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ABSTRACT

Objective 
The primary aim of the study was to assess the performance (detection rate, accuracy) of 
prenatal diagnosis of congenital heart defects (CHD) after the introduction in 2007 of the 
20-week scan in the Netherlands and to describe trends in terminations of pregnancy. In 
addition, infant mortality rate within the first year of life was compared in the group with CHD 
diagnosed prenatally and in the group diagnosed only after birth.

Methods 
We included CHD diagnosed after referral at two Fetal Medicine centers, in fetuses or infants 
with a (expected) date of birth between January 2008 and December 2013. Verification of 
the diagnosis was assessed by autopsy or echocardiography (or heart catherization) and CHD 
was classified into 12 categories. Mortality rates in the prenatally diagnosed group were 
compared with the group diagnosed after birth. Cases of trisomy 21, 18 or 13 or cardiac 
diagnosis such as arrhythmias, isolated ventricular septum defect and patent arterial duct 
were excluded. CHD were classified into 12 categories. 

Results 
In total 610 CHD cases were included, of which 380 (62,3%) were diagnosed prenatally. The 
largest group was represented by conotruncal anomalies. A correct or minor discrepancy 
between pre and postnatal in diagnosis occurred in 81.1% of the cases (range 45.5% - 97.3%), 
depending on the type of CHD. CHD were more frequently diagnosed before birth in non-
isolated cases, whereas concordant diagnoses or minor discrepancies occurred significantly 
more often in isolated CHD. In 13.4% of the cases the postnatal type and severity did not 
match the prenatal findings. Postnatal diagnosis occurred in 230 cases and concerned 
especially minor septal defects, valvular anomalies and venous return anomalies. Mortality 
in the pre-and postnatally diagnosed group was 15.2% and 6.5%, respectively 

Conclusion 
Successful and accurate prenatal diagnosis depends on the type of CHD involved and on 
whether additional anomalies are present or not. The higher mortality rate in the prenatally 
diagnosed group is an indirect consequence of successful prenatal diagnosis of the most 
severe CHD not followed by the choice of terminating the pregnancy, especially in more 
severe and non-isolated CHD types. The challenge for the future will be to further improve 
the diagnostic skills of the sonographers and to concentrate congenital cardiac surgery to 
guarantee sufficient case load per center. 
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INTRODUCTION

Of all congenital anomalies, congenital heart defects (CHD) are the most frequent (1-3), with 
a reported incidence in the Netherlands varying from 3 to 6.15 per 1.000 births (4-6). In 2007 
a national prenatal screening program was introduced and a routine 20-week anomaly scan 
(“20-week scan”) became available for all pregnant women. During the 20-week scan an 
anatomical survey of the fetus is carried out, including the fetal heart. Women at increased 
risk of having a child with a cardiac anomaly are directly offered a detailed ultrasound 
examination including a specialized echocardiography (DUS) in a fetal medicine unit. Also, 
if a CHD is suspected at the 20-week scan, women are referred to a fetal medicine unit for 
a DUS performed by a fetal medicine specialist in conjunction with a pediatric cardiologist. 
After the diagnosis is made they jointly counsel parents. Genetic testing is offered to rule out 
associated chromosomal and genetic abnormalities. 
After the introduction of the 20-week scan in the Netherlands the reported prenatal detection 
rate for CHD increased to 60% (7,8) compared to detection rates between 22% (8) and 35.8% 
(7) prior to this period. International prenatal detection rates in screening programs range 
between 66% and 91% (9-11). Different types of CHDs of variable severity can be diagnosed. 
Mortality and morbidity varies not only among types but also within the same type of CHD 
(2). Accurate prenatal diagnosis is therefore important when counseling parents on the 
expected outcome of their child. 
The objective of our study was to evaluate the performance (detection rate, accuracy) of the 
prenatal diagnosis of CHD in pregnancies referred to a tertiary center for prenatal diagnosis 
after abnormal findings at routine prenatal screening. The second objective was to examine 
survival in relation to type of CHDs and moment of diagnosis, pre or post-natal

