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ABSTRACT 

Objective. To compare the rate of prenatal diagnosis of heart malformations between two 

policies of screening for heart malformations.  

Design. Randomized controlled trial.  

Setting. Six university hospitals, two district general hospitals. 

Sample. 39 572 unselected pregnancies randomized to either policy  

Methods. The 12-week policy implied one routine scan at 12 weeks including 

measurement of nuchal translucency (NT), the 18-week policy implied one routine scan at 18 

weeks. Fetal anatomy was scrutinized using the same checklist in both groups, and in both 

groups indications for fetal echocardiography were ultrasound findings of any fetal anomaly, 

including abnormal four-chamber view, or other risk factors for heart malformation. In the 

12-week scan group, NT ≥3.5 mm was also an indication for fetal echocardiography. 

Main outcome measure.  Prenatal diagnosis of major congenital heart malformation.  

Results. In the 12-week group, seven (11%) of 61 major heart malformations were 

prenatally diagnosed vs. 9 (15%) of 60 in the 18-week group; p = 0.60. In four (6.6%) cases in 

the 12-week group the routine scan was the starting point for investigations resulting in a 

prenatal diagnosis vs. in 9 (15%) cases in the 18-week group (p = 0.15). The diagnosis was 

made ≤22 weeks in 5% (3/61) of the cases in the 12-week group vs. in 15% (9/60) in the 18-

week group (p = 0.08). 

Conclusion. The prenatal detection rate of major heart malformations was low with both 

policies. The 18-week scan policy seemed to be superior to the 12-week scan policy, even 

though the differences in prenatal detection rates were not statistically significant.  

 



INTRODUCTION 

Cardiac malformations are among the most common congenital abnormalities. The 

prevalence of heart malformations is estimated to be 8 per 1000 live births, half of those (4 

per 1000 live births) being regarded as major, i.e., either lethal or requiring intervention 

within the first year of life.1 – 4 The spectrum of heart defects diagnosed prenatally differs 

from what is usually seen in postnatal practice. Cardiac malformations diagnosed prenatally 

are more often complex, i.e., they consist of several separate anatomical defects, and they are 

often associated with extra-cardiac malformations and/or abnormal karyotype.5  

Prenatal diagnosis allows optimization of perinatal management, i.e., preparation of the 

parents for the likely outcome, and planning of time, mode and site of delivery. The 

possibility to plan optimal management may improve neonatal outcome, e.g., in case of 

hypoplastic left heart syndrome, complete transposition of the great arteries, or coarctation of 

the aorta.6, 7, 8 Alternatively, prenatal diagnosis may constitute a rationale for termination of 

pregnancy.  

Results from prospective studies show that the detection rate of major heart defects at 

routine ultrasound examination at 18 – 23 gestational weeks in unselected or low-risk 

populations varies from 0 to 81%  9 − 19. In a recent national survey from the United Kingdom 

including 4000 cases of major cardiac defects the antenatal detection rate was 23% 20. This 

survey is retrospective and does not distinguish between detection at routine and indicated 

scans. In a study comprising 29 154 euploid fetuses of which 50 had a major congenital heart 

malformation, Hyett and colleagues21 investigated first trimester nuchal translucency (NT) 

measurement as a screening tool for major congenital heart malformation. The use of NT 

thickness ≥ 95th percentile to indicate major congenital heart malformation was associated 

with a sensitivity of 56%  (95% confidence interval, CI, 41 – 70%) and a false positive rate of 

6%, and the use of NT thickness ≥ 99th percentile (approximately 3.5 mm 22) with a detection 



rate of 40%  (95% CI, 26 – 54%) and a false positive rate of 1%.  Hyett and colleagues 

concluded that “measurement of fetal NT thickness at 10 – 14 weeks of gestation is a 

sensitive method of screening for major defects of the heart and great arteries”, and that ”this 

method of screening compares favorably with using the four chamber view of the heart at 16 

— 22 weeks of gestation.” 21 

The aim of this study, which was performed in pregnancies derived from the Swedish 

NUPP-trial23, was to compare the rate of prenatal diagnosis of congenital heart malformations 

between two policies of offering prenatal diagnosis: one routine ultrasound examination at 12 

– 14 weeks including NT measurement vs. one routine ultrasound examination at 18 weeks.  

