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Discrete sub-aortic stenosis and ventricular
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SUMMARY We present details of 15 children, aged 3 months to 11 years, with discrete sub-aortic
stenosis and ventricular septal defect. We emphasise a high index of clinical suspicion and
echocardiography as the best means of diagnosing this dangerous combination. Physical signs
were those of ventricular septal defect in all patients, with auscultatory evidence of additional
sub-aortic stenosis in only one. Five patients had a short early diastolic murmur of mild aortic
incompetence. The electrocardiograph showed isolated left ventricular hypertrophy in eight
patients. Cardiac catheterisation and angiography identifed the ventricular septal defect in all
cases but detected the sub-aortic stenosis in only eight. Cross sectional echocardiography showed
both lesions in all 11 patients to whom it was available.

Ventricular septal defect is reported as occurring in
between 6 and 25% of patients with sub-aortic
stenosis. 1-3 Clinical diagnosis of the combination of
lesions may be difficult as the physical signs of each
may mask the other. At cardiac catheterisation the
presence of a ventricular septal defect may obscure
haemodynamic evidence of sub-aortic stenosis by
producing a lower left ventricular outflow tract
gradient.-6 Angiography may fail to disclose the
sub-aortic stenosis as the offending membrane or
fibro-muscular band may be very thin, and may be
obscured by flow of contrast medium through the
ventricular septal defect. Cross sectional echo-
cardiography, while probably the optimal diagnostic
technique, may still miss discrete fibrous bands
unless particular views are taken.7
Omitting to make the diagnosis of sub-aortic

stenosis in the presence of ventricular septal defect
has serious consequences as the effect of the stenosis
is likely to progress and may lead to left ventricular
hypertrophy, myocardial damage, damaged aortic
valve leaflets, heart failure, and death.'-3 6 8-10 For
these reasons we report the clinical, haemodynamic,
angiocardiographic, echocardiographic, and opera-
tive findings in a group of patients with discrete sub-
aortic stenosis and ventricular septal defect, with
particular emphasis on how the diagnosis may best
be made before surgery.

Patients and presentation

We present data on 15 children, 9 boys and 6 girls,
admitted to the Brompton Hospital, London and
the Freeman Hospital, Newcastle. Evidence of
congenital heart disease was noted in all patients
within the first year of life, and in 13 within the first
3 months, yet the age when diagnosis was confirmed
varied from 3 months to 11 years. The mean age at
the time of cardiac catheterisation was 3-8 years.
The clinical presentation was congestive cardiac
failure in 10, murmur in an asymptomatic child in
four, and supraventricular tachycardia in one.

Physical findings

All 15 patients had a pansystolic murmur maximal
at the left sternal edge in the third to fourth
intercostal space; associated with a thrill in 12. In
five patients an early diastolic murmur was present,
or developed between the initial presentation and
the time of diagnosis. Only one patient had an
ejection systolic murmur maximal at the second
right interspace-the usual murmur of aortic sten-
Osis.

In all 15 patients the clinical features were thought
to be typical of a ventricular septal defect but in five
the addition of an early diastolic murmur suggested
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aortic incompetence. In only six patients was there
an increased apical (left ventricular) impulse and in
none was the character of the peripheral pulses felt
to be abnormal. One of the three patients with
additional right ventricular outflow tract obstruction
had cyanosis.

Investigations

Radiography. The chest radiograph showed car-
diomegaly and pulmonary plethora in 12 patients,
isolated cardiomegaly in two, and normal sized
heart with normal lungs in one. Atrial situs solitus,
laevocardia, and left aortic arch were found in all
cases.

Electrocardiography. Sinus rhythm was noted in 14
patients; one patient had intermittent supraventricu-
lar tachycardia. The mean frontal ORS axis ranged
between -30° and + 1000. Seven patients had
isolated left ventricular hypertrophy, five biven-
tricular hypertrophy, two (with associated right
ventricular outflow tract obstruction) isolated right
ventricular hypertrophy, and one was normal. Flat
left sided T waves were present only in one patient
who had right bundle branch block after a previous
operation for repair of a ventricular septal defect.

