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Leading Article

Problems in the diagnosis and investigation of aortic
stenosis

Andrew Bishop and Peter Wilkinson

Ashford Hospital, Ashford, Middlesex TWJ5 3AA, UK

Valvular heart disease has changed considerably
from the days when the consequences of rheumatic
fever dominated the clinical load. Of the four types
of aortic stenosis - congenital, rheumatic, calcified
bicuspid valve, and senile calcified tricuspid valve -
the latter two underlie the majority of new presen-
tations at hospital with haemodynamically
significant valve lesions.'
The disease of calcific aortic stenosis is different

from rheumatic aortic stenosis in that the func-
tional obstruction is due to immobility of the
calcified cusps rather than commissural fusion.
Thus the clinical condition is very slowly progres-
sive, often becoming significant only in old age. In
addition the separation of the cusps is directly
related to ventricular systolic pressure rather than
fixed as with commissural fusion, and thus both
valve area and outflow gradient vary with ven-
tricular function from minute to minute.2 The
central clinical question is therefore where along
this continuum of gradually increasing sclerosis
and calcification of the valve does aortic stenosis
begin?
The pragmatic answer to this question is at the

point at which treatment is of potential benefit, and
the clinical detection and assessment of aortic
stenosis is entirely directed towards isolating those
patients who would benefit from intervention. The
natural history of symptomatic aortic stenosis is
rapidly progressive and relentless, so that in the era
before aortic valve surgery a patient with symp-
toms of angina or syncope was given a prognosis of
*3- 5 years, and with dyspnoea up to 2 years.3'4 Thus
any patient with these symptoms as a result of
aortic outflow obstruction would potentially
benefit from intervention, and this is borne out in
the increasing success of aortic valve replacement
in the elderly population.5
The subsequent problem is that of the asymp-

tomatic patient with significant aortic stenosis.

Prospective series describe between 30% and 40%
of such patients developing symptoms within 2
years of detection, and no deaths without the
patient first having developed symptoms.6'7 It is
clear therefore that further assessment with a view
to aortic valve surgery is appropriate for any
patient with angina, syncope, or dyspnoea, and
physical signs to suggest aortic stenosis.
The physical sign that usually alerts the doctor is

a systolic murmur. More detailed attention to other
physical signs is held to be helpful in distinguishing
a haemodynamically significant lesion, including
the pulse width and character, the loudness of the
aortic component of the second heart sound, and
the character of the apex beat. Further investiga-
tions are usually performed specifically to demon-
strate aortic valve calcification on chest X-ray, left
ventricular hypertrophy on 12 lead electrocardio-
gram (ECG), and left ventricular hypertrophy,
valve thickening and restricted cusp separation on
M-mode echocardiography.

In this issue McKillop et al.8 present data to
show that, in an elderly population, features of the
physical examination and routine investigations
are neither sensitive nor specific when assessed
against a Doppler derived gradient for diagnosing
significant aortic stenosis. While this is in keeping
with clinical experience, others have reported that a
combination of all of these separate features gives a
clear guide to the presence of significant disease.
This is borne out by a prospective study by Nitta
and others9 in which a scoring system was em-
ployed, giving points for left ventricular hyper-
trophy on ECG, calcification on the chest X-ray,
loudness of the aortic component of the second
heart sound, the timing of the peak of the murmur,
the speed of rise of carotid pulse, the ejection time,
and left ventricular wall thickness on echo. When
validated against valve area measurement at car-
diac catheterization a score was found that was
93% sensitive and 96% specific for a valve area of
less than 1 cm2.
A firm assessment of which patients should be

referred for interventional management is there-
fore within the capability of many physicians.
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However, two pieces of data are almost always
required before intervention is considered, and
there is debate surrounding both. Firstly, a quan-
titative assessment of the degree of outflow ob-
struction is made. The valve orifice, and gradient
across the valve are the most common measure-
ments, although as described above, the dominant
calcific lesion in current practice is characterized by
variable gradient and orifice size depending on
systolic function. The peak to peak or instan-
taneous transaortic gradient at cardiac catheterisa-
tion is usually taken as the haemodynamic stan-
dard for assessing the severity of stenosis. Many
studies are now published validating the gradients
derived from Doppler echo studies against cardiac
catheter data, and it is clear that adequate Doppler
recordings can be made in the majority of patients.
Doppler seems to be particularly good at
differentiating critical from non-critical stenosis
and in allowing milder forms to be followed
non-invasively.lO'i However there are patients in
the mid-range of severity on Doppler whose symp-
toms are uncertain where cardiac catheterization
will be needed to define the degree of stenosis with
more certainty. 2
The use of gradient as a measurement of severity

of stenosis has been questioned in not only calcific
aortic stenosis but also rheumatic stenosis, in that
the gradient is dependent on the left ventricular
capacity to maintain a fixed cardiac output. The
presence of systolic dysfunction, or other valve
lesions, notably mitral regurgitation, will lead to
underestimation of severity of stenosis by lowering
the outflow gradient. Griffith et al.13 found
difficulty in defining a gradient that specifically and
sensitively predicted a valve area compatible with
severe aortic stenosis, and concluded that valve
area should be measured in all cases. The measure-
ment of valve area, however, using the Gorlin
formula, is rendered less accurate by the inherent
inaccuracies of pulmonary capillary wedge pres-
sure and cardiac output assessments, and assess-
ment of the method in prosthetic valves where the
actual orifice size is known shows that a mean error
of 0.36 cm2 is associated with the technique. "4 Thus

a technique for absolutely quantifying aortic
stenosis is not available, and without detailed
information about ventricular function neither
gradient or valve area are measurements that give a
definite value above which the valve is judged to be
significantly stenosed.
Another potentially useful measurement, partic-

ularly where clear doppler signals from the stenotic
jet cannot be obtained, is the ejection time and,
using its variation from predicted, an estimate of
valve area with 88% sensitivity, 89% specificity,
and 89% accuracy can be derived.'5
With these non-invasive techniques available,

the need for invasive investigation ofaortic stenosis
is to a large extent limited to the desire to know the
coronary anatomy. Conventional wisdom is that
the combination of fixed cardiac output, reduced
diastolic duration and ventricular hypertrophy, is
such a potent scenario for the development of
angina of effort, that its absence excludes the
possibility of significant coronary disease. Many
cardiologists would therefore reserve cardiac cath-
eterization for angina sufferers. A comprehensive
retrospective analysis of more than 500 patients
who underwent aortic valve replacement showed
that omission of coronary artery bypass grafting
was an independent risk factor for early mortality,
while coronary artery disease was a pre-operative
risk factor for late mortality that was not influ-
enced by bypass grafting at operation. The early
mortality was largely confined to a group that had a
high prediction score for coronary artery disease
before assessment;"6 however the score had a
predictive value of only 66%, and it therefore
remains unclear whether the absence of angina of
effort is in itself a sufficiently reliable guide to the
need for cardiac catheterization.
There are thus difficulties in the assessment of the

patient with a suspected aortic ejection murmur.
While there is little doubt that aortic outflow
obstruction causing symptoms is an indication for
intervention, establishing the presence of that
obstruction and subsequently quantifying it is less
straightforward than it appears.
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