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Outcomes in patients with moderate to severe aortic stenosis (AS)
from a community hospital cohort are similar those reported from tertiary
institutions. Echocardiographic measures of the severity of obstruction are
key variables in predicting outcomes. Additional variables that are not direct
measures of AS severity are associated with adverse events. A reduced left
ventricular (LV) ejection fraction forecasts a less favorable outcome yet most
asymptomatic patients have preserved LV ejection fractions. Consequently,
other measures of LV systolic function associated with adverse outcomes are
important; namely, reduced LV longitudinal shortening and increased LV mass.
Diastolic function can be compromised in AS indicated by either elevated E/
e´ or left atrial enlargement; both are associated with unfavorable outcomes.
Electrocardiographic evidence of LV strain reflects LV mid-wall fibrosis and
identifies patients with adverse outcomes. Biomarkers including elevated
values of high sensitivity troponin I and BNP contribute to models predicting
outcomes. Prediction models help identify asymptomatic patients with quite
unfavorable prognoses who may benefit from early aortic valve replacement.
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Decisions as to the optimal timing for aortic valve (AV)
replacement in patients with aortic stenosis (AS) are of increasing
importance as the population ages and AV replacement has become
the most frequent valvular procedure. Onset of heart failure,
syncope, angina and new exertional dyspnea are well established
indications for proceeding with AV replacement since the prognosis
is grave if the stenosis is not relieved. However, in asymptomatic
patients with moderate or severe AS there remains uncertainty as to
how well one can predict the development of symptoms or adverse
outcome events. In the face of this uncertainty, there have been
ongoing discussions as to whether one should intervene even in
selected asymptomatic patients with severe AV obstruction. Clearly
the severity of obstruction as gauged by the peak velocity across the
AV (Vmax), the mean transvalvular gradient, the actual AV area and
the extent of AV valve calcification are key elements in our toolbox
that assist in predicting outcomes1,2. Our study demonstrated in
a diverse community hospital cohort that clinical outcomes for
asymptomatic patients with moderate to severe AS were primarily
related to echocardiographic and electrocardiographic variables
that reflected both the severity of AS and the resulting alterations
of the LV myocardium and the left atrium. The discriminant power
of Vmax was enhanced when these covariates were included in
the outcome analyses, and co-morbidities did not enhance the
prediction of outcomes in this cohort3. The rate of progression of
the stenosis is also a strong predictor of outcomes4. However, apart
from these direct assessments of the severity of AV stenosis, there
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are additional factors that should be considered in our
efforts to predict outcomes.

How well the left ventricle (LV) responds to the
markedly increased afterload affects prognosis. A reduced
left ventricular ejection fraction (LVEF) is a potential
harbinger of poor outcomes both short-term and longterm5. When there is evidence of a reduced LVEF, the
immediate success of valve replacement is high, yet the
long-term outlook is less favorable as compared to patients
undergoing valve replacement with a preserved LVEF.
Can we identify LVs that are not functioning normally
despite a preserved LVEF? Multiple techniques that assess
longitudinal shortening of the LV have identified that a
reduction in this variable, even with a preserved LVEF,
forecasts less favorable outcomes6. Longitudinal shortening
has been measured by the mitral annulus systolic excursion
and, most recently, by the global longitudinal strain as
measured by either echocardiography or cardiac magnetic
resonance imaging ((CMR). We examined the simple and
easily obtained systolic velocity (s´) of the mitral annulus
movement towards the apex as measured by Doppler
echocardiography and patients with adverse outcomes had
a reduced velocity3. Longitudinal shortening is impaired
in many conditions such as diabetes, hypertension and
hypertrophic cardiomyopathy, and this altered function
is associated with a less favorable prognosis7-9. Onset
of symptoms with exercise stress testing also identifies
patients in whom the LV function can no longer tolerate the
added stress of exercise and therefore their risk of adverse
outcomes is significantly increased10.
The hemodynamic burden faced by the LV can
be described by the valvulo-arterial impedance and this
parameter includes the systemic arterial systolic pressure
and the mean pressure gradient across the stenotic AV.
Thus, it reflects the total hemodynamic burden rather
than only the abnormal afterload imposed by the severity
of AS obstruction. Some authors have found this to be
more closely associated with outcomes than the standard
measures of AS severity11. We also found that it was
associated with adverse outcomes but less strongly as
compared to Vmax. The loss of arterial compliance from
aging, atherosclerosis and hypertension leads to increased
arterial impedance and this arterial pathology is reflected
in the measurement of valvulo-arterial impedance.

