'.) Check for updates

Paediatric and Perinatal Epidemiology WI LEY

‘,_Z’-‘ F:?iﬁaaltar:cE;?geminlogv
| orRIGINAL ARTICLE CEIEED

Genetic Diagnoses Among Congenital Anomaly Cases in
Europe: Data From the EUROCAT Network

Jorieke E. H. Bergman! | Annie Perraud? | Ester Garne? | Ingeborg Barisic* (2 | David Tucker’ | Elisa Ballardini® @ |
Lea Bruneau”® (2 | Clara Cavero-Carbonell® 2 | Ianis Cousin!® | Miriam Gatt!! | Katya Kovacheva!? |

Anna Latos-Bielenska!® (@ | Mary O'Mahony'* (2 | Isabelle Monier!® | Isabelle Perthus!® 2 | Riccardo Pertile! ©© |

Anke Rissmann!® (2 | Florence Rouget’ i | Michelle Santoro®® 2 | Joanna Sichitiu?! | Christine Verellen-Dumoulin?? |
Wiladimir Wertelecki?* 2 | Diana Wellesley?* (2 | Joan K. Morris?’

!Eurocat Northern Netherlands, Department of Genetics, University of Groningen, University Medical Center Groningen, Groningen, the

Netherlands | ?European Commission, Joint Research Centre (JRC), Geel, Belgium | *Department of Pediatrics and Adolescent Medicine, Lillebaelt
Hospital, University Hospital of Southern Denmark, Kolding, Denmark | *Medical School University of Zagreb, Zagreb, Croatia | *Research Data

& Digital Directorate, Public Health Wales, Swansea, UK | ®Department of Medical Sciences, Neonatal Intensive Care Unit, University Hospital of
Ferrara, University of Ferrara, IMER Registry (Emilia Romagna Registry of Birth Defects), Ferrara, Italy | “The Reunion Registry of Congenital
Malformations REMACOR, Department of Public Health and Research Support, University Hospital of La Réunion, Saint Pierre, France | 8Center

for Clinical Investigation (CIC) 14 10 Clinical Epidemiology, Department of Public Health and Research Support, University Hospital of La Réunion,
National Institute of Health and Medical Research INSERM, Saint-Denis, France | °Rare Diseases Research Unit, Foundation for the Promotion of
Health and Biomedical Research in the Valencian Region, Valencia, Spain | ’REMALAN, Department of Pediatric Surgery, CHU de Martinique, Fort de
France, France | !'Directorate for Health Information and Research, Tal-Pieta, Malta | '?Department of Medical Genetics, Medical University, Pleven,
Bulgaria | *Department of Medical Genetics, Poznan University of Medical Sciences, Poznan, Poland | “Department of Public Health HSE-SW, St
Finbarrs' Hospital, Cork, Ireland | >Centre for Research in Epidemiology and Statistics, Obstetrical Perinatal and Pediatric Life Course Epidemiology
Research Team (OPPaLE), F-75004, Université Paris Cité and Université Sorbonne Paris Nord, INSERM, INRAE, Paris, France | '®Auvergne Registry

of Congenital Anomalies (CEMC-Auvergne), Department of Clinical Genetics, Centre de Référence Maladies Rares “Anomalies du développement et
Syndromes Malformatifs”, University Hospital of Clermont-Ferrand, Clermont-Ferrand, France | "Department of Clinical and Evaluative Epidemiology,
Healthcare Trust of the Autonomous Province of Trento, APSS, Trento, Italy | *Malformation Monitoring Centre Saxony-Anhalt, Medical Faculty Otto-
von-Guericke University Magdeburg, Magdeburg, Germany | “Brittany Registry of Congenital Anomalies, CHU Rennes, University of Rennes, INSERM,
EHESP, Irset—UMR 1085, Rennes, France | 2°Unit of Epidemiology of Rare Diseases and Congenital Anomalies, Institute of Clinical Physiology, National
Research Council, Pisa, Italy | 2'Ultrasound and Fetal Medicine Unit, Woman-Mother-Child Department, University Hospital Center CHUV, Lausanne,
Switzerland | 2*Eurocat Hainaut-Namur, Center for Human Genetics, Institut de Pathologie et de Génétique, Charleroi, Belgium | 220OMNI-Net Programs,
Rivne, Ukraine | 2*University Hospitals Southampton, Southampton, UK | 23School of Health and Medical Sciences, City St George's, University of
London, London, UK

