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Abstract

Objectives: To compare 2nd-trimester cardiac and fetal bi-
ometries, 1st-trimester biomarkers, and obstetric outcome
between children with an isolated ventricular septum defect
(iVSD) and healthy children in alarge cohort of children with
neonatal echocardiography.

Methods: The Copenhagen Baby Heart Study offered all
neonates born in Copenhagen an echocardiography within
the 60 days of life between 2016 and 2018. The mothers
were recruited at the 2nd-trimester scan (18+0 to 22+6). The
documentation from the 2nd-trimester anomaly scan was
supplemented with the four-chamber view with Doppler
flow, the sagittal view of the aortic arch, the mid-umbilical
artery flow, and the ductus venosus flow. All prenatal images
were evaluated and cardiac biometries measured by two
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blinded investigators. VSDs were classified as muscular or as
“other type” (perimembranous, inlet, and outlet VSDs). We
compared cardiac biometries, biomarkers, and pregnancy
outcome between fetuses with a neonatally diagnosed iVSD
and controls.

Results: We included 25,556 neonates for an echocardiog-
raphy, of which 9,155 fetuses were scanned in the period
with extended cardiac imaging prenatally. We identified 294
fetuses with a postnatal VSD. Fetal measurements were
similar between those with an iVSD compared to those
without, and obstetric outcome were similar.

Conclusions: Our results indicate that children diagnosed
with an iVSD through neonatal echocardiography in an
unselected population have an otherwise structurally
normal heart prenatally and a normal pregnancy
outcome.
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Introduction

Ventricular septum defect (VSD) is a common congenital
malformation with an incidence of about 3% [1]. VSD is a
defect in the septum between the ventricles of the heart and
is categorized according to location [2]. Postnatally, the
defect allows oxygenated blood from the left ventricle to
flow across the septum. In large VSDs, the increased flow in
the pulmonary circulation can over time result in pulmo-
nary arterial hypertension and ventricular dysfunction [3,
4]. Whether there is an effect on the cardiac structures in
fetuses with an isolated VSD is to the best of our knowledge
yet unknown.

Previously, fewer, and only larger VSDs were detected
prenatally, but the detection of VSDs has increased over time
due to technological advancements now including smaller
and often isolated defects [5, 6]. Prenatal counselling is based
on literature including primarily fetuses with larger VSDs,
associated malformations, and chromosomal aberrations.
Hence, the prenatal counselling is difficult as there may be a
difference in both etiology and consequences between small
muscular VSDs and larger VSDs with associated malforma-
tions, where small muscular VSDs may be a normal
variation [7].

The Copenhagen Baby Heart Study (CBHS), a multicenter,
population-based cohort study with neonatal echocardiogra-
phy on more than 25,000 newborns, found a prevalence of
VSDs of 3.3 % [1]. We therefore anticipate that the number of
prenatally detected isolated small VSDs will increase in the
future as the ultrasound equipment and techniques rapidly
improve. Consequently, a greater knowledge on possible
associated changes in and around the heart, as well as preg-
nancy outcome is important, when a VSD is present.

The aim of this study was to compare 2nd-trimester
cardiac and fetal biometries, 1st-trimester biomarkers, and
obstetric outcome between children with an isolated VSD
and children without heart malformations (controls) in a
unique, large cohort of children with a subsequent neonatal
echocardiography.

Methods

The study is part of the CBHS; a multicenter cohort study
including newborns for neonatal echocardiography [8]. The
mothers were included at the 2nd-trimester anomaly scan at
three hospitals in greater Copenhagen — Herlev Hospital,
Hvidovre Hospital, and Rigshospitalet — from April 2016 to
October 2018. All parents gave written informed consent to
participate in the CBHS including sub-studies. The study was
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approved by the Regional Ethics Committee of the Capital
City Region of Denmark (H-16001518), and the Danish Data
Protection Agency (I-Suite no.: 04546, ID-no. HGH-2016-53).
The CBHS is registered with Clinical Trial registration: clin-
icaltrials.gov identifier NCT02753348.