Abnormal LV diastolic function is associated with
unfavorable outcomes in patients with AS. This is most
directly assessed by the early diastolic velocity of the mitral
annulus (e´) which reflects impaired LV relaxation. When
expressed as the E/e´ ratio it has a strong association with
adverse outcomes in patients with severe AS12. We also
observed that increases in the ratio of E/ e´ are associated
with less favorable outcomes. Long standing LV diastolic
dysfunction can result in enlargement of the left atrium
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and our data and that of others have shown that this
enlargement is associated with adverse outcomes13.

Another imaging parameter that heralds less
favorable outcomes is an abnormally increased LV mass
index14. This variable reflects the duration and severity
of the continued LV systolic pressure overload and is
frequently associated with impaired systolic function. Cox
regression models have identified that LV mass index has
a strong association with all cardiovascular events but is
strongly associated with death and heart failure14.
An electrocardiogram (ECG) should always be part of
the evaluation of patients with AS and we found that the T
wave changes of LV strain were associated with unfavorable
outcomes; an observation supported by prior observations
regarding ECG abnormalities15,16. Recent CMR data have
identified that the LV strain pattern is associated with
LV mid-wall fibrosis16. Fibrosis reflects ongoing myocyte
death and is therefore identifying LVs that are being
stressed beyond their ability to maintain normal function.
Increased duration of the QRS likely reflects LV myocardial
damage and again is associated with poor outcomes17.
Longstanding pressure overload of the LV eventually can
lead to left atrial enlargement and to atrial fibrillation; both
were associated with poor outcomes in our patients with
AS and in prior publications18,19.

Although not part of our study, biomarkers have gained
interest in identifying patients with AS and evidence of
LV dysfunction. The BNP has been extensively studied
and, when there is evidence of BNP increases, onset of
symptoms is proximate20. A less well studied biomarker is
high-sensitivity troponin assays. Increased levels indicate
ongoing myocardial necrosis and one recent report has
shown that high-sensitivity troponin I may be a very useful
marker of adverse outcomes and abnormal increases are
associated with myocardial fibrosis21.
Are clinical variables able to contribute to the
assessment of prognosis in patients with AS? There is
no dispute that increasing age is associated with more
hemodynamically important AS and onset of symptoms.
We found that the other demographics such as sex and BMI
were not useful in assessing risk. Surprising, comorbid
conditions, that clearly assess the risk associated with AV
replacement, did not add incrementally to measures of
association in a prediction model in our study and have not
been shown to be helpful is assessing the possibility of an
adverse outcomes in patients with moderate to severe AS2,3.

With this background there have been several
efforts to construct risk scores to help determine who
might be considered for AV replacement prior to actual
symptoms. One such proposal was based on data from
echocardiography and included higher Vmax, calcium score,
and observed/predicted left ventricular (LV) mass ratio22.
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A recent report showed that by combining distinct types of
data including 1) age, 2) sex, 3) Vmax, 4) ECG evidence of
LV strain and 5) the serum level of high-sensitivity troponin
I a clinical risk score could be defined that performed very
well, including in a validation cohort23. The need for very
robust prediction models has increased as the age of our
population has increased and our knowledge that delays in
AV replacement can adversely alter the long-term outcome
of patients. A prospective study of patients with moderate
to severe AS from several large health care systems could
provide the necessary data to establish robust prediction
models that would greatly enhance a physician’s ability to
recommend valve replacement in selected patients prior to
the onset of clear symptoms.
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