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prolapse. In conclusion, isolated VSDs are usually benign 
abnormalities that tend to shrink and close spontaneously.
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Introduction

Ventricular septal defect (VSD) is one of the most common 
congenital malformations of the heart, with an incidence of 
1.75–4.48 per million live births [1]. During the last two 
decades, echocardiography has played a major role in diag-
nosing VSDs and their associated complications. The latter 
may include aneurysmal transformation, left ventricular-to-
right atrial (LV-RA) shunt, a subaortic ridge, aortic valve 
prolapse, and aortic regurgitation, which may be detected 
and followed by echocardiography. Aneurysmal transfor-
mation is an important mechanism of closure and has a 
more favorable prognosis [2–4]. However, subaortic ridge 
or LV-RA shunt may develop from aneurysmal transforma-
tion [5]. Aneurysmal transformation generally occurs from 
tissue arising from the tricuspid valve. An LV-RA shunt 
may develop through a deformed tricuspid valve [5, 6]. 
Aortic valve prolapse may be seen in VSDs, reducing the 
size of the VSD [7]. Subaortic ridge and aortic valve pro-
lapse may cause aortic regurgitation.

It is known that VSDs can close spontaneously [8–12]. 
The rates of spontaneous closure, aneurysmal transforma-
tion, appearance of a subaortic ridge, LV-RA shunt, aortic 
valve prolapse, and aortic regurgitation have been reported 
in various studies at different rates [9–12]. These varia-
tions may be due to the age of patients, the size and site of 
the defect, the population studied, methods employed, and 
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length of the follow-up period. Our previous study focused 
on the evolution of VSDs with special reference to spon-
taneous closure rate, aneurysmal transformation, subaortic 
ridge, LV-RA shunt, aortic valve prolapse, and aortic regur-
gitation [13]. It described the echocardiographic follow-
up of 685 patients with VSD for up to 10.9  years. In the 
current study, we reviewed the medical records of 1823 
patients with isolated VSD who were diagnosed by echo-
cardiography to assess the rates of spontaneous closure, 
aneurysmal transformation, subaortic ridge, LV-RA shunt, 
aortic valve prolapse, and aortic regurgitation.

Materials and Methods

The study population consisted of 2283 patients with 
an isolated VSD who had been studied at our institution 
between 1988 and 2014. The study was approved by Istan-
bul University Cerrahpasa Medical Faculty Ethics Commit-
tee (44538). One thousand eight hundred and twenty-three 
of 2283 patients were then followed by echocardiography. 
Most of 460 patients could not be followed due to transpor-
tation of the institution. Patients with other cardiac abnor-
malities were excluded. In 381 of 1823 patients, the VSD 
was closed by a surgical or transcatheter technique. In these 
patients, the evolution of the defect has been studied by 
echocardiography up to the point of surgical or transcath-
eter VSD closure.

Transthoracic echocardiography was performed with an 
appropriate transducer interfaced with an Acuson 128/XP 
10 ultrasonography (US) system (Siemens Medical Solu-
tions, Mountain View, CA), an Acuson CV70 US system 
(Siemens Medical Solutions, Mountain View, CA), and 
Philips IE 33 US system (Philips Healthcare, Andover, 
MA). Two-dimensional, M-mode, color-flow Doppler, 
pulsed Doppler, and continuous-wave Doppler echocardi-
ography were used in all patients.

VSDs were classified according to their location and 
relation to the tricuspid annulus and semilunar valves 
(Figs. 1, 2) [14]. Defects located in the apical portion of the 
septum are especially likely to be multiple (so-called Swiss 
cheese defects) [15]. Defect size was expressed in terms 
of the size of the aortic root [16]. Defects approximating 
the size of the aorta were classified as large, defects one-
third to two-thirds the diameter of the aorta were classified 
as moderate, and defects less than one-third the diameter 
of the aortic root were classified as small. VSDs can close 
spontaneously with aneurysmal transformation [8]. An 
LV-RA shunt was defined as the presence of a color Dop-
pler turbulence from left ventricle to right atrium and a 
Doppler demonstration of high-velocity turbulence (with a 
pressure gradient of 50 mmHg) moving from the left ven-
tricle, through the VSD, and directly into the right atrium. 

