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ABSTRACT

Objectives: The study was conducted to check the frequency of development of complication 
in the patients with small Ventricular Septal Defects (VSDs) considered not requiring surgical 
closure during childhood.
Methods: A descriptive study was conducted on children from January 2015 to December 2015 
at Children Hospital and Institute of Child Health, Lahore, Pakistan. The data with isolated 
VSDs considered too small to require surgery from 1 month to 15 years of age were reviewed. 
The data was analyzed with SPSS 20 version.
Results: The total of 883 patients of restrictive VSDs considered not to require surgery, 60.6% 
(n=535) were males and 39.4% (n=348) were females. The significant number of patients 
i.e. 18.7% (n=166) developed complications. Aortic cusp prolapsed developed in 13.6% i.e. 
p≤0.05, 2.3% developed aortic regurgitation secondary to aortic cusp prolapsed. 1.8% devel-
oped right ventricular track outflow obstruction (RVOT) i.e. p≤0.05 and 0.3% of patient de-
veloped left ventricular outflow track obstruction (LVOT) i.e. p≤0.05. Similarly 0.8% patients 
developed endocarditis. Regarding types of VSD, we found Perimembranous in 65.8%, mus-
cular in 12.6%, Subaorticin 8.3%, doubly committed in 6.0%, Inlet in 5% and outlet in 1.7% 
of our patients. 
Conclusions: Patients with small restrictive Ventricular Septal Defects (VSDs) generally been 
considered as do not required surgery, the data suggested that a significant percentage of these 
patients developed complications later in their life i.e., 18.7%.

KEYWORDS: Ventricular septal defect; Aortic cusp prolapsed; Aortic regurgitation; Right ven-
tricular outflow track obstruction; Left ventricular outflow track obstruction.

ABBREVATIONS: VSD: Ventricular Septal Defect; RVOT: Right Ventricular Outflow; LVOT: 
Left Ventricular outflow; AR: Aortic Regurgitation.

INTRODUCTION 

Isolated ventricular septal defect occurs in approximately 2-6 of every 1000 live births and 
accounts for more than 15-20% of all congenital heart diseases.1 Soto et al divided VSD into 
Perimembranous, Muscular and Doubly committed sub-arterial (DCSA) types.2 It had been 
well accepted for many years that patients with a small ventricular septal defect (VSD) as de-
fined by a left-to-right shunt of <50%, normal pulmonary artery pressure (PAP), and absence 
of symptoms do not require surgical repair.3,4 Operation were postponed on the observation that 
VSDs frequently close spontaneously.5,6 The patients with such small defects are unlikely to 
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develop pulmonary hypertension and that the clinical outcome 
was assumed to be good.4 

	 The natural history of VSD is also characterized by 
many complications. Of special interest is prolapse of the aor-
tic valve cusp, which classically occurs with doubly commit-
ted subarterial and less commonly with perimembranous outlet 
type.7 Secondary aortic insufficiency, is associated along with 
prolapse of aortic valve cusps. This complication is observed 
only in 5% of patients with ventricular septal defect.8 Aortic re-
gurgitation occurs due to a poorly supported right coronary cusp 
combined with the Venturi effect produced by the ventricular 
septal defect jet, resulting in cusp prolapsed.9 Aortic regurgita-
tion is progressive in nature and presence of even mild aortic 
regurgitation or aortic valve prolapse in the absence of aortic 
regurgitation is an indication for surgery.10 Perimembranous out-
let VSD are also associated with infundibular hypertrophy, and 
right ventricular outflow tract obstruction can progress in sever-
ity. This also requires surgical intervention.11 Discrete fibrous 
subaortic stenosis is occasionally associated with a ventricular 
septal defect. This complication is most often reported with peri-
membranous ventricular septal defects and can first appear after 
either spontaneous or surgical closure.12 Infective endocarditis is 
rare in children younger than 2 years.6 

METHODS

Data Collection Procedure

All echocardiography reports were reviewed from hospital re-
cord. Patients only having isolated restrictive ventricular septal 
defect (VSD) were included in the study. Associated complica-
tions like aortic valve prolapse and aortic regurgitation, acquired 
right and left ventricular outflow tract obstruction and infective 
endocarditis were noted.

Patient Population

The patient population represents the total number of patients 
visited in the Department of Cardiology for echocardiology in 
Children Hospital & Institute of Child Health, Lahore, Pakistan 
from January 2015 to December 2015. A total of 883 patients 
with small VSDs (male/female 535/348) were selected. All pa-
tients fulfilled the following inclusion criteria:

1) Surgical closure had not been performed for the following 
reasons:

a. Gradient across VSD more than 50 mm of Hg,
b. Normal LVEDD according to age,
c. Size of VSD less than 3 mm, 
d. No PR (normal PAP) and 
e. Asymptomatic children.