METHODS

Sonographers performing the 20-week scan in the Netherlands must be qualified and have a 
contract with one of the regional centers for prenatal screening. The ultrasound investigations 
are performed according to a stringent and uniform protocol with continuous quality controls 
including submitting data and images for audit (12). The protocol includes assessment of the 
size and position of the heart, the four chamber view, crossing of the great arteries and, since 
2012, outflow tracts and the three vessel view (13). Cases suspected for cardiac pathology 
are referred to a tertiary center.
A retrospective cohort study was performed at the University Medical Center Utrecht (UMCU) 
and the University Medical Center Groningen (UMCG), both tertiary referral centers for 
suspected CHD. Both centers have a fetal medicine unit specialized in fetal echocardiography 
and a pediatric cardiology department. Two groups with (expected) date of birth in the 
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period January 2008 – December 2013 were included in the study: a) cases where a CHD was 
diagnosed prenatally and b) cases where after a supposedly “normal” mid-trimester screening 
scan a CHD was diagnosed postnatally (missed diagnosis). All CHD cases observed prenatally 
in ascertained trisomy 13, 18 and 21 cases were excluded from the analysis, since most are 
diagnosed early in pregnancy and many pregnancies are terminated without post-mortem 
examination. Cases with postnatal diagnosis of other chromosomal anomalies were included. 
Furthermore, cardiac diagnosis such as arrhythmias, isolated ventricular septal defect and 
patent arterial duct were excluded. Only cases of which the prenatal diagnosis was available, 
either from a post-mortem examination or postnatal assessment by a pediatric cardiologist, 
were included. Infant mortality up to one year after birth was recorded for all cases. 
In both groups, CHD were classified into 1 out of 12 categories, see table 1, based on the 
categorization used bij van Velzen et al.(7). In addition, cases were classified according to 
clinical presentation: isolated, associated with minor or multiple congenital anomalies, 
syndromal or associated with a chromosomal/genetic defect other than common trisomies. 
In case of doubts about the correct classification, this was discussed by a fetal medicine 
expert (RdH) and a pediatric cardiologist (HtH). 
In the prenatally diagnosed group, accuracy of prenatal diagnosis of CHD in comparison with 
postnatal findings was classified into four groups: 1) correct diagnosis or minor discrepancy 
not influencing postnatal outcome or prognosis; prenatal diagnosis corresponds completely 
with postnatal diagnosis, or minor discrepancies observed, unlikely to influence postnatal 
outcome or therapeutic options. 2) Other CHD, severity comparable; diagnosis is not fully 
correct, but counseling after prenatal ultrasound examination was adequate in describing 
postnatal course of events. 3) Other CHD, severity not comparable; there is a CHD, but the 
postnatal diagnosis is not consistent with prenatal diagnosis. In this case prenatal counseling 
was not adequate in describing postnatal course of events and prognosis. 4) false positive 
diagnosis; after birth a structural normal heart was seen, without implications for further 
therapeutic actions. 
Type of CHD, clinical presentation and survival in the prenatally and postnatally diagnosed 
groups were compared by the chi-square test. A p-value of <0.05 was considered to be 
statistically significant. Data analysis was performed by using SPSS Software (SPSS for 
Windows, version 22, SPSS Inc. Chicago, Illinois, USA).
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Table 1. Classification of CHD
Category Description

Aortic Arch Anomaly Aortic coarctation; hypoplastic or interrupted aortic arch 
multiple level left heart obstruction; isolated right aortic arch; 
double aortic arch, vascular ring

Conotruncal anomaly Tetralogy of Fallot; double outlet right ventricle (DORV) – Fallot 
type; Double outlet right ventricle and ventricle septal defect 
(VSD) and/or pulmonary stenosis(PS); complex transposition 
of great arteries (TGA) (with significant VSD and/or PS); DORV 
Taussig Bing(TGA type); arterial trunc,; pulmonary atresia with 
VSD; congenitally corrected TGA; absent pulmonary valve 
syndrome; aorto-pulmonary window; overriding aorta

Hypoplastic left heart complex Underdeveloped left ventricle, smaller aortic arch and mild 
dysplasia mitral valve

Hypolastic left heart syndrome Aortic valve atresia or critical aortic valve stenosis with left 
ventricular hypoplasia

Hypoplastic right heart syndrome Pulmonary atresia with intact ventricular septum; critical 
pulmonary valve stenosis with right ventricle hypoplasia; 
tricuspid valve atresia with right heart hypoplasia

Isomerism Right isomerism; left isomerism; heterotaxy syndrome
Other univentricular heart defects Double inlet left ventricle; absent left A-V connection; 

unbalanced atrioventricular septum-defect (AVSD), TGA with 
right ventricle hypoplasia and straddling tricuspid valve; criss-
cross heart, DORV with mitral valve and left ventricle hypoplasia; 
congenitally corrected TGA with right ventricle hypoplasia; 
isolated atrioventricular discordance with hypoplastic right 
ventricle and VSD.

