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1448 and occurs slightly later than the OS, corresponding in timing to the 
abrupt cessation of ventricular expansion after tricuspid valve opening 
and to an exaggerated y descent seen in the jugular venous waveform 
in patients with constrictive pericarditis. A tumor plop is a lower-
pitched sound that rarely can be heard in patients with atrial myxoma. 
It may be appreciated only in certain positions and arises from the 
diastolic prolapse of the tumor across the mitral valve.

The third heart sound (S3) occurs during the rapid filling phase of 
ventricular diastole. It can be a normal finding in children, adolescents, 
and young adults; however, in older patients, it signifies heart failure. 
A left-sided S3 is a low-pitched sound best heard over the left ventricu-
lar (LV) apex. A right-sided S3 is usually better heard over the lower 
left sternal border and becomes louder with inspiration. A left-sided 
S3 in patients with chronic heart failure is predictive of cardiovascu-
lar morbidity and mortality. Interestingly, an S3 is equally prevalent 
among heart failure patients with and without LV systolic dysfunction.

The fourth heart sound (S4) occurs during the atrial filling phase of 
ventricular diastole and indicates LV presystolic expansion. An S4 is 
more common among patients who derive significant benefit from the 
atrial contribution to ventricular filling, such as those with chronic LV 
hypertrophy or active myocardial ischemia. An S4 is not present with 
atrial fibrillation.

Cardiac Murmurs Heart murmurs result from audible vibrations that 
are caused by increased turbulence and are defined by their timing 
within the cardiac cycle. Not all murmurs are indicative of structural 
heart disease, and the accurate identification of a benign or functional 
systolic murmur often can obviate the need for additional testing in 
healthy subjects. The duration, frequency, configuration, and intensity 
of a heart murmur are dictated by the magnitude, variability, and dura-
tion of the responsible pressure difference between two cardiac cham-
bers, the two ventricles, or the ventricles and their respective great 
arteries. The intensity of a heart murmur is graded on a scale of 1 to 6; 
a thrill is present with murmurs of grade 4 or greater intensity. Other 
attributes of the murmur that aid in its accurate identification include 
its location, radiation, and response to bedside maneuvers. Although 
clinicians can detect and correctly identify heart murmurs with only 
fair reliability, a careful and complete bedside examination usually can 
identify individuals with valvular heart disease for whom transthoracic 
echocardiography and clinical follow-up are indicated and exclude 
subjects for whom no further evaluation is necessary.

Systolic murmurs can be early, mid, late, or holosystolic in timing 
(Fig. 267-5). Acute severe MR results in a decrescendo early systolic 
murmur, the characteristics of which are related to the progressive 
attenuation of the left ventricular to left atrial pressure gradient dur-
ing systole because of the steep and rapid rise in left atrial pressure 
in this context. Severe MR associated with posterior leaflet prolapse 
or flail radiates anteriorly and to the base, where it can be confused 
with the murmur of AS. MR that is due to anterior leaflet involvement 
radiates posteriorly and to the axilla. With acute TR in patients with 
normal pulmonary artery pressures, an early systolic murmur that 
may increase in intensity with inspiration may be heard at the left 
lower sternal border, with regurgitant cv waves visible in the jugular 
venous pulse.

A midsystolic murmur begins after S1 and ends before S2; it is 
typically crescendo-decrescendo in configuration. AS is the most com-
mon cause of a midsystolic murmur in an adult. It is often difficult 
to estimate the severity of the valve lesion on the basis of the physi-
cal examination findings, especially in older hypertensive patients 
with stiffened carotid arteries or patients with low cardiac output in 
whom the intensity of the systolic heart murmur is misleadingly soft. 
Examination findings consistent with severe AS would include parvus 
et tardus carotid upstrokes, a late-peaking grade 3 or greater midsys-
tolic murmur, a soft A2, a sustained LV apical impulse, and an S4. It is 
sometimes difficult to distinguish aortic sclerosis from more advanced 
degrees of valve stenosis. The former is defined by focal thickening 
and calcification of the aortic valve leaflets that is not severe enough 
to result in obstruction. These valve changes are associated with a 
Doppler jet velocity across the aortic valve of 2.5 m/s or less. Patients 

with aortic sclerosis can have grade 2 or 3 midsystolic murmurs identi-
cal in their acoustic characteristics to the murmurs heard in patients 
with more advanced degrees of AS. Other causes of a midsystolic heart 
murmur include pulmonic valve stenosis (with or without an ejection 
sound), HOCM, increased pulmonary blood flow in patients with a 
large atrial septal defect and left-to-right shunting, and several states 
associated with accelerated blood flow in the absence of structural 
heart disease, such as fever, thyrotoxicosis, pregnancy, anemia, and 
normal childhood/adolescence.

The murmur of HOCM has features of both obstruction to LV out-
flow and MR, as would be expected from knowledge of the pathophysi-
ology of this condition. The systolic murmur of HOCM usually can be 
distinguished from other causes on the basis of its response to bedside 
maneuvers, including Valsalva, passive leg raising, and standing/ 
squatting. In general, maneuvers that decrease LV preload (or increase 
LV contractility) will cause the murmur to intensify, whereas maneu-
vers that increase LV preload or afterload will cause a decrease in the 
intensity of the murmur. Accordingly, the systolic murmur of HOCM 
becomes louder during the strain phase of the Valsalva maneuver 
and after standing quickly from a squatting position. The murmur 
becomes softer with passive leg raising and when squatting. 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 mur-
mur 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 atrial septal defect (ASD) is usually loudest at the mid-left 
sternal border.
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FIGURE 267-5 A. Top. Graphic representation of the systolic pressure 
difference (green shaded area) between left ventricle and left atrium 
with phonocardiographic recording of a holosystolic murmur (HSM) 
indicative of mitral regurgitation. ECG, electrocardiogram; LAP, left 
atrial pressure; LVP, left ventricular pressure; S

1
, first heart sound; S

2
 

second heart sound. Bottom. Graphic representation of the systolic 
pressure gradient (green shaded area) between left ventricle and 
aorta in patient with aortic stenosis. A midsystolic murmur (MSM) 
with a crescendo-decrescendo configuration is recorded. AOP, aortic 
pressure. B. Top. Graphic representation of the diastolic pressure dif-
ference between the aorta and left ventricle (blue shaded area) in a 
patient with aortic regurgitation, resulting in a decrescendo, early dia-
stolic murmur (EDM) beginning with A

2
. Bottom. Graphic representa-

tion of the diastolic left atrial–left ventricular gradient (blue areas) in a 
patient with mitral stenosis with a mid-diastolic murmur (MDM) and 
late presystolic murmurs (PSM).
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