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ABSTRACT
Background: Surveillance of congenital anomaly prevalence over time can identify new teratogens. Anomalies with a genetic 
cause are excluded from the monitoring.
Objectives: We examined temporal changes in the proportion of genetic diagnoses among cases with a congenital anomaly.
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Methods: Data was used from twenty EUROCAT congenital anomaly registries over the birth years 2013 and 2022. All 
pregnancy outcomes were included. Multilevel binomial regression models were fitted to estimate the annual change in the 
proportion of genetic diagnoses of all anomalies by registry. Results were additionally reported, excluding cases with trisomy 
13, 18, or 21.
Results: Overall, 20% of the 100,099 cases in the study had a genetic diagnosis, and this proportion increased annually by 1.4% 
(95% CI, 0.8%–1.9%); an absolute increase of approximately 3% from 2013 to 2022. After excluding the trisomies, the overall 
proportion was 10% with an annual increase of 1.2% (95% CI 0.4%–2.0%). There was considerable variation in the proportion of 
genetic cases per registry. An increasing proportion of genetic diagnoses was found for five congenital anomaly groups, after ex-
cluding the trisomies. We hypothesise that the increase in genetic diagnoses is due to increased access to clinical genetic services, 
more extensive genetic testing, and the identification of new genes as causes of congenital anomalies.
Conclusions: The modest increase in genetic diagnoses among cases with a congenital anomaly is not expected to have a large 
impact on the surveillance of the non-genetic anomalies in the EUROCAT network. EUROCAT will continue to monitor the 
proportion of genetic diagnoses every five years.

1   |   Background

Congenital anomalies occur in 2%–3% of births and have a 
large impact on child morbidity and mortality [1–3]. The cause 
of congenital anomalies remains unknown in approximately 
80% of cases and is thought to be of multifactorial origin [4]. 
However, for some congenital anomaly cases, a genetic cause 
can be identified [5, 6]. The chances of finding a genetic cause 
are dependent on the type of congenital anomaly. For exam-
ple, in isolated ventricular septal defect (VSD), a genetic cause 
is rarely found (and hence generally not looked for), whereas 
in cases with anophthalmos, omphalocele or multiple congen-
ital anomalies, the probability of finding a genetic cause is 
much higher [6, 7].

The primary objective of the EUROCAT network is to conduct 
surveillance of congenital anomalies in Europe for the early 
identification of new teratogens [8]. Hence, when monitoring 
congenital anomaly prevalence both geographically and over 
time in order to identify new teratogenic exposures, cases with 
a known genetic cause are excluded from the analysis [9]. The 
annual statistical monitoring has found both increasing and 
decreasing pan-European trends for specific congenital anom-
alies [10]. The decreasing trends may be due to an increasing 
proportion of congenital anomaly cases with a genetic diagno-
sis, especially in recent years, due to advancements in clinical 
genetic diagnostics (including non-invasive prenatal testing, 
NIPT). An increase in trisomies related to increased maternal 
age could also play a role. In addition, geographic differences 
in prevalence may be explained by the proportion of genetic 
cases differing between European regions, due to variations 
in access to clinical genetic services and advanced genetic 
testing (whole exome or genome sequencing has a higher di-
agnostic yield compared to standard genetic testing) [11].

When performing surveillance of congenital anomalies, it is 
therefore essential to assess the proportion of genetic diag-
noses among cases with a congenital anomaly, to investigate 
whether this proportion has changed over time, and to exam-
ine how it varies geographically. We therefore investigated the 
proportion of genetic diagnoses among cases with a congeni-
tal anomaly using data from twenty EUROCAT registries over 
the birth years 2013 to 2022.

2   |   Methods

2.1   |   EUROCAT Network

EUROCAT is a network of population-based congenital anom-
aly registries that covers nearly 1.5 million births per year, over 
25% of all births in Europe. The high-quality registries actively 
ascertain congenital anomalies from multiple sources occurring 
in all birth outcomes (live births, foetal deaths from gestational 
age 20 weeks and terminations of pregnancy for foetal anomalies 
at any gestational age (TOPFAs)) [12]. Eight of the registries in-
cluded in this study report cases diagnosed up to one year of age, 
whereas two registries have a shorter follow-up, and the other ten 
registries have a longer follow-up [13]. Some registries will up-
date the results of genetic diagnoses after the standard follow-up 
time. Information about maximum age at diagnosis, ascertain-
ment sources, genetic data sources and total congenital anomaly 
prevalence per registry is presented in Table S1. All full member 
registries provide data on core variables to the Joint Research 
Center–EUROCAT Central Registry based in Ispra, Italy, since 
2015 [8]. Annual statistical surveillance is undertaken to iden-
tify if there are new trends in the prevalence of any congenital 
anomaly and if so whether the trends could be due to primary 
prevention measures, a new teratogen exposure, or other clinical/
administrative reasons such as the adoption of a new diagnostic 
or screening test.

EUROCAT registries provide data on major congenital anom-
alies using the International Classification of Diseases version 
10 British Paediatric Association extension (ICD-10/BPA) codes. 
Coding of congenital anomalies and genetic disorders is done 
in a highly standardised fashion among all EUROCAT regis-
tries, with registries adhering to EUROCAT guide 1.5 and the 
EUROCAT syndrome guide [12, 14]. A major congenital anom-
aly is defined as a structural change that has significant medical, 
social, or cosmetic consequences for the affected individual [15]. 
EUROCAT has defined a set of homogeneous subgroups of con-
genital anomalies for surveillance [16]. As a case may have sev-
eral different major anomalies, they may be in several different 
anomaly groups. EUROCAT defines a genetic disorder case to 
include all monogenic disorders (e.g., genetic syndromes, heredi-
tary skin disorders, skeletal dysplasias) and chromosomal anom-
alies. The following ICD10/BPA codes are included in the genetic 
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disorder group: D821, Q4471, Q6190, Q7402, Q7484, Q751, Q754, 
Q7581, Q77, Q780- Q789, Q796, Q800-Q824, Q8282, Q8283, 
Q850, Q851, Q8581, Q87, Q8934, Q90- Q93 and Q96-Q99.

2.2   |   Study Population

Twenty EUROCAT registries from fourteen European countries 
provided data for the annual EUROCAT statistical surveillance 
on all cases and birth outcomes from January 2013 to December 
2022. Aggregate data were available on the number of cases in 
each anomaly subgroup by birth year, including the numbers 
with and without a genetic diagnosis. Cases with multiple con-
genital anomalies were counted in all relevant subgroups (e.g., 
both in the VSD and the hypospadias subgroup). Anomaly sub-
groups in which, by definition, all cases had a genetic disorder 
(such as chromosomal anomalies and genetic syndromes) were 
not analysed further. As the prevalence of trisomies 21, 18 and 
13 in a region is related to the level of prenatal screening (first 
trimester or later) and the maternal age distribution [17], and 
as these may change over time, results are reported with and 
without these trisomies.