Correspondence: Jorieke E. H. Bergman (j.e.h.van.kammen@umcg.nl)
Received: 4 June 2025 | Revised: 4 November 2025 | Accepted: 10 November 2025

Funding: Jorieke EH Bergman, Ester Garne and Joan K Morris received funding (expert contracts) from the European Commission, Joint Research Center
in Ispra, Italy, to support the epidemiologic surveillance activities of EUROCAT. EUROCAT registries are funded as fully described in the EUROCAT
‘Members & Registry Descriptions’. Jorieke EH Bergman is employed by EUROCAT Northern Netherlands, which received funding from the Netherlands
Ministry of Health, Welfare and Sports (VWS). The responsibility for the interpretation of data and/or information supplied is the authors alone.

Keywords: birth defects | heart defects | neural tube defects | orofacial clefts | syndrome | trends

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.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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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 fiveyears.

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 20weeks 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 oneyear 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%
CL 0.8%-1.9%), including cases of trisomies. This means that
if the proportion of genetic diagnoses is 20% in 1year, then the
next year it will be 20.3% (0.20x1.014), which is approximately
an additional 0.28% per year or an absolute increase of 3%
(0.20x(1.014°-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 10years. 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 1year 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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TABLE1 | Percentage of genetic diagnoses by EUROCAT registry over birth years 2013 to 2022.

Genetic diagnoses include trisomies

All cases of trisomy have been excluded

Annual Annual
Genetic percentage Genetic percentage
diagnoses change in genetic diagnoses change in genetic
2013-2022 diagnoses 2013-2022 diagnoses
Number Percentage Percentage Number Percentage Percentage
of cases (95% CI) (95% CI) of cases (95% CI) (95% CI)
Hainaut-Namur 2512 24 (22, 25) 3.6 (1.0, 6.2) 2215 13 (12, 15) 3.5(-0.8, 8.0)
(Belgium)
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 1110, 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 4789 23 (22,24) 4.5(-4.3,14.2) 4328 15 (14, 16) 3.4(0.1,6.7)
Netherlands
Emilia Romagna 9178 19 (18, 19) -0.7 (~1.8, 0.5) 8208 98, 10) —2(=5.0,1.1)
(Italy)
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 4918 15 (14, 16) 2.6(=0.3,5.7) 4463 7(6,7) 1.6 (1.7, 5.0)
(Germany)
Cork and Kerry 1981 31(29, 33) —1.7(-4.9,1.6) 1575 14 (12, 15) -1.9(=6.5,2.9)
(Ireland)
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 6060 12 (11, 13) 0.2(-1.7,2.1) 5615 5(4,5) —0.5(—4.8,4.1)
(Ukraine)
Isle de Reunion 4710 19 (18, 20) 2.4(0.2,4.7) 4238 10 (9, 11) 2.5(-1.1,6.2)
(France)
Wielkopolska 8329 12(11, 12) —3.4(=5.7,-1.2) 7755 5(5, 6) —4(~7.3,-0.6)
(Poland)
French West Indies 2220 30 (28, 32) 0.2(-2.8,3.3) 1778 12 (11, 14) 1.8(-2.9,6.7)
(France)
Valencian Region 9463 23 (23,24) 5(3.1,7.0) 8069 10 (10, 11) 11.1 (8.0, 14.4)
(Spain)
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.

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.
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FIGURE1 | Percentage of genetic diagnoses by registry over 2013-2022 including trisomies 13, 18 and 21 (orange) and excluding trisomies 13, 18

and 21 (green).

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 1year 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

Paediatric and Perinatal Epidemiology, 2025

85U8017 SUOWILLOD BAEaID 3|qed(dde aus Aq peusenob are sejone VO ‘8sn Jo ss|n. 10y AriqiT8UIIUO /3|1 UO (SUORIPUOD-PUB-SWLBIW0D A8 1M ATl 1[eu1|UO//SdNL) SUORIPUOD Pue sWe 1 84} 885 *[6202/ZT/T0] Uo AriqiTauluo Ae|im ‘Uopuo JO AisieAiun Sa61099 15 Aq 66002 2dd/TTTT OT/I0p/W00 A8 |im Arelq1jeuljuo;/sdny Wwoiy papeojumod ‘0 ‘9TOESIET



