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Multiple and Mixed Valvular Heart Disease

PATHOPHYSIOLOGY
In patients with multivalvular heart disease, the pathophysiologic
derangements associated with the more proximal valve disease can
mask the full expression of the attributes of the more distal valve
lesion. For example, in patients with rheumatic mitral and aortic
valve disease, the reduction in cardiac output (CO) imposed by the
mitral valve disease will decrease the magnitude of the hemodynamic
derangements related to the severity of the aortic valve lesion (stenotic,
regurgitant, or both). Alternatively, the development of atrial fibrillation (AF) during the course of MS can lead to sudden worsening
in a patient whose aortic valve disease was not previously felt to be
significant. The development of reactive pulmonary vascular disease,
sometimes referred to as a “secondary obstructive lesion in series,”
can impose an additional challenge in these settings. As CO falls with
progressive tricuspid valve disease, the severity of any associated mitral
or aortic disease can be underestimated.
One of the most common examples of multivalve disease is that
of functional TR in the setting of significant mitral valve disease.
Functional TR occurs as a consequence of right ventricular and annular dilation; pulmonary artery (PA) hypertension is often present. The
tricuspid leaflets are morphologically normal. Progressive degrees of
TR lead to right ventricular volume overload and continued chamber
and annular dilation. The TR is usually central in origin; reflux into
the right atrium (RA) is expressed as large, systolic c-v waves in the RA
pressure pulse. The height of the c-v wave is dependent on RA compliance and the volume of regurgitant flow. The RA wave form may
become “ventricularized” in advanced stages of chronic, severe TR
with PA hypertension. CO falls and the severity of the associated mitral
valve disease may become more difficult to appreciate. Primary rheumatic tricuspid valve disease may occur with rheumatic mitral disease
and cause hemodynamic changes reflective of TR, TS, or their combination. With TS, the y descent in the RA pressure pulse is prolonged.
Another example of rheumatic, multivalve disease involves the combination of mitral and aortic valve pathology, frequently characterized
by MS and AR. In isolated MS, left ventricular (LV) preload and diastolic
pressure are reduced as a function of the severity of inflow obstruction.
With concomitant AR, however, LV filling is enhanced and diastolic
pressure may rise depending on the compliance characteristics of the
chamber. Because the CO falls with progressive degrees of MS, transaortic valve flows will decline, masking the potential severity of the aortic
valve lesion (AR, AS, or its combination). As noted above, onset of AF
in such patients can be especially deleterious.
Functional MR may complicate the course of some patients with
severe AS. The mitral valve leaflets and chordae tendineae are usually
normal. Incompetence is related to changes in LV geometry (remodeling) and abnormal systolic tethering of the leaflets in the context of
markedly elevated LV systolic pressures. Relief of the excess afterload
with surgical or transcatheter AVR often, but not always, results in
reduction or elimination of the MR. Persistence of significant MR
following AVR is associated with impaired functional outcomes and
reduced survival. Identification of patients who would benefit from
concomitant treatment of their functional MR at time of AVR is quite

