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ABSTRACT
Objective: This study aimed to review a ten years experience of surgical closure of ventricular septal
defect in infants, assessing the postoperative clinical and hemodynamic results.
Patients and Methods: During the study period between Jan 1991 to Jan 2001,a total of 153 patients
aged less than two years, underwent surgical closure of ventricular septal defect. Follow up evaluation
include clinical symptoms, electrocardiogram, 2-dimensional echocardiography and cardiac
catheterisation. The main indications for follow up cardiac catheterisation were: persistent respira-
tory symptoms, a clinical or echocardiography signs of residual leak across the VSD and improper
weight gain.
Results: Follow up was completed in 150 patients. Cardiac catheterisation was performed in 42
patients. 132 patients (88.0%) had complete resolution of their preoperative symptoms. Complete
closure of the ventricular septum was achieved in 115 patients (76.6%). 28 patients (18.7%) had small
residual leak across the septum, 6(4%) patients had significant leak across the septum and needed a
second operation to close the defect, and five patients (3.3%) had small leak and mild pulmonary
hypertension, but the calculated left to right shunt was <1.5:1 and they needed medical treatment for
one year. Persistent severe pulmonary hypertension was noticed in one patient who underwent atrial
septostomy. The mean pulmonary arterial pressure dropped from 60 mmHg to 27 mmHg. Three
patients (2.0%) had complete heart block and needed an insertion of permanent pacemaker. The
hospital mortality of the entire group was 1.30 % and there was no late mortality.
Conclusion: Surgical closure of ventricular septal defects at an early age resulted in resolution of
symptoms, satisfactory 2-dimensional echocardiography and Doppler findings and further reduction
in pulmonary artery pressure as early as three months in most patients.
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INTRODUCTION

Isolated ventricular septal defect (VSD) is the
commonest lesion in the congenital heart dis-
ease, with an incidence of at least 12 per ten
thousands live birth, and surgical closure of
VSD is one of the most common open heart
procedures performed in paediatric cardiac
surgery1.

The primary surgical repair of the ventricu-
lar septal defect in infancy has become increas-
ingly common in recent years and is now the
procedure of choice in many centres. Several
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studies2-4 have demonstrated a lower operative
mortality for primary closure when compared
with a two-staged approach with initial pul-
monary artery banding. As outlined in earlier
reports5,6, direct surgical closure of a large VSD
has been recommended for infants demonstrat-
ing intractable congestive heart failure, persis-
tent or recurrent pneumonia, marked growth
retardation and severe pulmonary hyperten-
sion (that is, pulmonary arterial pressure
greater than 75% of the systemic pressure). This
study aimed to review a 10 years experience
with primary closure of ventricular septal de-
fect (VSD) in infants, assessing pre and post-
operative hemodynamic data and clinical fol-
low up.

PATIENTS AND METHODS

The patient population consisted of 153 con-
secutive patients who had undergone surgical
closure of isolated ventricular septal defect in
Queen Alia Heart Institute, King Hussein
Medical Centre, in Jordan during the period
between 1992-2002 (Queen Alia Heart Insti-
tute is the national heart canter in Jordan with
an average 130-150 surgery for congenital
heart diseases each year). All patients have had
regular follow up visit at two weeks, 6 weeks,
and 12 weeks postoperatively and then accord-
ingly every 3-9 months. During each visit the
patient’s evaluation include: clinical evaluation,
12-leads electrocardiogram, two-dimensional
and Doppler echocardiography assessment of
left ventricular end diastolic diameter
(LVEDD), and leak across the VSD.A total of
42 patients underwent follow up cardiac
catheterisation after the surgery. The time in-
terval between surgery and re-catheterisation
was ranging from 3 to 6 months. All the 42
patients underwent right and left heart
catheterisation, oxygen saturations, pressure
measurement, and calculation of pulmonary
vascular resistance at rest and during oxygen
administration for 20 minutes if needed; left
ventricular angiogram to demonstrate the pres-
ence of residual leak were done.

