Chapter 3 Evaluation of the Patient with Cardiovascular Disease
low-frequency sounds. When one is listening for low-frequency
tones, the bell should be placed gently on the skin with minimal
pressure applied. If the bell is applied more firmly, the skin
will stretch and higher-frequency sounds will be heard (as when
using the diaphragm). Auscultation should ideally be performed
in a quiet setting with the patient’s chest exposed and the
examiner best positioned to the right of the patient. Four major
areas of auscultation are evaluated, starting at the apex and
moving toward the base of the heart. The mitral valve is best
heard at the apex or location of the PMI. Tricuspid valve events
are appreciated in or around the left fourth intercostal space
adjacent to the sternum. The pulmonary valve is best evaluated
in the second left intercostal space. The aortic valve is assessed
in the second right intercostal space. These areas should be
evaluated from apex to base using the diaphragm and then
evaluated again with the bell. Auscultation of the back, the
axillae, the right side of the chest, and the supraclavicular areas
should also be done. Having the patient perform maneuvers
such as leaning forward, exhaling, standing, squatting, and performing a Valsalva maneuver may help to accentuate certain
heart sounds (Table 3-4).
Normal Heart Sounds
All heart sounds should be described according to their quality,
intensity, and frequency. There are two primary heart sounds
heard during auscultation: S1 and S2. These are high-frequency
TABLE 3-4 EFFECTS OF PHYSIOLOGIC MANEUVERS
ON AUSCULTATORY EVENTS
MAJOR PHYSIOLOGIC
EFFECTS

USEFUL AUSCULTATORY
CHANGES

Respiration

↑ Venous return with
inspiration

Valsalva (initial
↑ BP, phase I;
followed by ↓
BP, phase II)
Standing

↓ BP, ↓ venous return, ↓
LV size (phase II)

Squatting

↑ Venous return
↑ Systemic vascular
resistance
↑ LV size
↑ Arterial pressure
↑ Cardiac output

↑ Right heart murmurs and
gallops with inspiration;
splitting of S2 (see Fig. 3-3)
↓ HCM
↓ AS, MR
MVP click earlier in systole;
murmur prolongs
↑ HCM
↓ AS, MR
MVP click earlier in systole;
murmur prolongs
↑ AS, MR, AI
↓ HCM
MVP click delayed; murmur
shortens
↑ Gallops
↑ MR, AI, MS
↓ AS, HCM
↑ AS

MANEUVER

Isometric
exercise (e.g.,
handgrip)
Post PVC or
prolonged
R-R interval
Amyl nitrate

Phenylephrine

↑ Venous return
↑ LV size

↑ Ventricular filling
↑ Contractility
↓ Arterial pressure
↑ Cardiac output
↓ LV size
↑ Arterial pressure
↑ Cardiac output
↓ LV size

Little change in MR
↑ HCM, AS, MS
↓ AI, MR, Austin Flint
murmur
MVP click earlier in systole;
murmur prolongs
↑ MR, AI
↓ AS, HCM
MVP click delayed; murmur
shortens

↑, Increased intensity; ↓, decreased intensity; AI, aortic insufficiency; AS, aortic stenosis;
BP, blood pressure; HCM, hypertrophic cardiomyopathy; LV, left ventricle; MR, mitral
regurgitation; MS, mitral stenosis; MVP, mitral valve prolapse; PVC, premature ventricular
contraction; R-R, interval between the R waves on an electrocardiogram.
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sounds caused by closure of the valves. S1 occurs with the
onset of ventricular systole and is caused by closure of the
mitral and tricuspid valves. S2 is caused by closure of the aortic
and pulmonic valves and marks the beginning of ventricular
diastole. All other heart sounds are timed based on these two
sounds.
S1 has two components, the first of which (M1) is usually
louder, heard best at the apex, and caused by closure of the mitral
valve. The second component (T1), which is softer and thought
to be related to closure of the tricuspid valve, is heard best at the
lower left sternal border. Although there can be two components,
S1 is typically heard as a single sound. S2 also has two components, which typically can be easily distinguished. A2, the component caused by closure of the aortic valve, is usually louder and
is best heard at the right upper sternal border. P2, caused by
closure of the pulmonic valve, is recognized best over the left
second intercostal space. With expiration, a normal S2 is perceived as a single sound. With inspiration, however, venous
return to the right heart is augmented, and the increased capacitance of the pulmonary vascular bed results in a delay in pulmonic valve closure. A slight decline in pulmonary venous return
to the left ventricle leads to earlier aortic valve closure. Therefore,
physiologic splitting of S2, with A2 preceding P2 during inspiration, is a normal finding.
Additional heart sounds can at times be heard in normal
individuals. A third heart sound can sometimes be heard in
healthy children and young adults. This is referred to as a physiologic S3, which is rarely heard after the age of 40 years in a
normal individual. A fourth heart sound is caused by forceful
atrial contraction into a noncompliant ventricle; it is rarely
audible in normal young patients but is relatively common in
older individuals.
Murmurs are auditory vibrations generated by high flow across
a normal valve or normal flow across an abnormal valve or structure. Murmurs that occur early in systole and are soft and brief in
duration are not typically pathologic and are termed innocent
murmurs. These usually are caused by flow across normal left
ventricular or right ventricular outflow tracts and are found in
children and young adults. Some systolic murmurs may be associated with high-flow states such as fever, anemia, thyroid disease,
and pregnancy and are not innocent, although they are not typically associated with structural heart disease. They are called
physiologic murmurs because of their association with altered
physiologic states. All diastolic murmurs are pathologic.
Abnormal Heart Sounds
Abnormalities in S1 and S2 are related to either intensity (Table
3-5) or respiratory splitting (Table 3-6). S1 is accentuated with
tachycardia and with short PR intervals, whereas it is softer in the
setting of a long PR interval. S1 varies in intensity if the relationship between atrial and ventricular systole varies. In those patients
with atrial fibrillation, atrial filling and emptying is not consistent
because the variable HR leading to beat-to-beat changes in the
intensity of S1. This also can occur with heart block or AV dissociation. In early mitral stenosis, S1 is often accentuated, but
with severe stenosis, there is decreased leaflet excursion and S1 is
diminished in intensity or altogether absent (Figs. 3-3 and 3-4).
As previously mentioned, splitting of S1 is not frequently heard.

