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Open valvotomy for critical aortic stenosis in
infancy
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Abstract
Over a 5 year period open valvotomy was
performed on 13 patients under the age
of one year with critical aortic stenosis.
All 13 survived operation. There were
two late deaths-one 38 days after opera-
tion, associated with an unrelated
neurosurgical procedure and the other 2
years 6 months after when aortic root
enlargement and replacement of the
aortic valve were performed. During this
period two other infants presented with
aortic stenosis. One, who was very ill
before transfer, died before operation
could be performed. The second patient
had a hypoplastic left ventricle with a
small mitral valve ring and was,
therefore, considered to be part of a dif-
ferent subgroup. All the surviving
children have been followed up (median
length of follow up 2 years and 11
months, range 7 months-5 years). Left
ventricular function, in terms of percen-
tage systolic wall thickening, was shown
to be significantly impaired in all age
groups. Peak diastolic thinning was
abnormal in those children aged from 3
to 5. The aortic valve gradient, as asses-
sed by peak instantaneous continuous
wave Doppler, was <40 mmHg in five
patients and between 40 and 70 mm Hg
in seven patients. One patient, with
appreciable restenosis, has undergone
successful percutaneous balloon dilata-
tion of the aortic valve.
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The mortality for aortic valvotomy in children
over one year of age is low.'2 In contrast,
mortality is high in those below the age of one
year. Various operative techniques have been
used in infancy including circulatory arrest
and hypothermia,3 inflow occlusion and par-
tial cardiopulmonary bypass,4 inflow oc-
clusion alone,57 cardiopulmonary bypass2 8 9
transventricular valvotomy with blunt dila-
tation,' 01' and transventricular balloon dilata-
tion of the valve.2 13 The surgical mortality in
these studies has varied from 9% to 66%.
Recently, small series treated by percutaneous
balloon dilatation have been reported.'1'6 In
the largest series published so far mortality
was high7-l'9 and transverse tears of the aortic
wall were reported with this technique.20 Our
preferred technique is open surgical valvo-
tomy with conventional cardiopulmonary
bypass. We report our results over a 5 year
period.

Patients and methods
From September 1982 to September 1987, 13
patients presented with critical aortic stenosis.
Their median age was 14 days (range 1-9 1) and
the median weight was 4 0 kg (range 2 2-64).
Endocardial fibroelastosis was present in four
patients. Three patients were pulseless and
poorly perfused at presentation-one of them
had an initial pH of 6-9 and the other two were
resuscitated with immediate ventilation and
intravenous bicarbonate before blood gases
were measured. Seven patients presented with
heart failure. Three were symptom free and the
gradients from left ventricle to ascending aorta
were therefore investigated. Two of these
patients underwent preoperative cardiac cath-
eterisation (no other patients were catheterised
before operation); the third had ST segment
depression on an electrocardiogram and the
aortic valve gradient was assessed by contin-
uous wave Doppler. The mean gradient of
these three (left ventricle to aorta) was
120 mm Hg. None of the 13 patients had a
hypoplastic left ventricle by echocardiographic
criteria."' Another two patients were
excluded. One patient had disseminated
intravascular coagulation, necrotising
enterocolitis, and a pulmonary haemorrhage
before transfer to our institution and died
before operation could be performed. The
other had a hypoplastic left ventricle. At
echocardiography the diameter of the mitral
valve was <10 mm and the ventricle was
spherical with a maximum transverse cavity
dimension of 6 mm. This is in keeping with
previously described criteria for diagnosing a
hypoplastic left ventricle. Although this patient
underwent valvotomy he died after operation.
He was considered to be part of a separate
subgroup and to have died as a consequence ofa
small mitral valve annulus and a small left
ventricle.

METHODS
All patients had an open aortic valvotomy.
Conventional cardiopulmonary bypass with
moderate hypothermia was used in 11 patients
and inflow occlusion in two patients.