All pregnant women in Denmark are offered a malfor-
mation scan in the 2nd trimester (around 20 weeks’ gesta-
tion), and approximately 95 % of pregnant women attend
this screening [9]. During the inclusion period of the
CBHS, the prenatal image documentation of the heart at the
2nd-trimester anomaly scan was extended compared to
what the national guidelines required [10]. We added the
four-chamber view with color Doppler flow across the
atrioventricular valves, the sagittal view of the aortic
arch, the mid-umbilical artery pulsatility index (PI), and the
ductus venosus PI, to the standard views already part of the
national guideline for the 2nd-trimester anomaly scan [11];
end-diastolic four-chamber view, left ventricular outflow
tract including the aortic valve, right ventricular outflow
tract, and the three-vessel trachea view.

The prenatal scans were performed by experienced
sonographers, certified by the Fetal Medicine Foundation,
London. We used Voluson E8 scanners, GE Medical Systems,
Zipf, Austria. All prenatal cardiac images were subsequently
evaluated by two blinded investigators. We measured the
diameters of the aortic valve, pulmonary valve, the
ascending aorta (3-vessel view), the aortic isthmus (sagittal
view), and the end-diastolic width and length of the ventri-
cles heart, and the axis of the heart in thorax (the angle
between the heart’s interventricular septum and the chest
wall’s anteroposterior axis). If the quality of the image was
poor with not clearly defined structures in and around the
heart, we did not measure the structure.

Gestational age was determined by the 1st-trimester
crown-rump length [12]. Maternal characteristics were
obtained from the local obstetric databases, the patient file
system (Epic Systems, Wisconsin, USA) and the ultrasound
database Astraia (Astraia GmBH, Munich, Germany). The
Ist-trimester parameters e.g., crown rump length, nuchal
translucency thickness in mm (NT), ductus venosus PI, free
B-human Chorion Gonadotropin (B-hCG, multiple of the
median, MoM), and Pregnancy-Associated Plasma Protein A
(PAPP-A, MoM) were measured and collected by sonogra-
phers at the routine 1st-trimester screening exam. We used
the biparietal diameter, the abdominal circumference, and
the femur length at the 2nd-trimester scan as proxies for
fetal growth. Pregnancy outcome data included gestational
age at delivery and birthweight. Whether the newborn was
growth restricted (FGR) was calculated using reference
charts from Marsal et al.’s [13]; a birthweight below 2 stan-
dard deviations was considered FGR.
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All neonates in the CBHS who underwent a trans-
thoracic echocardiography were scanned by a sonographer
or physician preferably within the first four weeks of
life using Vivid E9 ultrasound equipment (General Electric,
Horten, Norway). All the examiners were trained by spe-
cialists in pediatric echocardiography. Any echocardio-
graphic finding suspected to be abnormal was reviewed by a
cardiologist specialized in pediatric echocardiography. A
VSD was defined as flow across the interventricular septum
identified on color Doppler. All children with a VSD were
evaluated and followed up to ensure the defect would close
spontaneously, and in the case of larger defects, they were
referred to the department of Pediatric Cardiology. The VSDs
were grouped as being either muscular or other type — a
compound variable consisting of inlet, outlet, and peri-
membranous VSDs due to few cases. The VSD diameter was
measured from inner-to-inner edge, diagonally to the flow in
all available views, and sub-analyses were performed
regarding size of the VSD irrespective of the type or location
of VSD and were classified as large when 2=3mm
(90th-percentile), and small when <3 mm. We did not include
neonates with VSDs detected prenatally that had spontane-
ously closed before the neonatal echocardiography. The
controls consisted of all other singleton fetuses without
cardiac anomalies.

The data were analyzed with Stata, version 13.1
(StataCorp, College Station, TX, USA). For the analyses we
only included scans performed between 18+0 and
22+6 weeks’ gestation, and we excluded twins and children
with any cardiac abnormalities other than VSD. We sum-
marized baseline characteristics using frequencies or me-
dians where relevant and compared the two groups using
the Student’s t-test or the Mann-Whitney U test where
appropriate. Differences in biometries between fetuses with
VSD and heart healthy fetuses were examined using linear
regression analysis.

