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Changes in echocardiographic left ventricular minor
axis dimensions during exerclse in patients with aortic
stenosis

MARK DANCY, GRAHAM LEECH, AUBREY LEATHAM

From the Cardiac Department, St George's Hospital, London

SUMMARY Twelve patients with aortic stenosis (gradient 62 (25) mm Hg), and six normal subjects
were examined using M mode echocardiography before and during submaximal bicycle exercise.
Normal subjects showed a progressive fall in the end systolic minor axis dimension of the left
ventricle and a rise in end diastolic dimension, giving an increase in stroke dimension and shortening
fraction of 45% and 37% respectively at peak exercise. Patients with aortic stenosis showed no
consistent alteration in either end systolic or end diastolic dimension, and consequently stroke
dimension was unchanged during exercise. None of the patients with an abnormal exercise response
had evidence of left ventricular failure at rest, and all but one completed the exercise protocol
without undue dyspnoea.

Non-invasive exercise testing in patients with aortic stenosis may detect abnormalities of left heart
function which are not apparent at rest. These abnormalities may provide early evidence either of
severe aortic stenosis or of incipient left ventricular failure.

The optimum time for replacement of the stenotic
aortic valve is as yet unknown. Clearly, it should pre-
cede symptoms from left ventricular failure, but on
the other hand premature valve replacement is not yet
justified since the long term fate of the replacement
valve is unpredictable. A decision based on non-
invasive investigations would be ideal. 12 As exercise
testing may reveal abnormalities of left heart function
not apparent at rest we used M mode echocardio-
graphy to monitor the changes in left ventricular
dimensions produced by exercise in normal subjects
and patients with aortic stenosis.

Patients and methods

From among the patients admitted routinely with a
diagnosis of aortic stenosis, 16 were selected accord-
ing to the following criteria: (a) high quality M mode
echocardiograms (b) age between 15 and 65 years, (c)
no history of recent syncope or severe angina, (d) no
restriction of exercise in the months before the study,
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and (c) no signs of left ventricular failure at rest. Only
12 of the 16 recordings made from patients with aortic
stenosis were clear enough for accurate measurement.
Table 1 gives the details of these patients. None of the
patients aged >50 years had coronary artery disease
when subsequently investigated. Nine normal sub-
jects with the same age range served as a control
group. Only six recordings from the normal subjects
were suitable, and these six subjects had a mean age of
36 (10) years.

EXERCISE TEST
All subjects underwent routine echocardiography in
the supine position. Each subject then sat on a bicycle
ergometer, a pillow was placed on the handlebars, and
he leaned forward with his elbows on the pillow.3 The
echocardiogram of the left ventricle was recorded
again at rest and the echo transducer position marked
on the chest. Exercise was then started at a workload
of 25 W and increased by 25 W every three minutes
up to a maximum of 75 W. The left ventricular
echocardiogram and blood pressure were recorded in
the last minute at each exercise level. Subjects were
asked to report any symptoms immediately they
noticed them, regardless of their apparent import-
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Changes in echocardiographic left ventricular minor axis dimensions during exercise

Table 1 Details ofpatients with aortic stenosis

Case Age Pressure Coronary arteries
No (yr) gradient

(mm Hg)

1 17 55 Not investigated
2 56 100 Normal
3 16 40 Not investigated
4 60 110 Normal
5 47 100 Not investigated
6 41 30 Not investigated
7 45 80 Normal, but RCA not cannulated
8 31 65 Not investigated
9 15 80 Not investigated
10 64 65 Normal
11 16 60 Not investigated
12 32 55 Not investigated
Mean 37 62
SD 17-4 25-4

RCA, right coronary artery.

ance, and the test was stopped if there was angina or
arrhythmia.

MEASUREMENTS
The ventricular dimensions were measured in at least
six cycles at each stage of exercise using the leading

edge method (Fig .1). End systolic dimension (ESD)
was taken as the minimum dimension and end dias-
tolic dimension (EDD) as the maximum dimension.
Both of these points could be determined accurately
using a set square and dividers. The change in left
ventricular cavity size associated with contraction was
expressed as stroke dimension (EDD-ESD) or shor-
tening fraction ((EDD-ESD)/EDD). The dimensions
at each stage of exercise were compared using the
paired t test.
The interpretation of the echocardiograms was fre-

quently difficult, and sometimes extrapolation was
made from the upright resting trace in order to define
left ventricular cavity boundaries in subsequent
recordings when respiration made the detail less clear.

