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Objective: To evaluate the natural history of isolated muscular ventricular septal (m-VSD) defects during gestation and up to 1 year postnatally,
as well as the association with chromosomal anomalies.

Material and Methods: Between August 2007 and July 2012, 76 fetuses with isolated m-VSDs represented the study population. The following
variables were evaluated: site and size of the m-VSDs, presence of chromosomal anomalies, pregnancy outcome, and spontaneous closure
rate from diagnosis up to 1 year postnatally.

Results: Of the 76 cases with m-VSD, 1 fetus died after birth and 31 cases were lost to follow-up after birth. Thus, a total of 44 fetuses reached
their first year of postnatal life, and these cases were available for analysis. Three (6.8%) of 44 defects closed spontaneously in utero, 33 (75%)
closed within 1 year, and 8 (18.2%) remained patent. Overall, spontaneous closure occurred more frequently in the apical defects, but no sig-
nificant difference was found for spontaneous closure between the mid-muscular and apical defects (p>0.05). Also, 83.8% (36 of 44) of defects
<3 mm closed during gestation or the first year of life.

Conclusion: We infer that m-VSDs have a high spontaneous closure rate during the first year of life. Also, small m-VSDs frequently close spon-
taneously. (J Turk Ger Gynecol Assoc 2014; 15: 96-9)
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study was to evaluate the natural history and outcome of
prenatally detected isolated m-VSDs during gestation and the
first year of life.

Introduction

Ventricular septal defect (VSD) is a common congenital heart
defect (CHD), which accounts for up to 40% of cardiac anom-
alies (1). The prevalence of VSD varies among studies due to
differences in methods of diagnosis and age of participants.
The recent increased prevalence in neonates is attributable
to changes in diagnostic methods and screening modalities,
such as frequent use of fetal echocardiography (2).

An isolated VSD is defined as a defect in the interventricular
septum without other sonographic abnormalities, but these
defects are also found in association with other structural
cardiac defects and complex malformations, such as trans-
position of the great arteries, congenitally corrected transpo-
sition, aortic coarctation or interruption, tetralogy of Fallot,
and univentricular atrioventricular connection. Therefore, a

Material and Methods

A historical cohort study was performed on the results of fetal
echocardiography conducted between August 2007 and July
2012 at Istanbul Prenatal Centre and Siilleymaniye Maternity
Hospital. Patients were referred for a routine second tri-
mester anomaly scan and fetal echocardiography. All cases
with a VSD as a component of complex CHDs, non-cardiac
malformation, and known chromosomal abnormalities were
excluded. The local ethics committee approved the study
protocol.

Ultrasound scans were performed with the Voluson 730 sys-
tem (GE Healthcare, Milwaukee, WI, USA) using either a 2-7

detailed echocardiographic examination is warranted upon
VSD detection.

The prevalence and natural history of prenatally isolated
muscular VSDs (m-VSDs) have not been extensively reported.
Little information is known regarding the rate of spontaneous
closure during the pre- and postnatal period. The aim of this

MHz or 4-8 MHz transabdominal transducer. The left and right
ventricular outflow tracts, major arteries, four-chamber view,
three-vessel view, and basal short-axis view were evaluated
using gray-scale echocardiography. Color Doppler imaging
in at least 2 different planes was used to assess the inter-
ventricular septum and bidirectional flow across the defect
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Figure 1. Cohort of the study

while perpendicular as possible to the ultrasound beam. Color
velocity was reduced to a low Nyquist limit to capture low-
speed jets, since fetal right and left heart pressures are similar.
Shunting across the septum was confirmed by pulsed-wave
Doppler study.

Monthly follow-up antenatal visits were scheduled to evaluate
the defect throughout gestation. As shown in Figure 1, 1 neo-
nate from the original cohort of 76 isolated m-VSDs died 54 days
after delivery due to carotid artery stenosis and cardiac failure.
Thirty-one cases were lost to follow-up after birth. Thus, in the
remaining 44 cases with isolated m-VSD, complete follow-up
during the first year of life was available for analysis.

The following data were retrieved from a computerized data-
base: indication for fetal echocardiography, gestational age at
diagnosis, site and size of defect, presence of chromosomal
anomalies, intrauterine closure, pregnancy outcome, and neo-
natal follow-up until 12 months of life. The defect site was
categorized as mid-muscular or apical. No anterior or posterior
subtypes were detected. Fetal karyotyping following amniocen-
tesis was performed in 18 (23%) of 76 cases. Reliability of VSD
diagnosis was confirmed by a postnatal pediatric cardiologist
echocardiographic examination. All neonates were followed
up until documented echocardiographic closure of the defect
or 1 year of age.

Statistical analysis was performed with SPSS 17.1 for Windows
(SPSS, Chicago, IL, USA). Fisher’s exact test was used to evalu-
ate inter-group differences. The level of statistical significance
was set at p equal to 0.05.

Results

During the 5-year period, 534 cases of CHD were detected in
23,500 pregnancies referred for fetal echocardiographic exami-
nation. Overall, the CHD prevalence was 2.27% in this referral-
based study group. There were 264 cases of VSD and 76 cases
of isolated m-VSD, representing 49.43% and 14.23% of all CHDs,
respectively.

The mean gestational age at diagnosis of isolated m-VSD was
23.1 (range 19-37) weeks. Indications for fetal echocardiogra-
phy were fetal growth restriction in 4 cases (5.2%), suspicion of
CHD in 1 case (1.3%), and a second trimester anomaly scan in
71 cases (93.5%). Sixty-three (82.8%) cases had a mid-muscular
defect, and 13 (17.2%) had an apical defect. The defect size was
<3.0 mm in 74 cases (97.3%), and >3.0 mm in 2 cases (2.7%).
Karyotyping was performed in 18 (23.6%) pregnancies, while in
the remaining 58 cases, the karyotype was clinically assessed
postnatally. No chromosomal anomalies were identified.