Fig. 1  An example of a perimembranous ventricular septal defect. 
a The five chamber view demonstrates the location of the defect. b 
Color flow imaging from the five chamber view. c Parasternal short 
axis view demonstrates the location of the defect. d Color flow imag-
ing from the short axis view. Ao aorta, LV left ventricle, RA right 
atrium, RV right ventricle, VSD ventricular septal defect

Fig. 2  An example of a muscular trabecular defect. a Apical four 
chamber view demonstrates the location of the defect and aneurysmal 
transformation. b Color flow imaging from the apical four chamber 
view. AT aneurysmal transformation, LV left ventricle, RV right ven-
tricle, VSD ventricular septal defect
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The pressure gradient of an LV-RA shunt was equivalent to 
the difference between the systolic left ventricle and right 
atrium pressure and could be readily differentiated from tri-
cuspid regurgitation on the basis of the LV-RA shunt in the 
absence of any elevated right ventricular pressure [6]. Path-
ological pressure gradient for aortic stenosis was defined as 
more than 13 mmHg  (4v2 = 4 × 1.82 = 13) [17].

Statistical analyses were performed using SPSS 15 
(SPSS, Chicago, IL). Data were expressed as medians. The 
χ2 test was used to assess differences between groups for 
categoric variables. Spontaneous closure of perimembra-
nous and muscular trabecular defects was analyzed by the 
Kaplan−Meier actuarial analysis. Statistical significance 
was inferred at p < 0.05.

Results

A total of 2283 patients with isolated VSD were diag-
nosed by echocardiography. Four hundred sixty patients 
could not be followed. Finally, 1823 (80%) of the 2283 
patients (974 boys, 849 girls), aged 1  day–25.7  years 
(median 11 months), were followed 1  month to 26  years 
(median 4  years) by echocardiography. Altogether, 52.2% 
(n = 951) of the patients who were followed were <1 year 
old (Table  1). The median age at VSD diagnosis was 
13 months (range 20 days–29 years). The types and sizes of 
the VSDs are shown in Figs. 3 and 4. There were two VSDs 
in 45 (2.5%) patients and Swiss cheese VSDs in 9 (0.5%) 

patients. Abnormalities associated with the 1823 VSDs are 
shown in Table 2.

Spontaneous VSD closure occurred in 18.8% (343/1823 
patients) by age 40  days–24.9  years (median 1.8  years). 
Spontaneous closure occurred in 131 of 343 patients 
(38.1%) during the first year of life. The spontaneous clo-
sure rate was higher for muscular trabecular defects than 
for perimembranous defects (p < 0.001) (Table  3; Fig.  5). 
Defects had shrunk in 16.8% (306/1823) of the VSD 
patients at a median of 2.5 years (Table 3).

Aneurysmal transformation was detected in 600 of 1823 
patients who were followed. Aneurysmal transformation 
was present in 348 patients at the initial echocardiographic 
examination and developed in 252 during the follow-up at 
ages 1–16 years (median 3 years). Aneurysmal transforma-
tion was detected in 550 of 1255 patients (43.8%) with a 
perimembranous defect, in 5 of 48 patients (10.4%) with 
a muscular inlet defect, in 23 of 395 patients (5.8%) with 
a muscular trabecular defect, and in 22 of 109 patients 
(20.2%) with muscular outlet VSD. A subaortic ridge was 
detected in 5.7% (n = 34) of patients who had aneurysmal 
transformation and in 1.1% (n = 14) of patients who did not 
(p < 0.001). LV-RA shunt was detected in 23.7% (n = 142) 
of patients who had aneurysmal transformation and in 2.8% 
(n = 34) of patients who did not (p < 0.001).