Results

There were no major problems during the submaxi-
mal exercise tests. One patient had to stop at the end
of stage 2 (50 W) because of angina. Table 2 shows the
changes in heart rate and blood pressure. There was a
tendency for the heart rate of the control subjects to
be lower than that of the patients at every stage of
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Fig. 1 M mode echocardiograms
recorded at rest and during exercise in the
upright position (stages 1-3). ESD, end
systolic dimension; EDD, end diastolic
dtmensson.
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Fig. 2 Changes in end systolic dimension and end diastolic

dimension in normal subjects (broken lines) and patients with
aortic stenosis (solid lines) when resting supine and upright and at
various stages ofupright exercise. Values are mean (SD).
*p<O0O1 compared with resting value; tp<O0O1 compared with
stage I value.

exercise, although there were no significant differ-

ences between the two groups by the t test. Both sys-
toi.ic and diastolic blood pressure tended to be higher
in the control subjects than in the patients, but the
means were not significantly different.

DIMENSION CHANGES IN RELATION TO POSTURE
AND EXERCISE
Normal subjects
Fig. 2 shows the left ventricular dimension changes.
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Fig. 3 Percentage change in stroke dimension in normal
subjects (closed circles) and patients with aortic stenosis (open
circles) dunng exercise. The linesjoin the meansforeach group at
each workload. tp<<O0O1 compared with 0/o.

When the normal subjects sat upright there were falls
in both end systolic and end diastolic dimension,
although only the fall in the second was significant.
The result of this was a significant fall in stroke
dimension (Fig. 3). When exercise started there was a
small rise in end diastolic dimension, and end systolic
dimension stayed constant. At the end of stages 2 and
3 there were significant rises in end diastolic dimen-
sion and falls in end systolic dimension, resulting in a

mean increase of 42% in stroke dimension and of 37%
in shortening fraction (p<O0O1 for both).

Patients with aortic stenosis
Patients with aortic stenosis showed almost identical

Table 2 Changes in heart rate and blood pressure in patients with aortic stenosis (study group) and normal subjects (controls)

Heart rate (beats/min) Blood pressure (mm Hg)

Study Controls Study group Controls
group

Systolic Diastolic Systolic Diastolic

Resting:
Supine 68 (12) 63 (12)
Upright 81(15) 72 (12) 119 (12) 74 (8) 120 (3) 80 (4)

During exercise:
Stage 1 97 (14) 84 (14) 123 (15) 79 (8) 135 (17) 89 (14)
Stage 2 111 (18) 97 (18) 128 (13) 78 (10) 130 (12) 88 (15)
Stage 3 131 (29) 114 (21) 124 (17) 76 (10) 142 (3) 87 (16)
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Changes in echocardiographic left ventricular minor axis dimensions during exercise

responses to the control group when sitting upright.
When exercise started there was an immediate
increase in end diastolic dimension which returned to
the supine value, but unlike the changes seen in the
control subjects there was no further increase in end
diastolic dimension at stages 2 and 3. End systolic
dimension did not alter appreciably during exercise,
and neither stroke dimension nor shortening fraction
showed a significant increase.

Discussion

In the past there has been considerable controversy
about the normal response of the heart to exercise. A
major part of the increase in cardiac output during
exercise is achieved by increasing heart rate. What is
less clear is the contribution from the increase in
stroke volume. In animals with denervated hearts
stroke volume may increase appreciably if heart rate
does not rise normally.45 Until recently, however,
it is not known whether or not this mechanism oper-
ated under normal exercise conditions.
There are two ways in which stroke volume might

increase on exercise. Firstly, some mechanism-for
example circulating catecholamines-might potenti-
ate the contraction of the myocardium thereby
increasing emptying (smaller end systolic volume
from the same end diastolic volume). Secondly, the
end diastolic volume might increase, perhaps because
of increased venous return, bringing the Frank-
Starling mechanism into play by increasing fibre
length (same end systolic volume but larger end dias-
tolic volume).