2.3   |   Statistical Methods

Multilevel binomial regression models were fitted to estimate 
the annual change in the proportion of genetic diagnoses of 
all anomalies by registry, expressed as a proportional change, 
assuming a constant rate of change in the trend analysis using 
STATA v16. In addition, the annual changes in the proportion 
of genetic diagnoses by anomaly subgroup were estimated. Data 
were aggregated over 2-year periods to plot figures that were not 
too greatly influenced by sampling errors due to small numbers 
of cases.

2.4   |   Missing Data

For a case to be included in a EUROCAT registry, it must have a 
congenital anomaly and a year of birth. For a case to be included 
in the EUROCAT central database, it needs to have a code for a 
major congenital anomaly and a year of birth. The genetic cases 
are identified according to the ICD-10/BPA codes for genetic dis-
orders. Therefore, no data were missing in this analysis.

3   |   Results

Overall, 20% (95% CI 20, 21%) of all 100,099 cases in the study 
had a genetic diagnosis, and 10% (95% CI 9, 10%) after exclud-
ing the three trisomies (Table 1). On a pan-European level, the 
proportion of cases with a genetic diagnosis increased from 
2013 to 2022, with an annual percentage change of 1.4% (95% 
CI, 0.8%–1.9%), including cases of trisomies. This means that 
if the proportion of genetic diagnoses is 20% in 1 year, then the 
next year it will be 20.3% (0.20 × 1.014), which is approximately 
an additional 0.28% per year or an absolute increase of 3% 
(0.20 × (1.0149−1)) over the whole 10-year period. When exclud-
ing the trisomies, the annual percentage change was 1.2% (95% 
CI 0.4%–2.0%), which is approximately an additional 0.12% per 

year or an absolute increase of 1.1% over 10 years. The propor-
tion of genetic cases reported by each registry varied from 12% in 
Malta, Ukraine and Wielkopolska up to 31% in Cork and Kerry 
(Table 1). Fifteen of the twenty registries reported an increasing 
proportion of genetic cases over time, although the increases were 
often modest (Table 1 and Figure 1). One registry, Wielkopolska, 
reported a clearly decreasing trend. After the exclusion of the tri-
somies, the proportion of genetic diagnoses varied between 5% in 
Malta, Ukraine and Wielkopolska to 15% in Funen and Northern 
Netherlands. After excluding the trisomies, eleven registries re-
ported an increasing trend. In addition, two registries reported 
a clearly decreasing trend (Wales and Wielkopolska). Registries 
with a higher proportion of cases diagnosed after 1 year of life 
(giving time for more genetic diagnoses to be completed and re-
ported) tended to have a higher overall proportion of genetic di-
agnoses excluding the trisomies (Figure S1).

The proportions of genetic diagnoses varied considerably ac-
cording to the anomaly subgroups. High proportions of genetic 
diagnoses were found in atrioventricular septal defect (AVSD) 
(61%), arhinencephaly/holoprosencephaly (45%) and omphalo-
cele (42%) (Table 2). Low proportions of genetic diagnoses were 
found for congenital pulmonary airway malformations (2%), 
atresia of bile ducts (3%), gastroschisis (3%), posterior urethral 
valves (2%), hypospadias (2%), hip dislocation (2%), conjoined 
twins (0%), VACTERL association (3%) and caudal regression 
sequence (2%). After exclusion of the trisomies, the highest 
proportions of genetic diagnoses were found in aortic atresia/
interrupted aortic arch (26%), common arterial truncus (25%) 
and arhinencephaly/holoprosencephaly (22%). Some anomalies, 
such as AVSD and duodenal atresia/stenosis (and to a lesser ex-
tent, persistent ductus arteriosus, Hirschsprung's disease and 
omphalocele), were primarily observed in cases with trisomies. 
On the contrary, in glaucoma, several heart defects, atresia of 
bile ducts, hypospadias and Pierre-Robin sequence, almost ex-
clusively non-trisomy genetic diagnoses were made.

It is essential to note that the proportion of genetic diagnoses in 
Table 2 applies to all cases with a specific anomaly. For example, 
a case with an isolated VSD is included in the VSD group, but 
also a case with a VSD and another heart defect or a VSD and an 
anomaly in another organ system is included. Ideally, we would 
like to show the proportion of genetic diagnoses for all isolated 
anomalies; however, this would greatly reduce the numbers. 
Therefore, we only calculated the proportion of genetic diag-
noses in the largest subgroup, which is VSD. We observed that 
this reduces the proportion of genetic diagnoses (including the 
trisomies) from 10% in all cases with a VSD to 5% in cases with 
an isolated VSD. After exclusion of the trisomies, the proportion 
of genetic diagnoses decreased from 4% in all VSD cases to 1% 
in isolated VSD cases. This indicates that if there are additional 
anomalies, the case is more likely to have a genetic diagnosis.

We observed an increasing proportion of genetic diagnoses in 
many congenital anomaly groups over time after excluding the 
trisomies, which was most clearly seen in the following five 
anomaly groups: hydrocephaly, severe congenital heart de-
fects, hypoplastic left heart, cleft lip with or without cleft palate 
and oesophageal atresia with or without tracheo–oesophageal 
fistula (Table 2). Figure 2 shows the time trends for these five 
anomaly groups over 2013–2022.
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4   |   Comment

4.1   |   Principal Findings

Our European multi-centre population-based study showed a 
generally modest increase in the proportion of genetic diag-
noses among cases with major congenital anomalies over a 

10-year period. This increase was present both when includ-
ing and excluding the three most common trisomies. We also 
found that there was considerable variation in the proportion 
of genetic cases per registry. Our study also showed a clearly 
increasing proportion of genetic diagnoses over 2013 and 2022 
for five specific congenital anomaly groups, after excluding the 
trisomies.

TABLE 1    |    Percentage of genetic diagnoses by EUROCAT registry over birth years 2013 to 2022.

