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Abstract
Background: This report evaluates results of a screening program on prenatal detection of congenital heart defects
in a geographical cohort of western Sweden between January 1st, 2013 and June 31st, 2017. During the study
period 88,230 children were born in VGR.
Methods: Retrospective data on pregnant women from the Västra Götaland region that were referred to fetal
cardiologists in Gothenburg were retrieved. To determine prenatal detection rate, all neonates who underwent
surgery or catheter intervention for a critical congenital heart defect born between January 1st, 2014 and
December 31st, 2016 were included. The four-chamber view was implemented into the routine scan in 2009 and
implementation of the ISUOG guidelines, including the outflow tracts, started in the region in 2015.
Results: 113 fetuses received a prenatal diagnosis of a major congenital heart defect. 89% of these were referred
because of a suspected cardiac malformation and 88% were diagnosed before 22 completed weeks. 59% of the
patients diagnosed before 22 completed weeks opted for termination of pregnancy. During 2014–2016, 61 fetuses
had a prenatal diagnosis of a critical congenital heart defect and a further 47 were diagnosed after birth, hence
56% were diagnosed prenatally, 82% for those which had a combination with an extracardiac abnormality and/or
chromosomal aberration compared to 50% if an isolated critical congenital heart defect was diagnosed. For single
ventricle cardiac defects such as hypoplastic left heart syndrome, double inlet left ventricle and tricuspid atresia, the
detection rate was 100%. The detection rate for transposition of the great arteries and coarctation of the aorta was
9 and 18% respectively.
Conclusions: 56% of all fetuses with a critical congenital heart defect were diagnosed prenatally during 2014–2016
and approximately 53% of all major congenital heart defects 2013–2017 as compared to 13.8% in 2009 in the same
region. An increased focus towards the fetal heart in the routine scan improved the prenatal detection rate of
major congenital heart defects. The detection of congenital heart defects affecting the four-chamber view seems
sufficient, but more training is needed to improve the quality of the examination of the outflow tracts.
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Background
Prenatal detection of some types of congenital heart defects (CHD), especially those who demands surgery or
catheter intervention within the first 2 months of life
(critical congenital heart defects or CCHD) has been
shown to have an impact on neonatal survival and morbidity, including neurocognitive outcomes [1–4]. This is
most probably a result of avoiding circulatory collapse
due to late diagnosis after birth and to planned delivery
at specialized centres. Prenatal detection of CHD also allows parents to consider termination of pregnancy (ToP)
[5]. In Sweden women are allowed free abortion until
the end of the 18th week of the pregnancy and the 22nd
week with permission from the National Board of Health
and Welfare if special reasons, which could be a cardiac
heart defect, are provided. National screening programmes for cardiac defects is part of the screening program in most developed countries and the detection
rates vary depending on population screened, staff training and the design of the checklists used [6].
In Sweden 97% of pregnant women participate in the
routine ultrasound at 18–20 weeks of gestation, which is
offered for free [7]. Region Västra Götaland (VGR) consists of 3 secondary centres and 1 tertiary centre that
offer routine scans. These are performed by specially
trained midwives and obstetricians. During the period
2013-2017 only 3% of pregnant women attended the
routine scan outside these 4 centres (local statistics, not
published). In 2009, VGR implemented the fourchamber view of the heart as a mandatory part of routine ultrasounds; in 2013, this procedure became
mandatory across Sweden [8]. Following ISUOG guidelines, additional cardiac views were gradually added in
VGR to include determination of atrial situs, the right
and left outflow tract views and the three-vessel-and-tracheal-view [9]. From 2015 the tertiary centre and one of
the secondary centres implemented ISUOG recommendations for fetal heart screening while the other two secondary centres have finished implementation during
2019. Since 2016 this is also mandatory according to national recommendations. The national goals set in 2006
for Sweden aimed at 25% of all major cardiac defects being detected [10], however international data show much
higher detection rates [11].
The primary aim of this study was to evaluate the results of the screening program regarding prenatal detection of CHD, with special focus on CCHD, in VGR from
January 1st, 2013 until June 31st, 2017. We aimed to
analyze detection rates for different types of cardiac defects as well as outcome after a prenatal diagnosis in
order to be able to further improve the fetal cardiac
screening program in the region. The purpose was to
ensure the screening quality against national and international standards and to be able to determine need for
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further training for the staff as well as to be able to give
patients correct information.