A subaortic ridge was detected in 48 of the 1823 patients 
who were followed. The VSD type was perimembranous in 
45 and of the muscular outlet type in 3. In 14 patients, a 
subaortic ridge was detected during the initial echocardio-
graphic examination. In  6 of these patients, the subaortic 

Table 1  Ages of patients who 
were followed

Age group Number %

≤1 951 52.2
1.1–5 602 33
5.1–10 178 9.8
10.1–15 73 4
≥15 19 1
Total 1823 100

68.8%
2.6%

6.0%
21.7%

0.9%

Perimembranous

Muscular inlet

Muscular outlet

Muscular trabecular

Doubly committed

Fig. 3  Distribution of the various defect types

Small
66.8%

Moderate
15.7%

Large
17.5%

Small

Moderate

Large

Fig. 4  Distribution of defect sizes

Table 2  Abnormalities associated with VSD in 1823 patients

Associated abnormalities n %

Aneurysmal transformation 600 32.9
Left ventricular-to-right atrial shunt 176 9.7
Subaortic ridge 48 2.6
Aortic valve prolapse 166 9.1
Aortic regurgitation 125 6.9
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ridge gradient was <50 mmHg, and in 1 it was >50 mmHg. 
The pathological gradient (>13  mmHg) was absent in 
7 patients. These patients were followed for 1−24  years 
(median 4.6 years). Surgery was performed in five because 
of subaortic stenosis. Among 34 patients in whom a subaor-
tic ridge developed during follow-up (median 4 years, range 
1−17  years), a subaortic ridge gradient was <50  mmHg 
in 9 patients and >50  mmHg in 1 patient. No pathologi-
cal gradient (>13  mmHg) was seen in 24 patients. These 
patients were followed 1–17 years (median 10 years). Sur-
gery was performed in 5 because of the subaortic stenosis. 
The VSD closed spontaneously in 2 (4.2%) of 48 patients 
with a subaortic ridge.

LV-RA shunt was detected in 176 of the 1823 patients 
who were followed. The VSD type was perimembranous in 
158, muscular inlet in 5, muscular trabecular in 5, and mus-
cular outlet in 8. Among 27 patients in whom an LV-RA 
shunt was detected at the initial echocardiographic exami-
nation, the shunt was mild in 21 and moderate in 6. These 
patients were followed 1 month–20 years (median 6 years). 
During that time, the degree of shunt progressed from mild 
to moderate in 3. Those with a moderate shunt showed no 
change. Among the 149 patients in whom an LV-RA shunt 
developed during follow-up (1  month–24  years, median 
9.8 years), the shunt was mild in 132, moderate in 16, and 
severe in 1. These patients were followed 1.8–20  years 
(median 9 years), during which time the degree of the shunt 
progressed from mild to moderate in 19. Those with a mod-
erate shunt showed no changes. Surgery was performed in 
6 patients with the LV-RA shunt. The VSD closed sponta-
neously in 8 of 176 (4.5%) patients with an LV-RA shunt.

We detected aortic valve prolapse in 146 of 1255 per-
imembranous defects (11.6%) (in 33 at the initial echocar-
diographic examination and in 113 at follow-up) at ages 
13 days–23 years (median 4.9 years). Aortic regurgitation 
due to aortic valve prolapse was detected in 95 of 1255 
perimembranous defects (7.6%) (trivial in 40, mild in 47, 
moderate in 6, and severe in 2 at the last echocardiographic 
examination). Additionally, aortic valve prolapse was 
detected in 16 of 109 patients (14.7%) with muscular out-
let defects. Among 10 patients with muscular outlet defects 
in whom aortic regurgitation due to aortic valve prolapse 
was diagnosed, it was trivial in 4, mild in 5, and moder-
ate in 1. Aortic valve prolapse was detected in 4 (25%) of 
16 patients with doubly committed subarterial defects and 
aortic regurgitation was developed in all of these patients. 
Aortic regurgitation was detected in 16 patients without 
aortic valve prolapse. Of these patients, 13 had perimem-
branous defect, 2 muscular outlet defect, and 1 muscular 
inlet defect. There was subaortic ridge in 2 of 13 patients 
with perimembranous defect and aortic regurgitation.

