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Figure 267-4 Heart sounds. A. Normal. S1, first heart sound; S2, second heart sound; A2, aortic component of the second heart sound;
P2, pulmonic component of the second heart sound. B. Atrial septal
defect with fixed splitting of S2. C. Physiologic but wide splitting of
S2 with right bundle branch block (RBBB). PA, pulmonary artery.
D. Reversed or paradoxical splitting of S2 with left bundle branch
block (LBBB). E. Narrow splitting of S2 with pulmonary hypertension.
(From NO Fowler: Diagnosis of Heart Disease. New York, Springer-Verlag,
1991, p 31.)

Physical Examination of the Cardiovascular System

CARDIAC AUSCULTATION
Heart Sounds Ventricular systole is defined by the interval between
the first (S1) and second (S2) heart sounds (Fig. 267-4). The first heart
sound (S1) includes mitral and tricuspid valve closure. Normal splitting 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,
leaflet mobility, left ventricular contractility, and the PR interval. S1 is
classically loud in the early phases of rheumatic mitral stenosis (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 β-adrenergic receptor blockers,
with long PR intervals, and with left ventricular 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 interval 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
hypertension. 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 secundum atrial septal defect. Reversed or paradoxical splitting
refers to a pathologic delay in aortic valve closure, such as that which
occurs in patients with left bundle branch block, right ventricular pacing, severe AS, HOCM, and acute myocardial ischemia. With reversed
or paradoxical splitting, the individual components of S2 are audible at
end expiration, and their interval narrows with inspiration, the opposite of what would be expected under normal physiologic conditions.
P2 is considered loud when its intensity exceeds that of A2 at the base,
when it can be palpated in the area of the proximal main pulmonary
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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 left ventricular impulse is less than 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. Characteristics such as size, amplitude, and rate of force
development should be noted.
Enlargement of the left ventricular cavity is manifested by a leftward
and downward 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 corresponds to the fourth heart sound (S4) and is
indicative of reduced left ventricular 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 left ventricular 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 leftsided events cannot be appreciated. A zone of retraction between the
right and left ventricular 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.

artery (second left interspace), or when both components of S2 can be
appreciated at the lower left sternal border or apex. The intensity of
A2 and P2 decreases with aortic and pulmonic stenosis, respectively. In
these conditions, a single S2 may result.
Systolic Sounds An ejection sound is a high-pitched early systolic
sound that corresponds in timing to the upstroke of the carotid pulse.
It usually is associated with congenital bicuspid aortic or pulmonic
valve disease; however, ejection sounds are also sometimes audible in
patients with isolated aortic or pulmonary root dilation and normal
semilunar valves. The ejection sound that accompanies bicuspid aortic
valve disease becomes softer and then inaudible as the valve calcifies and becomes more rigid. The ejection sound that accompanies
pulmonic stenosis (PS) moves closer to the first heart sound as the
severity of the stenosis increases. In addition, the pulmonic ejection
sound is the only right-sided acoustic event that decreases in intensity
with inspiration. Ejection sounds are often heard more easily at the
lower left sternal border than they are at the base. Nonejection sounds
(clicks), which occur after the onset of the carotid upstroke, are related
to MVP and may be single or multiple. The nonejection click may
introduce a murmur. This click-murmur complex will move away
from the first heart sound with maneuvers that increase ventricular
preload, such as squatting. On standing, the click and murmur move
closer to S1.
Diastolic Sounds The high-pitched opening snap (OS) of MS occurs
after a very short interval after the second heart sound. The A2–OS
interval is inversely proportional to the height of the left atrial–left
ventricular diastolic pressure gradient. The intensity of both S1 and the
OS of MS decreases with progressive calcification and rigidity of the
anterior mitral leaflets. The pericardial knock (PK) is also high-pitched

2/9/15 3:59 PM