Methods
Aim, design and setting of the study

This was a retrospective geographical cohort study. Approximately 20,000 infants are born in VGR each year
and all fetuses with suspected CHD are referred to the
tertiary centre in Gothenburg. Cases were excluded from
the study if the mother was not residing in the area during the routine scan.
If the midwife performing the routine scan suspects a
cardiac defect, the patient is offered a follow-up examination by a specially trained obstetrician. If there are still
deviations from the normal appearance this is considered reason for specialized fetal echocardiography. Pregnancies with an increased risk of CHD are also offered
examination by a fetal cardiologist directly (Supplement
Table 1).
Patients referred to the fetal cardiologist were examined according to published recommendations [12, 13].
A specially trained sonographer or a fetal cardiologist
(paediatric cardiologist specially trained in fetal cardiology) performed the examinations. A fetal cardiologist
interpreted all findings. All examinations were performed using ultrasonic equipment with the capacity for
2D, M-mode, colour Doppler and pulsed Doppler. During the study period the examinations were performed
on a GE Voluson E8. If the first examination was incomplete and CHD could not be fully excluded, the examination was repeated.
If CHD was diagnosed information was given about
the significance, if surgery or other treatment was likely
to be necessary after birth, and the expected short and
long-term prognosis. The woman/couple then had a visit
with an obstetrician, and a plan for the pregnancy was
made, including information about the possibility of termination if the diagnosis was made before 22 completed
weeks. Amniocentesis to analyse fetal karyotype was offered when indicated. Since 2015 this included analysis
for 22q11-deletion.
The characteristics of participants

We included in the analysis all pregnant women with a
fetal diagnosis of CHD between January 1st, 2013 and
June 31st, 2017, irrespective of the presence or absence
of additional congenital anomalies. Cases of isolated fetal
arrhythmias were excluded.
Defects were considered major if they were potentially
lethal and/or likely to require surgery or catheter intervention before 12 months of age, and minor when no
intervention was likely to be required during the first
year. Major heart defects were classified as isolated if
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there was a normal karyotype and no extracardiac malformations, and otherwise classified as complex.
Within the group of major heart defects, a subgroup
of critical congenital heart defects (CCHD) were identified. For the purpose of this study CCHD was defined as
CHD requiring surgery and/or catheter intervention
within the first 2 months of life in order to avoid serious
complications and/or death. In cases of ToP or spontaneous intrauterine fetal death (IUFD) the heart defect was
classified as CCHD if the diagnosis usually requires
intervention within the first 2 months after birth.
In a subgroup analysis, all neonates with CCHD born
between January 1st, 2014 and December 31st, 2016 were
included. These were added to the prenatally diagnosed
cases with an estimated due date or actual delivery during
the same period in order to create a complete cohort of all
cases of CCHD during that period. This allowed for calculation of prenatal detection rate of CCHD.
Medical records on all pregnant women in which the
fetus was diagnosed with CHD were searched and a
number of variables were gathered for each patient
(Table 1).
Statistical analyses

This study was largely descriptive rather than comparative; hence median and range were used for continuous

variables and percentages for categorical variables.
Groups were compared using Fishers exact test. The
level of significance was set at p < 0.05. The median
follow-up of live births was 2 years, with a range of 3
weeks to 4 years.

Results
General characteristics

During the study period 88,230 children were born in
VGR. Of these, 1274 women (1303 fetuses) were referred
to and examined by a fetal cardiologist and of these,
1073 examinations (84%) were performed before 22
completed weeks (median 19.4, range 14–41 weeks).
The most common reason for referral was family history, accounting for 48% of all examinations (Supplement Table 1), but only 0.3% of these fetuses were found
to have CHD. In the group referred because of a suspected cardiac malformation, 41% were found to have
CHD.
Prenatally 130 fetuses were diagnosed with CHD, 110
of whom were examined before 22 completed weeks
(85%). 113 out of 130 had major CHD, six had minor
CHD and seven could not be classified during pregnancy. In four cases the diagnosis of a major CHD could
not be confirmed on fetal autopsy or postnatally.

Table 1 Prenatally diagnosed major CHD, diagnosis, outcome and chromosomal aberrations /associated malformations
Total Diagnosis < 22 w ToP

IUFD

Postnatal death Alive at follow-up Abnormal Karyotype
Or Associated Malformations

Total number

113

100

59 (52.2%) 6 (5.3%)

15 (13.2%)

33 (29.2%)

35 (30.9%)

HLHS

35

31

20 (57.1%) 1 (2.9%)

9 (25.7%)

5 (14.3%)

4 (11.4%)

AVSD

23

21

14 (60.8%) 2 (8.7%)

3 (13.0%)

4 (17.3%)

17 (73.9%)

TA

10

10

4 (40.0%)

0

6 (60.0%)

1 (10.0%)

ToF

6

6

4 (66.6%)

1 (16.6%) 0

1 (16.6%)

5 (83.3%)

AS

6a

4

4 (66.6%)

0

0

2 (33.3%)

0

PA

6

5

4 (66.6%)

0

1 (16.6%)

1 (16.6%)

1(16.6%)

DILV

5

4

2 (40.0%)

0

0

3 (60.0%)

1 (20.0%)

a

0

CoA

4

3

1 (25.0%)

0

1 (25.0%)

2 (50.0%)

1 (25.0%)

Truncus arteriosus

3

2

1 (33.3%)

