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ABSTRACT 

Objective: To evaluate the results of surgical closure of ventricular septal defect (VSD) with special focus on 
immediate complications and mortality. 

Study Design: Quasi experimental study. 

Place and Duration of Study: Pediatric cardiac surgical department of Armed Forces Institute of Cardiology / 
National Institute of Heart Diseases (AFIC/NIHD) from 1stJanuary 2011 to 31st Dec 2012. 

Patients and Methods: All patients undergoing surgical closure of VSD were included in the study. All patients 
underwent detailed pre-operative assessment including detailed examination, blood tests, chest x-ray, 
echocardiography and doppler. The surgery was performed under general anesthesia. VSD was closed using 
polytetrafluoroethylene (PTFE) patch with prolene interrupted sutures. Good post operative care was ensured. 
The patients were discharged on 7th post-operative day and advised follow up after one week.  

Results:A total of 230 consecutive patients underwent VSD closure with male to female ratio of 2.2:1and mean 
age was 5.7±6.5 years. Mean height was 94.8 ± 31.4 cms and mean weight was 15.3 ± 12.6 kgs. Per membranous 
VSDs were most common accounting for 67.4% of cases. Indications for surgery were moderate to large VSDs 
(77.8%), associated with other congenital heart diseases (CHDs) (8.3%), coronary cusp prolapse with or without 
aortic regurgitation (13.5%) and infective endocarditis (0.4%). In one case aortic valve replacement was also done 
for severe aortic regurgitation due to gross right coronary cusp prolapse. There were 10 (4.3%) deaths in study 
population and their mean age was 3.5 ± 5.5 years. In 02(0.9%) patients, permanent pacemaker was also 
implanted. 

Conclusion: Open heart surgery for VSD is safe with low mortality in experienced hands. 
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INTRODUCTION 

Ventricular septal defect (VSD) is the most 
common congenital heart disease (CHD), and 
accounts for about 20-25% of CHDs and in a 
recent article from India, echocardiographic 
based prevalence was 5.7 per 1000 live births1-3. 
VSDs are commonly classified into small, 
moderate and large defects by comparing the 
defect size with aortic root. Small defects 
(ascribed to Rogier after his initial description) 
carry good prognosis with high chances of 
spontaneous closure, whereas most of moderate 
and almost all of large VSDs need to be closed. 
Perimembranous ventricular septal defects are 
the commonest type of VSDs3,4. Large untreated 

VSDs arecomplicated by congestive cardiac 
failure, severe pulmonary hypertension, 
recurrent pneumonia, failing to thrive, infective 
endocarditis, aortic valve prolapse and aortic 
regurgitation4,6-8. Historically, infants with a large 
VSD were initially palliated by pulmonary artery 
banding (PA band) to decrease the pulmonary 
blood flow9. In these cases, de-banding and VSD 
closure was done at later age. Nowadays, 
pulmonary artery banding is rarely used and 
primary closure even in young infants is 
preferred. Management of patients with VSDs 
depends upon characteristics of the defect, 
patient's age and symptoms, pulmonary vascular 
resistance, and any associated cardiac and non-
cardiac defects9. Though percutaneous 
transcatheter closure of VSDs are now being 
practiced but are limited to mostly mid muscular 
defects10,11. Gold standard treatment for moderate 
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/ large defects is surgical patch closure with high 
success rate and low complication rates12. 
Important post surgical complications include 
residual defects, varying degree of heart blocks & 
pulmonary hypertensive crisis13,14. Rare post 
operative complications include chylothorax, 
chylopericardium and constrictive pericarditis15. 

The purpose of this study was to determine 
the indications, outcome and associated 
complications of surgical closures of VSDs 
(isolated or associated with ASD or PDA) over a 
period of 02 years at our institution.  

PATIENTS AND METHODS 

This quasi-experimental study was carried 
out at paediatric cardiac surgical department of 
Armed Forces Institute of Cardiology / National 
Institute of Heart Diseases Pakistan (AFIC - 
NIHD),from 1st Jan 2011 to 31st Dec 2012. All 
patients, who underwent surgical closure of VSD 
during study period, were included. Patients 
with primary diagnosis of VSD were included 
and associated lesions were restricted to atrial 
septal defect (ASD), patent ductus arteriosus 
(PDA), coronary cusp prolapse and sub aortic 
membrane. Cases with complex CHDs like 
tetralogy of Fallot & VSD associated with any 
form of right ventricular (RV) outflow 
obstruction, transposition of great arteries, 
tricuspid atresia and truncus arteriosus were 
excluded. All patients underwent detailed pre-
operative assessment including detailed history, 
physical examination, blood complete picture, 
chest X-ray and detailed 2-D 
echocardiography/doppler study. The 2-D 
echocardiography was done by paediatric 
cardiologist to determine the anatomical location, 
size, pressure gradient (PG) across the defect, 
pulmonary artery pressures, presence of left 
atrial & ventricular volume over load and 
presence of any associated cardiac anomalies. M-
Mode measurements of left atrial and left 
ventricular end-diastolic and end-systolic 
dimensions were made in the para-sternal long 
axis view. Diagnostic cardiac catheterization was 
performed in children with nonrestrictive 