Eleven of the patients were studied with
continuous wave Doppler (Doptech scanner),
cross sectional echocardiography, andM mode
echocardiography and the other patient was
studied by Doppler flow at another hospital.
Investigations were performed at a median of 2
years 11 months (range 7 months-5 years) after
operation. Ofthe 1 1 M mode echocardiograms,
10 were of sufficiently high quality to enable
digitisation to be performed (fig 1) as
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previously described.22 Three beats were digit-
ised from each patient. Left ventricular cavity
dimensions and posterior wall thickness were
measured throughout the cardiac cycle (fig 2).
From these we obtained indices of systolic
function (percentage systolic wall thickening,
fractional left ventricular shortening (%), peak
rate of systolic wall thickening (cm/s) and
diastolic function (peak rate of diastolic wall
thinning cm/s, and peak rate of left ventricular
filling cm/s) (fig 3).

All data were expressed as mean (1 SD).
Variables were compared by Student's t test.
The null hypothesis was rejected if p < 0 05.
We compared results obtained with

previously reported normal ranges for children
aged 1-3 and 3-5 years from our hospital.23

Results
There was no operative mortality. One patient
died 38 days after operation during an
unrelated neurosurgical procedure. The mean
peak instantaneous gradient at recent contin-
uous wave Doppler was 41 mm Hg (range 8-
70 mm Hg). A gradient of between 40 and
70 mm Hg was found in seven patients (fig 4)
and one has recently undergone successful
percutaneous balloon dilatation of the aortic
valve. There was no relation between age and
Doppler gradient. Two patients had significant
aortic incompetence clinically and echocar-
diographically; recently one of them under-
went aortic root enlargement and aortic valve
replacement (19 mm St Jude prosthesis) 2
years and 6 months after her initial operation.
At operation the valve was found to be bicuspid
and the original incision that had been taken to
one side of the anterior commissure was
believed to be causing the incompetence. The
postoperative course was complicated by poor
ventricular function and recurrent ventricular
tachycardia and the patient died on the 23rd
postoperative day.
The table shows indices of systolic and

diastolic function obtained from the M mode
echocardiograms. The mean heart rates were
117 (19) (1-3 years) and 99 (24) (3 to 5 years)

Figure 1 M mode
echocardiogram of the left
ventricle at the level of the
mitral valvefrom a 3 year
old patient with previous
critical aortic stenosis.
ECG, electrocardiogram;
phono, phonocardiogram;
IVS, intraventricular
septum; LVPW, left
ventricular posterior wall.
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Figure 2 Computer output of digitised echocardiogram:
(a) normalised rate of change of dimension (d D/dt/D)
(per s); (b) rate of change of left ventricular dimension
(d D/dt) (cm/s); (c) instantaneous change in left
ventricular (LV) dimension (D) (cm); (d) digitisedM
mode echocardiogram (cm).
per minute, which resemble normal rates.2'
There was significant reduction in the value of
percentage systolic wall thickening (p < 0-001)
in children in both age groups (1-5-3 years and
3-5 years). Peak diastolic thinning was
decreased in the group aged 3-5 years (p <
0-02). Other values were not significantly
abnormal. There was only one patient under
1-5 years of age and, although digitisation was
performed, there are no normal data with
which to compare the results in this patient.
However, if the values are compared with the
1-5-3 year group then peak left ventricular
filling and percentage systolic wall thickening
were significantly decreased (p < 0-001) as
were peak diastolic thinning and fractional left
ventricular shortening (p < 0-01). In the child
who died after aortic root enlargement and
aortic valve replacement percentage wall thick-
ening (34-6%) was decreased and fractional left
ventricular shortening (20 5%) was consider-
ably reduced.