The mean gestational age and birth weight at delivery were 38.3
(range 31.0-41.0) weeks and 3197 (range 1000-5040) gr, respec-
tively. As previously shown in Figure 1, 1 case of carotid artery
stenosis was diagnosed in an infant who died at 54 days of age.
Forty-four cases were investigated to determine the evolution
of isolated m-VSDs during intrauterine and postnatal life. The
m-VSD closure rates are presented in Table 1. Three (6.8%)
of 44 defects closed spontaneously in utero, 33 (75%) closed
within 1 year, and 8 (18.2%) remained patent. Three (9.3%) of
32 mid-muscular defects closed spontaneously in utero, and 23
(71.8%) closed within the first year. None of the apical defects
closed in utero, and 10 (83.3%) closed within the first year.
While overall spontaneous closure occurred more frequently
in the apical defects, no significant difference was found for
spontaneous closure between the mid-muscular and apical
defects (p>0.05, OR 1.153, 95% CI 0.198-6.679). In 8 neonates
whose defects were not closed spontaneously during the first
year of life, regular follow-up with an annual echocardiographic
examination was planned.

The spontaneous closure rates according to the size of the
defect are given in Table 2: 83.8% (36 of 44) of defects =3 mm
closed during gestation or the first year of life, and only 16.2%
(8 of 44) of m-VSDs =3 mm remained patent during the follow-
up period. We were unable to correlate the defect size with the
spontaneous closure rate, because most m-VSDs were small in
size. Only 1 case with a diameter >3 mm completed the follow-
up, and this defect remained open at 12 months of life.
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Table 1. Closure of isolated m-VSDs by site

Closure During
Site of the Closure in the First No
m-VSD Utero Year of Life Closure
Mid-muscular 3(9.3) 23 (71.8) 6(18.9)
Apical - 10 (83.3) 2(16.7)
Total 3(6.8) 33(75) 8(18.2)

m-VSD: muscular ventricular septal defect. Data presented as number
(percentage)

Table 2. Closure of isolated m-VSDs by size of the defect

Closure During
Size of the Closure in the First No
m-VSD Utero Year of Life Closure
<3mm 3(6.9) 33 (76.7) 7(16.4)
>3 mm - - 1
Total 3(6.8) 33(75) 8(18.2)

m-VSD: muscular ventricular septal defect. Data presented as number
(percentage)

Discussion

This study is one of the largest cohorts evaluating the natural
history of prenatally detected isolated m-VSDs. Midmuscular
m-VSDs were approximately 5-fold more prevalent than apical
defects. Most of the m-VSDs (93.5%) were diagnosed during the
second trimester anomaly scan, highlighting the importance of
targeted detailed ultrasound examinations to improve detec-
tion of CHDs.

In this study, spontaneous closure occurred prenatally and
during the first year of life in 6.8% and 75% of the cases, respec-
tively. Spontaneous closure is the most exciting aspect of the
natural history of these defects. Resolution of an m-VSD could
be part of antenatal development. Defects in the muscular sep-
tum close with the growth and hypertrophy of the surrounding
muscular septum. Also, it has been proposed that small m-VSDs
may be looked upon as a protracted process of closing multiple
normally occurring channels in the inter-ventricular septum (3).
The advent of color Doppler echocardiography has facilitated
the evaluation of the perinatal course of these defects (4).

The size and site of the m-VSD are significant in its natural
history. One study showed that velocity from right-to-left flow
across the defect was negatively correlated with spontane-
ous closure rate for early closure of small (<3 mm) m-VSDs
(5). Midmuscular VSDs frequently spontaneously close while
also closing earlier than other types of muscular VSDs (6). In
pediatric series in which the children were followed up from
birth, spontaneous closure was seen in 81.8-84.8% of m-VSDs
during the first year of life. Closure occurred most frequently at
the midmuscular location, while apical defects persisted more
often (7, 8). Age at first echocardiographic examination and the
length of the follow-up period may influence the spontaneous
closure rate (9, 10). It has been demonstrated that 12.5-31%
of m-VSDs can undergo spontaneous closure during fetal life
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(11, 12). Results may vary due to the different classifications
of VSDs. Our results show a lower rate of prenatal closure.
Prenatal spontaneous closure occurred basically in the mid-
muscular VSD group, and no significant difference between the
defect locations was found.

The rate of chromosomal anomalies associated with fetal iso-
lated m-VSDs is controversial. Two large series reported a rate
of 28.6-38.2% chromosomal anomalies associated with m-VSDs
but included cases with extracardiac anomalies and associated
known chromosomal anomalies (12, 13). Another study deter-
mined a 6.2% prevalence of aneuploidy associated with isolated
VSD, but the study included a limited number of cases (11). No
chromosomal anomalies were identified in our study, suggesting
that isolated m-VSD is a benign finding during pregnancy.

We acknowledge that our study also has several limitations.
Firstly, the incidence of apical muscular VSDs is low, which
limits the evaluation of the natural history of these defects.
Secondly, 42.1% of cases were lost to follow-up during the
postnatal period, limiting the conclusions. On the contrary, our
results indicate that isolated m-VSDs have no increased risk of
chromosomal anomalies and have a high spontaneous closure
rate during the first year of life. Also, small m-VSDs frequently
close spontaneously. This information may be valuable to coun-
sel parents at diagnosis.
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