 

 METHODS 

Study design 
 
The Swedish NUPP-trial (NackUPPklarning means nuchal translucency) is a randomized 

controlled national multicenter trial involving eight Swedish hospitals. It includes 39 572 

pregnancies and has been described elsewhere according to the Consolidated Standards of 

Reporting Trials (CONSORT)23. It was approved by the Ethics Committees at the 

Karolinska Institute in Stockholm, and those of the Medical Faculties of Lund University and 

Uppsala University. Women were recruited to the trial between March 1999 and December 

2002 from an unselected population of pregnant women cared for at maternity care units 

affiliated to the hospitals involved. Those who consented to take part were randomized to one 

of two policies of offering prenatal diagnosis. The main outcome measure of the NUPP-trial 

was the number of babies born with Down syndrome. Power calculation is described below. 

The 12-week policy implied one routine scan at 12 weeks including measurement of NT, the 

18-week policy implied one routine scan at 18 weeks. In this paper we compare the rate of 

prenatal diagnosis of heart malformation between the two policies. Fetal anatomy was 



scrutinized using the same checklist in both scan groups, and in both groups indications for 

fetal echocardiography were ultrasound findings of any fetal anomaly – including abnormal 

four-chamber view of the heart – or other risk factors for heart malformation, e.g., family 

history. The 12-week policy also included NT ≥ 3.5 mm as an indication for fetal 

echocardiography. Fetal echocardiography was carried out by an obstetrician or pediatric 

cardiologist specially trained in fetal echocardiography. Details of each policy are given 

below.  

Details about the ultrasound operators and equipment are described elsewhere23 .  

Details of the 12  – 14 week scan policy  

The 12-week scan included fetal biometry, scrutiny of the fetal anatomy, measurement of 

NT and calculation of risk of trisomi 21 using the software developed by the FMF 24. 

Anatomy screening was performed following the same checklist as in the 18-week group. 

However, in the 12-week group, inadequate visualization of the four-chamber view of the 

heart was accepted provided that NT was within the normal range. Women at increased risk 

of fetal aneuploidy according to NT screening who declined fetal karyotyping or whose 

fetuses proved to have normal chromosomes were offered a rescan of the fetal anatomy at 18 

weeks by one of the obstetricians involved in the trial. Fetal echocardiography was offered to 

women whose fetus had NT ≥ 3.5 mm if fetal chromosomes were normal or if the woman 

declined fetal karyotyping, and at one center (contributing 1257 of the 18 148 pregnancies in 

the 12-week group) fetal echocardiography was also offered to women with risk of trisomi 21 

≥1:250 if fetal chromosomes were normal or the woman declined fetal karyotyping. 

Details of the 18-week scan policy 

Fetal anatomy was scrutinized following the same checklist as in the 12-week scan group 

Visualization of the four-chamber view of the heart was obligatory. Examination of the out-

flow tracts of the heart did not form part of the standard 18-week examination. If the four-



chamber view was abnormal or difficult to interpret the woman was referred to a scan by an 

obstetrician, who then, if indicated referred her for fetal echocardiography. 

Follow-up 

To facilitate follow-up, all women were given a questionnaire at their routine scan where 

they were asked to report pregnancy outcome. Information on pregnancy outcome was 

retrieved from delivery records, from departments of neonatology, pediatric cardiology, 

genetics and pathology providing services to the hospitals involved, and from the National 

Registry of Congenital Anomalies. Newborns were followed-up with regard to heart 

malformation until 12 months of age. All information about the pregnancies in the trial, the 

results of the ultrasound examinations and outcome of pregnancy was collected in an internet 

based anonymous data base. 

Outcome variables, classification of cardiac defects 

Congenital cardiac defects were subdivided into major and minor malformations by the 

pediatric cardiologist of our team (GB). A major heart malformation was defined as one 

requiring surgery or catheter intervention – except interventions for persisting arterial duct or 

atrial septal defect (ASD) secundum – within the first 12 months of life. In addition, a 

ventricular septal defect (VSD) was regarded as a major cardiac malformation if the child was 

symptomatic despite pharmacological treatment. For consistency and to facilitate comparison 

of our results with those of others, cardiac defects were grouped into eight categories 

modified after Makrydimas et al. 25 

1) Left heart lesions (including hypoplastic left heart syndrome, aortic atresia with 

or without mitral atresia, aortic valve stenosis, and coarctatio of the aorta with or 

without VSD). 