Discussion
Our study showed that during the 5 year period
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from September 1982 to September 1987 open
aortic valvotomy for critical aortic stenosis in
infancy was not associated with any early (30
day) mortality. However, we excluded a patient
who retrospectively we considered to have a
hypoplastic left ventricle by established
echocardiographic criteria22' and who died in
the postoperative period. We view patients
with hypoplastic left ventricle as a subgroup in
which others have shown a 100% mortality for
aortic valvotomy.24 Our current practice is to
consider these patients for a Norwood
procedure.26 If, where possible, the deaths of
patients with hypoplastic left ventricle are
excluded from the series ofpatients undergoing
balloon dilatation of the aortic valve, then the
early mortality is 54% and 100% respec-
tively'7 19; however, in another study early mor-
tality was only 19% for all patients.'8
Our retrospective study highlights the need

for careful follow up. Although all the
survivors are well, seven patients had a gradient
of between 40 mm Hg and 70 mm Hg on con-
tinuous wave Doppler. Two patients had con-
siderable aortic incompetence. One patient
died after enlargement of the aortic root and
replacement of the aortic valve. To date, none
of our other patients has required reoperation,
but one has undergone percutaneous balloon
dilatation of the aortic valve. It is likely that

OJ
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Doppler gradient (mm Hg)
Figure 4 Distribution ofpeak instantaneous gradients
from the left ventricle to the aorta as measured by
continuous wave Doppler.

others will need further relief of aortic stenosis
in the near future.

Left ventricular function (in terms of per-
centage systolic wall thickening) was abnormal
in children aged 1-5-3 years and those aged 3-5
years. In addition, diastolic function (in terms
of peak diastolic thinning) was significantly
decreased in -the group aged 3-5 years. This
may reflect the increase in fibrous tissue in the
left ventricle that has been described in adults
with aortic stenosis.27 Other indices were reas-
suringly normal. Longer term follow up will be
required to assess the clinical implications of
these abnormalities of systolic and diastolic
function.

Recently a mortality of 15% for open aortic
valvotomy in infants over a 13 year period with
no deaths since 1979 has been reported.28
However, the patients were slightly older at
presentation than the ones we described
(median age 8 weeks as opposed to 2 weeks).
Allied with the low mortality for open
valvotomy at our hospital, this produces a firm
background of contemporary data against
which other procedures should be judged. At
present we hesitate to adopt a policy ofprimary
percutaneous balloon dilatation of the aortic
valve in infancy. The mean Doppler gradient
across the aortic valve at follow up in the recent
series" was similar to the one that we report
(mean 43 mm Hg compared with 41 mm Hg)
but we found fewer patients with aortic regur-
gitation. It seems likely, therefore, that
intervention will be necessary in several
patients in the future. At repeat valvotomy the
valve cusps have been described as flexible and
non-calcified in most, suggesting maturation of

Left ventricular (LV) systolic and diastolicfunction atfollow up (mean (I SD))

Peak rate of diastolic Peak rate ofLV Systolic wall Fractional LV Peak rate of systolicAge (yr) thinnig (cm/s) filling (cm/s) thickening (%) shortening (%) wall thickening (cm/s)
<1-5(n = 1) 3-0(0-1) 5-3(0-1) 23-4(3-1) 21-7(3-1) 25(07)15-3(n = 5) 3-9(1-24) 9-64(1-83) 38-40(10-30) 31 9(6-7) 2-76(0-81)Normal range (5-0 (1-4)) (9-2 (1-3)) (113 (24)) (32 (7)) (2-9 (1 0))3-5 (n = 5) 4-37 (2-12) 10-17 (4-15) 36-37 (14-18) 39 5 (8 2) 2 92 (0 88)Normal range (8-6 (2 0)) (11-2 (3 7)) (107 (39)) (34 (3)) (3-2 (1-2))

Figure 3 Computer
output of digitised
echocardiogram: (a)
normalised rate of change
of left ventricular posterior
wall thickness; (b)
instantaneous rate of
change of left ventricular
posterior wall thickness;
(c) posterior wall (PW)
thickness measured
continuously.
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the original embryonal structure.6 We have,
therefore, performed percutaneous balloon
dilatation of the aortic valve when repeat
valvotomy has been required.

We thank Dr D Gibson for his advice.
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