Oral or IV PDE5 inhibitor Treatment of PAH to improve exercise capacity and delay clinical 

worsening
Tadalafil Oral PDE5 inhibitor Treatment of PAH to improve exercise ability
Riociguat Oral Soluble guanylyl cyclase stimulator Treatment of PAH to improve exercise ability

Abbreviations: FDA, U.S. Food and Drug Administration; IV, intravenous; NYHA, New York Heart Association; PAH, pulmonary arterial hypertension; PDE5, 
phosphodiesterase-5; SC, subcutaneous.
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102. WHICH OF THE FOLLIOWNG IS NOT A CAUSE OF HYPETRENSION 

WITH HYPOKALEMIA? 

A. RENAL ARTERY STENOSIS 

B. CONNS SYNDROME 

C.CUSHINGS SYNDROME 

D. PHEOCHROMOCYTOMA 

 

Answer: D 
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commonly develop between 1 and 14 days after an inciting event and 
may continue to develop for weeks thereafter. Systemic embolic disease 
manifestations, such as fever, abdominal pain, and weight loss, are 
present in less than half of patients, although cutaneous manifestations 
including livedo reticularis and localized toe gangrene may be more 
common. Worsening hypertension and deteriorating kidney function 
are common, sometimes reaching a malignant phase. Progressive 
renal failure can occur and require dialytic support. These cases often 
develop after a stuttering onset over many weeks and have an ominous 
prognosis. Mortality rate after 1 year exceeds 38%, and although some 
may eventually recover sufficiently to no longer require dialysis, many 
do not.

Beyond the clinical manifestations above, laboratory findings 
include rising creatinine, transient eosinophilia (60–80%), elevated 
sedimentation rate, and hypocomplementemia (15%). Establishing this 
diagnosis can be difficult and is often by exclusion. Definitive diagnosis 
depends on kidney biopsy demonstrating microvessel occlusion with 
cholesterol crystals that leave a “cleft” in the vessel. Biopsies obtained 
from patients undergoing surgical revascularization of the kidney 
indicate that silent cholesterol emboli are frequently present before any 
further manipulation is performed.

No effective therapy is available for atheroembolic disease once it 
has developed. Withdrawal of anticoagulation is recommended. Late 
recovery of kidney function after supportive measures sometimes 
occurs, and statin therapy may improve outcome. The role of embolic 
protection devices in the renal circulation during angiography is 
unclear, but a few prospective trials have failed to demonstrate major 
benefits. The effect of such devices is limited to distal protection during 
the endovascular procedure, and they offer no protection from embolic 
debris developing after removal.

THROMBOEMBOLIC RENAL DISEASE
Thrombotic occlusion of renal vessels or branch arteries can lead to 
declining renal function and hypertension. It is difficult to diagnose 
and is often overlooked, especially in elderly patients. Thrombosis 
can develop as a result of local vessel abnormalities, such as local dis-
section, trauma, or inflammatory vasculitis. Local microdissections 
sometimes lead to patchy, transient areas of infarctions labeled “seg-
mental arteriolar mediolysis.” Although hypercoagulability conditions 
sometimes present as renal artery thrombosis, this is rare. It can also 

TABLE 278-2 Clinical Factors That Determine the Role of 
Revascularization in Addition to Medical Therapy for Renal Artery 
Stenosis
Factors Favoring Medical Therapy with Revascularization for Renal 
Artery Stenosis
•	 Progressive decline in GFR during treatment of systemic hypertension
•	 Failure to achieve adequate blood pressure control with optimal medical 

therapy (medical failure)
•	 Rapid or recurrent decline in the GFR in association with a reduction in 

systemic pressure
•	 Decline in the GFR during therapy with ACE inhibitors or ARBs
•	 Recurrent congestive heart failure in a patient in whom left ventricular 

dysfunction does not fully explain the cause
Factors Favoring Medical Therapy and Surveillance of Renal Artery 
Disease
•	 Controlled blood pressure with stable renal function (e.g., stable renal 

insufficiency)
•	 Stable renal artery stenosis without progression on surveillance studies (e.g., 

serial duplex ultrasound)
•	 Advanced age and/or limited life expectancy
•	 Extensive comorbidity that make revascularization too risky
•	 High risk for or previous experience with atheroembolic disease
•	 Other concomitant renal parenchymal diseases that cause progressive renal 

dysfunction (e.g., interstitial nephritis, diabetic nephropathy), particularly with 
proteinuria

