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Abstract
Background and Aims: Factors responsible for complications and outcomes of surgical closure of ventricular septal

defect differ between different cardiac centers globally. In this study, we tried to evaluate outcomes and predictors of morbidity
and mortality of surgical closure of VSD in a single center.
Methods: The retrospective cohort study was conducted in Shahid Gangalal National Heart Centre from 14th April 2018 to
13th April 2020. It included consecutive series of patients undergoing ventricular septal defect closure as a primary surgery
Results: Out of a total 166 patients, males were 100 (60%). Adverse complications occurred on 36 (21%) with mortality of 6
(3.6%). The age ranged from 4 months to 35 years. The weight <10 kgs at the time of operation had significant post-operative
prolong ventilation duration (more than 6 hours) with a p value of 0.012; significant prolong ICU stays (>2 days) with a p
value of <0.001; significant prolong hospital stay (> 7 days) with a p value of <0.001. The longer CPB time was associated
with significantly prolonged ventilation duration (p value 0.001); significant longer ICU stay (p value 0.02). The age <1
year at the time of operation had significant prolonged ICU stay; significantly prolonged hospital stays (p value of 0.033).
Severe pulmonary artery hypertension (PAH) and weight up to 10 kgs at the time of operation demonstrated a trend towards
association with mortality.
Conclusion: Surgical VSD closure can be done with acceptable level of mortality and morbidity in our context.
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Introduction

Ventricular septal defect (VSD) is the most common cardiac
anomaly in children and is the second most common congenital
heart anomaly in adults, after the bicuspid aortic valve1. Ventricular
septal defect includes 40% of congenital heart diseases and occurs
0.34 to 2.68 per 1000 live births.2 Since the first successful repair of
VSD was done by Lillehei and colleagues in 1957, surgical closure
of VSD remains the most common pediatric cardiac procedure3,4.
The nature of complications and outcomes for ventricular septal
defect repair differ between developed and developing countries5.
Although, mortality and morbidity of surgical closure have reduced
significantly in western countries; surgical outcome remains poor
for patients in the younger age group and with low body weight
at the time of surgery6,7,8. Studies published during the past decade

had evaluated and analyzed risk factors and considered low body
weight for children, associated conditions like severe pulmonary
artery hypertension (PAH), syndromic children were causes for
high morbidity and mortality of VSD closure9. In recent times,
there are conflicting data regarding weight at the time of operation
as risk factors for complications. Contemporary result of surgical
VSD closure, published in 2017, was excellent with low morbidity
and no mortality; low body weight has association with increased
ventilation duration but does not have an association with adverse
outcome10.
VSD closure has been a regular surgery at our center since
its inception. The surgical VSD closure constitutes 20 % of all
congenital heart surgery in our institute11. To our knowledge, the
outcome, and factors affecting its outcome are not systematically
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evaluated yet in our context. We do not know either low body
weight in children, age less than one year at the time of operation;
an associated condition like severe pulmonary hypertension, patent
ductus arteriosus, atrial septal defect or regurgitation of mitral, aortic
and tricuspid valve and prolong bypass time and prolong aorticcross clamp time do have a significant role in the surgical outcome in
our contest. With the introduction of device closure of VSD, present
results of surgical closure are equally necessary to know for a current
benchmark of treatment10. The purpose of this study is to assess both
baseline characteristics, a risk factor for morbidity and mortality of
VSD closure at Shahid Gangalal National Heart Center (SGNHC),
Kathmandu, Nepal from 14th April 2018 to 13th April 2020 (two
calendar years).