0

1 (33.3%)

1 (33.3%)

2 (66.7%)

DORV

3

2

1 (33.3%)

0

0

2 (66.7%)

1 (33.3%)

dTGA

3

3

0

0

0

3 (100%)

0

0

ccTGA

2

2

0

0

2 (100%)

0

Ebstein’s anomaly

2

2

0

2 (100%) 0

0

0

TS

2

2

2 (100%)

0

0

0

1 (50.0%)

Left ventricular hypoplasia 2

2

2 (100%)

0

0

0

1 (50.0%)

PS

1

0

0

0

1 (100%)

0

1

ToP, Termination of Pregnancy; IUFD, Intrauterine fetal death; CHD, Congenital heart disease; HLHS, Hypoplastic left heart syndrome; AVSD, Atrioventricular septal
defect; TA, Tricuspid atresia; ToF, Tetralogy of Fallot; AS, Aortic stenosis; PA, Pulmonary atresia; DILV, Double inlet left ventricle; CoA, Coarctation of the aorta;
DORV, Double outlet right ventricle; dTGA, dextro Transposition of the great arteries; ccTGA, congenitally corrected Transposition of the great arteries; TS:
Tricuspid stenosis; PS, Pulmonary stenosis
a
Two of the patients with AS were prenatally diagnosed as CoA. These have been sorted as AS in the Table

Waern et al. BMC Pregnancy and Childbirth

(2021) 21:579

Of the 113 patients found to have major CHD, 102
(90%) were referred because of a suspected cardiac malformation, others due to extra-cardiac abnormalities
(five), family history (three, in all cases on the mother’s
side), increased nuchal translucency > 3.5 mm (NT)
(three) and maternal risk factors (one, diabetes with
poor metabolic control). There were 78 fetuses with a
single ventricle heart, and of these 72 were diagnosed
before 22 completed weeks (92%).
5.2% were referred because of increased nuchal translucency (> 3.5 mm), and 4.1% of these were diagnosed
with CHD.
Three additional patients with suspected CHD were
found at the routine scan, all at the tertiary centre, but,
due to multiple malformations and chromosomal aberrations (two trisomy 13, one trisomy 21), the pregnancies
were terminated without referral to the fetal cardiologist.
These are not further included in the report, since no
definitive diagnosis of CHD was made.
Unclassified CHDs

Seven fetuses diagnosed with CHD could not be classified as major or minor during pregnancy. In this group
there was one with suspected cardiomyopathy in a
duplex-pregnancy, both twins normal at birth. One case
had ectopia cordis, and the parents chose ToP before
any cardiac defect could be confirmed. In one case aplasia of ductus venosus was diagnosed together with an
abnormal course of the umbilical vein to the superior
vena cava and MRI showed that the portal vein was
missing. The pregnancy was terminated and findings
confirmed at autopsy. One fetus with a suspicion of VSD
suffered IUFD, the fetal karyotype was 69XXX and autopsy revealed multiple malformations, but could not
confirm the VSD. One fetus with suspected primum
ASD was postnatally found to have total anomalous pulmonary venous return to the coronary sinus. This fetus
also had “cat eye-syndrome”, and died shortly after birth.
In one patient there was a suspicion of ductal constriction at 37 completed weeks, however examination postnatally was normal. In one patient referred because of
diaphragmatic hernia the fetal cardiologist suspected a
possible univentricular heart malformation, but due to
the hernia this could not be classified. The child died
soon after birth and autopsy showed multiple malformations and hypoplasia of the right ventricle.
Minor CHDs

Six fetuses were diagnosed with minor CHD. One fetus
with right aortic arch and vascular ring and one with
cardiomyopathy were confirmed postnatally, while two
had a structurally normal heart (suspicion of cardiomyopathy as well as a pulmonary valve stenosis). One with
prenatal suspicion of cardiomyopathy had a patent
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ductus arteriosus which required surgery, but no cardiomyopathy could be confirmed. In one case with prenatally diagnosed VSD, autopsy after IUFD showed an
enlarged heart but no VSD. These six cases were not
further analysed.
Major CHDs