Genetic diagnoses include trisomies All cases of trisomy have been excluded

Number 
of cases

Genetic 
diagnoses 
2013–2022

Annual 
percentage 

change in genetic 
diagnoses

Number 
of cases

Genetic 
diagnoses 
2013–2022

Annual 
percentage 

change in genetic 
diagnoses

Percentage 
(95% CI)

Percentage 
(95% CI)

Percentage 
(95% CI)

Percentage 
(95% CI)

Hainaut-Namur 
(Belgium)

2512 24 (22, 25) 3.6 (1.0, 6.2) 2215 13 (12, 15) 3.5 (−0.8, 8.0)

Funen (Denmark) 1249 26 (24, 29) 0.3 (−3.9, 4.6) 1079 15 (13, 17) 0 (−5.7, 6.0)

Paris (France) 7822 27 (26, 28) 2.4 (0.6, 4.3) 6378 11 (10, 12) 2.4 (−0.4, 5.3)

Tuscany (Italy) 5664 21 (20, 23) 0.9 (−1.5, 3.4) 4819 8 (7, 8) 0.3 (−3.2, 4.0)

Northern 
Netherlands

4789 23 (22, 24) 4.5 (−4.3, 14.2) 4328 15 (14, 16) 3.4 (0.1, 6.7)

Emilia Romagna 
(Italy)

9178 19 (18, 19) −0.7 (−1.8, 0.5) 8208 9 (8, 10) −2 (−5.0, 1.1)

Vaud (Switzerland) 2695 25 (23, 26) −0.6 (−3.0, 1.8) 2309 12 (11, 14) −3.7 (−7.6, 0.3)

Malta 1181 12 (11, 14) 0.3 (−6.1, 7.3) 1084 5 (3, 6) −3.8 (−14.0, 7.6)

Saxony Anhalt 
(Germany)

4918 15 (14, 16) 2.6 (−0.3, 5.7) 4463 7 (6, 7) 1.6 (−1.7, 5.0)

Cork and Kerry 
(Ireland)

1981 31 (29, 33) −1.7 (−4.9, 1.6) 1575 14 (12, 15) −1.9 (−6.5, 2.9)

Wales (UK) 9493 21 (20, 22) −0.3 (−2.1, 1.5) 8545 12 (12, 13) −3.7 (−6.0, −1.5)

Auvergne (France) 3962 21 (20, 23) 0.7 (−9.0, 11.6) 3553 12 (11, 13) −2.3 (−6.2, 1.8)

OMNI-net 
(Ukraine)

6060 12 (11, 13) 0.2 (−1.7, 2.1) 5615 5 (4, 5) −0.5 (−4.8, 4.1)

Isle de Reunion 
(France)

4710 19 (18, 20) 2.4 (0.2, 4.7) 4238 10 (9, 11) 2.5 (−1.1, 6.2)

Wielkopolska 
(Poland)

8329 12 (11, 12) −3.4 (−5.7, −1.2) 7755 5 (5, 6) −4 (−7.3, −0.6)

French West Indies 
(France)

2220 30 (28, 32) 0.2 (−2.8, 3.3) 1778 12 (11, 14) 1.8 (−2.9, 6.7)

Valencian Region 
(Spain)

9463 23 (23, 24) 5 (3.1, 7.0) 8069 10 (10, 11) 11.1 (8.0, 14.4)

Brittany (France) 12,128 19 (18, 20) 2 (0.2, 3.8) 10,809 9 (9, 10) 4.3 (1.9, 6.7)

Pleven (Bulgaria) 553 15 (12, 18) 4.1 (−4.2, 13.2) 503 7 (5, 9) 5.2 (−6.9, 18.8)

Trento (Italy) 1192 28 (25, 30) 9.5 (4.0, 15.2) 982 12 (10, 15) 11.8 (4.3, 19.8)

Total 100,099 20 (20, 21) 1.4 (0.8, 1.9) 88,305 10 (9, 10) 1.2 (0.4, 2.0)

Abbreviation: CI, confidence interval.
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4.2   |   Strengths of the Study

A strength of this study is that we report on recent data of a 
large number of congenital anomaly cases. Also, we used highly 
standardised congenital anomaly data from the EUROCAT net-
work, making it possible to combine data from registries in dif-
ferent European countries.

4.3   |   Limitations of the Data

Other factors that influence the proportion of genetic diagnoses 
will, however, vary between countries and registries. For exam-
ple, access to clinical genetic diagnostic care and the implemen-
tation of new genetic tests and prenatal screening programmes 
will vary among countries and the available genetic data sources 
and the length of follow-up of liveborn congenital anomaly cases 
vary between registries. This heterogeneity will have resulted in 
an underestimation of the proportion of congenital anomalies 
with a genetic cause.

When studying the increase in the proportion of cases with a 
genetic diagnosis, it is important to note that genetic diagnoses 
are sometimes made later in life and might not have been iden-
tified yet in cases born in more recent years [18]. If a genetic 
diagnosis is made, some registries will update this in the central 
JRC-EUROCAT database, but the length of follow-up of cases 
differs between registries. In this study, registries with a higher 
proportion of cases diagnosed after 1 year of age had a higher 
proportion of genetic diagnoses after excluding the trisomies (as 
trisomies are usually diagnosed early in life). In addition, when 

examining the proportion of genetic diagnoses among cases 
with a congenital anomaly, it is essential to consider that the 
ascertainment methods of registries differ; a registry with ex-
cellent ascertainment may include more cases with mild anom-
alies, which are not often genetic. In this study, we were only 
able to present the proportion of genetic diagnoses for isolated 
VSD and not for other isolated anomalies, because the classifi-
cation of isolated anomalies in EUROCAT includes cases with 
anomalies in the same organ system. Also, EUROCAT does not 
have sufficient data on genetic testing to be able to report which 
percentage of (specific) congenital anomaly cases underwent 
genetic testing. Another limitation is that there might be some 
overreporting of minor array results with codes Q935, Q936 or 
Q923 in the EUROCAT database. Cases with these codes were 
classified as genetic, but the deletion or duplication might not 
have clinical consequences in all cases. There may be differ-
ences across registries and over time in the reporting of minor 
array results.

4.4   |   Interpretation

The increasing proportion of genetic diagnoses may be ex-
plained by several factors. It is likely that the number of genetic 
analyses is increasing and that genetic testing has become more 
extensive over the study period. In some countries, access to 
clinical genetic diagnostic care might have improved over time. 
Registries may also have improved their data sources to have 
more information from genetic departments and in this way 
increased their proportion of genetic cases. As prenatal screen-
ing for trisomy 21, 13 and 18 by non-invasive prenatal testing 

FIGURE 1    |    Percentage of genetic diagnoses by registry over 2013–2022 including trisomies 13, 18 and 21 (orange) and excluding trisomies 13, 18 
and 21 (green).

