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Figure 283-1 Pathogenesis of calcific aortic stenosis. Inflammatory cells infiltrate across the endothelial barrier and release cytokines that
act on fibroblasts to promote cellular proliferation and matrix remodeling. LDL is oxidatively modified and taken up by macrophage scavengers
to become foam cells. Angiotensin-converting enzyme colocalizes with ApoB. A subset of myofibroblasts differentiates into an osteoblast phenotype capable of promoting bone formation. ACE, angiotensin-converting enzyme; ApoB, apolipoprotein B; LDL, low-density lipoprotein; IL, interleukin; MMP, matrix metalloproteinase; TGF, transforming growth factor. (From RV Freeman, CM Otto: Circulation 111:3316, 2005; with permission.)

OTHER FORMS OF OBSTRUCTION TO LEFT VENTRICULAR OUTFLOW
In addition to valvular AS, three other lesions may be responsible for
obstruction to LV outflow: hypertrophic obstructive cardiomyopathy
(Chap. 287), discrete fibromuscular/membranous subaortic stenosis,
and supravalvular AS (Chap. 282). The causes of LV outflow obstruction can be differentiated on the basis of the cardiac examination and
Doppler echocardiographic findings.
PATHOPHYSIOLOGY
The obstruction to LV outflow produces a systolic pressure gradient
between the LV and aorta. When severe obstruction is suddenly produced experimentally, the LV responds by dilation and reduction of
stroke volume. However, in some patients, the obstruction may be
present at birth and/or increase gradually over the course of many
years, and LV contractile performance is maintained by the presence of
concentric LV hypertrophy. Initially, this serves as an adaptive mechanism because it reduces toward normal the systolic stress developed by
the myocardium, as predicted by the Laplace relation (S = Pr/h, where
S = systolic wall stress, P = pressure, r = radius, and h = wall thickness).
A large transaortic valve pressure gradient may exist for many years
without a reduction in cardiac output (CO) or LV dilation; ultimately,
however, excessive hypertrophy becomes maladaptive, LV systolic
function declines because of afterload mismatch, abnormalities of diastolic function progress, and irreversible myocardial fibrosis develops.
A mean systolic pressure gradient >40 mmHg with a normal CO or
an effective aortic orifice area of approximately <1 cm2 (or approximately <0.6 cm2/m2 body surface area in a normal-sized adult)—i.e.,
less than approximately one-third of the normal orifice area—is generally considered to represent severe obstruction to LV outflow. The
elevated LV end-diastolic pressure observed in many patients with
severe AS and preserved ejection fraction (EF) signifies the presence
of diminished compliance of the hypertrophied LV. Although the
CO at rest is within normal limits in most patients with severe AS, it
usually fails to rise normally during exercise. Loss of an appropriately
timed, vigorous atrial contraction, as occurs in atrial fibrillation (AF)
or atrioventricular dissociation, may cause rapid progression of symptoms. Late in the course, contractile function deteriorates because of
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afterload excess, the CO and LV–aortic pressure gradient decline, and
the mean left atrial (LA), pulmonary artery (PA), and right ventricular
(RV) pressures rise. LV performance can be further compromised by
superimposed coronary artery disease (CAD). Stroke volume (and
thus CO) can also be reduced in patients with significant hypertrophy
and a small LV cavity despite a normal EF. Low-flow, low-gradient AS
(with either reduced or normal LV systolic function) is both a diagnostic and therapeutic challenge.
The hypertrophied LV causes an increase in myocardial oxygen
requirements. In addition, even in the absence of obstructive CAD,
coronary blood flow is impaired to the extent that ischemia can be
precipitated under conditions of excess demand. Capillary density is
reduced relative to wall thickness, compressive forces are increased,
and the elevated LV end-diastolic pressure reduces the coronary driving pressure. The subendocardium is especially vulnerable to ischemia
by this mechanism.
SYMPTOMS
AS is rarely of clinical importance until the valve orifice has narrowed to approximately 1 cm2. Even severe AS may exist for many
years without producing any symptoms because of the ability of the
hypertrophied LV to generate the elevated intraventricular pressures
required to maintain a normal stroke volume. Once symptoms occur,
valve replacement is indicated.
Most patients with pure or predominant AS have gradually increasing obstruction over years but do not become symptomatic until the
sixth to eighth decades. Adult patients with BAV disease, however,
develop significant valve dysfunction and symptoms one to two
decades sooner. Exertional dyspnea, angina pectoris, and syncope are
the three cardinal symptoms. Often, there is a history of insidious progression of fatigue and dyspnea associated with gradual curtailment of
activities and reduced effort tolerance. Dyspnea results primarily from
elevation of the pulmonary capillary pressure caused by elevations of
LV diastolic pressures secondary to impaired relaxation and reduced
LV compliance. Angina pectoris usually develops somewhat later and
reflects an imbalance between the augmented myocardial oxygen
requirements and reduced oxygen availability. CAD may or may not
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