Major CHD was diagnosed in 113 fetuses (Table 1). Of
100 that were diagnosed before 22 completed weeks 59
(59%) opted for ToP (Fig. 1). In 54 continuing pregnancies, six fetuses died in utero and 48 were born alive. Fifteen died within the first year and 32 were still alive at
follow-up. The total mortality, ToP excluded, was 38,9%
(21 of 54). Of those diagnosed before 22 weeks, 90/100
had an amniocentesis. The number of patients with an
associated malformation or chromosomal aberration was
35/113 (31%) for major CHD, 17/78 (22%) for single
ventricle lesions and 18/35 (51%) for major biventricular
cardiac defects (Table 1).
Intrauterine transport to the tertiary centre was considered in those cases where the cardiac defect was predicted to be potentially life-threatening to the neonate,
the most common reason being duct dependent pulmonary or systemic circulation. Out of 54 continuing
pregnancies with fetal major CHD, 21 were from a secondary centre. One fetus died before a decision was
made whether or not to relocate the delivery. One
woman had premature rupture of membranes at 24
completed weeks and was not transported to the tertiary
centre due to the grave prognosis. Three patients were
not recommended delivery at the tertiary centre, in one
case because of poor prognosis. In the other two cases
further examinations were planned, but one delivered
prematurely at 33 weeks and one was transported after
start of premature labor and delivered at the tertiary
centre at 28 weeks. The remaining 16/21 women were
recommended to deliver in the tertiary centre. One of
the 16 fetuses died in utero, the other 15 were born in
the tertiary centre. Of these, 13 were diagnosed with a
duct-dependent CHD.
False positives

Fetal autopsy was performed in 30 of the 59 fetuses that
were terminated. In 28 cases autopsy confirmed the prenatal diagnosis. In one case the prenatal diagnosis of
AVSD was uncertain. A second examination was
planned, but the pregnancy was terminated because of
extracardiac malformations. The autopsy confirmed
multiple extracardiac malformations, but could not confirm the AVSD. One patient prenatally diagnosed with
fetal HLHS opted for termination of pregnancy, and fetal
autopsy could not confirm the diagnosis. The images
were reviewed by two fetal cardiologists, but were of
poor quality and inconclusive. This patient is not
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Fig. 1 Pregnancy outcome in foetuses diagnosed with isolated or complex major congenital heart disease; CHD (with or without a chromosomal
aberration and/or extracardiac malformation). (CHD, Congenital heart disease; ToP, Termination of Pregnancy; IUFD, Intrauterine fetal death)

included in Fig. 1, Tables 1 or 2. Two fetuses, who were
diagnosed prenatally with CoA were normal on postnatal examination. These are not included in Fig. 1, Tables
1 or 2. This is equivalent to a false positive rate of 0.2%.
Subgroup analysis of all prenatally and postnatally
diagnosed cases of CCHD 2014–2016

Sixty-one fetuses were considered to have CCHD (defined as described in Methods) and an estimated due
date or actual delivery date during 2014–2016. These 61
cases were analysed together with all children postnatally
diagnosed with CCHD during 2014 to 2016. In total 108
fetuses/children with CCHD were identified, and thus 61

had a prenatal diagnosis (56%). The prenatal detection
rate was 18/22 (82%) for those who had CCHD in combination with an extracardiac abnormality and/or
chromosomal aberration compared to 43/86 (50%) in
those with isolated CCHD (Table 2).
Of the 61 cases with a prenatal diagnosis, 36 opted for
TOP and three fetuses died in utero. Hence 22 were
born alive and of these 13 were still alive at follow-up.
In this group 18/61 (29%) had an associated chromosomal aberration or extra cardiac malformation, and of
those born alive the corresponding number was 5/22
(23%). Two of the 13 still alive at follow-up have an associated chromosomal aberration or malformation.

Table 2 Pre- and postnatally detected cases of CCHD 2014–2016
Group

Total number

Prenatal

Prenatal
(%)

ToP

ToP
% of prenatal
before 22 weeks

IUFD

Liveborn

Alive at follow-up

CoA

17

3

18%

1

33%

0

16

15

TGA

11

1

9%

0

0%

0

11

11

HLHS

23

23

100%

13

57%

1

9

4

DILV

5

5

100%

2

40%

0

3

3

TA

5

5

100%

3

60%

0

2

2

Other

47

24

51%

17

71%

2

28

24

Total

108

61

56%

36

59%

3

69

59

CCHD Critical congenital heart defects, ToP Termination of Pregnancy, IUFD Intrauterine fetal death, CoA Coarctation of the aorta, TGA Transposition of the great
arteries, HLHS Hypoplastic left heart syndrome, DILV Double inlet left ventricle, TA Tricuspid atresia
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There were 47 cases of CCHD diagnosed postnatally,
all but one of these were still alive at follow-up. Four
have an associated chromosomal aberration or associated malformation (8.5%).
In the prenatally detected group, 13/61 were alive at
follow-up. If we exclude ToP, 13/25 prenatally diagnosed
with CCHD were alive at follow-up, compared to 46/47
in the group postnatally detected (P < 0.0001).