2)  Right heart lesions (including tricuspid atresia, tricuspid valve dysplasia, 

Ebstein’s anomaly, pulmonary atresia with or without VSD, and pulmonary stenosis) 



3) Septal defects (including ASD and VSD, and atrio-ventricular septal defects 

with normal situs) 

4) Outflow tract anomalies (including transposition of the great arteries with or 

without VSD, common arterial trunk, tetralogy of Fallot with or without atresia of the 

pulmonary valve, and absent pulmonary valve syndrome). 

5) Laterality anomalies (including left and right atrial isomerism) 

6) Complex abnormalities (including atrio-ventricular to ventriculo-atrial 

disconcordance, double outlet right ventricle, and double inlet ventricle). 

7) Other lesions (e.g., cardiomyopathy, abnormal pulmonary venous drainage) 

8) Non-classifiable cases 

Statistical analysis 

The prevalence of congenital heart malformations and the rate of prenatal diagnosis of 

congenital heart malformations were compared between the 12-week scan group and the 18-

week scan group. All statistical analyses were carried out using the Statistical package for the 

Social Sciences (SPSS Inc, Chicago, IL, USA, 2003). The statistical significance of 

differences in proportions was determined using Fisher’s exact test or the Chi-2 test. A two-

sided p-value < 0.05 was considered statistically significant. 

The sample size in the NUPP-trial (18,000 women in each group) was calculated to give 

the trial power to show a change in the number of babies born with Down’s syndrome. Details 

on our power calculation have been published 23. The power of the trial to detect possible 

differences in detection rates of heart malformations is low. Assuming a detection rate of 23% 

(mean detection rate in a national survey from the United Kingdom 20) and a prevalence of 

major heart malformations of 0.4% 1 − 4, and using an alpha-error (two-sided) of 0.05 and a 

power of 0.80, a sample size of 62 750 fetuses in each arm of a trial would be needed to detect 

a 10% (absolute value) difference in prenatal detection rate as statistically significant. Our 



actual sample size of approximately 18 150 fetuses in each arm would allow detection of a 

change in detection rate from 23% to 33% with a power of 0.17 or from 23% to 13% with a 

power of 0.22; and a change from 15% to 5% with a power of 0.33 or from 15% to 25% with 

a power of 0.20. 

RESULTS 

Of 39 572 women randomized, 36 240 turned up for their routine scan. All fetuses alive at 

the routine scan are included in our analysis irrespective of whether they were later found to 

have a chromosomal abnormality.  

In the 12-week scan group 18 266 fetuses were alive at the scan, 118 were lost to follow up 

and 18 148 were included. Of the 18 148 living fetuses included in the 12-week group, 16 567 

had an NT measurement. Absent information on NT in 1699 fetuses is explained by the 

woman being too advanced in her pregnancy for NT measurement to be possible (crown rump 

length > 84 mm), difficulties with obtaining an accurate measurement, failure to enter the 

result of the NT measurement into the trial database, and, in a few cases, obvious lethal fetal 

malformations, e.g., anencephaly. The four chamber view was properly seen in 10 274 

fetuses, judged as suspicious in 16 fetuses and not possible to evaluate in 7858 fetuses.  In the 

18-week scan group 18 288 fetuses were alive at the scan, 137 were lost to follow up, and 18 

151 were included. Of 18 151 fetuses in the 18 week scan group, 19 had a suspicious four 

chamber view, six of which had a major heart malformation.  

Among the 36 299 fetuses included we identified 294 fetuses with a congenital heart 

malformation (8.1/1000), of which 121 fetuses had a major heart malformation (3.3/1000). 

Both the total prevalence of congenital heart defects and the prevalence of major heart defects 

was almost identical in the 12-week scan group and the 18-week scan group (139/18 148 vs. 

155/18 151, i.e., 7.7/1000 vs. 8.5/1000; 61/18 148 vs. 60/18 151, i.e., 3.4/1000 vs. 3.3/ 1000). 



The cardiac malformations are described in Table 1. The outcome of fetuses affected by a 

heart malformation is presented in Table 2.  