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor 
blockers; GFR, glomerular filtration rate.

derive from distant embolic events, e.g., the left atrium in patients 
with atrial fibrillation or from fat emboli originating from traumatized 
tissue, most commonly large bone fractures. Cardiac sources include 
vegetations from subacute bacterial endocarditis. Systemic emboli to 
the kidneys may also arise from the venous circulation if right-to-left 
shunting occurs, e.g., through a patent foramen ovale.

Clinical manifestations vary depending on the rapidity of onset and 
extent of occlusion. Acute arterial thrombosis may produce flank pain, 
fever, leukocytosis, nausea, and vomiting. If kidney infarction results, 
enzymes such as lactate dehydrogenase (LDH) rise transiently to 
extreme levels. If both kidneys are affected, renal function will decline 
precipitously with a drop in urine output. If a single kidney is involved, 
renal functional changes may be minor. Hypertension related to sud-
den release of renin from ischemic tissue can develop rapidly, as long 
as some viable tissue in the “peri-infarct” border zone remains. If the 
infarct zone demarcates precisely, the rise in BP and renin activity may 
resolve. Diagnosis of renal infarction may be established by vascular 
imaging with CT angiography, MRI, or arteriography (Fig. 278-2).

 � MANAGEMENT OF ARTERIAL THROMBOSIS OF 
THE KIDNEY
Options for interventions of newly detected arterial occlusion include 
surgical reconstruction, anticoagulation, thrombolytic therapy, 
endovascular procedures, and supportive care, particularly antihyper-
tensive drug therapy. Application of these methods depends on the 
patient’s overall condition, the precipitating factors (e.g., local trauma 
or systemic illness), the magnitude of renal tissue and function at risk, 
and the likelihood of recurrent events in the future. For unilateral dis-
ease, for example, arterial dissection with thrombosis and supportive 
care with anticoagulation may suffice. Acute, bilateral occlusion is 
potentially catastrophic, producing anuric renal failure. Depending on 
the precipitating event, surgical or thrombolytic therapies can some-
times restore kidney viability if undertaken early in the course of the 
acute event.

MICROVASCULAR INJURY ASSOCIATED 
WITH HYPERTENSION

 � ARTERIOLONEPHROSCLEROSIS
“Malignant” Hypertension Although BP rises with age, it has 
long been recognized that some individuals develop rapidly pro-
gressive BP elevations with target organ injury including retinal 
hemorrhages, encephalopathy, and declining kidney function. Pla-
cebo arms during the early controlled trials of hypertension therapy 
identified progression to severe levels in 20% of subjects over 5 years. 
If untreated, patients with target organ injury including papilledema 
and declining kidney function suffered mortality rates in excess of 
50% over 6–12 months, hence the designation “malignant.” Postmor-
tem studies of such patients identified vascular lesions, designated 
“fibrinoid necrosis,” with breakdown of the vessel wall, deposition 
of eosinophilic material including fibrin, and a perivascular cellular 
infiltrate. A separate lesion was identified in the larger interlobular 
arteries in many patients with hyperplastic proliferation of the vascular 
wall cellular elements, deposition of collagen, and separation of layers, 
designated the “onionskin” lesion. For many of these patients, fibrinoid 
necrosis led to obliteration of glomeruli and loss of tubular structures. 
Progressive kidney failure ensued and, without dialysis support, led to 
early mortality in untreated malignant-phase hypertension. These vas-
cular changes could develop with pressure-related injury from a variety 
of hypertensive pathways, including but not limited to activation of 
the renin-angiotensin system and severe vasospasm associated with 
catecholamine release. Occasionally, endothelial injury is sufficient to 
induce microangiopathic hemolysis, as discussed below.