Discussion
The number of pregnant women being referred for specialized fetal echocardiography at Sahlgrenska University
Hospital because of a suspicion of CHD in the fetus increases year by year. As a result, the number of cases of
CHD detected prenatally gradually increases. In total, 24%
were referred because of suspected CHD and 87% of all
cases diagnosed with CHD were in this group, corresponding well with previously published data [13]. Approximately half of all women examined by the fetal
cardiologist were referred because of family history, but
only 2,6% of all major cardiac defects detected were found
in this group, in all cases the mother was affected [13].
The definition of CCHD varies in the literature. Some
have used a one-month limit or focused only on those
requiring an emergency procedure within the first few
hours of life (mainly TGA or HLHS with severely restrictive atrial communication and TAPVR with
obstructed pulmonary venous return) [14, 15]. We used
a 2 month limit in order to include most cases of critical
CoA, since this is the critical cardiac defect most commonly missed by postnatal screening using pulse oximetry [16]. There was 100% prenatal detection for some
CCHDs, all of which were defects affecting the fourchamber view, such as HLHS, DILV and TA. The detection rate for other CCHDs was low, especially for those
not associated with an abnormal four-chamber view,
such as TGA (9%), or CHDs with a progressive evolution
that are not always detectable during the second trimester such as CoA (16%). Extended heart screening was
only practiced during the latter part of the study and is
still not fully introduced in two of the three secondary
centres. A more extensive screening program and staff
training has been shown to improve TGA detection rate
extensively from 14 to 77% [17]. The detection of TGA
was better during the subsequent part of the study
period; only 2 TGA were detected during the first 3
years of the study and 4 during the last year. This likely
reflects the continuing training of midwives performing
the routine scans in VGR as well as a more extensive
checklist especially concerning the heart in the latter
years. CoA is known to be difficult to diagnose prenatally [16, 18], with both missed cases and false positives being a problem. It is troublesome that so few
fetuses with TGA and CoA are diagnosed prenatally,

Page 6 of 9

since these diagnoses are among those in which a prenatal diagnosis is most beneficial [1, 2, 4]. The absence
of a centralized steering of the screening program in
Sweden and hence the possibility of centres not to fully
adhere to a national guideline is problematic and something that needs to be addressed on a national level
along with the implementation of a national quality
follow-up program.
The detection rates achieved in other reports are also
widely divergent, varying from 5 to 92% [19], indicating
the difficulties in screening for CHDs. A number of factors affect the detection rate at the routine scan, such as
the number of ultrasound scans during pregnancy, gestational age at the time of the routine scan, the position of
the fetus, the BMI of the mother, the experience of the
ultrasound operator, the time allocated for the scan and
which checklist is used [19].
The two main purposes of a screening program for
cardiac defects in the fetus is to increase the chances of
intact postnatal survival and to ensure the autonomy of
the pregnant woman [20]. A high-quality screening program will detect most cases of CCHD and avoid false
positive diagnoses. Although the detection rate of cardiac defects gradually increases, there are clear regional
differences both within a country as well as internationally and hence results in an ethical dilemma which needs
to be addressed by continuous education and training.
The overall false positive rate in this study was 0.2%,
well in line with other reports [21], however there was
one case where the patient opted for ToP and the diagnosis could not be confirmed on post-mortem examination. While an inexperienced examiner or obesity could
have caused this false positive result, it is something that
should be avoided by all means by continuous education
and training of staff involved in the screening.
According to Statistics Sweden, 58,930 babies were
born in VGR during 2014–2016. During this period 108
cases with CCHD were identified, including 3 IUFDs
and 37 ToP. This translates to a fetal incidence of 1.8/
1000, which is consistent with the expected incidence
[22] and supports the notion that most cases were identified. The incidence at live birth was 1.2/1000. Cases
not diagnosed prenatally and suffering IUFD, where the
pathological examination might have revealed a heart
defect were not included and we did not search cases
born alive without a prenatal diagnosis, but not surviving
to have surgery or catheter intervention. Of the identified fetuses and children with CCHD 56% had a prenatal
diagnosis. In a recently published study from the US a
prenatal detection rate of 78% was reached using serial
scans, which enabled birth at the congenital cardiac unit
in 92% of the cases and hence decreasing neonatal transports [23]. However, in Sweden a majority of pregnant
women only go through one ultrasound during their
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pregnancy increasing the importance of a good quality
routine scan.
Extrapolating from an estimated fetal prevalence of
2.4/1000 having major CHD [24], 212/88230 fetuses
should have had major CHD during our study period.
During this period 113 cases of major CHDs were identified prenatally, 56 of these were terminated and 6 fetuses died in utero. The prenatal detection rate of major
CHDs could thus be estimated at approximately 53%.
Compared to the results in the same region of Sweden
for the period 1989–2002 [25], during which approximately 11.4% of all major CHDs were detected, or the
results for the period 2002–2009 [26] where approximately 13,8% of all major CHDs were identified, there
has been a significant improvement in detection rates
since the start of CHD screening in 2009. Twelve of 53
cases of HLHS were diagnosed prenatally between 2002
and 2009, as compared to 100% between 2013 and 2017.
The increased detection of major CHDs depends largely
on the training of midwives performing the routine scan
and a more extensive checklist [27].
The overall termination rate was 59% in the group
with major CHDs diagnosed before 22 completed weeks
and 64% when a univentricular cardiac defect was diagnosed. The corresponding number for univentricular
cardiac defects from the Stockholm area during 2007–
2014 was 70% [28] and 52% for major CHDs in Finland
[6]. Terminations because of CCHD constituted 33% of
the total population of fetuses and neonates with CCHD,
lower than in some other parts of the nation [21] indicating a lower prenatal detection rate. In the group that
were prenatally diagnosed with CHD considered to be
suitable for biventricular repair, and without an abnormal karyotype or associated malformation, zero pregnancies were terminated.
All patients opting for termination were offered fetal
autopsy, however only 50% accepted. Improving this
proportion would be valuable in order to ensure the
quality of screening.
In the group of CCHDs diagnosed prenatally, 31% had
a chromosomal aberration or associated malformation
and 84% were univentricular defects. The corresponding
proportions for children diagnosed postnatally was 8.1
and 6.4% respectively. Similar results have been reported
by others [29, 30]. Outcome was significantly better in
the group diagnosed postnatally. This difference is
largely explained by the fact that the prenatally diagnosed cases consist to a large extent of single ventricle
lesions and have a high incidence of associated malformations and chromosomal aberrations. The postnatally
diagnosed children have lesions such as TGA and CoA
with an excellent prognosis.
It is well known that an abnormal karyotype and extra
cardiac malformations are strongly associated with
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CHDs [13, 31]. In our study, 30% of major CHDs had an
associated extracardiac malformation or chromosomal
aberration, which corresponds well with other reports
[29, 32].
Strength and limitations