 13653016, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ppe.70099 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [01/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6 Paediatric and Perinatal Epidemiology, 2025

T
A

B
L

E
 2

    
|    

P
er

ce
nt

ag
e 

of
 g

en
et

ic
 d

ia
gn

os
es

 in
 c

on
ge

ni
ta

l a
no

m
al

y 
ca

se
s b

or
n 

in
 2

01
3–

20
22

 a
nd

 a
nn

ua
l p

er
ce

nt
ag

e 
ch

an
ge

 fr
om

 2
01

3 
to

 2
02

2 
pe

r a
no

m
al

y 
gr

ou
p.

A
no

m
al

ya

G
en

et
ic

 d
ia

gn
os

es
 in

cl
ud

e 
tr

is
om

ie
s

A
ll

 c
as

es
 o

f t
ri

so
m

y 
ha

ve
 b

ee
n 

ex
cl

ud
ed

n 
ca

se
s 

20
13

–2
02

2

G
en

et
ic

 d
ia

gn
os

es
 

20
13

–2
02

2

A
n

nu
al

 p
er

ce
nt

ag
e 

ch
an

ge
 in

 g
en

et
ic

 
di

ag
no

se
s

n 
ca

se
s 

20
13

–2
02

2

G
en

et
ic

 d
ia

gn
os

es
 

20
13

–2
02

2

A
n

nu
al

 p
er

ce
nt

ag
e 

ch
an

ge
 in

 g
en

et
ic

 
di

ag
no

se
s

%
 (9

5%
 C

I)
%

 (9
5%

 C
I)

%
 (9

5%
 C

I)
%

 (9
5%

 C
I)

N
eu

ra
l t

ub
e 

de
fe

ct
s

34
93

7 
(6

, 8
)

−1
.5

 (−
6.

0,
 3

.1
)

33
72

4 
(3

, 4
)

−
0.

2 
(−

6.
3,

 6
.3

)

A
ne

nc
ep

ha
ly

 a
nd

 si
m

ila
r

13
41

4 
(3

, 5
)

−1
.1

 (−
10

.3
, 9

.2
)

13
05

1 
(1

, 2
)

10
.9

 (−
6.

1,
 3

0.
8)

En
ce

ph
al

oc
el

e 
an

d 
m

en
in

go
ce

le
44

0
13

 (1
0,

 1
6)

0.
9 

(−
8.

9,
 1

1.
8)

42
3

9 
(7

, 1
2)

−1
.5

 (−
12

.5
, 1

0.
8)

Sp
in

a 
bi

fid
a

17
12

8 
(7

, 9
)

−1
.8

 (−
7.7

, 4
.5

)
16

44
4 

(3
, 5

)
−

0.
6 

(−
8.

8,
 8

.3
)

H
yd

ro
ce

ph
al

y
18

45
17

 (1
6,

 1
9)

4.
4 

(−
0.

1,
 9

.1
)

17
51

13
 (1

1,
 1

4)
6.

7 
(1

.4
, 1

2.
4)

Se
ve

re
 m

ic
ro

ce
ph

al
y

11
59

21
 (1

9,
 2

4)
2.

7 
(−

2.
6,

 8
.2

)
11

17
18

 (1
6,

 2
0)

2.
5 

(−
3.

2,
 8

.5
)

A
rh

in
en

ce
ph

al
y/

ho
lo

pr
os

en
ce

ph
al

y
62

3
45

 (4
1,

 4
9)

6.
7 

(0
.1

, 1
3.

7)
43

7
22

 (1
8,

 2
6)

8 
(−

1.
5,

 1
8.

3)

A
ge

ne
si

s o
f c

or
pu

s c
al

lo
su

m
10

39
20

 (1
8,

 2
2)

−
0.

8 
(−

6.
3,

 5
.0

)
98

8
16

 (1
4,

 1
8)

−2
.3

 (−
8.

4,
 4

.2
)

A
no

ph
th

al
m

os
/m

ic
ro

ph
th

al
m

os
40

5
30

 (2
6,

 3
5)

3.
7 

(−
4.

2,
 1

2.
2)

35
3

20
 (1

6,
 2

5)
5.

7 
(−

4.
1,

 1
6.

5)

A
no

ph
th

al
m

os
70

14
 (7

, 2
5)

17
.2

 (−
7.

9,
 4

9.
2)

65
8 

(3
, 1

7)
19

.9
 (−

14
.1

, 6
7.

3)

C
on

ge
ni

ta
l c

at
ar

ac
t

58
3

12
 (9

, 1
5)

6.
4 

(−
2.

8,
 1

6.
5)

56
2

9 
(6

, 1
1)

7.
2 

(−
3.

6,
 1

9.
3)

C
on

ge
ni

ta
l g

la
uc

om
a

15
1

13
 (8

, 2
0)

11
.9

 (−
7.

6,
 3

5.
4)

15
0

13
 (8

, 1
9)

16
.2

 (−
4.

8,
 4

1.
8)

A
no

tia
 a

nd
 a

tr
es

ia
/s

te
no

si
s/

st
ri

ct
ur

e 
of

 e
xt

er
na

l a
ud

ito
ry

 c
an

al
38

0
15

 (1
2,

 1
9)

−
4.

9 
(−

14
.6

, 5
.9

)
36

3
11

 (8
, 1

5)
−

6.
2 

(−
17

.2
, 6

.3
)

Se
ve

re
 c

on
ge

ni
ta

l h
ea

rt
 d

ef
ec

ts
87

49
22

 (2
1,

 2
3)

1.
8 

(−
0.

0,
 3

.7
)

74
87

9 
(8

, 1
0)

4.
6 

(1
.6

, 7
.7

)

C
om

m
on

 a
rt

er
ia

l t
ru

nc
us

26
0

28
 (2

2,
 3

4)
2.

7 
(−

8.
1,

 1
4.

8)
25

0
25

 (2
0,

 3
1)

2.
5 

(−
8.

9,
 1

5.
2)

D
ou

bl
e 

ou
tle

t r
ig

ht
 v

en
tr

ic
le

55
3

20
 (1

7,
 2

3)
0.

1 
(−

7.
5,

 8
.3

)
50

1
12

 (9
, 1

5)
4.

1 
(−

6.
0,

 1
5.

2)

C
om

pl
et

e 
tr

an
sp

os
iti

on
 o

f g
re

at
 

ar
te

ri
es

 (D
-T

G
A

)
11

69
5 

(3
, 6

)
6.