Results

Of the 25,556 neonates who were enrolled in the CBHS for a
systematic echocardiography, 9,155 fetuses underwent
extended cardiac imaging prenatally. As described, we only
measured on optimal prenatal images, hence the numbers of
measurements vary. For this study we excluded 319 twins
(3.5%), and 347 children with other cardiac abnormalities
(3.8%) including hypertrophic left ventricle, bicuspid
aortic valve, atrium septum defect, pulmonary stenosis,
coarctation of the aorta, and transposition of the great
arteries, Figure 1. We also excluded 17 fetuses that had the
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2nd-trimester scan performed later than 22+6 weeks’ gesta-
tion. Consequently, 8,472 fetuses were eligible for analysis.

A VSD was detected in 294 newborns — 265 with a
muscular VSD and 29 with another type of VSD (perimem-
branous=16, inlet=7, outlet=5, sub-arterial=1). Of the 294 VSDs
identified neonatally, 15 had also been detected prenatally
(5.1 %), of which 14 were muscular VSDs. Table 1 shows the
maternal characteristics of the women in the VSD groups
and in the control group. There were no differences between
the muscular VSD group and controls nor the other types of
VSDs and controls.

Table 2 shows 1st-trimester biomarkers, 2nd-trimester
growth biometries and obstetric outcomes. The results
were generally similar between the groups, however, with
tendencies towards lower levels of 1st-trimester biochemical
markers and a larger proportion born with FGR in the group
with other types of VSDs (perimembranous, inlet, and
outlet), though not significant.

The cardiac biometries and flows are listed in Table 3,
and there were no differences hetween the measurements in
fetuses neither with muscular VSD and controls nor between
the other types of VSDs and controls. As listed, there were big
differences in the number of obtained images ranging from
15% (sagittal view of the aortic arch) to 78 % (ascending
aorta in the three-vessel trachea view).

Sub-analyses of the prenatal scans were performed
regarding size of the VSD (Supplementary Table 1). The
cohort consisted of 218 small VSDs <3mm and 45 larger
VSDs 23mm defined postnatally, and 31 VSDs without
prenatal measurements, thus not included in this analysis.
The length of the fetal heart was marginally smaller in the
group with large VSDs compared to the control group (mean
difference —0.75mm (95 % CI -1.47; -0.02)). The abdominal
circumference was also marginally larger when the fetus
had a small VSD compared to the controls (mean difference
1.04 mm (95 % CI 0.07; 2.00)). For all other biomarkers and
cardiac measurement variables, no differences were found
between fetuses with small VSD and controls nor fetuses
with large VSDs and controls.

Sub-analyses were performed on the prenatally detec-
ted VSDs (n=15) compared to the non-detected. There were
no differences in cardiac biometries between the prenatally
detected and non-detected VSDs. Moreover, there were no
differences in 1st nor 2nd-trimester biomarkers, gestational
age at delivery, birthweight, or numbers born FGR.

Discussion

In this large, prospective, multicenter cohort study with
neonatal echocardiography, we compared cardiac and
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n=25,556

Included in The Copenhagen Baby Heart Study

documentation
n=9,155

Participants in the period with extended image

Excluded in this study:
Twins, n=319 (3.5%)
Other cardiac abnormalities, n=347 (3.8%)
Scanned after 22+6 weeks’ gestation, n=17 (0.2%)

Children with a postnatally detected VSD
n=294

Heart healthy controls
n=8,178

Other type of VSD
(perimembranous, inlet or outlet)

n=29

Muscular VSD
n=265

Figure 1: Flowchart of the study population.

Table 1: Characteristics of mothers to children with a ventricular septum defect compared to mothers of children without a heart malformation.