Several invasive and non-invasive methods have
been used to investigate the effect of exercise on the
heart. Early invasive studies of stroke volume changes
gave confficting results, although differences between
these studies could to a certain extent be explained by
postural changes,6 as some subjects were exercised
supine and some upright. Two important studies
compared resting and exercise measurements with the
subjects upright, and these showed increases in stroke
volume ranging from 25% to 100% in normal sub-
jects.78
The newer techniques of gated blood pool scan-

ning9 0 and M mode echocardiography '-13 have
allowed changes in stroke volume to be examined
more directly. Stroke volume increases during exer-

cise in both the supine and upright positions, but
supine cavity dimensions are larger than upright cav-

ity dimensions at each workload. Although end sys-

tolic volume (or dimension) clearly decreases during
exercise, changes in end diastolic volume (or dimen-
sion) have been smaller and less easily detected.

Similar studies have been carried out in patients
with aortic stenosis. Gorlin et al investigated four

patients with aortic stenosis and found that stroke
volume failed to rise during exercise, although cardiac
output rose owing to a rise in heart rate.'4 They
pointed out that with a fixed and severely stenotic
aortic valve orifice the increase in left ventricular pres-
sure necessary to raise stroke volume from 65 ml to 80
ml would be 70 mm Hg. Comparable results have
been reported by others both in adults'5 16 and in
children. 17- 19

In the present study the patients with aortic
stenosis showed normal responses when changing
from the supine to the upright position,20 but collec-
tively their response to exercise was highly abnormal.
There were a variety of individual responses to exer-
cise among the patients (Fig. 3), and only two had
responses similar to the control subjects. One of these
(case 3), a young man, had one of the lowest gradients
in the group.
The normal fall in end systolic dimension with

exercise may be an important part of the mechanism
for increasing the rate of ventricular filling during
exercise when filling time is reduced. It has ben sug-
gested that the ventricle sucks blood in during the
early part of diastole, this property being dependent
on elastic recoil.21 If this is so, then a fall in end
systolic dimension during exercise would have the
advantage on increasing the rate of ventricular filling.
Those patients with aortic stenosis whose end systolic
dimension did not decrease during exercise would be
unable to profit from this mechanism, and left ven-
tricular filling rate would remain at resting levels.
Furthermore, in some patients end systolic dimension
actually increased during exercise, and they would be
expected to have a reduced filling rate at a time when
filling needed to be maximal. The consequent reduc-
tion in stroke output implied by a fall in stroke
dimension would increase with more severe exercise
and could conceivably cause syncope. Abnormalities
of diastolic function during exercise, which could well
explain these effects, have recently been reported by
Oldershaw et al in patients after aortic valve replace-
ment.22

If there is no decrease in end systolic dimension in
patients with aortic stenosis stroke volume can
increase only if end diastolic dimension increases.
With hypertrophied and non-compliant ventricles,
however, a change in end diastolic dimension would
be accompanied by a large rise in end diastolic pres-
sure (unless by some obscure mechanism compliance
could fall with exercise). If stroke dimension remains
constant any increase in cardiac output during exer-
cise must be accomplished by an increase in heart
rate, and it was of interest that the patients did tend to
have higher heart rates than the control subjects in the
present study.
The abnormalities seen in these patients may be
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due to outflow obstruction, poor left ventricular func-
tion (systolic or diastolic), or a combination of both.
We do not pretend that exercise testing can separate
the contributions of these elements. Nevertheless, we
believe it may be an advantage to assess the whole of
the left heart as a functional unit. A left ventricle with
"good" function under normal loading conditions
may be in great difficulty when faced with a severely
stenotic aortic valve, and the earlier it is recognised
that the left heart as a whole is unable to function
normally the better the potential result from aortic
valve replacement. The value of exercise testing
resides in its potential to provide early evidence of
functional impairment in asymptomatic patients with
aortic stenosis.
Measurement of submaximal exercise responses in

aortic stenosis offers a new and potentially sensitive
method for the early detection of deteriorating left
heart function. Although M mode echocardiography
was used in this study, it was difficult to obtain clear
recordings in all case, and nuclear ventriculography
may prove superior for this purpose.
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