2 
(−

4.
2,

 1
7.7

)
11

50
3 

(2
, 4

)
7.7

 (−
5.

2,
 2

2.
3)

Si
ng

le
 v

en
tr

ic
le

28
3

15
 (1

1,
 2

0)
9.

8 
(−

2.
8,

 2
4.

0)
25

9
7 

(4
, 1

1)
14

.5
 (−

3.
5,

 3
5.

9)

C
or

re
ct

ed
 tr

an
sp

os
iti

on
 o

f g
re

at
 

ar
te

ri
es

 (L
-T

G
A

)
95

11
 (5

, 1
9)

49
.2

 (−
0.

5,
 1

23
.6

)
89

4 
(1

, 1
1)

16
.6

 (−
29

.8
, 9

3.
7)

Ve
nt

ri
cu

la
r s

ep
ta

l d
ef

ec
t (

V
SD

)
16

,5
88

10
 (1

0,
 1

1)
0.

8 
(−

1.
0,

 2
.7

)
15

,5
65

4 
(4

, 4
)

0.
9 

(−
1.

9,
 3

.8
)

(C
on

tin
ue

s)

 13653016, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ppe.70099 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [01/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



7Paediatric and Perinatal Epidemiology, 2025

A
no

m
al

ya

G
en

et
ic

 d
ia

gn
os

es
 in

cl
ud

e 
tr

is
om

ie
s

A
ll

 c
as

es
 o

f t
ri

so
m

y 
ha

ve
 b

ee
n 

ex
cl

ud
ed

n 
ca

se
s 

20
13

–2
02

2

G
en

et
ic

 d
ia

gn
os

es
 

20
13

–2
02

2

A
n

nu
al

 p
er

ce
nt

ag
e 

ch
an

ge
 in

 g
en

et
ic

 
di

ag
no

se
s

n 
ca

se
s 

20
13

–2
02

2

G
en

et
ic

 d
ia

gn
os

es
 

20
13

–2
02

2

A
n

nu
al

 p
er

ce
nt

ag
e 

ch
an

ge
 in

 g
en

et
ic

 
di

ag
no

se
s

%
 (9

5%
 C

I)
%

 (9
5%

 C
I)

%
 (9

5%
 C

I)
%

 (9
5%

 C
I)

A
tr

ia
l s

ep
ta

l d
ef

ec
t (

A
SD

)
53

20
16

 (1
5,

 1
7)

2.
9 

(0
.2

, 5
.8

)
47

97
7 

(6
, 8

)
2.

3 
(−

1.
8,

 6
.6

)

A
tr

io
ve

nt
ri

cu
la

r s
ep

ta
l d

ef
ec

t 
(A

V
SD

)
17

07
61

 (5
9,

 6
4)

2.
2 

(−
1.

4,
 5

.9
)

76
7

14
 (1

2,
 1

7)
6.

2 
(−

1.
6,

 1
4.

7)

Te
tr

al
og

y 
an

d 
pe

nt
al

og
y 

of
 F

al
lo

t
12

27
21

 (1
9,

 2
4)

0.
7 

(−
4.

3,
 5

.9
)

10
97

12
 (1

0,
 1

4)
5.

7 
(−

1.
2,

 1
3.

0)

Tr
is

cu
sp

id
 a

tr
es

ia
 a

nd
 st

en
os

is
25

0
9 

(6
, 1

3)
11

.3
 (−

5.
4,

 3
0.

9)
24

1
5 

(3
, 9

)
18

.2
 (−

5.
1,

 4
7.

4)

Eb
st

ei
n'

s a
no

m
al

y
18

8
11

 (7
, 1

6)
−

4.
9 

(−
20

.3
, 1

3.
6)

17
9

6 
(3

, 1
1)

4.
7 

(−
16

.4
, 3

1.
2)

Pu
lm

on
ar

y 
va

lv
e 

st
en

os
is

16
44

11
 (1

0,
 1

3)
3.

0 
(−

2.
7,

 9
.0

)
16

09
9 

(8
, 1

1)
5 

(−
1.

5,
 1

1.
8)

Pu
lm

on
ar

y 
va

lv
e 

at
re

si
a

41
5

13
 (1

0,
 1

7)
−

0.
3 

(−
10

.7,
 1

1.
3)

40
3

11
 (8

, 1
4)

−2
.3

 (−
13

.7,
 1

0.
6)

A
or

tic
 v

al
ve

 a
tr

es
ia

/s
te

no
si

s
53

4
8 

(6
, 1

0)
−3

.4
 (−

13
.6

, 7
.8

)
52

7
7 

(5
, 9

)
−2

.6
 (−

13
.9

, 1
0.

0)

M
itr

al
 v

al
ve

 a
tr

es
ia

/s
te

no
si

s
14

2
10

 (5
, 1

6)
14

.1
 (−

10
.3

, 4
5.

1)
13

8
7 

(4
, 1

3)
9 

(−
17

.2
, 4

3.
5)

H
yp

op
la

st
ic

 le
ft 

he
ar

t (
H

LH
/

H
LH

S)
89

2
13

 (1
1,

 1
5)

5.
7 

(−
1.

6,
 1

3.
6)

84
4

8 
(6

, 1
0)

10
.5

 (0
.7,

 2
1.

2)

H
yp

op
la

st
ic

 ri
gh

t h
ea

rt
 (H

R
H

/
H

R
H

S)
25

8
10

 (7
, 1

5)
15

.2
 (−

2.
5,

 3
6.

1)
24

7
6 

(4
, 1

0)
9.

8 
(−

10
.8

, 3
5.

1)

C
oa

rc
ta

tio
n 

of
 a

or
ta

12
38

9 
(7

, 1
0)

3.
8 

(−
3.

5,
 1

1.
6)

12
06

6 
(5

, 8
)

8.
4 

(−
0.

6,
 1

8.
2)

A
or

tic
 a

tr
es

ia
/i

nt
er

ru
pt

ed
 a

or
tic

 
ar

ch
17

0
30

 (2
3,

 3
7)

−2
.6

 (−
14

.5
, 1

0.
9)

16
0

26
 (1

9,
 3

3)
−1

.3
 (−

14
.5

, 1
3.

9)

To
ta

l a
no

m
al

ou
s p

ul
m

on
ar

y 
ve

no
us

 re
tu

rn
22

7
7 

(4
, 1

2)
−

6.
2 

(−
22

.5
, 1

3.
6)

22
5

7 
(4

, 1
1)

−
0.

5 
(−

18
.8

, 2
2.