  In the 12-week scan group, seven of the 61 cases of major heart malformation were 

prenatally diagnosed (11%, 95% CI 4.7 – 22.2) vs. nine of the 60 cases (15%, 95% CI 7.1 – 

26.6) in the 18-week scan group (p = 0.60).  In the 12-week scan group four cases of 61 

(6.6%, 95% CI 1.8 − 16.0) were detected at the routine scan, i.e., the routine scan was the 

starting point for investigations eventually resulting in a prenatal diagnosis of a major cardiac 

malformation, in the 18-week scan group nine cases of 60 (15.0%, 95% CI 7.1 − 26.6) were 

detected at the routine scan; p=0.15.   In the 12-week scan group three diagnoses were made 

before 22 weeks  (5%, 95% CI 1.0 –14.0) vs. nine in the 18-week scan group (15%, 95% CI 7 

− 27); p = 0.08.  

Details of the 12-week scan group 

 Details about the prenatally diagnosed cases of major cardiac malformations in the 12-

week scan group are presented in Table 3. Three of the seven cases diagnosed before birth in 

the 12-week group were detected incidentally at a scan performed because of pregnancy 

complications >28 weeks.  

Among the 16 567 fetuses with information on NT thickness, the risk of Down’s syndrome 

according to NT screening was ≥1:250 in 587 fetuses (3.5%), and NT was ≥3.5mm in 77 

fetuses (0.5%). Of the 61 fetuses with a major heart malformation, three (5%) had NT ≥3.5 

mm and six (10%) had increased risk of Down’s syndrome but NT <3.5mm. None of the three 

fetuses with a major cardiac malformation and NT ≥3.5mm had their heart malformation 

diagnosed before birth: one was not referred for fetal echocardiography by an administrative 

mistake (preductal coarctatio of the aorta diagnosed after birth), one miscarried before fetal 

echocardiography was performed (common arterial trunc diagnosed at autopsy), and in one 

fetus an ASD and a VSD were missed at fetal echocardiography but diagnosed after birth. 



Three of the six fetuses with a major heart malformation and increased risk of Down’s 

syndrome but NT <3.5 mm underwent fetal echocardiography: two of them had their heart 

malformation diagnosed prenatally, but in the third fetus stenosis of the pulmonary valves was 

not detected at the fetal echocardiography but diagnosed after birth. 

Details of the 18-week scan group 

Details about the prenatally diagnosed cases of major heart malformation in the 18-week 

scan group are presented in Table 4. In all nine cases diagnosed before birth the indication for 

fetal echocardiography was abnormal fetal anatomy at the routine scan: in eight cases the 

heart appeared abnormal, and in one case (Fallot’s tetralogy) a finding of gastroschisis was 

the indication to perform fetal echocardiography.  

DISCUSSION 

Our purpose was to compare two complete policies of offering prenatal screening for 

major heart malformations. We wondered whether it would be possible to replace our current 

policy of offering one routine scan at 18 weeks with one of offering one routine scan at 12 

weeks. Because of the high sensitivity of increased NT with regard to heart malformation 

reported by Hyett et al 21 we believed that with regard to prenatal diagnosis of heart 

malformations this would be possible. Where for priority reasons it is possible to offer only 

one routine scan during pregnancy, it is a clinically important question how to best organize a 

service of offering prenatal diagnosis to all pregnant women.  

Our 18-week policy was associated with a disappointingly low rate of prenatal diagnosis of 

major cardiac malformations (15%), even though our prenatal detection rate fell within the 

range of detection rates reported in prospective studies conducted in settings that seem to have 

been similar to ours (0 − 75%) 9 − 11, 13, 14, 16 − 19. The extremely wide variation in reported 

prenatal detection rates of heart malformations at routine mid-gestation scans (0 – 81%9 − 20, 26, 

27) is to be explained not only by differences in operator skills, but also by differences in study 



design (retrospective 20, 26, 27 or prospective 9 − 19), study population (unselected 10 − 16, 26, 27, low 

risk 9, 17 − 19, or not clearly described 20), definition of major heart malformation (complex 

malformations 16, malformations potentially detectable by abnormal four chamber view 12, 18, 

or – as in our present study – all cases requiring surgery or catheter intervention within the 

first 12 months of life but also VSDs where the child was symptomatic despite 

pharmacological treatment), and the completeness of postnatal follow-up, incomplete follow-

up resulting in low prevalence of heart malformations and falsely high detection rate. The 

high detection rate of 69% reported by Sharland and Allan 12 may be partly explained by them 

only including major heart malformations potentially detectable by an abnormal four-chamber 

view. Rusico et al, too, excluded some heart malformations that are difficult to detect in the 

second trimester, e.g., progressive valvular stenosis, but their detection rate was less than half 

of that reported by Sharland and Allan (31%)18. Because only about 50% of all heart 