2) No additional hemodynamically related heart defects were 
present. 

Echocardiography

All echocardiograms were performed and interpreted at one lab-
oratory by consultant pediatric cardiologist. Standard transtho-
racic M-mode, two-dimensional and Doppler echocardiography 
were performed with GE VIVID-7 DIMENSION echo-machine. 
The VSDs were classified by their location into perimembra-
nous, inlet, outlet, doubly committed (Supracristal), and mus-
cular. A normal left ventricular end-diastolic diameter (LVEDD) 
according to age. The peak pressure difference between right 
and left ventricle (LV) was calculated from the continuous-wave 
Doppler-measured maximum VSD jet velocity using the simpli-
fied Bernoulli equation. Systolic right ventricular-to-right atrial 
pressure difference was calculated from the continuous-wave 
Doppler-measured peak tricuspid regurgitant velocity with the 
simplified Bernoulli equation. Systolic PAP was obtained by 
adding 5 mmHg for the right atrial pressure as long as the gradi-
ent did not indicate pulmonary hypertension and tricuspid re-
gurgitation was not hemodynamically relevant. A systolic PAP 
≤25 mmHg was considered normal.13-15 If no adequate Doppler 
signal of the tricuspid regurgitant flow could be obtained, PAP 
was calculated by subtracting the left ventricular to right ventric-
ular systolic gradient (LV-RV gradient) from the systemic arte-
rial pressure measured with cuff, provided that no aortic stenosis 
was present.15

Statistical Analysis

Appropriate statistical data analysis technique by using SPSS 
version 20 was applied. Qualitative variables were described 
by numbers and percentages while quantitative were described 
as mean and SD (standard deviations). Chi-square test was ap-
plied for categorical variables and independent sample t-test was 
applied for quantitative variables. Five percent level of signifi-
cance was used.

RESULTS

The 883 patients of restrictive hemodynamically small VSDs 
considered not to require surgery were entered. There were 60.6 
% (n=535) males and 39.4% (n=348) were females (Figure 1). 
Regarding types of ventricular septal defects (VSD), we found 
Perimembranous in 65.8%, muscular in 12.6%, Subaortic in 
8.3%, doubly committed in 6.0%, inlet in 5% and outlet in 1.7% 
of patients (Table 1). Complications were predominantly found 
more in male in case of perimembranous and doubly committed 
VSD i.e. 67% and 7.1% respectively (Figure 1).
 	
	 The significant number of patients i.e. 18.7% (n=166) 
developed complications. Aortic cusp prolapsed was found to 
be the commonest one i.e. developed in 13.6% (n=120) p≤0.05 
of patients. Second common complication was aortic regurgi-
tation secondary to aortic cusp prolapsed which was found in 
2.3% (n=20) of patients. 1.8% (n=16) of patients developed 
right ventricular track outflow obstruction (RVOTO) p≤0.05 and 
0.3% (n=3) of patient developed left ventricular outflow track 
obstruction (LVOTO) p≤0.018. Similarly 0.8% (n=7) patients 
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developed echo based endocarditic (Tables 2 and 3).

	 Regarding complications aortic cusp prolapse was 
found commonly in perimembranous ventricular septal defect 
i.e. 11.09% as compared to doubly committed VSD which was 
1.2% p≤0.05. Similarly aortic regurgitation was also commonly 
found in perimembranous types of ventricular septal defect (Ta-
ble 4).

	 Patients were grouped into four groups according to 
age. Group-1 included patients of 1 day to 1 year, Group-2 in-
cluded from 1 year to 5 years, Group-3 included from 6 years to 
10 years and group-4 included more than 10 years of age.

DISCUSSION

The significant number of patients of restrictive small ventricu-
lar septal defect developed complications in our study. We found 

it to be 18.7%. Associated complications related with VSD are 
already known in the literature, these included upto 25%, in-
cluding infective endocarditis in 11 percent.16 Another follow-up 
study revealed that 22% subjects had major, VSD-related com-
plications.17

	 The natural history has a wide spectrum, ranging from 
spontaneous closure to congestive heart failure (CHF) to death 
in early infancy.7 Spontaneous closure frequently occurs in chil-
dren, usually by age of 2 years. Closure is most frequently ob-
served in muscular defects (80%), followed by perimembranous 
defects (35-40%).5 Outlet ventricular septal defects have a low 
incidence of spontaneous closure, and inlet ventricular septal de-
fects does not close.1

	 Regarding complication in our study aortic cusp pro-
lapsed was found to be the commonest one i.e. developed in 
13.6% (n=120) of patients. Similar results were shown in local 

VSDs Total Percent %

Perimembranous 581 65.8%

Muscular 111 12.6%

Subaortic 73 8.3%

DCSA 53 6.0%

Inlet 50 5.7%

Outlet 15 1.7%

Total 883 100.0%

Complications of VSD Number of patients Percentage %

Aortic cusp prolapse 120 13.6%

Aortic regurgitation 20 2.5%

RVOT obstruction 16 1.8%

Vegetation 07 0.8%

LVOT obstruction 03 0.3%

Figure 1: Gender difference with type of VSDs.

