Auscultation An early systolic ejection sound is frequently audible in
children, adolescents, and young adults with congenital BAV disease.
This sound usually disappears when the valve becomes calcified and
rigid. As AS increases in severity, LV systole may become prolonged
so that the aortic valve closure sound no longer precedes the pulmonic
valve closure sound, and the two components may become synchronous, or aortic valve closure may even follow pulmonic valve closure,
causing paradoxical splitting of S2 (Chap. 267). The sound of aortic
valve closure can be heard most frequently in patients with AS who
have pliable valves, and calcification diminishes the intensity of this
sound. Frequently, an S4 is audible at the apex and reflects the presence
of LV hypertrophy and an elevated LV end-diastolic pressure; an S3
generally occurs late in the course, when the LV dilates and its systolic
function becomes severely compromised.
The murmur of AS is characteristically an ejection (mid) systolic
murmur that commences shortly after the S1, increases in intensity
to reach a peak toward the middle of ejection, and ends just before
aortic valve closure. It is characteristically low-pitched, rough and
rasping in character, and loudest at the base of the heart, most commonly in the second right intercostal space. It is transmitted upward
along the carotid arteries. Occasionally it is transmitted downward
and to the apex, where it may be confused with the systolic murmur of
mitral regurgitation (MR) (Gallavardin effect). In almost all patients
with severe obstruction and preserved CO, the murmur is at least
grade III/VI. In patients with mild degrees of obstruction or in those
with severe stenosis with heart failure and low CO in whom the stroke
volume and, therefore, the transvalvular flow rate are reduced, the
murmur may be relatively soft and brief.
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Echocardiogram The key findings on TTE are thickening, calcification,
and reduced systolic opening of the valve leaflets and LV hypertrophy.
Eccentric closure of the aortic valve cusps is characteristic of congenitally bicuspid valves. TEE imaging can display the obstructed
orifice extremely well, but it is not routinely required for accurate
characterization of AS. The valve gradient and aortic valve area can be
estimated by Doppler measurement of the transaortic velocity. Severe
AS is defined by a valve area <1 cm2, whereas moderate AS is defined
by a valve area of 1–1.5 cm2 and mild AS by a valve area of 1.5–2 cm2.
Aortic valve sclerosis, conversely, is accompanied by a jet velocity of
less than 2.5 meters/s (peak gradient <25 mmHg). LV dilation and
reduced systolic shortening reflect impairment of LV function. There
is increasing experience with the use of longitudinal strain and strain
rate to characterize earlier changes in LV systolic function, well before
a decline in EF can be appreciated. Doppler indices of impaired diastolic function are frequently seen.
Echocardiography is useful for identifying coexisting valvular
abnormalities; for differentiating valvular AS from other forms of
LV outflow obstruction; and for measurement of the aortic root
and proximal ascending aortic dimensions. These aortic measurements are particularly important for patients with BAV disease.
Dobutamine stress echocardiography is useful for the evaluation
of patients with AS and severe LV systolic dysfunction (low-flow,
low-gradient, severe AS with reduced EF), in whom the severity of
the AS can often be difficult to judge. Patients with severe AS (i.e.,
valve area <1 cm2) with a relatively low mean gradient (<40 mmHg)
despite a normal EF (low-flow, low-gradient, severe AS with normal
EF) are often hypertensive, and efforts to control their systemic blood
pressure should be optimized before Doppler echocardiography is
repeated. The use of dobutamine stress echocardiography in this
setting is under investigation. When there is continued uncertainty
regarding the severity of AS in patients with reduced CO, quantitative analysis of the amount of aortic valve calcium with chest computed tomography (CT) may be helpful.

Aortic Valve Disease

PHYSICAL FINDINGS
The rhythm is generally regular until late in the course; at other times,
AF should suggest the possibility of associated mitral valve disease.
The systemic arterial pressure is usually within normal limits. In the
late stages, however, when stroke volume declines, the systolic pressure may fall and the pulse pressure narrow. The carotid arterial pulse
rises slowly to a delayed peak (pulsus parvus et tardus). A thrill or
anacrotic “shudder” may be palpable over the carotid arteries, more
commonly the left. In the elderly, the stiffening of the arterial wall may
mask this important physical sign. In many patients, the a wave in the
jugular venous pulse is accentuated. This results from the diminished
distensibility of the RV cavity caused by the bulging, hypertrophied
interventricular septum.
The LV impulse is sometimes displaced laterally in the later stages
of the disease. A double apical impulse (with a palpable S4) may be
recognized, particularly with the patient in the left lateral recumbent
position. A systolic thrill may be present at the base of the heart to
the right of the sternum when leaning forward or in the suprasternal
notch.
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ECG In most patients with severe AS, there is LV hypertrophy. In
advanced cases, ST-segment depression and T-wave inversion (LV
“strain”) in standard leads I and aVL and in the left precordial leads
are evident. However, there is no close correlation between the ECG
and the hemodynamic severity of obstruction, and the absence of ECG
signs of LV hypertrophy does not exclude severe obstruction. Many
patients with AS have systemic hypertension, which can also contribute to the development of hypertrophy.
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be present, although its coexistence is common among AS patients
older than age 65. Exertional syncope may result from a decline in
arterial pressure caused by vasodilation in the exercising muscles and
inadequate vasoconstriction in nonexercising muscles in the face of
a fixed CO, or from a sudden fall in CO produced by an arrhythmia.
Because the CO at rest is usually well maintained until late in the
course, marked fatigability, weakness, peripheral cyanosis, cachexia,
and other clinical manifestations of a low CO are usually not prominent until this stage is reached. Orthopnea, paroxysmal nocturnal
dyspnea, and pulmonary edema, i.e., symptoms of LV failure, also
occur only in the advanced stages of the disease. Severe pulmonary
hypertension leading to RV failure and systemic venous hypertension,
hepatomegaly, AF, and tricuspid regurgitation (TR) are usually late
findings in patients with isolated severe AS.
When AS and mitral stenosis (MS) coexist, the reduction in flow
(CO) induced by MS lowers the pressure gradient across the aortic
valve and, thereby, masks many of the clinical findings produced by
AS. The transaortic pressure gradient can be increased in patients with
concomitant aortic regurgitation (AR) due to higher aortic valve flow
rates.

Chest X-Ray The chest x-ray may show no or little overall cardiac
enlargement for many years. Hypertrophy without dilation may produce some rounding of the cardiac apex in the frontal projection and
slight backward displacement in the lateral view. A dilated proximal
ascending aorta may be seen along the upper right heart border in
the frontal view. Aortic valve calcification may be discernible in the
lateral view, but is usually readily apparent on fluoroscopic examination or by echocardiography; the absence of valvular calcification on
fluoroscopy in an adult suggests that severe valvular AS is not present.
In later stages of the disease, as the LV dilates, there is increasing roentgenographic evidence of LV enlargement, pulmonary congestion, and
enlargement of the LA, PA, and right heart chambers.
Catheterization Right and left heart catheterization for invasive
assessment of AS is performed infrequently but can be useful when
there is a discrepancy between the clinical and noninvasive findings.
Concern has been raised that attempts to cross the aortic valve for
measurement of LV pressures are associated with a risk of cerebral
embolization. Catheterization is also useful in three distinct categories
of patients: (1) patients with multivalvular disease, in whom the role
played by each valvular deformity should be defined to aid in the
planning of operative treatment; (2) young, asymptomatic patients
with noncalcific congenital AS, to define the severity of obstruction
to LV outflow, because operation or percutaneous aortic balloon valvuloplasty (PABV) may be indicated in these patients if severe AS is
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