malformations are supposed to be detectable by an abnormal four-chamber view28, the 81% 

detection rate by Vergangi et al15, who seem not to have included examination of the outflow 

tracts in their routine scans, is difficult to explain. Incomplete follow-up may have been a 

source of bias in some studies, where the prevalence of major heart malformation is neither 

reported nor possible to calculate 12, 13, 20 or much lower than expected (0.1%)17, 19, 26. Our own 

low prenatal detection rate of congenital heart malformations in the 18-week group was 

associated with a very low rate of abnormal four-chamber view (19 cases i.e., 0.1%). This low 

rate of abnormal four-chamber view is identical to that reported by Buskens et al 9 (who had a 

17% prenatal detection rate of heart malformations) and Luck et al10 (who had a 36% prenatal 

detection rate of heart malformations), but much lower than the 4% reported by Tegnander et 

al 11(who had 26% second trimester detection rate of major heart malformations).  However, 

abnormal four-chamber view seems to have been defined differently in the studies cited. 

Buskens et al9 and Vergangi et al15 defined abnormal four chamber view as a suspicious view, 



Tegnander et al 11 included in their definition of abnormal four chamber view inability to 

obtain a four chamber view at the routine scan. It is often not possible to calculate the rate of 

abnormal four-chamber view on the basis of data presented in articles either because of 

uncertainty about the total number of women scanned12, 13, 20 or because the number of cases 

with abnormal or un-interpretable four-chamber view is not given 14, 26, 27.  

Our rate of prenatal diagnosis of heart malformations in the 12-week group was even lower 

than that in the 18-week group (5%, 7% or 11% depending on how detection rate is defined 

vs. 15%), even though the differences were not statistically significant. Lack of statistical 

significance is almost certainly to be explained by low power. Only three (5%) of the 61 

fetuses in the 12-week group with a major heart malformation had NT ≥ 3.5mm, and none of 

these fetuses had their diagnosis before birth (miscarriage before fetal echocardiography, not 

referred for fetal echocardiography by an administrative mistake, missed diagnosis of stenosis 

of the pulmonary valves at fetal echocardiography). Only 0.5% of the fetuses that had an NT 

measurement documented in our trial vs. the expected 1% had NT ≥3.5mm. This would seem 

to indicate that our NT measurements were too ‘conservative‘ and could explain the low 

sensitivity of NT ≥3.5mm with regard to heart malformation. On the other hand, our 

measurements were regularly checked and approved by the FMF, and others, too, have 

reported low sensitivity of NT ≥3.5mm with regard to heart malformation (0%29 and 11%30). 

The use of a lower NT cut-off than 3.5 mm would probably have been associated with a 

higher sensitivity but also with a larger number of fetuses that would have needed to undergo 

fetal echocardiography. We chose the 3.5 mm cut-off believing that 1% of our fetuses would 

need to be referred for fetal echocardiography on the basis of increased NT (in addition to 

those referred on other indications included in the 12-week policy). Our resources would not 

have allowed a higher percentage of fetuses to be examined by fetal echocardiography. The 

size of a test-positive group needing specialist investigation needs to be taken into account 



when planning routine antenatal care.  In the 12-week scan group two cases (3%) of major 

heart defects were detected at fetal echocardiography performed because of increased risk of 

Down’s syndrome according to NT screening, but both fetuses had NT < 3.5mm. If all fetuses 

with NT ≥3.5mm and/or a risk of Down’s syndrome ≥ 1:250 according to NT screening 

would have undergone fetal echocardiography nine (15%) of the 61 cases of major heart 

malformation in the 12-week group would have been potentially detectable for a test positive 

rate of 3.5%. This hypothetical 15% detection rate is equal to the actual detection rate of the 

18-week scan policy. However, using the calculated risk of Down’s syndrome as a screening 

tool for heart malformations is questionable, because risk calculation is based on previous 

history of chromosomal aberrations, maternal age, gestational age and NT. Of these 

parameters only increased NT is known to be associated with increased risk of congenital 

heart malformation.  