moderate to large VSD, over two year of age (for 
Down syndrome, more than one year of age). 
Patients with pulmonary vascular resistance of 
less than 08 woods unit square meters were 
offered surgery. 

All patients were admitted at least 48 hours 
before surgery for completion of investigations. 
After written consent and pre-anaesthesia 
assessment, patients were taken to operation 
theater with at least six hours of nil per mouth. 
General anaesthesia (GA) followed by median 
sternotomy was performed. After pericardiotomy 
and aortic / bi-caval cannulation, cardio-
pulmonary bypass was established. Aortic root 
clamped and followed by cardioplegia. In 
majority of cases, right atriotomy done to reveal 
the anatomy. VSD was closed using 
polytetrafluoroethyleue (PTFE) patch with 
prolene interrupted sutures. After ensuring 
complete closure of VSD (along with ASD closure 
& PDA interruption, where indicated), wound 
was closed and hemostasis ensured. Post 
operative care included ventilator support, 
inotropic supports, fluids and electrolyte 
management. As per protocol, patients were 
usually discharged on 7th post operative day and 
followed up outdoor after one week. 

The variables like patient’s age, gender, 
residence, size and type of VSD and procedural 
details, height and weight, main pulmonary 
artery systolic pressure, age at operation, use of 
deep hypothermia, use of cold cardioplegia, 
aortic cross-clamp time, right ventricular incision, 
peri-operative complications, residual lesions 
were recorded. Major complications, including 
death, heart blocks, sepsis, major bleeding, 
reopening, significant residual leak, valvular 
damage and thrombo-embolism were recorded.  

Data had been analyzed using statistical 
package for social sciences (SPSS) version 17. 
Mean and standard deviation (SD) were 
calculated for quantitative variables. Frequency 
and percentages were calculated for qualitative 
variables.  
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RESULTS 

Two hundred and thirty consecutive 
patients underwent VSD closures during study 
period at our institution with male to female ratio 
of 2.2:1, mean age was 5.7 ± 6.5 years, mean 
height was 94.8 ± 31.4 cms and mean weight was 
15.3 ± 12.6 kgs. Mean stay in intensive care unit 
was 74.9 ± 63.8 hours, mean duration of 
ventilation was 19.5 ± 31.5 hours and mean 
duration of inotropic support was 42.9 ± 54.8 
hours. Isolated perimembranous type VSDs were 
most common accounting for 67.4% of cases. 
Associated lesions included ASD (5.2%), PDA 
(6.5%),Aortic cusp prolapse (13.5%), moderate to 
severe aortic regurgitation (03%) and two (0.9%) 
cases of associated sub aortic membrane. 
Indications for surgery were: Moderate to large 
VSD (77.8%), associated with other CHDs (8.3%), 
Coronary cusp prolapse (13.5%) and infective 
endocarditis (0.4%). In 14 (6.1%) cases, PDA was 
also interrupted whereas in 12 (5.2%) cases 
surgical ASD closure was also performed. In two 
(0.9%) cases, there was sub-aortic membrane 
which was resected during surgery. In one (0.4%) 
case aortic valve replacement (AVR) was also 
done due to severe aortic regurgitation (AR) due 
to gross right coronary cusp prolapse. In post 
operative course, 37(16.1%) cases were given no 
inotropic drugs, whereas 193 (83.9%) patients 
required dopamine. In 31(13.5%) cases, additional 
support was also required. Pulmonary 
vasodilator (Sildenafil) was given in 85 (37%) 
cases. 

There were 10 (4.3%) deaths in study population 
and nine (3.9%) were males. Their mean age was 
3.5 ± 5.5 years, mean weight was 10.9 ± 8.9 kgs 
whereas mean height was 81.5 ± 20.9 cms. Mean 
stay in intensive care unit was 128.6 ± 147.4 
hours, mean duration of ventilation was 67.4 ± 
110.9 hours and mean duration of inotropic 
support was 76.3 ± 138.5 hours. All occurred in 
first two weeks and causes of deathswere 
pulmonary hypertension, sepsis, low output 
cardiac state. 