In 381 of the 1823 patients, the VSD had been closed 
by a surgical or transcatheter technique. In all, 20 of 176 

Table 3  Incidence of spontaneous closure and shrinkage with 
respect to the type and size of VSDs in the patients who were fol-
lowed

VSD ventricular septal defect

Type and size of 
defect

Total 
No of 
patients

Spon-
taneous 
closure

% Became small %

Perimembranous 1255 157 12.5 266 21.2
 Small 778 120 15.4
 Moderate 238 29 12.2 142 59.7
 Large 239 8 3.3 124 51.9

Muscular inlet 48 4 8.3 4 8.3
 Small 23 4 17.4
 Moderate 6 2 33.3
 Large 19 2 10.5

Muscular tra-
becular

395 167 42.3 19 4.8

 Small 346 161 46.5
 Moderate 25 5 20 12 48
 Large 24 1 4.2 7 29.2

Muscular outlet 109 14 12.8 17 15.6
 Small 66 13 19.7
 Moderate 10 1 10 5 50
 Large 33 12 36.4

Doubly com-
mitted

16 1 6.2

 Small 5
 Moderate 7 1 14.3
 Large 4

Total 1823 343 18.8 306 16.8

Fig. 5  Kaplan−Meier actuarial analysis shows spontaneous closure 
of perimembranous and muscular trabecular defects (p = 0.001)
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patients with an LV-RA shunt underwent surgery. In 6 of 
these 20 patients, one of the operative indications was the 
LV-RA shunt. Surgery was indicated in the others for other 
reasons (pulmonary hypertension, heart failure). Of the 48 
patients with a subaortic ridge, 17 underwent surgery. In 10 
of these patients, the operative indication was the subaor-
tic ridge. Altogether, 40 of 166 patients with aortic valve 
prolapse underwent surgery. The operative indication was 
aortic regurgitation in 33 patients. The other seven patients 
underwent surgery for other reasons (pulmonary hyperten-
sion, heart failure).

Discussion

Of all the defect types, the frequency of a perimembranous 
defect was highest in this study, similar to our previous 
study [13]. It was followed by trabecular muscular, muscu-
lar outlet, muscular inlet, and doubly committed subarterial 
defects. Likewise, in other large series [9–11, 18, 19], the 
frequency of perimembranous defect was higher than the 
other types of VSD. In some series in which the patients 
had been followed from birth, muscular septal defects were 
more common than perimembranous defects [20, 21]. 
Although the incidence of doubly committed subarterial 
defects in Japanese and Chinese populations was reported 
to be approximately 30% [22], our study showed a rela-
tively smaller incidence (0.4%), similar to that in studies 
reported from the other regions of the world [9, 10].

The rate of spontaneous closure of VSD ranged from 11 
to 84% in various studies [6, 8, 16, 19, 23–30]. Muscular 
defects are believed to be more likely to close spontane-
ously than perimembranous defects [31, 32]. In this study, 
the rate of spontaneous closure of all VSDs was 18.8%. 
Spontaneous closure was detected in 12.5% of perimembra-
nous defects and 42.3% of the muscular trabecular defects. 
In our previous study, the rate of spontaneous closure of all 
VSDs was 27% [13]. The rate of spontaneous closure was 
lower in this study than in our 2003 study. Spontaneous clo-
sure was detected in 15% of perimembranous defects and 
57% of trabecular muscular defects. Whereas the median 
age of patients at VSD diagnosis in our previous study was 
6 months, the median age at VSD diagnosis in this study 
was 11 months. It is known that age has a significant influ-
ence on the incidence of spontaneous VSD closure. The 
reason for this difference between the rates of spontaneous 
closure was thought to be the older age at initial diagnosis 
in this study. Similar to the other reports, spontaneous clo-
sure occurred most commonly during the first year of life 
[31, 33].