Because improved prognosis can be expected for babies with some types of heart 

malformations if the diagnosis is made before birth6, 7, 8, the low rate of prenatal diagnosis of 

major heart malformations not only in our study but also in others 9, 14, 19 is a problem. Pooling 

results from prospective studies examining the performance of mid-trimester routine 

ultrasound examination in an unselected population undertaken in a setting similar to ours 9 − 

11, 13, 14, 16 − 19 yielded a detection rate of 36%.  It seems that in the prospective studies reporting 

the highest detection rates 12,15, 16 the skill of those performing the routine scans was higher 

than that of our operators, because in the studies cited the operators were continuously and 

systematically taught how to obtain, recognize and interpret the four-chamber view12, 16, or the 

operators consisted of a limited number of obstetricians with special training in fetal 

ultrasonography 15. Moreover, in the study by Carvalho et al, the sonographers were 

encouraged to include examination of the outflow tracts of the heart in their routine scans 16. 



Easy access to fetal echocardiography is also likely to have contributed to the high rate of 

prenatal diagnoses the studies cited 12, 15, 16. 

Despite the low power of our trial, we believe that our results do not support the idea of 

replacing the 18-week policy with the 12-week policy as we have defined these policies in our 

trial. We would rather recommend that resources be spent on teaching and training those 

performing routine scans in pregnancy to visualize and interpret the four chamber view of the 

heart at 18 – 23 weeks and to include examination of the great vessels into the routine scan. 

The efficacy of routine ultrasound screening for major congenital heart malformations can be 

improved by education and training of operators 11, 31 − 33 and by including examination of the 

outflow tracts of the heart31. The time spent learning to obtain a four-chamber view and a 

proper view of the outflow tracts is relatively long32. Systematic training of operators, a low 

threshold for referring patients for fetal echocardiography, easy access to fetal 

echocardiography followed by direct feed-back to the operator would probably facilitate the 

building up of the skills of those performing routine scans in pregnancy.  

The question of whether adding a 12-week NT scan to an 18-week fetal anatomy scan 

would increase the prenatal detection rate of major cardiac malformations – while keeping the 

number of fetuses needing to undergo specialist fetal echocardiography reasonably low – can 

only be answered in a randomised controlled trial. Assuming a detection rate of 23%20, a 

prevalence of major heart malformations of 0.4% 1 − 4, using alpha-error (two-sided) 0.05 and 

power 0.80, and defining a 10% difference in detection rate as clinically relevant, a sample 

size of 62750 fetuses in each arm of the trial would be needed.  

Summary  

We have compared two policies of offering prenatal diagnosis to all pregnant women with 

regard to prenatal detection of major heart malformation, i.e., one scan at 12 − 14 weeks 

including NT measurement vs. one scan at 18 − 20 weeks, both scans including scrutiny of 



fetal anatomy. The rate of prenatal diagnosis of heart malformation was low with both 

policies. The 18-week scan policy seemed to be superior to the 12-week scan policy, even 

though the differences in prenatal detection rates were not statistically significant. The 

question of whether adding a 12-week NT scan to an 18-week fetal anatomy scan would 

increase the prenatal detection rate of major cardiac malformations can be answered in a 

randomized controlled trial including 62 750 fetuses in each arm. 
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Table 1. Description of the cardiac malformations 
___________________________________________________________________ 
 
   12-week scan group  18-week scan group 
   Number    Number 
___________________________________________________________________ 
 
Major malformations 61    60 
  
Left heart   11    16 
Right heart   13    10 
Septal defects  19    17 
Outflow tract defects 12    13 
Laterality defects   2     2 
Complex abnormalities  3     2 
Other     1     0 
 
Minor malformations 
 
ASD     8    12 
VSD     62    76 
Nonclassifiable   8     7 
___________________________________________________________________ 
ASD, atrial septum defect; VSD, ventricular septum defect 



Table 2. Outcome of fetuses with congenital cardiac malformation 
__________________________________________________________________________________ 
     
    12-week scan group 18-week scan group P-value 
    n = 18 148    n = 18 151  
__________________________________________________________________________________ 
Any heart malformation, n  139  155 
 
Major heart malformation, n 61  60 
 Prenatally diagnosed, n (%)  7 (11%)  9 (15%)                             0.60
 Diagnosed < 22 weeks, n (%) 3 (5%)  9 (15%)                     0.08
 Legal abortion, n  3  7 
 Fetal loss, n    1  0 
 Liveborn, n  57  53 
 Neonatal death, n  1  0 
 Death within 12 months, n 2  2  
     
Minor heart malformation,      78  95 
 Prenatally diagnosed, n (%) 1 (%)   0 (0%) 
__________________________________________________________________________________ 
  