One major strength of the study is the large population
of pregnant women from a well-defined geographical
area, of whom 97% undergo the second trimester routine
scan. Having only one tertiary centre and one fetal cardiology unit enabled us to follow up on all patients who
were examined by fetal cardiologists during the study
period.
This report misses the cases that were not detected
prenatally and died during pregnancy or after birth before surgery. Wren et al. (2008) found that about 5% of
children affected by CCHD died undiagnosed [33]. However, since 2014 pulse oximetry screening is used on all
new-borns in Sweden thereby minimizing the number of
missed cases. This indicates that missed cases who died
before surgery could not be expected to significantly
alter the numbers in this study.
Another limitation is that for the subgroup analysis including postnatally diagnosed cases only CCHD were included, while the number of major CHDs born during
that period was not searched. Therefore, the more precise prenatal detection rate could only be analysed for
CCHDs, while the prenatal detection rate for CHDs is
estimated.

Conclusions
Our data indicates that the training of midwives performing the routine scan and the incorporation of a
more extensive heart scan as part of the routine scan has
had an effect on the prenatal detection rate of major
CHDs. However, as of 2019, the full scan recommended
by ISUOG [9] had not been fully implemented in the
whole region, which is reflected by the numbers of prenatally detected cases in this study. The numbers seem
to indicate that the detection of CHDs based on the
four-chamber view is sufficient, but that education concerning the outflow views and the three-vessel-and-tracheal-view in all screening units in VGR is of outmost
importance.
Abbreviations
CHD: Congenital heart disease; ToP: Termination of Pregnancy; VGR: Region
Västra Götaland; ISUOG: International Society for Ultrasound in Obstetrics and
Gynecology; CCHD: Critical congenital heart defects; IUFD: Intrauterine fetal
death; NT: nuchal translucency; MRI: Magnetic resonance imaging;
VSD: Ventricular septal defect; AVSD: Atrioventricular septal defect;
CoA: Coarctation of the aorta; dTGA: dextro Transposition of the great
arteries; cTGA: corrected Transposition of the great arteries;
HLHS: Hypoplastic left heart syndrome; DILV: Double inlet left ventricle;
TA: Tricuspid atresia; ASD: Atrial septal defect; TAPVR: Total anomalous
pulmonary venous return; ToF: Tetralogy of Fallot; AS: Aortic stenosis;

Waern et al. BMC Pregnancy and Childbirth

(2021) 21:579

PA: Pulmonary atresia; DORV: double outlet right ventricle; TS: Tricuspid
stenosis; PS: Pulmonary stenosis; HAA: Hypoplastic aortic arch

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12884-021-04028-5.

Page 8 of 9

2.

3.

4.

Additional file 1.
5.
Acknowledgements
Thanks to Lena Mellqvist, ultrasound midwife, for valuable support regarding
our quality data collection.

6.

Authors’ contributions
YC and MM planned the study. MW and AB collected all data and MW and
YC compiled the data. MM went through all cases where there were doubts
regarding the classification. YC, MW wrote the protocol and MM, AB
provided intellectual input and approved the manuscript.

7.

Funding
This work was supported by Frimurarfonden Barnhusdirektionen Foundation
(YC, GLS 7000991), Wilhelm and Martina Lundgren foundation (YC, 2019–
2941), Linnea and Josef Carlsson Foundation (YC, 2019). The study was also
financed by grants from the Swedish state under the agreement between
the Swedish government and the county councils, the ALF agreement (YC,
ALFGBG-77860 and 75710). MM was supported by the Swedish Heart and
Lung Foundation. Open Access funding provided by University of
Gothenburg.