Echocardiography. Cross sectional echocardiogra-
phy was recorded in 11 patients using an Advanced
Technology Laboratories mechanical sector scan-
ner. In each case a sub-aortic ridge or diaphragm
was identified together with a ventricular septal
defect. Four patients were seen before the availabil-
ity of cross sectional echocardiography. The sub-
aortic stenosis was best identified using left paraster-
nal and apical long axis views of the left ventricular
outflow tract and aortic root. In all 11 patients sub-
aortic stenosis was seen in the apical long axis view
(Fig. 1). In 10 patients a distinct linear echo, parallel
and close to the aortic valve, was shown extending
from the ventricular septum to the anterior mitral
valve leaflet (Fig. 2). In the 11th patient the sub-
aortic stenosis was seen to be caused by posterior
deviation of the interventricular septum. In this
patient the ventricular septal defect was muscular
while in the other 10 it was perimembranous.

Cardiac catheterisation.
Haemodynamics
Fourteen patients underwent cardiac catheterisation
and angiography six twice and one three times. In
all patients the ventricular septal defect was con-
firmed at the first or only catheterisation. In
contrast, in only four patients was sub-aortic steno-
sis detected at the first study, while in four others
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Fig. 1 Cross sectional echocardiogram using off axis
apical four chamber view. The sub-aortic membrane is
arrowed.
AO aorta, LA left atrium. LV left ventricle- RV right ventricle; S ventricular
septum VSID ventricular septal defect

Fig. 2 Cross sectioncal echocardiogram using left
parastertnal lonig axis view. The sub-aortic membrane is
arrowed. Abbreviations as for Fig. 1.

the sub-aortic stenosis was confirmed at a subse-
quent investigation. In six patients sub-aortic steno-
sis was never diagnosed at cardiac catheterisation.
The peak systolic gradient across the left ventricular
outflow tract at the time of the most recent cardiac
catheterisation was available in 12 patients and
ranged from 0 to 68 mm Hg. A gradient of 10 mm
Hg was recorded in eight patients and in four of
these who underwent repeat catheterisation the
gradient had increased from a mean of 2-5 mm Hg to
a mean of 45-5 mm Hg. A gradient of less than 10
mm Hg was found in two patients and no gradient in
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Fig. 3 Aortogram performed in modified long axis
projection (see text). Contrast is seen to pass across a

small ventricular septal defect situated immediately
underneath the aortic valve cusps ( I ) and above a discrete
sub-aortic membrane ( T ).

the remaining two, yet all had surgical findings of a

sub-aortic ridge.
The pulmonary to systemic flow ratio was avail-

able in 12 patients and ranged from 1-7:1 to 3-8:1. In
those patients in whom an increased left ventricular
outflow tract gradient was noted at the second
cardiac catheterisation, the pulmonary to systemic
flow ratio had decreased.

Angiography
An aortogram was performed in 12 of the 14
patients who were catheterised. In three of the four
with an early diastolic murmur, aortic regurgitation
was detected.

For optimal angiographic visualisation of the sub-
aortic membrane and ventricular septal defect, we

used a modified long axial view (Fig. 3), with 200
craniocaudal tilt at 650 left anterior oblique.
An apparently discrete sub-aortic obstruction was

shown in seven patients, while in one, left ventricu-
lar outflow tract obstruction was caused by leftward
and posterior deviation of the infundibular septum.
In the four patients in whom sub-aortic stenosis was

not detected angiographically conventional frontal
and lateral projections had been used.
A bicuspid aortic valve was seen in two patients

both of whom were also noted to have an aneurysm
of the ventricular septum.

Surgery and outcome

Seven of 10 patients who underwent surgery had

closure of ventricular septal defect and resection of
sub-aortic stenosis at the same operation. One
patient had the sub-aortic stenosis resected four
years after closure of ventricular septal defect and
this patient had the highest left ventricular outflow
tract gradient. The remaining two patients who
underwent surgery each had associated coarctation.
One has had this resected and is awaiting further
surgery, the other presented in infancy with heart
failure, underwent resection of coarctation and
pulmonary artery banding, and died six months later
after repair of ventricular septal defect and deband-
ing of the pulmonary artery. Sub-aortic stenosis was
diagnosed at necropsy. This was the only patient
who died.