0)

Pa
te

nt
 d

uc
tu

s a
rt

er
io

su
s (

PD
A

) a
s 

on
ly

 C
H

D
 in

 te
rm

 in
fa

nt
s

11
06

12
 (1

1,
 1

4)
3.

3 
(−

3.
6,

 1
0.

7)
10

12
4 

(3
, 6

)
8.

6 
(−

3.
5,

 2
2.

2)

C
on

ge
ni

ta
l p

ul
m

on
ar

y 
ai

rw
ay

 
m

al
fo

rm
at

io
ns

34
3

2 
(1

, 5
)

−2
.2

 (−
23

.6
, 2

5.
2)

34
0

1 
(0

, 3
)

8.
6 

(−
21

.2
, 4

9.
8)

C
le

ft 
lip

 w
ith

 o
r w

ith
ou

t c
le

ft 
pa

la
te

29
23

12
 (1

1,
 1

3)
2.

5 
(−

1.
6,

 6
.8

)
27

33
6 

(5
, 7

)
8.

4 
(2

.3
, 1

4.
7)

(C
on

tin
ue

s)

T
A

B
L

E
 2

    
|    


(C

on
tin

ue
d)

 13653016, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ppe.70099 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [01/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8 Paediatric and Perinatal Epidemiology, 2025

A
no

m
al

ya

G
en

et
ic

 d
ia

gn
os

es
 in

cl
ud

e 
tr

is
om

ie
s

A
ll

 c
as

es
 o

f t
ri

so
m

y 
ha

ve
 b

ee
n 

ex
cl

ud
ed

n 
ca

se
s 

20
13

–2
02

2

G
en

et
ic

 d
ia

gn
os

es
 

20
13

–2
02

2

A
n

nu
al

 p
er

ce
nt

ag
e 

ch
an

ge
 in

 g
en

et
ic

 
di

ag
no

se
s

n 
ca

se
s 

20
13

–2
02

2

G
en

et
ic

 d
ia

gn
os

es
 

20
13

–2
02

2

A
n

nu
al

 p
er

ce
nt

ag
e 

ch
an

ge
 in

 g
en

et
ic

 
di

ag
no

se
s

%
 (9

5%
 C

I)
%

 (9
5%

 C
I)

%
 (9

5%
 C

I)
%

 (9
5%

 C
I)

C
le

ft 
pa

la
te

20
26

17
 (1

5,
 1

8)
4.

2 
(−

0.
2,

 8
.7

)
19

80
15

 (1
3,

 1
6)

4.
3 

(−
0.

3,
 9

.2
)

O
es

op
ha

ge
al

 a
tr

es
ia

92
6

12
 (1

0,
 1

4)
2.

3 
(−

4.
7,

 9
.7

)
86

8
6 

(5
, 8

)
11

.2
 (0

.5
, 2

3.
1)

D
uo

de
na

l a
tr

es
ia

 o
r s

te
no

si
s

46
3

29
 (2

5,
 3

4)
−

4.
2 

(−
10

.9
, 3

.1
)

34
6

5 
(3

, 8
)

6.
2 

(−
11

.0
, 2

6.
7)

A
tr

es
ia

 o
r s

te
no

si
s o

f o
th

er
 p

ar
ts

 o
f 

sm
al

l i
nt

es
tin

e
30

5
5 

(3
, 8

)
−1

0.
2 

(−
25

.9
, 8

.9
)

30
0

4 
(2

, 6
)

−1
5 

(−
33

.0
, 7

.7
)

A
no

-r
ec

ta
l a

tr
es

ia
 o

r s
te

no
si

s
11

57
11

 (9
, 1

3)
1.

1 
(−

5.
3,

 7
.9

)
11

16
8 

(6
, 9

)
3.

9 
(−

3.
8,

 1
2.

3)

H
ir

sc
hs

pr
un

g'
s d

is
ea

se
48

1
12

 (1
0,

 1
6)

7.
9 

(−
2.

7,
 1

9.
6)

43
7

4 
(2

, 6
)

6.
5 

(−
11

.6
, 2

8.
3)

A
tr

es
ia

 o
f b

ile
 d

uc
ts

15
9

3 
(1

, 7
)

−
9.

4 
(−

35
.5

, 2
7.

1)
15

8
3 

(1
, 6

)
−

9.
6 

(−
37

.1
, 2

9.
7)

A
nn

ul
ar

 p
an

cr
ea

s
84

27
 (1

8,
 3

8)
−3

.8
 (−

20
.6

, 1
6.

6)
68

10
 (4

, 2
0)

15
.7

 (−
19

.4
, 6

6.
1)

A
no

m
al

ie
s o

f i
nt

es
tin

al
 fi

xa
tio

n
54

8
19

 (1
6,

 2
2)

−
0.

3 
(−

8.
1,

 8
.3

)
51

5
14

 (1
1,

 1
7)

−1
.4

 (−
10

.5
, 8

.5
)

D
ia

ph
ra

gm
at

ic
 h

er
ni

a
10

07
13

 (1
1,

 1
5)

6.
0 

(−
1.

1,
 1

3.
5)

95
7

8 
(6

, 1
0)

1.
8 

(−
6.

6,
 1

0.
9)

G
as

tr
os

ch
is

is
67

2
3 

(2
, 5

)
17

.4
 (−

0.
1,

 3
8.

0)
66

1
2 

(1
, 3

)
1 

(−
19

.0
, 2

5.
9)

O
m

ph
al

oc
el

e
12

76
42

 (4
0,

 4
5)

4.
4 

(0
.0

, 9
.0

)
85

8
14

 (1
2,

 1
7)

1.
6 

(−
5.

4,
 9

.1
)

U
ni

la
te

ra
l r

en
al

 a
ge

ne
si

s
18

03
5 

(4
, 7

)
3.

7 
(−

3.
7,

 1
1.

7)
17

76
4 

(3
, 5

)
6.

4 
(−

2.
4,

 1
6.

0)

Bi
la

te
ra

l r
en

al
 a

ge
ne

si
s i

nc
lu

di
ng

 
Po

tte
r s

eq
ue

nc
e

41
2

9 
(6

, 1
2)

2.
2 

(−
10

.2
, 1

6.
3)

41
0

8 
(6

, 1
1)

3.
2 

(−
9.

6,
 1

7.
9)

M
ul

tic
ys

tic
 re

na
l d

ys
pl

as
ia

17
62

7 
(6

, 8
)

7.
3 

(0
.3

, 1
4.

8)
17

45
6 

(5
, 7

)
5.

2 
(−

2.
1,

 1
3.