Methods

All patients who underwent surgical closure of VSD between
14th April, 2018 and 13th April 20, 2020 at Shahid Gangalal
National heart Center, Department of cardiovascular surgery were
retrospectively reviewed.
Isolated VSD and VSD with concomitant Atrial Septal Defect
(ASD), Patent Ductus Arteriosus (PDA), Patent Foramen Ovalle
(PFO), regurgitation of mitral, aortic and tricuspid valve who had
undergone valve repair, valvular pulmonary stenosis was included
in the study, where VSD closure was the main indication for the
surgery. VSD with prior main pulmonary artery banding and prior
coarctation of aorta repair were also included. All age groups were
considered in the study population. Patients with VSD of other
complex cardiac anomalies including Atrio-ventricular septal
defect (AVSD), Tetralogy of Fallot (TOF), Double outlet right
ventricle (DORV), Transposition of The Great Arteries (TGA),
Truncus arteriosus (TA), post infarction VSD, and patients who had
undergone VSD closure with valve replacement were excluded.
Hospital medical records of these patients were retrospectively
reviewed with the permission of the hospital authority. After the
clearance of the institutional review board of hospital, study was
started. The Performa was created and data of patients meeting with
the inclusion criteria were collected from operation theater record
book, ICU record book, perfusion sheet and patient’s files. The
preoperative characteristics, echocardiography findings, age, sex,
weight, concomitant lesion; operative findings like, the location of
VSD, concomitant lesion and operation, aortic-cross clamp time,
cardiopulmonary bypass time; post-operative ventilation duration
in minutes, ICU stay in days, post-operative hospital stay in days,
mortality and complications were examined. Outcomes were
assessed throughout the hospital stay for operation. Ventilator support
duration of less than 6 hours after the transfer to ICU were considered
early extubation12. Intensive care unit (ICU) stay of more than 2 days
and a hospital stay of more than 7 days considered prolong ICU stay
and prolong hospital stay respectively. Indication for surgery was
sorted out following standard guidelines. Echocardiography had
been done by pediatric cardiologist of the institute. Severe PAH was
considered by echocardiograph evaluation. The location of VSD
was determined by intra operative findings and categorized into four
categories: perimembranous, supracristal, inlet and muscular.
We examined the prevalence of the following adverse events:
reintubation, transient heart block, need of permanent pacemaker,
seizure, pneumonia, residual VSD, residual mitral regurgitation
(MR), residual tricuspid regurgitation (TR), residual aortic
regurgitation (AR), chylothorax, and death.
Surgical Technique

Median sternotomy was done in all patients. Cardiopulmonary
bypass established with aortic and bi-caval cannulation. Cardioplegic
cardiac arrest was achieved with del Nido or St Thomas cardioplegic
solution according to the operative surgeon’s preference. Ventricular
septal defect was assessed and closed through right atriotomy

in most of the cases. Only in few cases, VSD closed through the
transaortic or transpulmonary approach, where it was appropriate.
Polytetra Fluoroethylene (PTFE) patch using 5-0 prolene sutures
mostly in continuous fashion were used for closure. Only in few
cases, VSD was closed using interrupted sutures. Very few cases had
undergone direct suture closure of VSD. Concomitant lesions like
ASD closure, PDA ligation, PFO closure along with repair of mitral,
aortic, tricuspid valve and pulmonary valvotomy were performed as
indicated in the same setting. After the completion of all steps of
surgery, patients were transferred to ICU under ventilator support.
Statistical Analysis

Statistical analysis was performed using IBM SPSS statistics
(version 20.0.0). The Kolmogorov-Smirnov test was used to
verify whether the data were normally distributed or not. Only
birth weight and bypass time were normally distributed, all other
continuous variables were non-normally distributed. The mean and
standard deviation were used to describe normally distributed data,
for not normally distributed data medians and ranges to describe
the variables. Frequencies and percentages were used to describe
categorical data. Univariate analysis was done using a univariate
logistic regression model. Determinants that were univariately
associated (p<0.1) with the outcome were included in a multivariate
logistic regression model to verify whether they were independent
predictors.