Operative findings. The sub-aortic stenosis found at
operation or necropsy (one patient) was membra-
nous in three patients, fibromuscular in six, and was
caused by a deviated infundibular septum in one
(muscular malalignment defect).
The ventricular septal defect found at operation

was perimembranous in eight and muscular in one.
The diameter varied from 0-5 cm to the diameter of
the aortic annulus. In eight patients the ventricular
septal defect was above the sub-aortic stenosis and
in one, below. In one patient a large parachute type
aneurysm of the membranous septum in close
approximation with the ventricular septal defect was
imbricated.
An abnormal aortic valve was noted in five

patients. Bicuspid valves were present in two but no
valvar stenosis was found.

Discussion

Various types of sub-aortic stenosis have been
described including membranous, caused by a thin
fibrous diaphragm just below the aortic valve;
fibromuscular, where a fibromuscular ring is found
lower in the left ventricular outflow tract; tunnel
stenosis; and that found in hypertrophic obstructive
cardiomyopathy. The first two types are considered
to constitute discrete sub-aortic stenosis. The
variability in the reported incidence of discrete sub-
aortic stenosis in isolation and in association with
ventricular septal defect is due partly to lack of
consistency in the definition of discrete. Variability
in the age of populations studied compounds this
since a large proportion of ventricular septal de-
fects will close spontaneously.-3 5 6 ll Of 14 000
case notes on patients who have been catheterised at
the Brompton Hospital there are no cases of
ventricular septal defect and sub-aortic stenosis
occurring in the over 18 years age group. In
comparable studies in infants, ventricular septal
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defect occurs in approximately 20% of patients with
discrete sub-aortic stenosis .1-3

Unrelieved sub-aortic stenosis may lead to perma-
nent myocardial damage and left ventricular
hypertrophy.2 The jet of blood streaming from the
sub-aortic stenosis may damage the aortic valve
leaflets and lead to regurgitation,'2 and conduction
defects may also develop.2 The importance of
making the diagnosis in association with accompany-
ing ventricular septal defect is thus stressed but
failure to do so is well documented.' s 6 13 14

Clinical diagnosis may be difficult but certain
findings or combinations of findings should engender
a high index of suspicion. Once suspected clinically,
in our view, echocardiographic proof of the diagno-
sis is readily achieved. The clinical features to stress
in an asymptomatic patient with the signs of a small
ventricular septal defect, that is a pansystolic
murmur at the fourth left intercostal space at the
sternal edge and a normal second heart sound, are
disproportionate voltage criteria of left ventricular
hypertrophy on electrocardiogram or a short early
diastolic murmur at the second or third interspace
indicating mild aortic regurgitation. The typical
ejection systolic murmur of aortic stenosis, maximal
at the second right intercostal space, is not usually
present, being found in only one patient in our
series.
The differential diagnosis in those patients with

left ventricular hypertrophy detected on electrocar-
diogram includes hypertrophic cardiomyopathy.
Those patients with early diastolic murmurs should
be distinguished from patients with a high ventricu-
lar septal defect and aortic incompetence due to
prolapse of the right coronary cusp into the defect.
Echocardiography will confirm or refute these
diagnoses. Cross sectional echocardiography, which
is preferable to M mode echocardiography,9 10) 15 16
can be used to visualise the left ventricular outflow
tract throughout the cardiac cycle and may show
clear images of the discrete sub-aortic stenosis. The
left ventricular outflow tract is best viewed with left
parasternal and apical long axis views,7 the latter
showing the site of sub-aortic stenosis in 100% of
our patients to whom it was available.

Cardiac catheterisation and angiography (in long
axis projection)'7 are useful to confirm the diagno-
sis, using the latter to exclude additional septal
defects.
An aortogram shows aortic regurgitation and

sometimes facilitates the visualisation of the discrete
sub-aortic stenosis.
We conclude that while sub-aortic stenosis and

ventricular septal defect together are not common,
the gravity of overlooking sub-aortic stenosis

warrants constant awareness of this possible
combination. Once suspected clinically, however,
the diagnosis may be confidently confirmed by the
combination of cross sectional echocardiography,
cardiac catheterisation, and angiography, perhaps
all of which should be used.
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