Septal defects VSD; balanced AVSD
Simple Transposition of Great 
Arteries

Transposition of great arteries without VSD

Valvular anomaly Pulmonary stenosis (PS); aorta valve stenosis; Ebstein’s anomaly; 
tricuspid dysplasia or regurgitation; hypoplastic aortic valve

Venous return anomaly Partial anomalous pulmonary venous return; total anomalous 
pulmonary venous return; isolated persistent left superior caval 
vein

Miscellaneous Dysfunction right heart; artero-venousfistula; stenosis 
pulmonary artery branch; dilatation left ventricle (viral); isolated 
cardiac malposition; rhabdomyoma; left-right discrepancy; 
scimitar syndrome; complex heart defect not otherwise 
specified
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RESULTS

A total of 610 diagnosis of a cardiac defect were made in the study period: 380 before and 
230 after birth. This means that a prenatal diagnosis occurred in 62,3 % of the cases. Within 
the prenatally diagnosed group, 50 (13.2%) women had undergone directly a DUS at a referral 
center because of an increased ‘a-priori’- risk of congenital anomalies. In addition to the 610 
cases, in 21 cases a CHD was suspected in pregnancy, but all had a confirmed normal heart 
after birth, including 11 cases with a prenatally suspected aortic coarctation. None of these 
cases were terminated because of the suspected heart anomaly. In the prenatally diagnosed 
group, 55 (14.5%) pregnancies were terminated and 2 (0.52%) cases of intrauterine death 
were observed. 

Table 2a. Type of CHD, clinical presentation and mortality within the first year of life in the 
prenatally diagnosed group, n (%)

Prenatal diagnosis (n = 380)
Type of CHD (postnatally diagnosed)
Aortic Arch Anomalies 36 (9.5)
Conotruncal anomaly 95 (25)
Hypoplastic left heart complex 15 (3.9)
Hypoplastic left heart syndrome 50 (13.2)
Hypoplastic right heart syndrome 29 (7.6)
Isomerism 11 (2.9)
Other univentricular heart defects 22 (5.8)
Septal defects 28 (7.4)
Simple Transposition of Great Arteries 37 (9.7)
Valvular anomalies 38 (10)
Venous return anomalies 5 (1.3)
Miscellaneous 14 (3.7)
Clinical presentation
Isolated finding 297 (78.2)
Heterotaxia 6 (1.6)
Minor additional anomalies 6 (1.6)
Multiple congenital anomalies 36 (9.5)
Syndrome or chromosomal defect 35 (9.2)
Mortality <1year / total live born
Isolated finding 34/263 (12.9)
Heterotaxia 0/5 (0)
Minor additional anomalies 1/6 (16.7)
Multiple congenital anomalies 7/19 (36.8)
Syndrome or chromosomal defect 7/30 (23.3)
Total mortality <1 year after birth 49/323 (15.2)
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Table 2b. Type of CHD, clinical presentation and mortality within one year in the postnatally 
diagnosed group, n (%)

Postnatal diagnosis (n = 230)
Type of congenital heart defect
Aortic Arch Anomalies 38 (16.5)
Conotruncal anomaly 42 (18.3)
Hypoplastic left heart syndrome 5 (2.2)
Hypoplastic right heart syndrome 2 (0.9)
Isomerism 1 (0.4)
Other univentricular heart defects 7 (3)
Septal defects 44 (19.1)
Simple Transposition of Great Arteries 26 (11.3)
Valvular anomalies 44 (19.1)
Venous return anomalies 9 (3.9)
Miscellaneous 12 (5.2)
Clinical presentation
Isolated finding 206 (89.6)
Minor additional anomalies 1 (0.4)
Syndrome or chromosomal defect 23 (10)
Mortality <1year / total live born
Isolated CHD 12/206 (5.8)
Minor additional anomalies 0/1 (0)
Syndrome or chromosomal defect 3/23 (13)
Total Mortality <1year / total live born 15/230 (6.5)