13653016, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/ppe.70099 by St George'S University Of London, Wiley Online Library on [01/12/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo)) w

ks

(8'€6T-) 60 (k4 96T (LT'01-)8°0 (11 °01) OT 885°9T (ASA) 30939p [e3d0S TR[NOLHUA m

(VvOI-7) selanre W

(L°€6 ‘8'67—) 991 arny 68 (9ce1 ‘'s'0-) T6v (6T 9) 11 S6 18318 Jo uonisodsuer) paldaLIo) m

(6'S€‘S'e-) SHT (I1v) L 65T (0tT ‘8°C-) 86 (0T ‘T ST €8¢ S[ILIIULA J[FUIS m

g

(VOI-Q) serieyre S

(eTceies-)LL (Gl 0STI L Ty—)T9 (CAIIS 6911 1ea13 jo uonsodsuer) [duwo) 3

@ST09-) T+ Ste) 1 105 (€85, T0 (€T°L1) 0T €56 S[OLNULA 1YSLT J97IN0 d[qnoq M
(Ts16'8-)S'C (1€ ‘00) St 0ST @VT18-)LT (€ ‘T2) 8T 097 SNOUNI} [RLI9)IR UOWWO)D)
LL9oD9Y (01°9) 6 L8YL (L€00-)8T (€T‘10) T 6vL8 $109§3p 1183y [RIIUSZUOD SI9AS
[eued AI103IpNe [BUINXS JO 9INIOLNS
(€9°TLI-) T~ (STU®) 11 €9¢ 6°S O¥I-) 67— (61 ‘CD) ST 08¢ /SISOUR)S/BISAIIE PUE BIIOUY
81 ‘8'v—) 791 (619 €1 0ST r's€‘9L-) 61T (0z®) €1 ST rwoone|s [ejruaguo)
(€61°9¢—)TL (I1'9)6 795 (S9T‘8°T)¥'9 (41 €8S JoBIRIRD [RITUSSU0D
(€'L9 T¥1-) 6’61 (res S9 (T6r ‘6L-) TLT ((Ya/AR 4 oL soweyydouy
(SOt ‘Tv-) LS (sz9m) 0T €s¢ Tercy-)Le (s€ 92) o€ Sot soweyydororw/soweyiydouy
v vy8-) e 8T v1) 91 886 (0§°‘€9-) 80— (zz 81) 0T 6€01 wnso[[ed sndiod Jo SISoUasY
Areydeouasoxdojoy
(£'8T°'T-) 8 (9T ‘81) T LY (LETTO) L9 (6% ‘1) St €79 /Areydasusuryry
(s8Te)sT (0T ‘91) 81 JARR @89t)Le FT61) 1T 6STT Areydaoororur a10A9S
G YL GT T1) €1 1SLT T6T0-) Y (6T “O1) L1 SHSIT AreydeooipAg
(£'8°8'8—) 90— SO P91 SvLL-) 81— 618 TILT epiyiq eulds
(80T ‘S'CI—-) S'1— (rL)6 (Xay (8'T1°6'8-) 60 (91 °om) €1 ort sed03uruaw pue sfdo[eydedur
(8°0€ ‘T'9-) 60T D1 SOET (T6€0-) T'T— (2% el Teqruts pue Areydoousuy
(€9°€9-)T0- ¥ oOv TLEE (Te09-)s'1- 89 L €61¢ $109J3p aqn} [eINAN
(10 %S6) % (10 %S6) % TT0T-€T0T Sased U (10 %S6) % (1D %S6) % T20T-€T10T Sased U wAlewouy

sosouderp TT0T-£102 sasougerp TT0T-£102
on3ouas ur aueyd sasougerp onjoudn o13ouas ur afueyd sasougderp onjoudn
98ejudorad renuuy 9Sejudorad renuuy
POPNIOXd U dABY AWOSLI) JO SAS®I [[V SOTWIOSLI) APN[OUI SISOUSEBIP d1}UID
‘dnoi3 Arewoue 1od 7z 03 €107 Wwoiy a3ueyd ofejuadiad [enuue pue zz0g-£ 0T Ul UI0q SISe AJewroue [ejruaduod ur sasouderp onouas jo a8ejusdred |  HTAV.L o