Results

There were 166 ventricular septal defects (VSD) closure patients
who met the inclusion criteria during the study period. Patients’
characteristics are presented in Table 1. Sixty percent of patients
were male. The median age of the patient was 2 (1-6) years and the
median weight of the patient was 10 (7-16.25) kgs. Fifty percent
of the patients operated on were between the ages of 1 to 6 years.
Twenty percent of the patients were within one year of age. The
youngest patient operated on was of 4 months and the oldest patient
was of 35 years. Forty eight percent of the patients were up to 10 kgs
at the time of operation.
.
Table1: Patient Characteristics
Frequency (%)
Sex
Male

100 (60.2)

Female

66 (39.8)

Age
< 1 year (yrs)

34 (20.5)

1 - 6 years

84 (50.6)

6 years to 18 years

42 (25.3)

18 years and above

6 (3.6)

Median Age (Yrs)

2 (1-6)

Age range

4 mon-35 yrs

Wt. in Kgs
< 10

81 (48.8)

10+

85 (51.2)

Median Weight (kgs)

10 (7-16.25)

Range

4.5-74

Associate lesion:
Patent Foramen Ovale (PFO)

40 (24)

Atrial Septal Defect (ASD)

35 (21.1)
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Patent Ductus Arteriosus
(PDA)

32 (19.2)

Pulmonary Stenosis (PS)

4 (2.4)

Mitral Regurgitation (MR)

30 (18)

Tricuspid Regurgitation (TR)

55 (33)

Aortic Regurgitation (AR)

6 (3.6)

Prior Coarctation of Aorta
(CoA) Repair

1 (0.6)

Prior Main Pulmonary Artery
(MPA) banding

2 (1.2)

A total of 36 (22%) patients had a minimum of one complication.
Eighteen (11%) of patients had more than one complication.
We examined the prevalence of the following adverse events:
reintubation, transient heart block, need of permanent pacemaker,
seizure, pneumonia, residual VSD, residual MR, residual TR, residual
AR, chylothorax, and death. Multivariate regression analysis for the
association of complication with patient’s weight, age and CPB time
was not done. Transient heart block was with 14(8.4%) patients.
Four (2.4%) patients received a permanent pacemaker for complete
heart block before discharge. Diaphragmatic palsy occurred with
one patient and had undergone diaphragmatic plication. Altogether
there was six (3.6%) mortality.

Minimum of one associated lesion was present in 60% of
patients. PFO associated with 40 (24%), ASD associated with 35
(21.1%), PDA associated with 32 (19.2%). Fifty-six per cent of the
patients were with severe pulmonary hypertension. One patient had
coarctation of aorta repair before VSD closure. Pulmonary artery debanding and VSD closure had done with two patients. One patient
had dislodged VSD closure device and subsequently underwent
emergency retrieval of an embolized device with surgical closure
The operative and post-operative characteristics are presented
in table 2. The most common VSD location was perimembranous
102 (61.4%). The Second most common location of VSD was
supracristal (sub arterial) 47 (28.3%). Mean aortic cross-clamp time
was 42.48 + 18.2 minutes. Minimum AOX time was 18 min and
max 128 min. Early postoperative extubation (that is within 6 hours)
was performed in 79.5 % of patients. The postoperative ventilatory
duration was a minimum of 70 minutes and a maximum of 481 hours
(20 days). Fifty per cent of patients had stayed in ICU for up to
2 days. The minimum ICU stay was one day and a maximum of
39 days. Post-operative hospital stays a minimum of 3 days and a
maximum of 49 days. Median postoperative ventilation duration,
ICU stay, and hospital stays were 200 minutes, 2 days and 5 days
respectively.
Table 2: Operative and post-operative characteristics (n = 166)
Variables

Frequency

CPB time
less than mean CPB time with

80 (48.2%)

more than mean CPB time with 86 (51.8%)
Mean duration (SD) in min

67.69(24.50)

Min-Max CPB time in min

33-170

Ventilation in HR
<= 6.00 hours

132(79.5%)

>6 hours

34 (20.5%)

Median (in min)

200 (150-300)

Min-Max

70 min-481 hours

Table 3: Complications
Complication

84 (50.6%)

>2

82 (49.4%)

Median

2 (2-3)

Min-Max

1-39

Post-op Hospital Stay (in days)
<= 7

124 (74.7%)

