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pressures may occur toward the end of diastole in patients with chronic
severe AR, particularly when the heart rate is slow. In patients with
acute severe AR, the LV is unprepared for the regurgitant volume load.
LV compliance is normal or reduced, and LV diastolic pressures rise
rapidly, occasionally to levels >40 mmHg. The LV pressure may exceed
the LA pressure toward the end of diastole, and this reversed pressure
gradient closes the mitral valve prematurely.
In patients with chronic severe AR, the effective forward CO usually
is normal or only slightly reduced at rest, but often it fails to rise normally during exertion. An early sign of LV dysfunction is a reduction
in the EF. In advanced stages, there may be considerable elevation of
the LA, PA wedge, PA, and RV pressures and lowering of the forward
CO at rest.
Myocardial ischemia may occur in patients with AR because myocardial oxygen requirements are elevated by LV dilation, hypertrophy,
and elevated LV systolic tension, and coronary blood flow may be
compromised. A large fraction of coronary blood flow occurs during diastole, when arterial pressure is low, thereby reducing coronary
perfusion or driving pressure. This combination of increased oxygen
demand and reduced supply may cause myocardial ischemia, particularly of the subendocardium, even in the absence of epicardial CAD.

Primary Aortic Root Disease AR also may be due entirely to marked
aortic annular dilation, i.e., aortic root disease, without primary involvement of the valve leaflets; widening of the aortic annulus and separation
of the aortic leaflets are responsible for the AR (Chap. 301). Medial
degeneration of the ascending aorta, which may or may not be associated with other manifestations of Marfan’s syndrome; idiopathic dilation
of the aorta; annuloaortic ectasia; osteogenesis imperfecta; and severe,
chronic hypertension may all widen the aortic annulus and lead to progressive AR. Occasionally AR is caused by retrograde dissection of the
aorta involving the aortic annulus. Syphilis and ankylosing spondylitis,
both of which may affect the aortic leaflets, may also be associated with
cellular infiltration and scarring of the media of the thoracic aorta, leading to aortic dilation, aneurysm formation, and severe regurgitation. In
syphilis of the aorta (Chap. 206), now a very rare condition, the involvement of the intima may narrow the coronary ostia, which in turn may be
responsible for myocardial ischemia.

HISTORY
Approximately three-fourths of patients with pure or predominant
valvular AR are men; women predominate among patients with primary valvular AR who have associated rheumatic mitral valve disease.
A history compatible with infective endocarditis may sometimes be
elicited from patients with rheumatic or congenital involvement of the
aortic valve, and the infection often precipitates or seriously aggravates
preexisting symptoms.
In patients with acute severe AR, as may occur in infective endocarditis, aortic dissection, or trauma, the LV cannot dilate sufficiently
to maintain stroke volume, and LV diastolic pressure rises rapidly
with associated marked elevations of LA and PA wedge pressures.
Pulmonary edema and/or cardiogenic shock may develop rapidly.
Chronic severe AR may have a long latent period, and patients may
remain relatively asymptomatic for as long as 10–15 years. However,
uncomfortable awareness of the heartbeat, especially on lying down,
may be an early complaint. Sinus tachycardia, during exertion or
with emotion, or premature ventricular contractions may produce
particularly uncomfortable palpitations as well as head pounding.
These complaints may persist for many years before the development
of exertional dyspnea, usually the first symptom of diminished cardiac
reserve. The dyspnea is followed by orthopnea, paroxysmal nocturnal
dyspnea, and excessive diaphoresis. Anginal chest pain even in the
absence of CAD may occur in patients with severe AR, even in younger
patients. Anginal pain may develop at rest as well as during exertion.
Nocturnal angina may be a particularly troublesome symptom, and
it may be accompanied by marked diaphoresis. The anginal episodes
can be prolonged and often do not respond satisfactorily to sublingual nitroglycerin. Systemic fluid accumulation, including congestive
hepatomegaly and ankle edema, may develop late in the course of the
disease.
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Aortic Valve Disease

PATHOPHYSIOLOGY
The total stroke volume ejected by the LV (i.e., the sum of the effective forward stroke volume and the volume of blood that regurgitates
back into the LV) is increased in patients with AR. In patients with
severe AR, the volume of regurgitant flow may equal the effective forward stroke volume. In contrast to MR, in which a portion of the LV
stroke volume is delivered into the low-pressure LA, in AR the entire
LV stroke volume is ejected into a high-pressure zone, the aorta. An
increase in the LV end-diastolic volume (increased preload) constitutes the major hemodynamic compensation for AR. The dilation and
eccentric hypertrophy of the LV allow this chamber to eject a larger
stroke volume without requiring any increase in the relative shortening of each myofibril. Therefore, severe AR may occur with a normal
effective forward stroke volume and a normal LVEF (total [forward
plus regurgitant] stroke volume/end-diastolic volume), together with
an elevated LV end-diastolic pressure and volume. However, through
the operation of Laplace’s law, LV dilation increases the LV systolic
tension required to develop any given level of systolic pressure.
Chronic AR is, thus, a state in which LV preload and afterload are both
increased. Ultimately, these adaptive measures fail. As LV function
deteriorates, the end-diastolic volume rises further and the forward
stroke volume and EF decline. Deterioration of LV function often
precedes the development of symptoms. Considerable thickening of
the LV wall also occurs with chronic AR, and at autopsy, the hearts
of these patients may be among the largest encountered, sometimes
weighing >1000 g.
The reverse pressure gradient from aorta to LV, which drives the AR
flow, falls progressively during diastole, accounting for the decrescendo
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and approximately 20% of patients will require aortic valve surgery
between 10 and 40 years of age. Congenital fenestrations of the aortic
valve occasionally produce mild AR. Membranous subaortic stenosis
often leads to thickening and scarring of the aortic valve leaflets with
secondary AR. Prolapse of an aortic cusp, resulting in progressive
chronic AR, occurs in approximately 15% of patients with ventricular
septal defect (Chap. 282) but may also occur as an isolated phenomenon or as a consequence of myxomatous degeneration sometimes
associated with mitral and/or tricuspid valve involvement.
AR may result from infective endocarditis, which can develop
on a valve previously affected by rheumatic disease, a congenitally
deformed valve, or on a normal aortic valve, and may lead to perforation or erosion of one or more leaflets. The aortic valve leaflets may
become scarred and retracted during the course of syphilis or ankylosing spondylitis and contribute further to the AR that derives primarily
from the associated root disease. Although traumatic rupture or avulsion of an aortic cusp is an uncommon cause of acute AR, it represents
the most frequent serious lesion in patients surviving nonpenetrating
cardiac injuries. The coexistence of hemodynamically significant AS
with AR usually excludes all the rarer forms of AR because it occurs
almost exclusively in patients with rheumatic or congenital AR. In
patients with AR due to primary valvular disease, dilation of the aortic
annulus may occur secondarily and lead to worsening regurgitation.

PHYSICAL FINDINGS
In chronic severe AR, the jarring of the entire body and the bobbing motion of the head with each systole can be appreciated, and
the abrupt distention and collapse of the larger arteries are easily
visible. The examination should be directed toward the detection of
conditions predisposing to AR, such as bicuspid valve, endocarditis,
Marfan’s syndrome, and ankylosing spondylitis.
Arterial Pulse A rapidly rising “water-hammer” pulse, which collapses suddenly as arterial pressure falls rapidly during late systole
and diastole (Corrigan’s pulse), and capillary pulsations, an alternate
flushing and paling of the skin at the root of the nail while pressure
is applied to the tip of the nail (Quincke’s pulse), are characteristic
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