Muscular VSD Perimembranous, Controls Differences between Differences between

(n=265) inlet and outlet VSDs (n=8,178) muscular VSD and  perimembranous, inlet

(n=29) controls p-Value and outlet VSDs and

controls p-Value

Age, years (mean, SD) 30.8 (4.4) 32.2(43) 31.4(4.5) 0.05 0.3

BMI, kg/m? (median, IQR) 22.8 (20.5-25.6) 21.7 (19.6-25.6)  22.5(20.6-25.2) 0.6 0.6
Missing n (%) 14 (5.3) 2(6.9) 363 (4.4)

Smoking (yes), pre-gestational n (%) 5(2.1) 0(0.0) 216 (2.9) 0.4 0.4
Missing n (%) 24(9.1) 3(10.3) 768 (9.4)

VSD, ventricular septum defect; SD, standard deviation; BMI, body mass index; IQR, interquartile range.

fetal biometries, 1st-trimester biomarkers, and pregnancy
outcome between fetuses with a neonatally diagnosed
isolated VSD and children without a heart malformation.
This is the first study to examine the prenatal cardiac bi-
ometries in fetuses neonatally diagnosed with an isolated
VSD. The fetuses with a postnatally identified isolated VSD
did not differ in any of the evaluated measurements and
birth outcomes from the controls. The study was performed
as the number of prenatally detected isolated small,
muscular VSDs will probably increase in the future. Conse-
quently, a greater knowledge on possible associated changes
in and around the heart, as well as pregnancy outcome, is

important, when a small VSD is present, to expand our
knowledge and to provide optimal prenatal counseling.
The present results indicate that the cardiac structures
in fetuses with isolated VSDs are not affected. Due to the size
of the cohort, even small differences could be demonstrated,;
however, that was not the case, except from a marginally
smaller length of the fetal heart in the group with postnatally
identified larger VSDs. A study by Radhakrishna et al. found
an overrepresentation of genes linked to the development of
other cardiac structures such as the ventricles from preg-
nancies where the fetus had a VSD compared to normal
pregnancies [14]. In this study, however, we did not find any
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Table 3: The total numbers of obtained measurements and the mean sizes of the cardiac structures in fetuses with ventricular septal defect compared to heart healthy controls.

Mean difference between

perimembranous, inlet and outlet

Control group Mean difference between

Perimembranous, inlet

Muscular VSD

Vedel et al.: Fetal cardiac biometries in children with a VSD

muscular VSD group and
control group adjusted for

and outlet VSDs (n=8,178)

(n=265)

VSD group and control group

(n=29)

adjusted for gestational age
(95 % confidence interval)

gestational age

(95 % confidence interval)

mean (SD)

n (%)

mean (SD)

n (%)

mean (SD)

n (%)

-0.02 (-0.14; 0.10)
0.02 (-0.15; 0.19)
0.04 (-0.55; 0.63)
0.05 (-0.13; 0.22)

-0.31(-1.18; 0.55)
0.06 (-0.47; 0.60)

-0.11 (-0.61; 0.39)
0.17 (-0.33; 0.67)

-0.45 (-1.47; 0.58)

-0.17 (-1.03; 0.70)
0.50 (—6.56; 7.56)

0.00 (-0.10; 0.11)

-0.02 (-0.12; 0.08)

-0.02 (-0.07; 0.02

0.01 (—0.05; 0.06
0.09 (-0.04; 0.22
0.02 (-0.04; 0.07
—-0.15 (-0.39; 0.10
—0.08 (-0.23; 0.07

—-0.01 (-0.16; 0.13

0.00 (-0.14; 0.14
—0.08 (-0.37; 0.21

—-0.07 (-0.32; 0.17

1.28 (-0.62; 3.18
—0.01 (-0.06; 0.04
—0.02 (-0.06; 0.02

5,257 (64.3

3.0(0.3)
3.5(0.3)

34

22 (75.9)
21 (72.4)

6,079 (74.3

1,234 (15.1
5,867 (71.7

(0.4)

4.0(0.3)
10.9 (1.3)

20 (69.0)
10 (34.5)
10 (34.5)
10 (34.5)
10 (34.5)
10 (34.5)

4,123 (50.4

4,123 (50.4

5.8 (1.1)

4,123 (50.4

6.1 (0.8)

5.9 (0.9)
18.3(1.7)
13.2(1.6)
45.2 (6.6)
0.72(0.2)
1.19(0.2)

