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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, diminish (papillary muscle dysfunction), 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.

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.
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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 2 or 3 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 additional imaging is usually indicated. Clinical deterioration can occur rapidly after the first expression
of mitral bioprosthetic failure. A tissue valve in the aortic position is
always associated with a grade 2 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 components
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 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 symptoms previously elicited with a careful history to construct an appropriate 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.
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Electrocardiography
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An electrocardiogram (ECG or EKG) is a graphic recording of electric
potentials generated by the heart. The signals are detected by means of
metal electrodes attached to the extremities and chest wall and then are
amplified and recorded by the electrocardiograph. ECG leads actually
display the instantaneous differences in potential between the electrodes.
The clinical utility of the ECG derives from its immediate availability as a noninvasive, inexpensive, and highly versatile test. In addition to its use in detecting arrhythmias, conduction disturbances, and
myocardial ischemia, electrocardiography may reveal findings related
to life-threatening metabolic disturbances (e.g., hyperkalemia) or
increased susceptibility to sudden cardiac death (e.g., QT prolongation
syndromes).
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