In table 2a (prenatally diagnosed group) and 2b (postnatally diagnosed group) characteristics 
of the cases are presented: type of CHD, clinical presentation and mortality within the first 
year of age. 
Compared to 2008, more cases were diagnosed prenatally in 2013 (40/83, 48% versus 81/121, 
77%; p<0.001). Isolated CHD were significantly more often diagnosed in the postnatal than 
in the prenatal group (206/230, 90% versus 297/380, 78%; p<0.001). The most frequently 
prenatally diagnosed CHD were conotruncal anomalies (n=95, 25%), while venous return 
anomalies (n=44, 19%) and septal defects (n=44, 19%) were the most frequently CHDs 
diagnosed postnatally. Chromosomal aberrations and genetic syndrome were diagnosed 
after birth in an equal proportion of prenatally and postnatally diagnosed cases (41 =10.8% 
and 23=10%).
Accuracy of prenatal diagnosis per category of CHD is summarized in table 3. Overall, correct 
or minor discrepancies in prenatal diagnosis occurred in 308/380 (81.1%) cases. In 248/ 
291 (85.2%) isolated CHD the prenatal diagnosis was correct or with a minor discrepancy, 
compared to 24/ 35 (68.6%) cases with multiple congenital anomalies (p <0.05) and 25/41 
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(61%) cases with a genetic syndrome or chromosomal anomaly (p <0.05). Postnatal findings 
revealed a different type of CHD, but of comparable severity, in 21 (5.5%) cases. 
The type and severity of CHD did not match prenatal findings in 51 (13.4%) cases. In this 
group, 8 pregnancies were terminated and post-mortem examinations revealed discrepancy 
in pre-and postnatal findings. Four of these 8 pregnancies were terminated because of the 
presence of multiple congenital anomalies or a chromosomal defect. The remaining 4 cases 
all concerned severe CHDs, but the final diagnosis was different than the initial one. One 
prenatally suspected aortic stenosis expected to likely evolve into a hypoplastic left heart 
(HLH) turned out at birth to be still an aortic stenosis with moderate left ventricle hypoplasia 
(classified as HLH complex). An additional case of HLHS was postnatally diagnosed as left 
isomerism and a HRHS was diagnosed as a HLHS. A prenatally diagnosed transposition of the 
great arteries (TGA) appeared to be a right isomerism postnatally. 

Table 3. Accuracy of prenatal diagnosis per type of CHD 

Postnatal confirmation N (%)

Diagnosis 
correct 

or minor 
discrepancy

Other CHD, 
severity 

comparable

Other CHD, 
severity not 
comparable

Aortic arch anomaly 36 (48.6) 29 (80.6) - 7 (19.4)
Conotruncal anomaly 95 (69.3) 84 (88.4) 7 (7.4) 4 (4.2)
Hypoplastic left heart complex 15 (100) 10 (66.7) 1 (6.7) 4 (26.7)
Hypoplastic left heart syndrome 50 (90.9) 43 (86) 3 (6) 4 (8)
Hypoplastic right heart syndrome 29 (93.5) 26 (89.7) 2 (6.9) 1 (3.4)
Isomerism 11 (91.7) 5 (45.5) 3 (27.3) 3 (27.3)
Other univentricular defect 22 (75.9) 17 (77.3) 3 (13.6) 2 (9.1)
Septal defects 28 (38.9) 19 (67.9) 1 (3.6) 8 (28.6)
Simple transposition of the great arteries 37 (58.7) 36 (97.3) - 1 (2.7)
Valvular anomaly 38 (46.3) 25 (65.8) 1 (2.6) 12 (31.6)
Venous return anomaly 5 (35.7) 3 (60) - 2 (40)
Miscellaneous 14 (53.8) 11 (78.6) - 3 (21.4)
Total - 308 (81.1) 21 (5.5) 51 (13.4)

Of the remaining 43 non-matching diagnosis in expected severity, the majority (25 cases, 
58%) consisted of postnatally diagnosed valvular anomalies (11 cases), aortic arch anomalies 
(7 cases) and septal defects (7 cases). 
In table 4 details on the children that died within the first year of life are presented. In the 
study 64 (11.6%) children died before the age of one. In the prenatally diagnosed group, 
significantly more children (49/323 = 15.2%) died, compared to the postnatally diagnosed 
group (15/230 = 6.5%), p<0.05. The highest percentage of deaths was observed in the 
group diagnosed with HLHS: 17 out of 38 (44.7%), with the majority of cases (15/17 =88%) 
diagnosed prenatally. None of the children diagnosed with a venous return anomaly died. 
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Table 4. Mortality during the first year after birth in live born children with CHD, n (%)

