1550 closure is delayed, and the pulmonic component of the second heart

sound (P2) is reduced or absent. A prominent a wave, indicative of the
higher atrial pressure necessary to fill the noncompliant RV, may be
seen in the jugular venous pulse. A parasternal or RV lift can be felt
with significant pressure overload. Signs of right heart failure, such
as hepatomegaly, ascites, and edema, are uncommon but may appear
very late in the disease.
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LABORATORY EXAMINATION
The ECG will show right axis deviation, RVH, and RA enlargement in
adult patients with severe PS. Chest x-ray findings include poststenotic
dilation of the main PA in the frontal plane projection and filling of
the retrosternal airspace due to RV enlargement on the lateral film.
In some patients with RVH, the cardiac apex appears to be lifted off
the left hemidiaphragm. The RA may also be enlarged. TTE allows
definitive diagnosis and characterization in most cases, with depiction
of the valve and assessment of the gradient, RV function, PA pressures
(which should be low), and any associated cardiac lesions. TEE may
be useful in some patients for improved delineation of the RV outflow
tract (RVOT) and assessment of infundibular hypertrophy. Cardiac
catheterization is not usually necessary, but if performed, pressures
should be obtained from just below and above the pulmonic valve with
attention to the possibility that a dynamic component to the gradient
may exist. The correlation between Doppler assessment of peak instantaneous gradient and catheterization-measured peak-to-peak gradient
is weak. The latter may correlate better with the Doppler mean gradient.
TREATMENT

Pulmonic Stenosis

Diuretics can be used to treat symptoms and signs of right heart
failure. Provided there is less than moderate pulmonic regurgitation,
pulmonic balloon valvotomy is recommended for symptomatic
patients with a domed valve and a peak gradient >50 mmHg (or
mean gradient >30 mmHg) and for asymptomatic patients with a
peak gradient >60 mmHg (or mean gradient >40 mmHg). Surgery
may be required when the valve is dysplastic (as seen in patients
with Noonan’s syndrome and other disorders). A multidisciplinary
heart team is best positioned to make treatment decisions of this
nature.

PULMONIC REGURGITATION
Pulmonic regurgitation (PR) may develop as a consequence of primary
valve pathology, annular enlargement, or their combination; after surgical treatment of RVOT obstruction in children with such disorders as
tetralogy of Fallot; or after pulmonic balloon valvotomy (Table 285-1).
Carcinoid usually causes mixed pulmonic valve disease with PR and
PS. Long-standing severe PA hypertension from any cause can result in
dilation of the pulmonic valve ring and PR.
PATHOPHYSIOLOGY
Severe PR results in RV chamber enlargement and eccentric hypertrophy. As is the case for aortic regurgitation (AR), PR is a state
of increased preload and afterload. The reverse pressure gradient
from the PA to the RV, which drives the PR, progressively decreases
throughout diastole and accounts for the decrescendo nature of the
diastolic murmur. As RV diastolic pressure increases, the murmur
becomes shorter in duration. The forward CO is preserved during the
early stages of the disease, but may not increase normally with exercise
and declines over time. A reduction in RV ejection fraction may be
an early indicator of hemodynamic compromise. In advanced stages,
there is significant enlargement of the RV and RA with marked elevation of the jugular venous pressure.
SYMPTOMS
Mild or moderate degrees of PR do not, by themselves, result in symptoms. Other problems, such as PA hypertension, may dominant the
clinical picture. With progressively severe PR and RV dysfunction,
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fatigue, exertional dyspnea, abdominal fullness/bloating, and lower
extremity swelling may be reported.
PHYSICAL FINDINGS
The physical examination hallmark of PR is a high-pitched, decrescendo diastolic murmur (Graham Steell murmur) heard along the
left sternal border that can be difficult to distinguish from the more
frequently appreciated murmur of aortic regurgitation. The Graham
Steell murmur may become louder with inspiration and is usually
associated with a loud and sometimes palpable P2 and an RV lift, as
would be expected in patients with significant PA hypertension of
any cause. Survivors of childhood surgery for tetralogy of Fallot
or PS/pulmonary atresia may have an RV-PA conduit that is freely
regurgitant because it does not contain a valve. PA pressures in these
individuals are not elevated and the diastolic murmur can be misleadingly low pitched and of short duration despite significant degrees of
PR and RV volume overload.
LABORATORY EXAMINATION
Depending on both the etiology and severity of PR, the ECG may show
findings of RVH and RA enlargement. On chest x-ray, the RV and
RA may be enlarged. Pulmonic valve morphology and function can
be assessed with transthoracic Doppler echocardiography. PA pressures can be estimated from the tricuspid valve systolic jet velocity.
CMR provides greater anatomic detail, particularly in patients with
repaired congenital heart disease, and more precise assessment of RV
volumes. Cardiac catheterization is not routinely necessary but would be
performed as part of a planned transcatheter procedure.
TREATMENT

Pulmonic Regurgitation

In patients with functional PR due to PA hypertension and annular
dilation, efforts to reduce PA vascular resistance and pressure
should be optimized. Such efforts may include pharmacologic/
vasodilator and/or surgical/interventional strategies, depending on
the cause of the PA hypertension. Diuretics can be used to treat the
manifestations of right heart failure. Surgical valve replacement for
primary, severe, pulmonic valve disease, such as carcinoid or endocarditis, is rarely undertaken. Transcatheter pulmonic valve replacement
has been successfully performed in many patients with severe PR
after childhood repair of tetralogy of Fallot or pulmonic valve stenosis
or atresia. This procedure was introduced clinically prior to transcatheter
aortic valve replacement.
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Multiple and Mixed Valvular
Heart Disease
Patrick T. O’Gara, Joseph Loscalzo

Many acquired and congenital cardiac lesions may result in stenosis
and/or regurgitation of one or more heart valves. For example, rheumatic heart disease can involve the mitral (mitral stenosis [MS], mitral
regurgitation [MR], or MS and MR), aortic (aortic stenosis [AS], aortic
regurgitation [AR], or AS and AR), and/or tricuspid (tricuspid stenosis
[TS], tricuspid regurgitation [TR], or TS and TR) valve, alone or in
combination. The common association of functional TR with significant mitral valve disease is discussed in Chap. 285. Severe mitral annular
calcification can result in regurgitation (due to decreased annular
shortening during systole) and mild stenosis (caused by extension of
the calcification onto the leaflets resulting in restricted valve opening).
Patients with severe AS may develop functional MR that may not
improve after isolated aortic valve replacement (AVR). Chordal rupture
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