1)

C
on

ge
ni

ta
l h

yd
ro

ne
ph

ro
si

s 
in

cl
ud

in
g 

ur
et

er
 o

bs
tr

uc
tio

n
64

38
4 

(4
, 5

)
2.

7 
(−

1.
8,

 7
.4

)
63

37
3 

(2
, 3

)
3.

9 
(−

1.
8,

 9
.9

)

Lo
bu

la
te

d,
 fu

se
d 

an
d 

ho
rs

es
ho

e 
ki

dn
ey

 a
nd

 e
ct

op
ic

 k
id

ne
y

15
55

10
 (9

, 1
2)

−1
.4

 (−
7.

1,
 4

.6
)

14
86

6 
(5

, 8
)

0.
1 

(−
7.

3,
 8

.1
)

Bl
ad

de
r e

xs
tr

op
hy

 a
nd

/o
r 

ep
is

pa
di

as
22

1
4 

(2
, 7

)
1.

3 
(−

22
.1

, 3
1.

8)
21

8
2 

(1
, 5

)
14

.4
 (−

19
.9

, 6
3.

5)

Po
st

er
io

r u
re

th
ra

l v
al

ve
s

50
8

2 
(1

, 4
)

19
.0

 (−
6.

5,
 5

1.
3)

50
2

1 
(0

, 2
)

13
.4

 (−
18

.0
, 5

6.
9)

H
yp

os
pa

di
as

71
27

2 
(2

, 3
)

−
0.

2 
(−

5.
6,

 5
.4

)
71

07
2 

(2
, 3

)
−1

 (−
6.

6,
 5

.0
)

(C
on

tin
ue

s)

T
A

B
L

E
 2

    
|    


(C

on
tin

ue
d)

 13653016, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ppe.70099 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [01/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



9Paediatric and Perinatal Epidemiology, 2025

A
no

m
al

ya

G
en

et
ic

 d
ia

gn
os

es
 in

cl
ud

e 
tr

is
om

ie
s

A
ll

 c
as

es
 o

f t
ri

so
m

y 
ha

ve
 b

ee
n 

ex
cl

ud
ed

n 
ca

se
s 

20
13

–2
02

2

G
en

et
ic

 d
ia

gn
os

es
 

20
13

–2
02

2

A
n

nu
al

 p
er

ce
nt

ag
e 

ch
an

ge
 in

 g
en

et
ic

 
di

ag
no

se
s

n 
ca

se
s 

20
13

–2
02

2

G
en

et
ic

 d
ia

gn
os

es
 

20
13

–2
02

2

A
n

nu
al

 p
er

ce
nt

ag
e 

ch
an

ge
 in

 g
en

et
ic

 
di

ag
no

se
s

%
 (9

5%
 C

I)
%

 (9
5%

 C
I)

%
 (9

5%
 C

I)
%

 (9
5%

 C
I)

Li
m

b 
re

du
ct

io
n 

de
fe

ct
s (

LR
D

)
19

76
18

 (1
6,

 2
0)

−1
.0

 (−
5.

0,
 3

.2
)

18
36

12
 (1

0,
 1

3)
−

0.
6 

(−
5.

6,
 4

.6
)

Tr
an

sv
er

se
 L

R
D

22
6

6 
(3

, 1
0)

16
.7

 (−
5.

8,
 4

4.
4)

22
1

4 
(2

, 7
)

8.
7 

(−
16

.1
, 4

0.
9)

Lo
ng

itu
di

na
l p

re
ax

ia
l L

R
D

56
3

29
 (2

6,
 3

3)
−1

.9
 (−

8.
4,

 5
.2

)
46

3
14

 (1
1,

 1
8)

−3
 (−

11
.9

, 6
.8

)

Lo
ng

itu
di

na
l p

os
ta

xi
al

 L
R

D
16

7
12

 (7
, 1

8)
2.

9 
(−

14
.3

, 2
3.

6)
16

3
10

 (6
, 1

5)
0.

7 
(−

17
.1

, 2
2.

3)

Lo
ng

itu
di

na
l c

en
tr

al
 L

R
D

14
8

22
 (1

5,
 2

9)
5.

8 
(−

8.
7,

 2
2.

7)
14

3
19

 (1
3,

 2
6)

10
.3

 (−
6.

0,
 2

9.
4)

C
lu

b 
fo

ot
—

ta
lip

es
 e

qu
in

ov
ar

us
43

72
11

 (1
0,

 1
2)

4.
5 

(1
.1

, 8
.1

)
41

60
7 

(6
, 7

)
3.

9 
(−

0.
5,

 8
.6

)

H
ip

 d
is

lo
ca

tio
n

25
97

2 
(1

, 2
)

−5
.3

 (−
15

.4
, 5

.9
)

25
96

2 
(1

, 2
)

−
6.

4 
(−

16
.4

, 4
.9

)

Po
ly

da
ct

yl
y

47
06

9 
(8

, 9
)

−
0.

8 
(−

4.
4,

 3
.0

)
44

90
4 

(4
, 5

)
1.

3 
(−

4.
0,

 6
.8

)

Sy
nd

ac
ty

ly
16

11
18

 (1
7,

 2
0)

3.
4 

(−
1.

3,
 8

.3
)

15
45

15
 (1

3,
 1

7)
1.

6 
(−

3.
5,

 7
.0

)

C
ra

ni
os

yn
os

to
si

s
13

44
11

 (9
, 1

3)
5.

6 
(−

1.
1,

 1
2.

8)
13

24
9 

(8
, 1

1)
6.

4 
(−

0.
8,

 1
4.

1)

C
on

ge
ni

ta
l c

on
st

ri
ct

io
n 

ba
nd

s/
am

ni
ot

ic
 b

an
d 

se
qu

en
ce

17
1

4 
(2

, 8
)

−1
0.

0 
(−

32
.2

, 1
9.

5)
17

0
4 

(1
, 8

)
−1

0 
(−

33
.9

, 2
2.

6)

Si
tu

s i
nv

er
su

s
32

7
12

 (9
, 1

6)
8.

7 
(−

3.
8,

 2
2.

9)
32

1
10

 (7
, 1

4)
9.

3 
(−

4.
3,

 2
4.

8)

C
on

jo
in

ed
 tw

in
s

50
0 

(0
, 7

)
N

A
50

0 
(0

, 7
)

N
A

VA
TE

R
/V

A
C

TE
R

L 
as

so
ci

at
io

n
21

7
3 

(1
, 6

)
−2

.5
 (−

28
.8

, 3
3.

5)
21

7
3 

(1
, 6

)
−2

.5
 (−

28
.4

, 3
2.