Died <1year / total live born
Postnatal diagnosis % diagnosed 

prenatally
Prenatal 

group
Postnatal 

group
Total

Aortic arch anomaly 47.9 2/35 (5.7) 3/38 (7.9) 5/73 (6.8)
Conotruncal anomaly 67.7 9/88 (10.2) 5/42 (11.9) 14/130 (10.8)
Hypoplastic left heart complex 100 2/13 (15.4) 0/0 (0) 2/13 (15.4)
Hypoplastic left heart syndrome 86,8 15/33 (45.5) 2/5 (40) 17/38 (44.7)
Hypoplastic right heart syndrome 91,3 2/21 (9.5) 0/2 (0) 2/23 (8.7)
Isomerism 83,3 1/5 (20) 1/1 (100) 2/6 (33.3)
Other univentricular defect 74,1 3/20 (15) 0/7 (0) 3/27 (11.1)
Septal defects 36,2 4/25 (16) 0/44 (0) 4/69 (5.8)
Simple transposition of the great arteries 58,7 3/37 (8.1) 1/26 (3.8) 4/63 (6.3)
Valvular anomaly 39,7 6/29 (20.7) 1/44 (2.3) 7/73 (9.6)
Venous return anomaly 30,8 0/4 (0) 0/9 (0) 0/13 (0)
Miscellaneous 52,0 2/13 (15.4) 2/12 (16.7) 4/25 (16)
Total 58,4 49/323 (15.2) 15/230 (6.5) 64/553 (11.6)
P-value 0.002