13653016, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/ppe.70099 by St George'S University Of London, Wiley Online Library on [01/12/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

o~
(senunuo))
drefed
Ly v's L9)9 €€LT (8'991-)S°C (€T°11) 21 €76T 13910 IMOY3ILM T0 y3rm dif 191D
suorjeuriojjeut
(8'6v‘TT1—)9'8 €01 (143 (TsTocT-)TT— (04 €€ Kemare L1euowrnd [eyusduo)
sjueRJUI WLId) Ul HD A[UO
(TTzse—) 98 (CHIR% Z101 (Lror9e-)ee Fraanet 9011 Se (V{dd) SnSoLIdLIe SNjonp jualed
UINJ2I SNOUA
(02T “8'81-)S°0— arv)L ST (9 €1°S'CC—) T 9— @1vL LTT Kreuowrnd snojewoue [ej0],
yore
6ETSYI-) € 1— (€€ ‘61) 9T 091 (60T ‘S¥TI—) 9'C— (Lg ‘€2) 0¢ 0LT o1I0® paldn.LIgul/RISAITR O11I0Y
(T819°0-)+'8 899 9021 (9O11°5°¢-) 8¢ (orv)e6 8¢€CT ©}I0E JO UOIIBIOIRO)D)
(SHYH
(T°S€ ‘8°0T-) 8°6 1P 9 LT T9€‘sT-) TSt (sTL)01 85T /HYH) 11eay 1y3u onsedod Ay
(SH'TH
(z1ZL0)S°01 (019) 8 3 (9€T9T-) LS (STIm) €1 768 /HTH) 3183y 3391 onsejdod A
(SevTLI-)6 E1v)L 8¢T (TSt ‘€°01-) T'¥1 91901 wl SISOUD]S/RISAIIR dATRA [RINIIA
(001 ‘6'€T—) 9'C— 69L LTS ®L9CcT-) v e— (o1 ‘9) 8 €S SISOUQ]S/RISIIIE JATRA J11I0Y
(901 ‘LET-) gT— FI9) 11 €0 (€11°L01-) €0~ (Lreom) €T STv BISAIIR QATRA ATRUOUWNJ
QTSI S (I1‘9)6 6091 ©06LT)0€ (ET°0D) 11 P91 SISOU9)S dATeA ATeuowWng
@IEYIT-) LY art‘e)9 6LT (9°€1°€°02-) 6'v— (C1WARN 881 Arewoue s,urR)sqy
Ly ‘1s—) T8I (N 1544 (6'0¢ ‘vs—)€IT €196 0ST SISOU)S pUB BISaIe pIdsnosiiy,
(oerTT)LS 10D TT L60T (6s€v-) L0 Wz 61 1T LTTT 1o[1ed jo ASoejuad pue A3orema, -
S
(asAv) 8
LYT91-)T9 (LT T ¥1 L9L 6Sv1-)TT 9 ‘65) 19 LOLY 10979p [©1daS JB[NOLIIUSAOL Y w
2
(998 1) €T 89L L6LY (8'5C0) 6T (L1 sT) 91 (11439 (asv) 1095p Te3des oLy m
2
(ID %S6) % (ID %S6) % 770Z-€10Z S9sed U (ID %S6) % (ID %S6) % TT0T-€T0T SAsed U eArewouy m
sasougerp 220T-€102 sasougerp 720T-€102 m
on3ouas ur aueyd sasougerp onjoudn o13ouas ur afueyd sasougderp onjoudn [~
98ejudorad renuuy 9Sejudorad renuuy ,m
POPNIOXd U dABY AWOSLI} JO SIS®I [[V SOIWIOSLI) APN[OUI SISOUSEBIP d1}UID m
ES
V
(ponupuo)) | THTIAVL £



13653016, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/ppe.70099 by St George'S University Of London, Wiley Online Library on [01/12/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

wn

(senunuo)) m

&

05 ‘99-) - (Cak4 LOTL (s ‘9s—) T 0— €Dt LTIL serpedsodAHq 3

g

(6'9S ‘0'8T-) ¥'€1 ot z0$ (1S ‘s'9-) 0’61 FDC 80S SOATRA [RIY}OIN J0LINISO] ,m

&3]

serpedsida 3

(§°€9 ‘6'61-) ¥'+1 (Coks 81¢C (81€‘TTT) €T Ly 1ee To/pue Aydonsxa 19pperg £

2

Koupry 01do10s pue Aoupry <

(I'8°cL-)T0 (8'9)9 98¥T OV TL)PT- (cT'6) 01 SSST 90[S3SIOY PUE Pasng ‘paje[nqo] 3

