








Natural history bicuspid aortic valve

l {l.

Ecc -,.
1972

1 I'l I I I tI I l.1..I ..l. I I.. i 4 I I... 1.} I. I. .}...L.

Fig. 4 The aortic valve of case 40, replaced at age 64,
When first seen, he had an isolated aortic ejection sound.
Fifteen years later, he had signs of severe aortic stenosis and
the peak pressure gradient across the valve was 100 mmHg
(13.3 kPa). The valve is heavily calcified and bicuspid.

Table 3 Development of aortic stenosis and valve
calcification in relation to age of the patient

Condition of aortic valve Patients under Patients over
30years 30years
(total 21) (total 20)

No stenosis 19 14
Mild stenosis without 2 0

calcification
Mild calcification 0 1

without significant
stenosis

Mild stenosis with 0 3
calcification

Aortic valve replacement 0 2
for severe calcific aortic
stenosis

Fig. 3 Phonocardiograms of case
34. On the left is the recording
made in 1960 showing the aortic
ejection sound (x), with no systolic
murmur and a normal carotid
pulse. By 1972 the ejection sound
had disappeared, a loud ejection
systolic murmur was present, and
the carotid upstroke was slow. At
operation the valve was shown to
be heavily calcified and bicuspid.

severe mitral regurgitation caused by bacterial
endocarditis on a floppy mitral valve. At operation
the aortic valve was found to be bicuspid and
because of the slight regurgitation was replaced
(Fig. 5).
(5) NO CLINICAL CHANGE
In the remaining 26 patients, the original clinical
finding of an aortic ejection sound without any
other signs of aortic stenosis has not changed (Fig. 5
Seventeen are less than 30 years of age and their
mean follow-up is 10-0 years. The mean follow-up
of the 9 patients who are over 30 is 13,9 years.

Discussion

As a result ofan interest in ejection sounds (Leatham
and Vogelpoel, 1954) and the observation that they
occasionally occur in 'normal' children (Leatham
et al., 1963), it was speculated that an isolated aortic
ejection sound might indicate the presence of a
non-stenotic bicuspid aortic valve. Patients in
whom an isolated aortic ejection sound had been
recorded phonocardiographically were, therefore,
followed up, and the survivors were investigated
using echophonocardiography. Using the criteria
which have been developed for the non-invasive
diagnosis of a bicuspid aortic valve (Leech et al.,
1978), confirmation of the original clinical diagnosis
was obtained in 41 patients. In every instance where
direct examination of the valve at necropsy (4 cases)
or surgery (3 cases) has been possible, the diagnosis
of a bicuspid aortic valve has been confirmed.
We are thus able to report a follow-up of from

5 to 25 years (mean 10-9 years) in a group of 41
subjects with evidence of an uncomplicated bicuspid
aortic valve at the first examination (Table 1). One
has died as a result of bacterial endocarditis; 2 have
developed calcific aortic stenosis requiring valve
replacement; 3 have had bacterial endocarditis
which led to significant aortic regurgitation in 2.
There are 4 instances of the development of mild
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Fig. 5 The aortic valve removed surgicallyfrom case 41
at age 71. There is minimal calcification in the bases of the
cusps. Peak gradient at catheterisation was 12 mmHg
(1 5 kPa).

aortic stenosis and 3 of slight regurgitation unrelated
to infection. In 26 subjects, the signs of an uncom-
plicated bicuspid aortic valve have not altered, and
they remain asymptomatic. One of these is now
53 years old and has been followed for 25 years.
The 2 patients requiring valve replacement

developed severe calcific aortic stenosis at the ages
of 54 and 64 years, indicating that calcification,
severity of aortic stenosis, and increasing age are
closely interrelated. The severity of the stenosis
appears to have progressed relatively rapidly once
calcium appeared. Paget (1844) suggested that
bicuspid aortic or pulmonary valves 'are very liable
to disease'. Because of their configuration, the free
edges of the cusps of such valves are subjected to
increased stress during systole (Edwards, 1961),

and this may account for the tendency for a bicuspid
aortic valve to calcify. Smith and Matthews (1955)
suggested that with coarctation of the aorta the
added stress of systemic hypertension may have led
to the high incidence of calcific aortic stenosis on
bicuspid aortic valves in these patients. However,
as pathological studies have emphasised (Wau-
chope, 1928; Roberts, 1970; Fenoglio et al., 1977),
not all bicuspid aortic valves become calcified, and
there were 9 patients in our series over the age of
40 in whom there were no signs of calcification or
stenosis.