>7

42(25.3%)

Median

5 (4-8)

Min-Max

3-49

N (Percent)

Reintubation

12 (7.2)

Complete heart block

4 (2.4)

needed of Pacemaker

4 (2.4)

Transient heart block

14 (8.4)

VSD residual Leakage

9 (5.4)

residual TR

6 (3.6)

Residual MR

5 (3)

seizure

5 (3)

Chylothorax

1 (0.6)

Pneumonia

7 (4.2)

Diaphragmatic Palsy

1 (0.6)

Mortality

6 (3.6)

Weight less than 10 kgs at the time of operation had significantly
longer ventilation duration, significantly longer ICU stays, and
significantly longer hospital stay. Likewise, longer cardiopulmonary
bypass time had significantly longer ventilation duration and
significantly longer ICU stays but doesn’t have a relationship with a
longer hospital stay. Age less than one year had significantly longer
ICU stay and significantly longer hospital stay but there was no
relationship with longer ventilation duration.
In this study, severe PAH and weight up to 10 kgs at the time of
operation demonstrated a trend towards association with mortality
although not quite reaching statistical significance. Four patients died
on the first post-operative day most likely due to severe pulmonary
hypertensive crisis. Two patients died on 3rd and 4thPost due to low
cardiac output syndrome, which may be due to poor myocardial
protection during cardiac arrest.
Table 4: Multivariant analysis: risk factors for longer stay or
ventilation time.
Post-op Hospital Stay
(>7 days)

post-operative ICU stay (in
days)
<= 2

41

OR (95% CI) p-value

Post-op time at ICU
>2 days

Post-op Ventilation
> 6 hours

OR (95% CI) p-value OR (95% CI) p-value

Longer
CBP (more
1.016
0.965
than mean (0.501-2.062)
Time)

2.083
(1.1`21-3.87)

4.103 (1.65510.173)

0.001

Weight at
operation
<10 kg

4.544
2.242 (1.068<0.001
(2.366-8.729)
5.044)

0.047

2.587
(1.67-5.736)

0.763

Age (<1
years)

4.779 (2.147<0.001
10.636)
2.11 (1.924.82)
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Table 5: Relationship between pulmonary artery hypertension
(PAH), age and weight (Wt) with mortality.
Mortality
NO
PAH

Age in
Years

Wt in
Kgs

YES

OR
(95%CI)

p-value
0.525

Mild/
mod

72
(98.6)

1 (1.4)

4.09
(0.4735.81)

Severe

88
(94.6)

5 (5.4)

1

<1
years

32
(94.1)

2 (5.9)

1

1 year
and
above

128
(97.0)

4 (3.0)

2.00
(0.3511.41)

< 10

76
(93.8)

5 (6.2)

1

10+

84
(98.8)

1 (1.2)

5.53
(0.6348.37)