DISCUSSION

This study confirms that after the introduction of a screening program especially severe heart 
anomalies, like conotruncal anomalies and HLHS, are more likely to be diagnosed prenatally 
and that in the prenatally diagnosed group the highest mortality occurs. Overall the prenatal 
detection rate of CHD is good, especially for severe anomalies potentially benefitting from 
prenatal diagnosis. The most overlooked anomalies are the less severe ones. Concordance in 
diagnosis is satisfactory especially in simple defects. 
The study included 5 years of CHD diagnosed in two academic centers with congenital 
cardiac surgery. The UMCG is the only academic hospital in the three northern provinces 
and therefore we assume that almost all the CHDs (pre-or postnatally diagnosed) in this area 
are referred to this center. In contrast, in the UMCU area CHD can also be referred to other 
academic hospitals in the central part of the Netherlands. However, the fact than in our study 
more than 60% of the diagnosis occurred prenatally, which is similar to previous reports (7,8), 
suggests that the included sample is representative for the population in the two areas. The 
percentages of CHD categories differed in the prenatally vs. postnatally diagnosed group, 
indicating that prenatal detection depends on the type of CHD involved. This is in keeping with 
previous reports that severe defects such as aortic arch anomalies, conotruncal anomalies, 
simple transposition of the great arteries (TGA) without a ventricular septal defect and 
venous return anomalies, because of the ‘normal’ 4-chamber view, make prenatal detection 
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more challenging (7-9). Moreover, as cardiac failure is rarely seen in prenatal life due to the 
systemic arterial circulation supported by both sides of the heart and to the presence of atrial 
and arterial shunts, this offers no extra clue to the prenatal diagnosis (14). 
When a prenatal diagnosis of a CHD is made, the diagnostic accuracy also varies per type 
of CHD, with the lowest accuracy in the isomerism group (45.5%) and the highest in the 
simple TGA group (97.3%). Our findings show that in only 13% of the prenatally diagnosed 
CHD cases, the type or expected severity did not match the postnatal findings. This finding 
is comparable with reported diagnostic accuracy rates by van Velzen et al. who reported 
in a cohort of women referred for echocardiography between 2002 and 2012 (7) a correct 
diagnosis in 82.1%, discrepancies in 9.9% and non-matching diagnoses in 8.1% of cases 
Clur et al. also found that prenatal diagnosis of congenital hearts defect was accurate and 
counseling appropriate in most cases (15). The diagnosis of aortic coarctation is notoriously 
challenging (15-17). In our study half of the cases remained undetected prenatally and in 11 
cases where a coarctation was suspected prenatally because of a left chamber disproportion 
or due to a smaller aortic isthmus, the diagnosis was not confirmed postnatally. 
The prenatal detection rate was higher in the group with additional major anomalies compared 
to the group with an isolated CHD, but diagnosis in the group with additional major anomalies 
was less accurate. An explanation may be that the finding of severe extra-cardiac anomalies 
may overrule the cardiac anomaly and make a detailed cardiac examination irrelevant. This is 
especially the case when termination of pregnancy is considered. Van Velzen et al. described 
this phenomenon in cases of CHD diagnosed in trisomy 21 fetuses, where additional cardiac 
defects were frequently diagnosed postnatally (7). 
Also, infant mortality within the first year of life occurred more frequently in the prenatally 
diagnosed group, suggesting that the most severe phenotypes are associated with higher 
mortality and complications (18). In fact syndromes and chromosomal anomalies were much 
more frequent in this group (23% vs. 13%). Also, more than 25% of the children that died 
within the first year of lifer were diagnosed with HLHS, a complex CHD with high mortality 
rates (21,22) In our study more than 90% of the HLHS cases were diagnosed prenatally. 
Conversely, the prenatally overlooked CHDs were mostly isolated and in the less severe 
spectrum. 
This study confirms that although prenatal detection of CHD impact parental decision 
making (9), depending on these decisions prenatal detection does not necessarily result 
in significantly lower mortality rates (8,19,20). Termination rates for CHD vary considerably 
among countries, but even within the same country the rate can differ considerably (21), 
according to different cultural attitudes in the population. In this study parents elected to 
terminate the pregnancy in 14.5% of CHD. This is much lower than the 46% in the Parisian 
region, but also lower compared to other Dutch studies reporting rates ranging from 21.1% 
(1) to 31.7% (22). The lower percentage may be explained by the fact that we excluded CHD 
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diagnosed in trisomic pregnancies, where termination rate is high (23), but also by a lower 
propensity of couples to terminate pregnancy, especially in the northern region (24,25). 
Levey et al. also concluded that prenatal diagnosis was significantly associated with decreased 
neonatal morbidity, but it was not independently associated with neonatal mortality (26). 
In fact, inaccurate or failed prenatal diagnosis can lead to unplanned interventions (27), 
whereas correct prenatal diagnosis allows for a planned birth in a perinatal center with 
expert obstetricians and pediatric cardiologists and with congenital cardiac surgery facilities, 
(14,15,19,26,28,29). A scheduled delivery in a tertiary center with stand-by pediatric 
cardiologists is specifically recommended for duct dependent and atrial shunt dependent 
CHD and in CHD with total anomalous pulmonary venous return and atrio-ventricular block 
with heart rate <50 bpm (27). 
In this study simple TGA was diagnosed prenatally in 58,9% of cases, which is good, but we 
could not observe a clear trend for a lower mortality in this group (30-32), owing to the 
small numbers this may be due to coincidentally more observed surgical complications in the 
prenatal group (mortality 3/36 vs. 1/26), but it may also call for improvement in the perinatal 
management protocols in the centers. 
Although prenatal diagnosis of CHD in the Netherlands has doubled after introduction of 
routine ultrasound investigation (4,9,33,34), detection rate is still poor as compared to the 
91% reported by Corcoran et al. Also, mortality in that study was much lower in prenatally 
detected CHD. 
The challenge for the future will be to improve the experience of the sonographer even 
further by intensifying training and increase their exposition to CHD through the creation 
of large ultrasound centers equipped with high-definition ultrasound systems. Since the 
majority of the prenatally diagnosed cases (87%) originate from the low-risk population, 
sonographers performing the 20-week scan should be sufficiently trained to recognize 
abnormal cardiac anatomy by higher exposure (14,35), as experience has a significant impact 
on the examination of the fetal heart and the prenatal detection rate of CHD (34). We expect 
that the introduction of additional cardiac “views” and “signs” may significantly increase the 
detection rate of challenging CHD (36-40). 
Moreover, In order to improve surgical outcomes and reduce related postnatal mortality 
in a small country as the Netherlands, concentration of complex congenital heart surgery 
procedures in a few pediatric cardiac surgery centers may be crucial.
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