Ta
bl

e 
3 

M
aj

or
 c

ar
di

ac
 m

al
fo

rm
at

io
ns

 d
ia

gn
os

ed
 p

re
na

ta
lly

 in
 th

e 
12

-w
ee

k 
gr

ou
p 

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

 
  

Po
st

na
ta

l d
ia

gn
os

is
 

G
w

s a
t d

ec
is

io
n 

to
 

In
di

ca
tio

n 
fo

r 
G

w
s a

t d
ia

gn
os

is
 

G
en

ot
yp

e 
O

ut
co

m
e 

 
pe

rf
or

m
 fe

ta
l  

fe
ta

le
ch

oc
ar

di
og

ra
ph

y 
 

  
ec

ho
ca

rd
io

gr
ap

hy
 

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_ 

 
C

om
pl

ex
 si

tu
s i

nv
er

su
s, 

A
V

-d
is

co
rd

an
ce

 
 1

2 
 

D
ex

tro
ca

rd
ia

 a
t 1

2-
w

ee
k 

sc
an

 
   

18
 

 
N

or
m

al
 

TO
P 

 
 C

om
m

on
 a

rte
ria

l t
ru

nk
 

 1
2 

 
R

is
k 

of
 tr

is
om

i 2
1 

1:
24

3 
23

 
A

ut
os

om
al

  
A

liv
e 

at
  

 
 

 
 

 
(N

T
 1

.7
 m

m
) 

 
 

 
m

on
os

om
i 

12
 m

on
th

s 
    

   
   

   
   

   
   

   
  S

in
gl

e 
ve

nt
ric

le
, T

G
A

 
18

 
A

bn
or

m
al

 k
id

ne
ys

 a
t 1

2-
 

   
19

 
 

N
or

m
al

 
TO

P 
 

w
ee

k 
sc

an
 

 
H

yp
op

la
si

tc
 le

ft 
he

ar
t 

 1
8 

R
is

k 
of

 tr
is

om
i 2

1 
1:

12
3 

  1
9 

N
or

m
al

 
TO

P 
sy

nd
ro

m
e 

 
 

 
(N

T
 2

.3
m

m
) 

   
Te

tra
lo

gy
 o

f F
al

lo
t 

28
 

 
In

tra
ut

er
in

e 
gr

ow
th

 re
ta

rd
at

io
n 

   
28

 
 

 N
or

m
al

 
A

liv
e 

at
 

 
 

 
 

 
 

 
 

 
12

 m
on

th
s 

 
D

ou
bl

e 
ou

tle
t r

ig
ht

 
ve

nt
ric

le
. A

V
SD

 
33

 
 

Po
ly

hy
dr

am
ni

on
 

  3
4 

 
 N

or
m

al
 

D
ea

th
 a

t  
 

4 
da

ys
  

 
M

al
fo

rm
at

io
n 

of
 tr

ic
us

pi
d 

va
lv

e 
an

d 
pu

lm
on

ar
y 

ar
te

ry
 

35
 

 
C

ar
di

ac
 a

ry
th

m
ia

 
  3

5 
 

N
or

m
al

 
A

liv
e 

at
  

 
 

 
 

 
 

 
 

 
12

 m
on

th
s 

 __
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_ 
 

G
w

s=
 g

es
ta

tio
na

l w
ee

ks
;A

V
-d

is
co

rd
an

ce
= 

at
rio

ve
nt

ric
ul

ar
 d

is
co

rd
an

ce
; N

T=
 n

uc
ha

l t
ra

ns
lu

ce
nc

y;
 IU

G
R

= 
in

tra
ut

er
in

e 
gr

ow
th

 re
st

ric
tio

n;
 A

V
SD

= 
at

rio
ve

nt
ric

ul
ar

 se
pt

al
 d

ef
ec

t; 
TO

P,
 te

rm
in

at
io

n 
of

 p
re

gn
an

cy
 



Ta
bl

e 
4 

M
aj

or
 c

ar
di

ac
 m

al
fo

rm
at

io
ns

 d
ia

gn
os

ed
 p

re
na

ta
lly

 in
 th

e1
8-

w
ee

k 
gr

ou
p 

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

 
 Po

st
na

ta
l d

ia
gn

os
is

 
 

G
w

s a
t d

ec
is

io
n 

to
 

In
di

ca
tio

n 
fo

r 
G

w
s a

t d
ia

gn
os

is
 

G
en

ot
yp

e 
O

ut
co

m
e 

 
 

 
pe

rf
or

m
 fe

ta
l  

fe
ta

l e
ch

oc
ar

di
og

ra
ph

y 
 

  
ec

ho
ca

rd
io

gr
ap

hy
 

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

 
 

 
TG

A
 

 
15

 
 

M
ul

tip
le

 m
al

fo
rm

at
io

ns
.  