RESULTS

Three patients were lost to follow up and
they were excluded from the study. The fol-
low up was completed in 150 patients (98%).
There were 81 males and 69 females. The mean
age at diagnosis was 1.4 months  (Range, one
day to 22 months). The mean age at surgery
was 8.0 months (Range, 4.0 months to
24 months). Pulmonary artery banding was
performed before corrective surgery in 4 chil-
dren, all of which were performed in young
infants with very low weights and in the same
session underwent closure of associated patent
ductus arteriosus in two patients and correc-
tion of coarctation of aorta in two patients. In
the early postoperative period the hospital
mortality rate of the all-entire group was
1.30%; we lost two patients: the first one aged
4 months died secondary to intractable heart
failure and persistent low cardiac output,
while the second patient aged 4.0 months died
of Gram-negative septicaemia. Fortunately no
late deaths were reported.

Clinically 132 patients (88.0%) had complete
resolution of their preoperative symptoms
while 11 patients continued to show respira-
tory symptoms, albeit less than their preopera-
tive state, and 7 patients had failure to gain
appropriate weight. Electrocardiogram
showed complete heart block in three patients,
all of which were managed by implantation of
permanent pacemaker device. The finding on
2-dimensional echocardiography and Doppler
colour study were: Complete closure of the
defect in 116 patients (76.6%), small nonsig-
nificant leak across the septum in 28 patients
(18.6%), and large residual leak in 6 patients
(4.0%). At follow up visit, the mean left ven-
tricle end diastolic dimension (LVEDD) and left
ventricle end diastolic dimension indexed for
body surface area LVEDDi (LVEDD/BSA)
were 2.4±0.3 cm and 7.5±0.7 cm respectively
Considering both LVEDD and LVEDDi, the left
ventricle size was normal in 121 patients
(80.7%), borderline in 18 patients (12.0 %) and
above normal in 11(7.30%). We performed
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cardiac catheterisation follow up in 42 patients,
the indications of the study were: failure to gain
appropriate weight  and/or persistence of res-
piratory symptoms in 11 patients and residual
leak across the defect in 31 patients. The
recatheterization study showed: small leak
across the defect and trivial left to right heart
shunt (pulmonary flow: systemic flow <1.3:1.0)
in 30 patients while 6 patients had significant
leak across the VSD, left to right shunt, (pul-
monary flow: systemic flow) >2:1 and high
pulmonary arterial pressure; needed a second
attempt of closure. Five patients (3.3%) had
small leak and mild pulmonary hypertension,
but the calculated left to right shunt was sig-
nificant >1.5:1 and they needed a treatment of
digoxin and furosemide treatment for one
year. One patient aged 1.2 year had a persis-
tent severe pulmonary hypertension; needed
surgical atrial septostomy to decompress the
right heart and was kept on digoxin and furo-
semide treatment. Table-I shows the postop-
erative hemodynamic data following the VSD
closure.

DISCUSSION

No controversy exists regarding early closure
of an unrestrictive VSD in order to avoid pul-

monary vascular obstructive disease, but sur-
gical closure of a restrictive VSD in an asymp-
tomatic patient with a modest or even small
shunt is more controversial. In our group of
patients all had a sizable VSD, left to right
shunt, pulmonary hypertension and cardio
respiratory symptoms, which made the surgi-
cal closure of the defects mandatory .In addi-
tion to the clinical improvement of cardio- res-
piratory status and growth, the two dimen-
sional echocardiography and Doppler exami-
nation postoperative follow up of these patients
had showed normal findings of the left ven-
tricle mechanics in most patients. In his study,
Pacileo G7 et al. data suggest that, in the pres-
ence of a large ventricular septal defect, early
successful surgical repair <2 years of age re-
sults in complete recovery of left ventricular
mechanics in the postoperative follow-up. In
contrast, surgical closure at >2 years of age,
even for a moderately sized ventricular septal
defect, deleteriously affects postoperative left
ventricular geometry and shape. Pulmonary
hypertension and high pulmonary vascular
resistance were present preoperatively almost
universally in this group of patients (table-II).
While at follow up catheterisation; significant
pulmonary hypertension, significant residual