9)

Pi
er

re
-R

ob
in

 se
qu

en
ce

48
6

14
 (1

1,
 1

8)
6.

8 
(−

2.
5,

 1
7.

0)
47

8
13

 (1
0,

 1
6)

9.
1 

(−
0.

9,
 2

0.
0)

C
au

da
l r

eg
re

ss
io

n 
se

qu
en

ce
84

2 
(0

, 8
)

−
8.

8 
(−

51
.9

, 7
2.

9)
83

1 
(0

, 7
)

18
.9

 (−
52

.1
, 1

95
.2

)

Se
pt

o-
op

tic
 d

ys
pl

as
ia

58
7 

(2
, 1

7)
−1

1.
4 

(−
40

.3
, 3

1.
7)

57
5 

(1
, 1

5)
−1

8.
2 

(−
50

.1
, 3

3.
9)

N
ot

e:
 A

ll 
re

su
lts

 n
ot

 a
dj

us
te

d 
fo

r r
eg

is
tr

y 
du

e 
to

 sm
al

l n
um

be
rs

 in
 so

m
e 

re
gi

st
ri

es
.

A
bb

re
vi

at
io

n:
 C

I, 
co

nf
id

en
ce

 in
te

rv
al

.
a O

nl
y 

su
bg

ro
up

s w
ith

 5
0 

ca
se

s o
r m

or
e 

ov
er

 2
01

3–
20

22
 a

re
 sh

ow
n.

 T
he

 c
la

ss
if

ic
at

io
n 

of
 a

no
m

al
y 

su
bg

ro
up

s i
s n

ot
 m

ut
ua

lly
 e

xc
lu

si
ve

 (e
.g

., 
a 

ca
se

 w
ith

 V
SD

 a
nd

 h
yp

os
pa

di
as

 is
 c

ou
nt

ed
 in

 b
ot

h 
th

e 
V

SD
 a

nd
 th

e 
hy

po
sp

ad
ia

s g
ro

up
).

T
A

B
L

E
 2

    
|    


(C

on
tin

ue
d)

 13653016, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ppe.70099 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [01/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10 Paediatric and Perinatal Epidemiology, 2025

(NIPT) is nowadays done earlier and is more widespread [19], 
this is expected to have quite an impact on the overall propor-
tion of genetic diagnoses. In addition, increased maternal age 
will lead to an increase in trisomies [17], and therefore, we have 
also given results for the proportion of genetic cases without the 
three most common trisomies.

We found major differences in the proportion of genetic cases 
across registries, with a rather low proportion in the two Eastern 
European registries (Ukraine, Wielkopolska) and Malta, which 
are also the registries where terminations of pregnancy for foetal 
anomalies are illegal or only legal under specific circumstances. 
The low proportion of genetic cases may be explained by the lim-
ited availability and accessibility of genetic testing in these coun-
tries, or a more cautious attitude towards the personal benefits 
of genetic testing among Eastern European citizens [20]. Being 
religious was found to be associated with a more negative opin-
ion on genetic testing [21]. Also, when costs for advanced genetic 
testing are not reimbursed, like in Poland, this will be a barrier 
to performing genetic tests [22, 23]. Another possible reason for 
the low proportion of genetic diagnoses in these countries might 
be that their ascertainment of genetic diagnoses is lower, due to 
fewer genetic data sources or a shorter follow-up of cases; how-
ever, both seem comparable to those of other registries.

The proportion of genetic diagnoses differed between the differ-
ent anomaly groups. As expected, anomalies that are frequent in 
trisomy 21 (e.g., AVSD and duodenal atresia), trisomy 18 (heart 
defects and orofacial clefts) and trisomy 13 (holoprosencephaly, 

omphalocele, anophthalmos/microphthalmos and heart defects) 
had a high percentage of genetic diagnoses. Arhinencephaly/ho-
loprosencephaly also had a high percentage of genetic diagno-
ses after the exclusion of the trisomies (22%). Possibly triploidy, 
other chromosomal aberrations and mutations in genes like 
sonic hedgehog are responsible for this [24]. The highest pro-
portions of non-trisomy genetic diagnoses were found in aortic 
atresia/interrupted aortic arch (26%) and common arterial trun-
cus (25%), which are frequently occurring in 22q11.2 deletion 
syndrome [25, 26].

An increasing trend was seen in the proportion of non-trisomy 
genetic diagnoses for five congenital anomaly groups. For se-
vere congenital heart defects, the proportion of non-trisomy ge-
netic diagnoses increased to 10.3% in 2022 in our study and up 
to 13.4% for hypoplastic left heart. Heart defects can occur in 
Turner syndrome, 22q11.2 deletion syndrome, other cytogenetic 
anomalies and mutations in several genes (e.g., CHARGE syn-
drome) [27]. In the Netherlands, in euploid foetuses with severe 
CHD born between 2012 and 2016, a definite genetic diagno-
sis was found in 13% (94/708) [26], which is comparable to our 
results. The most common diagnosis was 22q11.2 deletion syn-
drome. A recently published review found a growing number 
of genes involved in hydrocephalus and also showed that more 
extensive genetic testing was performed in hydrocephalus pa-
tients over time [28]. This could explain the increased propor-
tion of genetic diagnoses over time that we found. We think that 
the same explanation might be true for the increase in genetic 
diagnoses for cleft lip with or without cleft palate [29, 30], and 

FIGURE 2    |    Anomalies with clear trends in the percentage of genetic diagnoses over 2013–2022, excluding trisomies 13, 18 and 21: Biennial esti-
mates and 95% confidence intervals.
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oesophageal atresia. However, the genetic yield in oesophageal 
atresia is relatively low [31].

5   |   Conclusions

This paper provides an overview of the percentage of genetic 
diagnoses in European cases with congenital anomalies. This 
information is useful for counselling and can perhaps aid the 
planning of genetic testing after an anomaly is detected on a 
prenatal ultrasound scan. The percentage of genetic diagnoses 
is different between European countries and is increasing over 
time. However, the increase is modest and is not expected to have 
a large impact on the prevalence of non-genetic anomalies in the 
EUROCAT network, and is unlikely to explain the decreasing 
pan-European trends observed in recent annual statistical sur-
veillance. When interpreting trends in future surveillance of the 
EUROCAT network, consideration will be given to whether any 
changes have occurred in the proportions of genetic cases. The 
proportion of genetic cases will be monitored every 5 years to 
provide up-to-date information to clinicians and parents upon 
receiving an initial diagnosis of an anomaly.
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