9.

8.

10.
11.

12.
Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due confidentiality under Swedish law, but are available
encoded from the corresponding author on reasonable request.

13.

Declarations
14.
Ethics approval and consent to participate
The Regional Ethical Review Board in Gothenburg approved the study.
Consent to be included in this study was waived by the Regional Ethical
Review Board in Gothenburg (Registration number 1119–16). The database
was coded, and has been registered in accordance with the Personal Data
Act, and approved by the Data Protection Officer at Sahlgrenska University
Hospital (Registration number 2017–00265). The work described in the article
have been carried out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki).

15.

16.

17.
Consent for publication
Not applicable.
18.
Competing interests
The authors have no conflicts of interest. Please refer to Funding.
19.
Author details
1
Department of Obstetrics and Gynecology, Region Västra Götaland,
Sahlgrenska University Hospital, Diagnosvägen 15, Paviljong 7b, 416 85
Gothenburg, Sweden. 2Pediatric Heart Center, Queen Silvia Children’s
Hospital, Sahlgrenska University Hospital, Gothenburg, Sweden. 3Department
of Pediatrics, Institute of Clinical Sciences, Sahlgrenska Academy, University of
Gothenburg, Gothenburg, Sweden. 4Centre of Perinatal Medicine and Health,
Institute of Clinical Sciences, Sahlgrenska Aacademy, University of
Gothenburg, Gothenburg, Sweden.

20.

21.

22.

Received: 2 May 2021 Accepted: 29 July 2021
23.
References
1. Bonnet D, Coltri A, Butera G, Fermont L, Le Bidois J, Kachaner J, et al.
Detection of transposition of the great arteries in fetuses reduces neonatal
morbidity and mortality. Circulation. 1999;99(7):916–8.

24.

Franklin O, Burch M, Manning N, Sleeman K, Gould S, Archer N. Prenatal
diagnosis of coarctation of the aorta improves survival and reduces
morbidity. Heart. 2002;87(1):67–9.
Kaguelidou F, Fermont L, Boudjemline Y, Le Bidois J, Batisse A, Bonnet D.
Foetal echocardiographic assessment of tetralogy of Fallot and post-natal
outcome. Eur Heart J. 2008;29(11):1432–8.
Calderon J, Angeard N, Moutier S, Plumet MH, Jambaque I, Bonnet D.
Impact of prenatal diagnosis on neurocognitive outcomes in children with
transposition of the great arteries. J Pediatr. 2012;161(1):94–8.e1.
Allan LD, Huggon IC. Counselling following a diagnosis of congenital heart
disease. Prenat Diagn. 2004;24(13):1136–42.
Hautala J, Gissler M, Ritvanen A, Tekay A, Pitkanen-Argillander O, Stefanovic
V, et al. The implementation of a nationwide anomaly screening
programme improves prenatal detection of major cardiac defects: an 11year national population-based cohort study. BJOG. 2019;126(7):864–73.
The Swedish Pregnancy Register Yearly report 2015. Graviditetsregistrets
årsrapport 2015. Available from: https://www.medscinet.com/gr/uploads/
hemsida/dokumentarkiv/Årsrapport_2015_Graviditetsregistret_1.4_Webb.pdf.
SBU. Routine ultrasound examination during pregnancy. Stockholm:
Swedish council on Health Technology Assessment in Health Care. Report
No:139. 1998.
International Society of Ultrasound in Obstetrics and Gynecology, Carvalho
JS, Allan LD, Chaoui R, Copel JA, et al. ISUOG Practice Guidelines (updated):
sonographic screening examination of the fetal heart. Ultrasound Obstet
Gynecol. 2013;41(3):348-59.
Swedish Society for Obstetrics and Gynecology A-gU. Obstetric Ultrasound
(Obstetriskt ultraljud). Report number 73. 2014.
van Nisselrooij AEL, Teunissen AKK, Clur SA, Rozendaal L, Pajkrt E, Linskens
IH, et al. Why are congenital heart defects being missed? Ultrasound Obstet
Gynecol. 2020;55(6):747–57.
Allan L, Dangel J, Fesslova V, Marek J, Mellander M, Oberhansli I, et al.
Recommendations for the practice of fetal cardiology in Europe. Cardiol
Young. 2004;14(1):109–14.
Donofrio MT, Moon-Grady AJ, Hornberger LK, Copel JA, Sklansky MS,
Abuhamad A, et al. Diagnosis and treatment of fetal cardiac disease: a
scientific statement from the American Heart Association. Circulation. 2014;
129(21):2183–242.
Harbison ALCS, Shepherd JL, Quimby A, Detterich JA, Votava-Smith J, Miller
DA. Pruetz JD outcomes of implementing cardiac risk stratification and
perinatal care recommendations for prenatally diagnosed congenital heart
disease. Prenat Cardio. 2020;10(1):24–31.
Slodki M, Respondek-Liberska M, Pruetz JD, Donofrio MT. Fetal cardiology:
changing the definition of critical heart disease in the newborn. J Perinatol.
2016;36(8):575–80.
Lannering K, Bartos M, Mellander M. Late diagnosis of Coarctation despite
prenatal ultrasound and postnatal pulse Oximetry. Pediatrics. 2015;136(2):
e406–12.
Ravi P, Mills L, Fruitman D, Savard W, Colen T, Khoo N, et al. Population trends in
prenatal detection of transposition of great arteries: impact of obstetric screening
ultrasound guidelines. Ultrasound Obstet Gynecol. 2018;51(5):659–64.
Familiari A, Morlando M, Khalil A, Sonesson SE, Scala C, Rizzo G, et al. Risk
factors for Coarctation of the aorta on prenatal ultrasound: a systematic
review and meta-analysis. Circulation. 2017;135(8):772–85.
Chaoui R. The four-chamber view: four reasons why it seems to fail in
screening for cardiac abnormalities and suggestions to improve detection
rate. Ultrasound Obstetrics Gynecol. 2003;22(1):3–10.
Rehmann-Sutter C. Should prenatal screening be seen as ‘selective
reproduction’? Four reasons to reframe the ethical debate. J Perinat Med.
2021. https://doi.org/10.1515/jpm-2021-0239.
Sainz JA, Zurita MJ, Guillen I, Borrero C, Garcia-Mejido J, Almeida C, et al.
Prenatal screening of congenital heart defects in population at low risk of
congenital defects. A reality today. An Pediatr (Barc). 2015;82(1):27–34.
Pradat P, Francannet C, Harris JA, Robert E. The epidemiology of
cardiovascular defects, part I: a study based on data from three large
registries of congenital malformations. Pediatr Cardiol. 2003;24(3):195–221.
Evans WN, Acherman RJ, Ciccolo ML, Lehoux J, Rothman A, Galindo A.
Detecting critical congenital heart disease in Nevada. World J Pediatr
Congenit Heart Surg. 2019;10(6):702–6.
Bergman G, Borgström E, Lundell B, Sonesson S. Improved prenatal
diagnosis of congenital heart defects. A follow-up study of prenatal
ultrasound screening. Lakartidningen. 2008;105(12–13):899–903.

