Calcific Aortic Valve Disease: New Concepts
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Our understanding of calcific aortic stenosis has changed dramatically during the past 3 decades,
with the concept of a “mechanical” disease of aging now replaced by the concept of an active
disease process at the tissue level that may be amenable to medical therapy. The ability of
echocardiography to provide early diagnosis and an accurate measurement of disease severity
has increased our knowledge of the natural history of this disease process and allows us to follow
individual patients over time, long before valve replacement is needed. We now recognize that
even mild symptoms are an indication for valve replacement when severe obstruction is present.
This review discusses the optimal approach to measurement of disease severity, the presymp-
tomatic disease course, and the underlying causes of calcific valve disease, followed by a
summary of clinical trials of medical therapy and the current indications and choices for valve

replacement.
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Aortic valve stenosis (aortic stenosis [AS]) is the most
common indication for valve replacement in the
United States, and the prevalence of this disease is
likely to increase with the aging of our population. In
adults with symptomatic severe valvular obstruc-
tion, the only effective treatment is replacement of
the calcified valve with a prosthetic valve. However,
severe stenosis is the end-stage of a disease spectrum
ranging from minor focal leaflet thickening with nor-
mal valve function, termed aortic sclerosis, to severe
calcification and increased stiffness of the leaflets re-
sulting in significant obstruction to left ventricular
(LV) outflow.!

In the past, most adults with AS were not diag-
nosed until late in the disease course—typically at
symptom onset with severe valve obstruction—so
the time interval between diagnosis and valve re-
placement was quite short. Now, nearly all patients
are diagnosed much earlier in the disease course,
most often because a systolic murmur is noted in an
asymptomatic patient or because echocardiography
is requested for other reasons. The ability to detect
early disease and follow each patient prospectively as
valve obstruction gradually worsens has improved
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patient outcomes by ensuring intervention right at
symptom onset, before clinical deterioration occurs.
However, early diagnosis has also introduced the
clinical dilemma of defining the optimal timing of
intervention relative to disease severity in asymp-
tomatic patients.

MEASUREMENT OF DISEASE SEVERITY

Measurement of the severity of AS is clinically im-
portant for 3 reasons. First, the severity of obstruc-
tion provides critical data for decision making about
timing of valve replacement. Second, quantitative
measures allow us to follow and predict disease pro-
gression in individual patients. Third, and most im-
portantly, measurement of stenosis severity helps
ensure that valve obstruction is the cause of the pa-
tient’s symptoms, signifying that valve replacement
will relieve symptoms and improve long-term out-
come.?

Cause of Aortic Stenosis

Echocardiography allows noninvasive detection
of aortic valve disease, determination of the cause of
valve dysfunction and accurate quantitation of dis-
ease severity. Calcific AS is seen both in patients with
congenital bicuspid aortic valve disease and in those
with an anatomically normal trileaflet aortic valve.
Early in the disease course, the number of valve leaf-
lets can be reliability determined by echocardiogra-
phy. Care is needed to identify the number of leaflets
and commissures in the open systolic position be-
cause a bicuspid valve with a raphe may be mistaken
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for a trileaflet valve on a diastolic image. Careful
analysis of valve morphology in surgical series shows
that more than 50% of aortic valve replacements
(AVRs) are for AS attributable to a bicuspid aortic
valve. In patients younger than 70 years of age, ap-
proximately 60% of stenotic aortic valves are bicus-
pid but even in those older than 70 years of age,
about 40% of patients with severe AS have a congen-
ital bicuspid valve. Rheumatic valve disease also can
present with calcified valve leaflets but is distin-
guished from primary calcific valve disease by the
presence of commisural fusion and concurrent mi-
tral valve involvement.

Hemodynamic Severity of Valve Obstruction

The recommended measurements for quantita-
tion of aortic valve hemodynamics are the AS maxi-
mum velocity (Vp,, in m/s), the transaortic mean
systolic pressure gradient (mean AP in mm Hg), and
the continuity equation aortic valve area (aortic valve
area (AVA) in cm?).3

Aortic maximum velocity is a direct measurement
based on continuous-wave Doppler recording of the
transaortic flow signal. Aortic Vi, is the strongest
predictor of clinical outcome and should be the pri-
mary parameter used in clinical decision making.*8
Accurate aortic velocity measurements depend on a
parallel intercept angle between the Doppler beam
and flow signal which requires careful patient posi-
tioning, an experienced sonographer, adequate in-
strumentation and use of multiple acoustic win-
dows. Note that aortic velocity is best measured on
transthoracic, not transesophageal, imaging. The
most common error in Doppler evaluation of AS is
underestimation of severity attributable to a nonpar-
allel intercept angle between the Doppler beam and
aortic jet; a repeat study or alternate approaches
should be considered when the Doppler data are
discrepant with clinical or physical examination
findings. Less frequently, the Doppler velocity may
be erroneously overestimated if gain settings are too
high or if other intracardiac flow velocities are mis-
taken for the aortic flow signal.

Mean transaortic gradient is calculated from the
aortic velocity signal using the Bernoulli equation
which states that the pressure difference across a
stenosis is 4 times the velocity squared:

AP = 4V?

There is a consistent relationship between Dopp-
ler V. and mean AP in adults with native AS, so this
calculation does not provide additional diagnostic
information and is not additive to velocity data on
multivariate analysis of predictors of clinical out-
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come. However, many clinicians are more comfort-
able with the concept of mean AP because of the
historical role of cardiac catheterization in evaluation
of valvular heart disease.

Aortic valve area is a measure of the degree of
leaflet opening in systole and reflects the functional
cross sectional area of flow in midsystole. Functional
valve area may be slightly less than anatomic orifice
size because of fluid dynamic effects, but the func-
tional valve area is the appropriate parameter for
clinical decision making. The continuity equation
states that volume flow rates are equal just proximal
to and in the narrowed aortic valve orifice. Because
volume flow rate at any site can be calculated from
the cross-sectional area (CSA) of flow times the ve-
locity time integral (VTI) of flow at that site, AVA can
be calculated from 2D and Doppler left ventricular
outflow tract (LVOT) and AS (AS) measures as:

AVA X VTl = CSA;yor X VTl yor OF

AVA = (CSApyor X VTlyor)/VTlys

Continuity equation valve area measurements have
been well validated, but data acquisition requires care-
ful attention to technical details in the clinical setting. In
particular, LVOT tract diameter measurements are
made immediately adjacent and parallel to the aortic
valve leaflet insertions in midsystole with imaging to
clearly show the endocardial edge of the septum and
the leading edge of the anterior mitral leaflet. Small
errors in outflow tract diameter measurements lead to
large errors in valve area calculations because LVOT
radius is squared to obtain a circular cross sectional
area. In adults, outflow tract diameter rarely changes
over time so that use of the same value facilitates com-
parison of sequential studies. Careful measurement of
LVOT or aortic annulus diameter is especially impor-
tant in patients being considered for transcatheter aor-
tic valve implantation (TAVD).

Definition of Severe AS

Potential approaches to defining severe AS in-
clude valve hemodynamics, the degree of leaflet
calcification, the response of the LV to pressure
overload, and the presence or absence of clinical
symptoms.”!? Current guidelines base definitions
of AS severity on valve hemodynamics, which pro-
vides a useful framework for patient follow-up and
clinical decision making (Table 1).3:112 These he-
modynamic measures have been validated on the
basis of clinical outcomes, with a greater rate of
symptom onset and adverse cardiovascular events
in adults with severe AS compared with those with
mild or moderate stenosis. However, there is
marked individual variability in the degree of ob-
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