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with pregnancy, hyperthyroidism, or anemia, physiologic states that
are associated with accelerated blood flow. Still’s murmur refers to a
benign grade 2, vibratory or musical mid-systolic murmur at the mid
or lower left sternal border in normal children and adolescents, best
heard in the supine position (Fig. 51e-2).
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Figure 51e-4 Left. In valvular pulmonic stenosis with intact ventricular septum, right ventricular systolic ejection becomes progressively
longer, with increasing obstruction to flow. As a result, the murmur
becomes longer and louder, enveloping the aortic component of the
second heart sound (A2). The pulmonic component (P2) occurs later,
and splitting becomes wider but more difficult to hear because A2 is
lost in the murmur and P2 becomes progressively fainter and lower
pitched. As the pulmonic gradient increases, the isometric contraction
phase shortens until the pulmonic valve ejection sound fuses with
the first heart sound (S1). In severe pulmonic stenosis with concentric
hypertrophy and decreasing right ventricular compliance, a fourth
heart sound appears. Right. In tetralogy of Fallot with increasing
obstruction at the pulmonic infundibular area, an increasing amount
of right ventricular blood is shunted across the silent ventricular
septal defect and flow across the obstructed outflow tract decreases.
Therefore, with increasing obstruction the murmur becomes shorter,
earlier, and fainter. P2 is absent in severe tetralogy of Fallot. A large
aortic root receives almost all cardiac output from both ventricular
chambers, and the aorta dilates and is accompanied by a root ejection
sound that does not vary with respiration. (From JA Shaver, JJ Leonard,
DF Leon: Examination of the Heart, Part IV, Auscultation of the Heart.
Dallas, American Heart Association, 1990, p 45. Copyright, American Heart
Association.)
attributed to increased flow rates across the pulmonic valve with fixed
splitting of S2. Ostium secundum ASDs are the most common cause of
these shunts in adults. Features suggestive of a primum ASD include
the coexistence of MR due to a cleft anterior mitral valve leaflet and
left axis deviation of the QRS complex on the ECG. With sinus venosus
ASDs, the left-to-right shunt is usually not large enough to result in a
systolic murmur, although the ECG may show abnormalities of sinus
node function. A grade 2 or 3 mid-systolic murmur may also be heard
best at the upper left sternal border in patients with idiopathic dilation
of the pulmonary artery; a pulmonary ejection sound is also present in
these patients. TTE is indicated to evaluate a grade 2 or 3 mid-systolic
murmur when there are other signs of cardiac disease.
An isolated grade 1 or 2 mid-systolic murmur, heard in the absence
of symptoms or signs of heart disease, is most often a benign finding
for which no further evaluation, including TTE, is necessary. The most
common example of a murmur of this type in an older adult patient
is the crescendo-decrescendo murmur of aortic valve sclerosis, heard
at the second right interspace (Fig. 51e-2). Aortic sclerosis is defined
as focal thickening and calcification of the aortic valve to a degree
that does not interfere with leaflet opening. The carotid upstrokes are
normal, and electrocardiographic LVH is not present. A grade 1 or
2 mid-systolic murmur often can be heard at the left sternal border

Late Systolic Murmurs A late systolic murmur that is best heard at the
left ventricular apex is usually due to MVP (Chap. 283). Often, this
murmur is introduced by one or more nonejection clicks. The radiation
of the murmur can help identify the specific mitral leaflet involved in
the process of prolapse or flail. The term flail refers to the movement
made by an unsupported portion of the leaflet after loss of its chordal
attachment(s). With posterior leaflet prolapse or flail, the resultant jet of
MR is directed anteriorly and medially, as a result of which the murmur
radiates to the base of the heart and masquerades as AS. Anterior leaflet
prolapse or flail results in a posteriorly directed MR jet that radiates to
the axilla or left infrascapular region. Leaflet flail is associated with a
murmur of grade 3 or 4 intensity that can be heard throughout the precordium in thin-chested patients. The presence of an S3 or a short, rumbling mid-diastolic murmur due to enhanced flow signifies severe MR.
Bedside maneuvers that decrease left ventricular preload, such as
standing, will cause the click and murmur of MVP to move closer
to the first heart sound, as leaflet prolapse occurs earlier in systole.
Standing also causes the murmur to become louder and longer. With
squatting, left ventricular preload and afterload are increased abruptly,
leading to an increase in left ventricular volume, and the click and
murmur move away from the first heart sound as leaflet prolapse is
delayed; the murmur becomes softer and shorter in duration (Fig.
51e–3). As noted above, these responses to standing and squatting are
directionally similar to those observed in patients with HOCM.
A late, apical systolic murmur indicative of MR may be heard transiently in the setting of acute myocardial ischemia; it is due to apical
tethering and malcoaptation of the leaflets in response to structural
and functional changes of the ventricle and mitral annulus. The intensity of the murmur varies as a function of left ventricular afterload and
will increase in the setting of hypertension. TTE is recommended for
assessment of late systolic murmurs.
Holosystolic Murmurs (Figs. 51e-1B and 51e-5) Holosystolic murmurs
begin with S1 and continue through systole to S2. They are usually
indicative of chronic mitral or tricuspid valve regurgitation or a VSD
and warrant TTE for further characterization. The holosystolic murmur of chronic MR is best heard at the left ventricular apex and radiates to the axilla (Fig. 51e-2); it is usually high-pitched and plateau in
configuration because of the wide difference between left ventricular
and left atrial pressure throughout systole. In contrast to acute MR,
left atrial compliance is normal or even increased in chronic MR. As
a result, there is only a small increase in left atrial pressure for any
increase in regurgitant volume.
Several conditions are associated with chronic MR and an apical
holosystolic murmur, including rheumatic scarring of the leaflets,
mitral annular calcification, postinfarction left ventricular remodeling,
and severe left ventricular chamber enlargement. The circumference
of the mitral annulus increases as the left ventricle enlarges and leads
to failure of leaflet coaptation with central MR in patients with dilated
cardiomyopathy (Chap. 287). The severity of the MR is worsened by
any contribution from apical displacement of the papillary muscles
and leaflet tethering (remodeling). Because the mitral annulus is
contiguous with the left atrial endocardium, gradual enlargement of
the left atrium from chronic MR will result in further stretching of
the annulus and more MR; thus, “MR begets MR.” Chronic severe
MR results in enlargement and leftward displacement of the left ventricular apex beat and, in some patients, a diastolic filling complex, as
described previously.
The holosystolic murmur of chronic TR is generally softer than that
of MR, is loudest at the left lower sternal border, and usually increases
in intensity with inspiration (Carvallo’s sign). Associated signs include
c-v waves in the jugular venous pulse, an enlarged and pulsatile liver,
ascites, and peripheral edema. The abnormal jugular venous waveforms are the predominant finding and are seen very often in the