In 60 (26.1%) cases, atrial fibrillation while in 22 
(9.6%) cases ventricular tachycardia was 
encountered. In 43 (18.7%) cases, complete heart 
block occurred needing temporary pacing 
whereas in 02 (0.9%) patients, permanent 
pacemaker was implanted. 

Re-opening in 35(15.2%) cases due to bleeding, 
post cardiotomy pericardial effusion in 15(6.5%) 
cases and significant residual leaks in 05(2.2%) 
cases. 

DISCUSSION 

Surgical closure of VSD is definitely a gold 
standard treatment for all types of VSDs, when 
closure is indicated12. In this study, we are 
reporting about 96% survival for 230 cases, which 
were operated for VSD at our institution over 
two calendar years. Mean age in our patients was 
5.7 ± 6.5 years and ranged from 03 months to 35 
years, quite similar to 7.4 years as reported by 
Vaidyanathan et al5. This finding is remarkable, 
when considering the fact that in developed 
countries, primary VSD closure is usually done 
much earlier and this contradiction needs further 
elaboration. In our country, due to poor health 
structure & lack of awareness, parents usually 
report late to hospitals and secondly there are 
only few centres in our country with facilities of 
paediatric cardiac surgery. Another unfortunate 
fact is that many of our doctors as well as parents 
believe in the fact that many of heart holes close 
spontaneously. Many such patients either 
become inoperable with severe pulmonary 
hypertension, or may progressively develop 
infundibular bands / coronary cusp prolapse. We 
strongly feel that in our country, immediate 
attention should be paid to major health reforms 
as well as community education. Every child 
with pathological heart murmur should be 
followed with paediatric cardiologist. 

Historically, infants with a large VSD were 
initially palliated by pulmonary artery banding 
(PA band) followed by de-banding and VSD 
closure at later age9. Nowadays, pulmonary 
artery banding is rarely used and primary closure 
even in young infants is preferred. VSDs are 
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usually classified into four sub-types and in our 
study perimembranous type VSDs were the most 
common accounting for 67.4% of cases. Male 
patients dominated our study population as also 
reported by another study from our country3. In 
our study, main indications for surgery isolated 
moderate to large VSD with left ventricular 
volume overload, VSD associated with other 
CHDs, coronary cusp prolapse with or without 
aortic regurgitation and a single case of infective 
endocarditis due to restrictive perimembranous 
VSD. We used median sternotomy for VSD 
closure in our study population, though in 
literature, approach through right thoracotomy is 
also being reported16. In 6.5% cases, PDA was 
also interrupted whereas in 5.2% cases surgical 
ASD closure was also performed. In two (0.9%) 
cases, there was sub-aortic membrane which was 
resected during surgery. In one case AVR was 
also done due to severe AR due to gross right 
coronary cusp prolapse.  

In our cohort, right heart catheterization was 
performed in 50 (21.7%) cases, which 
documented reversible pulmonary vascular 
resistance with high flow 100% oxygen 
inhalation. We used pulmonary vascular 
resistance (PVR) of less than 08 woods units after 
oxygen inhalation to be cut off limit for offering 
cardiac open heart surgery. Those patients with 
high post operative PVR, managed in intensive 
care with minimal pain or obnoxious stimuli, 
ventilation & pulmonary vasodilators. We used 
sildenafil in our patients with satisfactory 
response. In cases with high PVR, leaving an 
atrial communication or double flap VSD patch 
closure to decrease the morbidity and mortality 
associated with the closure of large VSD in high 
risk cases may be attractive options17,18. In our 
study population, the mortality rate was 2.3%. 
Importantly their age, height, weight was 
significantly less than those, who survived. And 
for obvious reasons, their stay in intensive care 
and hours of ventilation were significantly more 
than survivor group, the same finding is 
endorsed by Vaidyanathan et al as well5. In 43 
(18.7%) cases, complete heart block occurred 

needing temporary pacing whereas in 02 (0.9%) 
patients, permanent pacemaker was implanted. 
Post cardiotomy pericardial effusion occurred in 
15 (6.5%) cases and significant residual leaks in 05 
cases. The issue of significant residual patch 
leakwas more common with continuous sutures 
of patch closure of VSDs19.  

Limitations of our study: Being a single 
center study, with no randomization and no 
follow-up. 

CONCLUSION 

Open heart surgery for ventricular septal 
defect is safe with low mortality and morbidity in 
experienced hands. 
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