Discussion

0.435

0.123

This study evaluated outcomes of VSD closure surgery at a
single institute, tertiary level cardiac center of Nepal. VSD closure is
a relatively safe and expeditious procedure with low morbidity and
mortality. Despite advances in surgery; preoperative co-morbidities,
cardiopulmonary bypass, and post operative cardiac critical care all
together plays major role in the outcome of the individual patient.
Thus, it can be said that compounding factors for outcome depends
upon the maturity of the institute and experiences of the individual
member involved in the team.
In our study total number of patients were 166 where the male
constitutes 60% and female constitute 40%. Recent Study published
from western countries reported more or less equal distribution
of male and female population, Maartje et al.,10 Anderson et al.8
Whereas, study published from our continent, the male dominant
pattern is present13, 14.
This is a current result of surgical closure at a tertiary level
cardiac center in Nepal. Mortality was 3.6% which is comparable
with the result of Southeast Asia (3.4%)5 but higher than in
developed countries. Surgical VSD closure mortality has been
reduced to between 0.5-1.7% in western countries, which had fallen
from 8% only two decades ago 6,7. There are recent publications with
zero post-operative hospital mortality from Netherland8.
The perimembranous vsd remains the most common location
of vsd with 61% which is supported by many studies being most
common in location5,6,7. Second most common location of VSD was
supracristal with 28%. The supracristal VSD account approximately
30% of VSDs in Asian’s country, whereas in western countries
it accounts for approximately 5-7 % of VSDs closure15. Higher
occurrence of the condition in our population has not been adequately
explained, but it can be assumed that it is genetically determined
In our study complication rate was 22% which is comparable
to a study published by Pakistani institute where the complication
rate was 35%5. Our rate of complication was high compare to the
recent study from the Netherland (15.6%)10 We had a transient
heart block of 8.4%, this is higher than the study published by
Anderson et al (3.5%) and Bushra et all (2%)5,8. The need for a
permanent pacemaker in this study was 2%, which is comparable
with Anderson et al (2.1%),but higher than Bushra et al (1%)5,8.
Detection of immediate post-operative residual VSD was 9(5.4%)
which is very low compare to study by Maartje et al. (51%)10. In
his study there was routine of doing echocardiography evaluation

for every postoperative patient. We performed trans-thoracic
echocardiography only in selective cases when the patient was
hemodynamically unstable and had undergone concomitant aortic or
mitral valve repair. Our number of residual leakages is not reliable
until we routinely do the echocardiographic evaluation of all postoperative patients. Pneumonia compromises 7% of complication
which is comparable with the study published from the Indian
subcontinent.
In our study, VSD was associated with PFO, ASD, PDA, PS,
and MR among 40 (24%), 35 (21.1%), 32 (19.2%), 4 (2.4%) and
30 (18%) population respectively. Association with PDA had
shown prolong ICU stay and hospital stay. The relationships of
complication with associated lesions were not evaluated due to the
small sub group. A Study done by Knott-Craig et al had identified
VSD associated with ASD as an important risk factor for surgical
outcome of VSD closure16.
The current study concluded that low body weight at operation
is associated with longer postoperative ventilation duration and
longer post-operative ICU stay. This finding is supported by a study
published by Anderson et al. and Aydemir et al8,17 but denied by
publication done by Kogon et al. stating that bodyweight does not
influence these aspects9.
This study showed that severe PAH and weight up to 10 kgs
at the time of operation demonstrated a trend towards association
with mortality although not quite reaching statistical significance.
The age up to one year doesn’t have association with mortality.
Several studies have shown that the association between severe PAH
and higher mortality and morbidity in patients undergoing VSD
repair10,14.

Limitation

There are several limitations to this study. First of all, this is a
retrospective study that depended upon the written documentation
of several healthcare personnel. Second, over the study period,
seven surgeons with different teams were involved in the surgery
and post-operative care of the patient. The size of the VSD could
not be categorized according to the size of the aortic root. Cardiac
catheterization was done only with selective cases of severe PAH.
The finding of their report was not evaluated in this article. There
is no definitive protocol in postoperative care of the patient in our
institute. Almost all of the patients were extubated as early as possible,
but ICU stay and hospital stay were very much subjective without
any definite protocol. Post-operative management in the center is
different among the different teams. Prolong ICU stay (>2 days)
and prolong hospital stay (>7 days) were defined arbitrarily. Risk
Adjusted Classification for Congenital Heart Surgery (RACHS-1)
levels was not evaluated as risk factors for complications. This is
a single institutional review that might not be applied to another
institute.

Conclusion

Low body weight will prolong ventilation duration, ICU stays,
and eventually hospital stay. There was a trend toward association
of severe PAH and low body weight at the time of operation with
surgical mortality but there is no significant relation. Likewise, age
up to 1 year at the time of operation was associated with prolong ICU
stay and hospital stay but do not have any significant association
with mortality. Therefore, surgical VSD closure is considered a
safe procedure regardless of their age but low weight at the time of
operation and severe pulmonary hypertension may be considered a
risk factor as a trend toward mortality in our context.
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