Waern et al. BMC Pregnancy and Childbirth

(2021) 21:579

25. Åmark K, Mattsson L, Sunnegardh J, Mellander M. Begränsat värde av riktad
prenatal screening för hjärtmissbildningar. Dags för generell screening?
(Limited value of targeted prenatal screening for heart malformations Time for general screening?) Läkartidningen (The Swedish Medical Journal).
2004;101(48):3882–9.
26. Svensson O. Results of prenatal diagnosis of cardiac malformations in
gothenburg 2002–2009. [Degree project in medicine]. 2009.
27. Asplin N, Dellgren A, Conner P. Education in obstetrical ultrasound--an
important factor for increasing the prenatal detection of congenital heart
disease. Acta Obstet Gynecol Scand. 2013;92(7):804–8.
28. Socialstyrelsen (The Swedish Board of Health and Welfare). Fosterskador och
kromosomavvikelser 2014 (Fetal malformations and chromosomal
abberrations in 2014. Socialstyrelsen. 2016-3-4. https://www.socialstyrelsen.
se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2016-3-4.pdf.
29. Tegnander E, Williams W, Johansen OJ, Blaas HG, Eik-Nes SH. Prenatal
detection of heart defects in a non-selected population of 30,149 fetuses-detection rates and outcome. Ultrasound Obstetrics Gynecol. 2006;27(3):
252–65.
30. Wong SF, Chan FY, Cincotta RB, Lee-Tannock A, Ward C. Factors influencing
the prenatal detection of structural congenital heart diseases. Ultrasound
Obstetrics Gynecol. 2003;21(1):19–25.
31. Pierpont ME, Basson CT, Benson DW Jr, Gelb BD, Giglia TM, Goldmuntz E,
et al. Genetic basis for congenital heart defects: current knowledge: a
scientific statement from the American Heart Association congenital cardiac
defects committee, council on cardiovascular disease in the young:
endorsed by the American Academy of Pediatrics. Circulation. 2007;115(23):
3015–38.
32. Carvalho JS, Mavrides E, Shinebourne EA, Campbell S, Thilaganathan B.
Improving the effectiveness of routine prenatal screening for major
congenital heart defects. Heart. 2002;88(4):387–91.
33. Wren C, Reinhardt Z, Khawaja K. Twenty-year trends in diagnosis of lifethreatening neonatal cardiovascular malformations. Arch Dis Child Fetal
Neonatal Ed. 2008;93(1):F33–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