Table-II: The preoperative hemodynamic data of the 42 patients, PAP (pulmonary
arterial pressure), SP (systemic pressure), QP/QS (pulmonary /systemic flow ratio),

PVR (pulmonary vascular resistance)

Age Sex Weight PAP SP QP/QS PVR
(month) Male/female (KG) (mmHg) (mmHg) Mean- (unit)
Mean-range Mean-range Mean-range Mean-range range Mean-range

8(4-24) 81/69 6.0(3.5-11) 60(50-110) 90(65-110) 2.5(1.7-4.5) 6.5(3.4-9)

Table-I: The postoperative hemodynamic data of the 42 patients, PAP (pulmonary
arterial pressure), SP (systemic pressure), QP/QS (pulmonary /systemic flow ratio),

PVR (pulmonary vascular resistance)

Age Sex Weight PAP SP QP/QS PVR
(month) Male/female (KG) (mmHg) (mmHg) Mean- (unit)
Mean-range Mean-range Mean-range Mean-range range Mean-range

11.6(8- 28) 23/19 7(5-14) 27(19-70) 90(75-110) 1.16(1.1-3.0) 2.5(2.8-8.6)
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leak and high pulmonary vascular resistance
were demonstrated in 4%, one patient devel-
oped severe persistent pulmonary hyperten-
sion without any leak; these results are consis-
tent with other reports7 which suggest that the
risk of developing irreversible pulmonary vas-
cular changes in the first year of life even in
the presence of high PAP, high resting pulmo-
nary vascular resistant (PVR) and large shunt
is very low in infant with VSD as their primary
cardiac malformation. Recently Zhu WH et al.
came to a conclusion that an early operation
may be the only way to decrease the incidence
of pulmonary vascular disease in children with
pulmonary hypertension due to ventricular
septal defect.8

Re-operations because of patch leakage were
performed in six children (4%), which is simi-
lar to the rate reported in other studies (0.6-
4.7%).9-15 Five patient without appropriate im-
provement after repair showed small leak, and
normal pulmonary pressure but significant
shunt across the defect; we could control their
symptoms with medical therapy and in sev-
eral months they grew out of the symptoms
and the leak decreased significantly in two
years. In G. Bol-Raap et al. patients trivial re-
sidual shunting disappeared spontaneously at
a median follow-up time of 3.9 years and dur-
ing follow-up no patient needed to be reoper-
ated for residual VSD16.

The occurrence of early postoperative
arrhythmias after repair of congenital heart
disease was significantly associated with pro-
cedure-related risk factors17, the presumed
mechanism is trauma to the atrioventricular
node or the bundle of His before its bifurca-
tion18,19. Twenty years ago the reported inci-
dence of complete heart block after closure of
VSD was ranging from 0-11%6,20-23. Our result
1.9% approaches those of recent studies16.

In studies based on cases with surgery per-
formed before 1980, primary closure of VSD
in infant reported a mortality rate of 2.4% to
24%6,19-21,25-27; while in the last decade mortal-
ity rate is similar to the one seen in the present
study; mortality rates ranging between 0% and
3.7% in later years.6,9,16,28 The explanation for

these improved surgical results is multifactor,
related to factors such as improvements in the
management of extracorporeal circulation in
small children, improved surgical techniques,
and better postoperative care.

CONCLUSION

Clinical,2-dimensional echocardiography
and hemodynamic changes following the sur-
gical closure of the ventricular septal defect at
infancy showed significant improvement in
symptoms and further reduction in the pulmo-
nary pressure and pulmonary vascular resis-
tance as early as 3 months in most patients,
rarely some patients needed another attempt
of closure of the residual VSD leak.
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