Antihypertensive therapy is the mainstay of therapy for malignant 
hypertension. With effective BP reduction, manifestations of vascular 
injury, including microangiopathic hemolysis and renal dysfunction, 
can improve over time. Whereas prior reports before the era of drug 
therapy suggested that 1-year mortality rates exceeded 90%, current 
survival over 5 years exceeds 50%.
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 103. WHICH OF THE FOLLOWING RARE MENDELIAN FORMS OF 

HYPERTENSION IS ASSOCIATED WITH HYPERKALEMIA? 

A. GORDONS SYNDROME 

B. LIDDLES SYNDROME 

C.APPARENT MINERALOCORTICOID EXCESS SYNDROME 

D. GLUCOCORTICOID REMEDIABLE HYPERALDOSTERONISM 

Answer: A(Page 2080) 
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PART 6
D
isorders of the Cardiovascular System

and delayed femoral pulses and a systolic pressure gradient between the 
right arm and the legs and, depending on the location of the coarcta-
tion, between the right and left arms. A blowing systolic murmur may 
be heard in the posterior left interscapular areas. The diagnosis may be 
confirmed by thoracic and abdominal CT, angiogram, and transesoph-
ageal echocardiography. Therapeutic options include surgical repair 
and balloon angioplasty, with or without placement of an intravascular 
stent. Subsequently, many patients do not have a normal life expec-
tancy but may have persistent hypertension, with death due to ischemic 
heart disease, cerebral hemorrhage, or aortic aneurysm.

Several additional endocrine disorders, including thyroid diseases 
and acromegaly, cause hypertension. Mild diastolic hypertension 
may be a consequence of hypothyroidism, whereas hyperthyroidism 
may result in systolic hypertension. Hypercalcemia of any etiology, 
the most common being primary hyperparathyroidism, may result in 
hypertension. Preeclampsia, a hypertensive disorder of pregnancy that 
commonly presents after 20 weeks of gestation, may be a risk factor for 
subsequent cardiovascular disease and stroke. Hypertension also may 
be related to a number of prescribed or over-the-counter medications 
and other substances.

MONOGENIC HYPERTENSION
In addition to glucocorticoid-remediable primary aldosteronism, a 
number of rare forms of monogenic hypertension have been iden-
tified (Table 277–4). These disorders may be recognized by their 
characteristic phenotypes, and in many instances, the diagnosis may 
be confirmed by genetic analysis. Several inherited defects in adrenal 
steroid biosynthesis and metabolism result in mineralocorticoid- 
induced hypertension and hypokalemia. In patients with a 17�- 
hydroxylase deficiency, synthesis of sex hormones and cortisol is 
decreased (Fig. 277-3). Consequently, these individuals do not mature 

