
Editorial

Exercise testing to guide surgery in aortic stenosis

Exercise testing has a long but largely forgotten pedigree in
the assessment of patients with aortic stenosis. Before the
development of echocardiography, a blunted rise in systo-
lic blood pressure and the development of ST segment
depression on an ECG during exercise were used to diVer-
entiate severe from more mild stenosis in children.1 In
adults, ST segment depression is not suYciently well cor-
related with coronary disease to be clinically useful.2 3

However the symptomatic and blood pressure responses to
exercise may aid the timing of surgery in patients with
equivocal or no symptoms.

Why is an objective assessment of symptoms
necessary?
The prognosis in asymptomatic severe stenosis is widely
regarded as too good to justify prophylactic surgery. How-
ever, as soon as symptoms develop, survival falls sharply
and 10% of patients die within the first few months.4 5 This
figure is far higher than the surgical risk of isolated aortic
valve replacement which, even in unselected patients of all
ages, was 4.4% in the UK during 1995–96 (Society of
Cardiothoracic Surgeons, UK Cardiac Surgical Register).
In a study advocating a conservative approach4 three of 113
apparently asymptomatic patients died within three
months of developing symptoms before these were brought
to the attention of their physician. Furthermore Lund et al
reported that seven of 99 symptomatic patients died on a
six month waiting list.5 It is possible that an earlier warning
of the development of symptoms using treadmill exercise
testing might have saved some of these patients. Otto et al
found that three of 104 apparently asymptomatic patients
with all grades of aortic stenosis developed chest pain on
exercise,3 but the number with severe aortic stenosis was
not given. We found that four of 13 apparently asympto-
matic patients with severe aortic stenosis and four of 19
with moderate stenosis but none of 22 with mild or no ste-
nosis developed chest pain or dizziness on exercise.6 These
patients were either sedentary or poor witnesses and there
seems no reason to manage them any diVerently from those
with spontaneously volunteered symptoms.

It is also possible, but not proved, that some patients
should be oVered prophylactic surgery to preserve left ven-
tricular function. While left ventricular hypertrophy is ini-
tially an adaptation to normalise wall stress in pressure
overload, it leads ultimately to irreversible myocardial
fibrosis. As a result, recovery of left ventricular systolic
function is incomplete after aortic valve replacement in
24% to 66% of patients with low preoperative ejection
fractions.7 8 Even in patients with apparently normal systo-
lic function, exercise capacity may be substantially reduced
late after aortic valve replacement9 10 probably partly as a
result of persisting diastolic dysfunction. These observa-
tions suggest that we may be operating too late on some
patients with severe aortic stenosis. A recent British
Cardiac Society document11 suggested that prophylactic
surgery should be considered for asymptomatic severe aor-
tic stenosis “if the gradient is > 100 mm Hg or the patient
is particularly active”. However, we should not remain
imprinted exclusively on the gradient itself. More impor-
tant are the eVects of that gradient on left ventricular and
peripheral circulatory function. These may vary, and a

patient with moderate aortic stenosis may be more limited
than one with severe stenosis based purely on considera-
tion of the gradient.3 6 It is an unproved possibility that
early evidence of systolic dysfunction based on indexed
systolic volumes7 or long axis function12 may guide prophy-
lactic surgery. However, exercise testing is a more readily
performed investigation representing a combined biologi-
cal end point encompassing left ventricular systolic and
diastolic function, coronary flow, and the systemic vascular
response to aortic stenosis.

In the study by Otto et al,3 the rise in systolic blood pres-
sure on the baseline exercise test was smaller in those who
died or required aortic valve surgery (15 mm Hg) than in
those who remained asymptomatic (29 mm Hg;
p < 0.001). Although this eVect was no longer independ-
ently significant in the multivariate analysis, only baseline
exercise data were considered despite a follow up period of
2.5 (1.4) years. Decreased exercise tolerance, heart failure,
or angina were noted in 76% of those having surgery, sug-
gesting that serial studies of blood pressure response on
exercise might have been revealing. This study did not
address the question of recovery of left ventricular function
or of exercise ability after surgery.

It is possible that a severe reduction of exercise duration
might be a reasonable guide for prophylactic surgery,13 but
we lack adequate thresholds and to date there are no pre-
dictive data available.

How safe is exercise testing in aortic stenosis?
Symptomatic severe stenosis is traditionally regarded as an
absolute contraindication to exercise testing, and moderate
stenosis without symptoms as a relative contraindication.14

A survey of 50 000 exercise studies at 12 centres in
Sweden,15 mostly using bicycle exercise, suggested a higher
than average proportion of complications in aortic stenosis,
but unfortunately relative incidence was not given nor was
it clear how many patients had symptoms. Overall the
morbidity rate including patients with valve and coronary
disease was only 0.0005% and the mortality was
0.00004%. Exercise testing should be avoided in patients
with unequivocal heart failure, chest tightness, or exer-
tional presyncope or syncope. In those with non-specific
breathlessness or no symptoms, it should be symptom lim-
ited and should be stopped if the systolic blood pressure
falls by more than 10 mm Hg. ST segment depression of
up to 5 mm can be ignored in the absence of symptoms,
arrhythmia or relative hypotension. Using these criteria,
exercise testing appears safe.2 3 We must not forget that
patients exercise to some degree in the outside world and it
is usually better to have a complication under observation
during a treadmill test than walking up a hill in the coun-
try.

Which patients should be considered for exercise
testing?
Patients with unequivocal symptoms on exertion usually
require invasive investigation with a view to surgery. Exer-
cise testing can be used in patients who have moderate or
severe aortic stenosis on echocardiography who claim to be
asymptomatic and who are not excluded from surgery by
other factors such as concomitant disease. What we mean
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by moderate and severe needs discussion. A peak instanta-
neous velocity of 3.0 m/s has been suggested as a
threshold,3 but peak velocity may not be a good way of
summarising a waveform that lasts throughout systole and
is highly flow dependent. Patients with a peak instantane-
ous velocity > 4.0 m/s will almost always have at least
moderate stenosis. However, because of the square relation
between pressure and velocity, the range in peak velocity
between 3.0 and 4.0 m/s is approximately equivalent to a
peak instantaneous pressure diVerence of between 35 and
65 mm Hg, potentially encompassing patients with every-
thing from mild to severe stenosis. EVective area using the
continuity equation has methodological limitations but
also compensates for flow and—when correctly applied—
uses the waveform over the whole of systole. An eVective
area < 1.0 cm2 is an almost universally used threshold for
moderate and severe stenosis.

Conclusions
Exercise testing is widely accepted in assessing coronary
disease, another condition in which symptoms may be
unreliable. The conservative management of patients with
asymptomatic severe aortic stenosis is acknowledged to
require extreme vigilance16 particularly when a surgical
waiting list may be months rather than weeks in length.
The diVerence in prognosis between asymptomatic and
symptomatic aortic stenosis is extreme and should not be
left to subjective history taking alone. Exercise testing can
be used in asymptomatic patients who have moderate or
severe aortic stenosis on echocardiography defined by a
peak instantaneous velocity > 4.0 m/s or eVective orifice
area by the continuity equation < 1.0 cm2. The predictive
value of a blunted systolic blood pressure response or a
progressive reduction in exercise duration require further
investigation before being used to recommend prophylactic
surgery either to prevent sudden death or to preserve left
ventricular function. However, if chest tightness develops,
it is reasonable to prepare for aortic valve replacement.
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