16
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 T

ris
om

i 1
8 

TO
P 

 
En

la
rg

ed
 h

ea
rt 

 
   

Te
tra

lo
gy

 o
f F

al
lo

t 
 

16
 

 
Ex

tra
 c

ar
di

ac
 m

al
fo

rm
at

io
ns

 
17

 
 

N
or

m
al

 
TO

P 
  

D
ou

bl
e 

ou
tle

t r
ig

ht
 

ve
nt

ric
le

. I
so

m
er

is
m

 o
f 

th
e 

at
ria

s. 
St

en
os

is
 o

f t
he

 
pu

lm
on

ar
y 

va
lv

e 
 

17
 

 
A

bn
or

m
al

 4
-c

ha
m

be
r v

ie
w

 
19

 
 

N
or

m
al

 
 A

liv
e 

at
 

 
12

 m
on

th
s 

 
 

 
C

om
m

on
 a

rte
ria

l t
ru

nk
. 

D
ex

tro
ca

rd
ia

 
 

17
 

 
A

bn
or

m
al

 4
-c

ha
m

be
r v

ie
w

 
17

 
 

N
or

m
al

 
TO

P 
   

Te
tra

lo
gy

 o
f F

al
lo

t 
D

ou
bl

e 
ou

tle
t r

ig
ht

 
ve

nt
ric

le
. S

te
no

si
s 

of
 th

e 
ao

rta
 

 
17

 
 

A
bn

or
m

al
 4

-c
ha

m
be

r v
ie

w
 

18
 

 
N

or
m

al
 

 A
liv

e 
at

 
 

12
 m

on
th

s 
 

 
 

 
 

 
 

 
 

 
   

   
   

   
   

   
   

  c
on

t. 
 



Ta
bl

e 
4 

co
nt

in
ue

d 
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
 

 Po
st

na
ta

l d
ia

gn
os

is
 

 
G

w
s a

t d
ec

is
io

n 
to

 
Fi

nd
in

g 
in

di
ca

tin
g 

G
w

s a
t d

ia
gn

os
is

 
G

en
ot

yp
e 

O
ut

co
m

e 
 

 
 

pe
rf

or
m

 fe
ta

l  
 

fe
ta

l e
ch

oc
ar

di
og

ra
ph

y 
ec

ho
ca

rd
io

gr
ap

hy
 

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

 
 

  
TG

A
. A

V
-d

is
co

rd
an

ce
 

18
 

A
bn

or
m

al
 o

ut
flo

w
 tr

ac
t 

18
 

N
or

m
al

 
TO

P 
Fu

nc
tio

na
lly

 o
ne

-v
en

tri
cl

e 
he

ar
t 

  
Eb

st
ei

n’
s a

no
m

al
y 

 
18

 
 

A
bn

or
m

al
 4

-c
ha

m
be

r v
ie

w
 

20
 

N
or

m
al

 
D

ea
th

 a
t 

 
3 

m
on

th
s 

 
 

 
H

yp
op

la
st

ic
 le

ft 
he

ar
t 

18
 

A
bn

or
m

al
 4

-c
ha

m
be

r v
ie

w
 

20
 

 
N

or
m

al
 

TO
P 

sy
nd

ro
m

e 
 

  
C

om
m

on
 a

rte
ria

l t
ru

nk
 

20
 

 
En

la
rg

ed
 h

ea
rt,

 V
SD

? 
22

 
N

or
m

al
 

A
liv

e 
at

 
 

12
 m

on
th

s 
 

 
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
 

G
w

s=
 g

es
ta

tio
na

l w
ee

ks
; T

G
A

= 
tra

ns
po

si
tio

n 
of

 th
e 

gr
ea

t a
rte

rie
s;

; A
V

 d
is

co
rd

an
ce

= 
at

rio
ve

nt
ric

ul
ar

 d
is

co
rd

an
ce

; V
SD

= 
ve

nt
ric

le
 se

pt
al

 d
ef

ec
t; 

TO
P,

 te
rm

in
at

io
n 

of
 

pr
eg

na
nc

y 