4,123 (50.4

4,123 (50.4

4,123 (50.4

10 (34.5)

1,568 (19.2

4(13.8)
11 (37.9)
13 (44.8)

2,302 (28.1

2,852 (34.9

Aortic valve diameter, mm

Ascending aorta in 3-vessel view, mm
Aortic isthmus in sagittal view, mm
Pulmonary valve diameter, mm

Left ventricular length, mm

Right ventricular length, mm
Left ventricular width, mm

Right ventricular width, mm

Heart length, mm
Heart width, mm

Axis of heart in the thorax, degrees
Ductus venosus pulsatility index
Umbilical artery pulsatility index

VSD, ventricular septum defect; SD, standard deviation.
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direct effect on other cardiac structures. This could be due to
difference in penetrance, thus not consequently resulting in
different altered structures. On the other hand, one
could hypothesize that the hemodynamic changes seen
postnatally, could also be seen prenatally. The flow across
the ventricular septum could potentially change the hemo-
dynamics, hence sizes, of the ventricles and ventricular
outflow tracts. However, we did not find any evidence of this
independent of the size of the VSD. This supports our hy-
pothesis that small VSDs as a single finding may not be of
great significance or severity. It is also supported by a recent
study, which showed that fetuses with isolated VSDs were
not at increased risk of chromosomal aberrations compared
to the non-selected background population [15, 16].

Embryologically, the fetal heart and placenta develop at
the same time and are probably directed by some of the same
mechanisms, which is called the placenta-heart axis [17].
This phenomenon is thought to play a significant role in non-
syndromic congenital heart disease. We did not find a sig-
nificant difference in placental biomarkers PAPP-A and free
B-hCG between the groups, although PAPP-A was marginally
lower in the group with other VSDs compared to the controls,
though not significant (0.92 vs. 1.03 (median difference —0.25
(95% CI -0.50; 0.00))). There was no difference in PAPP-A
between muscular VSDs and controls. This finding is inter-
esting, as it differentiates between subtypes of VSDs.
Muscular VSDs appear to be either a milder lesion or not
correlated to lower PAPP-A levels, which is a marker of
placental function, whereas other types of VSDs might be
correlated to lower PAPP-A levels.

Several studies have found a lower birthweight in chil-
dren with CHD, also specifically for VSDs [18, 19]. The study by
Matthiesen et al. showed differences in birthweight between
children with large VSDs and the controls, but not when the
VSD was small [19]. We did not find any significant differences
in birthweight or proportion of FGR; however, we found an
insignificantly lower birthweight and a larger proportion born
FGR when the child had perimembranous, inlet or outlet VSD.

The two significant findings on heart length and abdominal
circumference in the analyzes of small and large VSDs show
very small differences. It should be noticed that we performed
multiple comparisons, and a Type 1 error, especially when the
differences are small, is not impossible. However, it is also
possible that the heart is smaller, if the fetus has a large VSD.

There are some limitations in this study. Although our
cohort size is large, more cases with compound outcome
“other types” of VSDs would have been beneficial as these
subtypes may represent a less benign variation. The
extended image documentation was carried out by sonog-
raphers at the 2nd trimester anomaly scan and was not
mandatory to finish the exam. This had a bigger impact than
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we expected, as some of the images were only documented in
15-20 % of the cases. However, the number of missing im-
ages or measurements was comparable in the two groups
and our results would most likely not change with a larger
sample size to analyze. The study also has several strengths.
It is the first study to examine the prenatal cardiac bi-
ometries in fetuses neonatally diagnosed with an isolated
VSD. Moreover, it is a large prospective study including 9,155
fetuses for prenatal image evaluation who also underwent
neonatal echocardiography. As a result of the prospective
study design, the investigators reviewing the images did not
know whether the child was diagnosed with a VSD which
decreases the risk of bias.

In conclusion, our results indicate that children diag-
nosed with an isolated VSD through neonatal echocardiog-
raphy in an unselected population have an otherwise
structurally normal heart prenatally and a normal preg-
nancy outcome.
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