In view of the frequent finding of coronary
atheroma in patients with aortic stenosis, it has
been suggested (Bacon and Matthews, 1959) that
the atheromatous state causing the coronary disease
is also responsible for aortic cusp stiffening. The
results of the present study do not provide evidence
to support this concept. Two of our patients died
ofcoronary disease; one had, in addition, widespread
severe atheroma of his iliac and femoral vessels
requiring surgical treatment, but only minimal
deposition of calcium in the aortic valve cusps; the
other had a normally functioning bicuspid valve.
Moreover, atherosclerosis is a disorder of the endo-
thelium and intima of the arterial wall, whereas
calcification and stiffening of a bicuspid valve starts
in the cusp fibrosa, as it does in a tricuspid aortic
valve at a greater age (aortic sclerosis). Thus our
findings are more suggestive of a premature ageing
process as the cause of calcification and stenosis on a
congenitally abnormal valve, rather than this being
the result of an atheromatous diathesis.

Calcification on a bicuspid aortic valve is rare
before the age of 30 (Campbell, 1968). In our series
only 2 patients developed stenosis before this age,
and in both cases the degree of stenosis was mild
and was not associated with calcium (Table 3). This
contrasts with the natural history of patients who
have a congenitally stenotic valve when they are
first seen, since haemodynamic studies (Cohen et
al., 1972; El Said et al., 1972) have shown that
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Fig. 6 Phonocardiograms of case
33 taken in 1953 and 1972. The
only abnormality is the lone aortic
ejection sound which remains un-
changed over afollow-up period
of 25years.I
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Natural history bicuspid aortic valve

in many of these patients the severity of the sten-
osis tends to increase. With the exception of those
patients who developed bacterial endocarditis, aortic
regurgitation was not an important complication,
occurring to a mild degree in only 3 cases. Signi-
ficant aortic regurgitation may present with a bi-
cuspid valve but it is likely that the regurgitation is
long standing, and therefore such patients would
not have been included in our study group.
The present study confirms the susceptibility of

a bicuspid aortic valve to bacterial endocarditis
which occurred in 3 patients. Two patients suffered
a second episode. Endocarditis was responsible for
the only valve-related death in ourseries. Thefinding
of an isolated aortic ejection sound is, therefore, an
indication for antibiotic prophylaxis before dental
treatment or other procedures likely to produce
bacteraemia. It may even be significant in planning
contraception in view of the report by De Swiet
et al. (1975) of endocarditis on a bicuspid aortic
valve after insertion of an intrauterine contraceptive
device.

It is reassuring to find no detectable change in
26 of the 41 patients (63%), followed up for a mean
of 11,3 years, including 7 out of the 10 patients
over the age of 50.

Deterioration caused by the development of
calcific aortic stenosis is most unlikely before the
age of 40 and so, apart from the risk of bacterial
endocarditis against which precautions can be
taken, a young person found to have an isolated
aortic ejection sound can be assured of a good
prognosis for at least 25 years. At present we see
older patients every 3 years, increasing the frequency
of follow-up if calcification of the aortic valve is
detected.

Continued follow-up of the patients reported
here will be required before the precise incidence
of severe aortic stenosis on a previously non-stenotic
bicuspid aortic valve can be determined.
We are grateful to the British Heart Foundation
who supported Graham Leech as a Senior Research
Fellow and Peter Mills as a Junior Research Fellow.
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