It is known that aneurysmal transformation is an 
important mechanism responsible for spontaneous VSD 

closure [2–4], although aneurysmal transformation may 
be particularly likely to develop a subaortic ridge or 
LV-RA shunt [5, 6]. The rate of aneurysmal transforma-
tion has been reported at 48–81%, depending on the study 
population, in regard to perimembranous VSD [12, 34]. 
The incidence of aneurysmal transformation has not been 
reported for other VSD types. In this study, aneurysmal 
transformation was detected in 45.8% of patients with a 
perimembranous defect, 10.4% of those with a muscu-
lar inlet defect, 6% of those with a muscular trabecular 
defect, and 21.1% of those with a muscular outlet defect. 
The rates of subaortic ridge and LV-RA shunt were deter-
mined to be higher in patients with aneurysmal transfor-
mation than those without aneurysmal transformation.

The rate of subaortic ridge in patients with VSD has 
been reported to be between 0.7 and 6% in various stud-
ies [5, 10, 11]. Subaortic ridge may be asymptomatic or 
may cause subaortic stenosis and aortic regurgitation. 
In this study, subaortic ridge was detected in 2.6% of 
patients with VSD. Most of patients with subaortic ridge 
had a perimembranous defect and a few of them a muscu-
lar outlet defect.

In previous studies, LV-RA shunt was detected in 
3–58% of patients with perimembranous defects [5, 13, 
35, 36]. The rate and degrees of LV-RA shunt have not 
been reported for other VSD types. Additionally, the 
long-term prognosis of patients with an LV-RA shunt is 
unclear. The rate of LV-RA shunt with perimembranous 
defects was 15% in the study published by Ramaciotti 
et al. [4], whereas Weng et al. [36] reported the incidence 
of LV-RA shunt in perimembranous defects as 58%, most 
of which were trivial. In this study, LV-RA shunt was 
detected in 9.7% of patients who were followed with a 
VSD. Most of the patients with LV-RA shunt had a per-
imembranous defect, and the LV-RA shunt was generally 
mild. Nearly 15% of patients with mild LV-RA shunt pro-
gressed to moderate LV-RA, which then did not change.

Aortic valve prolapse may reduce the size of a VSD 
[22] but may cause aortic regurgitation. Aortic valve 
prolapse and aortic regurgitation are common in doubly 
committed subarterial defects [37]. Aortic valve prolapse 
is not as common in perimembranous and muscular outlet 
defects. In this study, aortic valve prolapse was detected 
in 9.1% of VSDs who were followed, 11.6% of perimem-
branous defects, 10% of muscular outlet defects, and 25% 
of patients with doubly committed subarterial defects. 
In VSD series, the frequency of aortic regurgitation has 
been reported to range from 5.5 to 25% [38, 39]. Aortic 
regurgitation was detected in 5.7% of all VSDs, 7.5% of 
perimembranous defects, 10% of muscular outlet defects, 
and 25% of doubly committed subarterial defects.
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Limitations of the Study

This study did have some limitations. It was a retrospec-
tive review of medical records. The images of echocardio-
graphic examinations were not reviewed. Our patients were 
not followed from birth, although 52.2% were younger than 
1 year old and the median age at initial echocardiographic 
examination was 13 months.

Conclusion

Isolated VSDs are usually benign abnormalities that tend to 
shrink and close spontaneously.

The rate of spontaneous closure was higher for muscu-
lar trabecular defects than for perimembranous defects. The 
rates of associated abnormalities—LV-RA shunt, subaor-
tic ridge, aortic valve prolapse, aortic regurgitation—are 
low. LV-RA shunt is a more benign condition than sub-
aortic ridge or aortic valve prolapse. Surgery is required 
in one-fifth of patients with subaortic ridge or aortic valve 
prolapse.
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