challenging. Most surgeons advocate for repair of moderate-to-severe 1551
or severe functional MR at time of surgical AVR.
In patients with mixed AS and AR, assessment of valve stenosis can
be influenced by the magnitude of the regurgitant valve flow. Because
transvalvular systolic flow velocities are augmented in patients with
AR and preserved LV systolic function, the LV-aortic Doppler-derived
pressure gradient and the intensity of the systolic murmur will be
elevated to values higher than expected for the true systolic valve orifice
size as delineated by planimetry. Uncorrected, the Gorlin formula,
which relies on forward CO (systolic transvalvular flow) and the mean
pressure gradient for calculation of valve area, is not accurate in the
setting of mixed aortic valve disease. Similar considerations apply to
patients with mixed mitral valve disease. The peak mitral valve Doppler
E wave velocity (v0) is increased in the setting of severe MR because
of enhanced early diastolic flow and may not accurately reflect the
contribution to left atrial (LA) hypertension from any associated MS.
When either AR or MR is the dominant lesion in patients with mixed
aortic or mitral valve disease, respectively, the LV is dilated. When AS
or MS predominates, LV chamber size will be normal or small. It can
sometimes be difficult to ascertain whether stenosis or regurgitation
is the dominant lesion in patients with mixed valve disease, although
an integrated clinical and noninvasive assessment can usually provide
clarification for purposes of patient management and follow-up.
Patients with significant AS, a nondilated LV chamber, and concentric hypertrophy will poorly tolerate the abrupt development of aortic
regurgitation, as may occur, for example, with infective endocarditis
or after surgical or transcatheter AVR complicated by paravalvular
leakage. The noncompliant LV is not prepared to accommodate the
sudden volume load, and as a result, LV diastolic pressure rises rapidly
and severe heart failure develops. Indeed, paravalvular regurgitation is
a significant risk factor for short- to intermediate-term death following transcatheter AVR. Conditions in which the LV may not be able to
dilate in response to chronic AR (or MR) include radiation heart disease
and, in some patients, the cardiomyopathy associated with obesity and
diabetes. Noncompliant ventricles of small chamber size predispose to
earlier onset diastolic dysfunction and heart failure in response to any
further perturbation in valve function.

CHAPTER 286

has been described infrequently in patients with severe AS. Aortic
valve infective endocarditis may secondarily involve the mitral apparatus either by abscess formation and contiguous spread via the intervalvular fibrosa or by “drop metastases” from the aortic leaflets onto
the anterior leaflet of the mitral valve. Mediastinal radiation may result
in aortic, mitral, and even tricuspid valve disease, most often with
mixed stenosis and regurgitation. Carcinoid heart disease may cause
mixed lesions of either or both the tricuspid and pulmonic valves.
Ergotamines, and the previously used combination of fenfluramine
and phentermine, can rarely result in mixed lesions of the aortic and/
or mitral valve. Patients with Marfan’s syndrome may have both AR
from aortic root dilation and MR due to mitral valve prolapse (MVP).
Myxomatous degeneration causing prolapse of multiple valves (mitral,
aortic, tricuspid) can also occur in the absence of an identifiable connective tissue disorder. Bicuspid aortic or pulmonic valve disease can
result in mixed stenosis and regurgitation.

SYMPTOMS
Compared with patients with isolated, single-lesion valve disease,
patients with multiple or mixed valve disease may develop symptoms
at a relatively earlier stage in the natural history of their disease.
Symptoms such as exertional dyspnea and fatigue are usually related
to elevated filling pressures, reduced CO, or their combination.
Palpitations may signify AF and identify mitral valve disease as an
important component of the clinical presentation, even when not
previously suspected. Chest pain compatible with angina could reflect
left or right ventricular oxygen supply/demand mismatch on a substrate of hypertrophy and pressure/volume overload with or without
superimposed coronary artery disease. Symptoms related to right heart
failure (abdominal fullness/bloating, edema) are late manifestations of
advanced disease.
PHYSICAL FINDINGS
Mixed disease of a single valve is most often manifested by systolic and
diastolic murmurs, each with the attributes expected for the valve in
question. Thus, patients with AS and AR will have characteristic midsystolic, crescendo-decrescendo and blowing, decrescendo diastolic
murmurs at the base of the heart in the second right interspace and
along the left sternal edge, respectively. Many patients with significant
AR have mid-systolic outflow murmurs even in the absence of valve
sclerosis/stenosis, and other findings of AS must be sought. The separate murmurs of AS and AR can occasionally be difficult to distinguish
from the continuous murmurs associated with either a patent ductus
arteriosus (PDA) or ruptured sinus of Valsalva aneurysm. With mixed
aortic valve disease, the systolic murmur should end before, and not
envelope or extend through, the second heart sound (S2). The murmur
associated with a PDA is heard best to the left of the upper sternum.
The continuous murmur heard with a ruptured sinus of Valsalva

2/9/15 4:01 PM