sexually; males may present with pseudohermaphroditism and females 
with primary amenorrhea and absent secondary sexual characteris-
tics. Because cortisol-induced negative feedback on pituitary ACTH 
production is diminished, ACTH-stimulated adrenal steroid synthesis 
proximal to the enzymatic block is increased. Hypertension and hypo-
kalemia are consequences of increased synthesis of mineralocorticoids 
proximal to the enzymatic block, particularly desoxycorticosterone. 
Increased steroid production and, hence, hypertension may be treated 
with low-dose glucocorticoids. An 11�-hydroxylase deficiency results 
in a salt-retaining adrenogenital syndrome that occurs in 1 in 100,000 
live births. This enzymatic defect results in decreased cortisol synthe-
sis, increased synthesis of mineralocorticoids (e.g., desoxycorticoster-
one), and shunting of steroid biosynthesis into the androgen pathway. 
In the severe form, the syndrome may present early in life, including 
the newborn period, with virilization and ambiguous genitalia in 
females and penile enlargement in males, or in older children as pre-
cocious puberty and short stature. Acne, hirsutism, and menstrual 
irregularities may be the presenting features when the disorder is first 
recognized in adolescence or early adulthood. Hypertension is less 
common in the late-onset forms. Patients with an 11�-hydroxysteroid 
dehydrogenase deficiency have an impaired capacity to metabolize cor-
tisol to its inactive metabolite, cortisone, and hypertension is related to 
activation of mineralocorticoid receptors by cortisol. This defect may 
be inherited or acquired, due to licorice-containing glycyrrhizin acid. 
The same substance is present in the paste of several brands of chewing 
tobacco. The defect in Liddle’s syndrome (Chaps. 53 and 386) results 
from constitutive activation of amiloride-sensitive ENaC on the distal 
renal tubule, resulting in excess sodium reabsorption; the syndrome 
is ameliorated by amiloride. Hypertension exacerbated in pregnancy 
(Chap. 479) may be due to activation of the mineralocorticoid receptor 
by progesterone.

TABLE 277-4 Rare Mendelian Forms of Hypertension
DISEASE PHENOTYPE GENETIC CAUSE
Glucocorticoid-remediable 
hyperaldosteronism

Autosomal dominant
Absent or mild hypokalemia

Chimeric 11 � -hydroxylase/aldosterone gene on 
chromosome 8

17 � -Hydroxylase deficiency Autosomal recessive
Males: pseudohermaphroditism
Females: primary amenorrhea, absent secondary sexual characteristics

Random mutations of the CYP17 gene on chromosome 
10

11 � -Hydroxylase deficiency Autosomal recessive
Masculinization

Mutations of the CYP11B1 gene on chromosome 
8q21-q22

11 � -Hydroxysteroid dehydrogenase 
deficiency (apparent 
mineralocorticoid excess syndrome)

Autosomal recessive
Hypokalemia, low renin, low aldosterone

Mutations in the 11 � -hydroxysteroid dehydrogenase 
gene

Liddle’s syndrome Autosomal dominant
Hypokalemia, low renin, low aldosterone

Mutation subunits of the epithelial sodium channel 
SCNN1B and SCNN1C genes

Pseudohypoaldosteronism type II 
(Gordon’s syndrome)

Autosomal dominant
Hyperkalemia, normal glomerular filtration rate

Linkage to chromosomes 1q31-q42 and 17p11-q21

Hypertension exacerbated in 
pregnancy

Autosomal dominant
Severe hypertension in early pregnancy

Missense mutation with substitution of leucine for 
serine at codon 810 (MRL810)

Polycystic kidney disease Autosomal dominant
Large cystic kidneys, renal failure, liver cysts, cerebral aneurysms, 
valvular heart disease

Mutations in the PKD1 gene on chromosome 16 and 
PKD2 gene on chromosome 4

Pheochromocytoma Autosomal dominant �
� (a) Multiple endocrine neoplasia, type 2A (a) Mutations in the RET protooncogene
�  Medullary thyroid carcinoma, hyperparathyroidism �
� (b) Multiple endocrine neoplasia, type 2B (b) Mutations in the RET protooncogene
�   Medullary thyroid carcinoma, mucosal neuromas, thickened corneal 

nerves, alimentary ganglioneuromatoses, marfanoid habitus
�

� (c) von Hippel-Lindau disease (c) Mutations in the VHL tumor-suppressor gene
�   Retinal angiomas, hemangioblastomas of the cerebellum and spinal 

cord, renal cell carcinoma
�

� (d) Neurofibromatosis type 1 (d) Mutations in the NF1 tumor-suppressor gene
�  Multiple neurofibromas, café-au-lait spots �
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