Table 1: Type of VSD  (n=883).

Table 2: Complications Observed with restricted VSDs (n=166).
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studies by Uzma Kazmi et al18 and Masood Sadiq et al19 con-
ducted in Lahore, Pakistan. This frequency is in keeping with 
other studies. Lue et al20 found aortic cusp prolapse and aortic 
regurgitation in 11.9% of their patients with VSD. Brauner et al21 
found aortic cusp prolapse in over 5% of children with VSD.

	 Classically Doubly committed sub-arterial type VSD is 
associated with progressive development of aortic cusp prolapse 
and aortic regurgitation.7 Contrary to this; our study showed that 
incidence of aortic cusp prolapse and aortic regurgitation with 
doubly committed VSD was 1.2%.

	 Development of aortic regurgitation (AR) or presence 
of AR at late follow-up has been reported within the wide range 
of 2% to 20% in previous studies.10 Patients with obvious pro-
lapse of an aortic cusp into the VSD have the highest risk of 
developing progressive aortic regurgitation. We found 2.3% 
of our patients developed aortic regurgitation which was more 
common in case of perimembranous type of VSD.

	 Right ventricular outflow obstruction occurs in 3 to 
7% patients and is due to hypertrophy of anomalous muscle 
bundles.11 We found 1.8% of our patients with development of 
RVOT obstruction. Glenn et al22 found that 5.8% patients of 

VSD developed infundibular stenosis. One study from Multan 
showed 1.6% of cases of their patients developed RVOT ob-
struction.

	 Discrete fibrous subaortic stenosis most often reported 
with perimembranous ventricular septal defects and can first ap-
pear after either spontaneous or surgical closure.12 0.3% of our 
patients developed LOVT obstruction.

	 The occurrence of endocarditis has been described as 
the major risk in small VSDs.6 Again, the incidence of this com-
plication varies widely in previous reports, ranging from 1% 
to15%.6,7 Variations reflect the difficulty of estimating the true 
incidence of this complication.5 Shah et al23 estimated the risk 
of a 15-year-old with a VSD developing bacterial endocarditis 
by age 70 to be 11.5%. The highest percentage of 15% (5.7 per 
1,000 patient-years) was reported by Otterstadet al.17 On the 
contrary, we found 0.8% echo based endocarditis in our patients. 

LIMITATION

Limitation of this study is that it did not reflect the complications 
in total population as it was limited to one hospital attendance. 
Also, excluded were children not reaching a tertiary care centre 

Age
Total

Day 1 to 1 year 1 year to 5 years 5 years to 10 years 10 to onward

Subaortic
21 8 6 2 37

9.3% 5.0% 7.3% 16.7% 7.7%

perimembranes
145 112 58 9 324

64.4% 70.4% 70.7% 75.0% 67.8%

muscular
34 22 11 0 67

15.1% 13.8% 13.4% 0.0% 14.0%

outlet
3 2 2 0 7

1.3% 1.3% 2.4% 0.0% 1.5%

inlet
15 8 2 1 26

6.7% 5.0% 2.4% 8.3% 5.4%

DCSA
7 7 3 0 17

3.1% 4.4% 3.7% 0.0% 3.6%

225 159 82 12 478

100.0% 100.0% 100.0% 100.0% 100.0%

Complications Types of VSD

Perimembranous Muscular Subaortic DCSA Inlet Outlet

Aortic cusp prolapse 98 0 10 11 0 1

Aortic regurgitation 16 0 1 2 0 0

RVOTobstruction 7 3 5 1 0 0

Vegetation 4 0 2 1 0 0

LVOT obstruction 0 1 2 0 0 0

Table 4: Types of VSDs according to age groups.

Table 3: Complications Observed with Types of  VSDs (n=166).
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or admitted to critical care or ward, yet the results are compa-
rable with other local and international studies. As it was a ret-
rospective study, it was difficult to control bias and confounders. 
Also, we had to rely on the available written record. Results are, 
at best, hypothesis-generating.

CONCLUSION

Although patients with small VSDs have generally been consid-
ered not to require surgery, data suggests that a significant per-
centage of these patients developed complications later in their 
life i.e., 18.7%.
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