uonoNIISqo 19321n Surpnout m

Y

(66°81-)6°¢C D¢ LEEY L 8T LT Sy 8¢9 stso1ydauoIpAy [ejruaguo) £
T€r‘1em)Ts L99 SPLT 8¥1c0)EL 8°9)L 79L1 eise[ds£p [eua1 onsLonn
douanbas 131304
6L1°96-)T°€ (I1°9) 8 (1)87 (€91 °C°01-) TT @196 454 Surpnpour siseudde [pual [BId)R[Ig
09T ¥z +'9 SO 9LLT Lwitre-)Le Lvs €081 sIsoudde [eUAI [RIDIR[IUN
(T6vS—)9T (L1 ZD) 1 858 06°00) v (sv‘ov) v 971 sooreydw(Q
6sT06T-) T €Dt 199 08 ‘T0-) ¥'LT SD¢ TL9 SISIYOSO0IISeD
(6°01°99-)8'T (01°9) 8 LS6 (S€T‘TT-) 09 (ST1D €1 L00T eruiay onewseryderq
(8601 v'1— (LrIn vt SIS (€8T18-)€0— (cz ‘91) 61 8¥S UOIIeXIJ [RUNSIUL JO SAI[BWOUY
(199 ‘v'61—) L'ST (oz ‘p) o1 89 (991 ‘9°0C—) 8°¢— (8¢ “81) LT 78 seanoued renuuy
(L'6T°TLE-) 96— ODE 8ST T'LT‘S’SE-) v'6— L1ne 65T $30NP 9]1q JO BISANY
(€8T°9'11-)S'9 ODv LEY (961°LT) 6L (CIN(]9k4! 8% 9seasIp s, 3unidsyosarf
(ccr8¢)6¢ 698 9111 6LCSH)TT (€1'6) 11 LSTI SISOUR)S 10 BISAIIE [R103I-0UY
QUIISIUI [[ewS
(LLoce—)S1— (CNaRY 00¢ (6'8°6'ST—) 01— (CEIY So0€ Jo syred 19410 JO SISOU9)S 10 BISANY
(L9Z0T1-)T9 ®8©¢ 9t € (T'¢‘601-) TH— (€ ‘s2) 6T €9¥ SISOUR)S 10 BISAI)E [eUaponq
T€zs 0TIl (899 898 Le‘Lvy-)ee Fron et 976 e1saxe [eadeydosaQ
T6co)Et (91 “€T1) ST 0861 wsco-)ey (8T‘ST) LT 970T arered 11910
(ID %S6) % (ID %S6) % 770Z-€10Z S9sed U (ID %S6) % (ID %S6) % TT0T-€T0T SAsed U eArewouy

sasougerp 220T-€102 sasougerp 720T-€102
on3ouas ur aueyd sasougerp anoudn o13ouas ur afueyd sasougderp onjoudn
98ejudorad renuuy 9Sejudorad renuuy
POPNIOXd U dABY AWOSLI) JO SAS®I [[V SOTWIOSLI) APN[OUI SISOUSEBIP d1}UID
(ponupuo)) | zATAVL )



13653016, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/ppe.70099 by St George'S University Of London, Wiley Online Library on [01/12/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

*(dnoi8 serpedsod Ay o) pue SA 93 Y10q Ul pajunod st serpedsodAy pue SA UM 9sed B “3°9) 9AISN[OXA A[Teninur jou st sdnoidqns ATeuroue Jo UOTIRIIJISSL]D YL, "UMOYS I8 7Z0Z—ETOT IOA0 2I0W I0 $3sed 05 Yim sdnoidqns A[uQ,
‘TEAID)UT 9IUIPTJUOI ‘T :UOTIBIADIQQY
'S911)S1391 AWIOS UT SI9qUUINU [[eWS 0) anp A1)s1301 10J pajsn(pe 10U s)NSaI [[V 210N

(6°€€ ‘T'0S—) T'81— StDs LS Lie‘cor-)v'ii- wroL 8¢ eise[ds£p ondo-oydeg
(T'S6T‘T'TS—) 6'8T Lot €8 (6'CL6'IS—) 88— 80¢ v8 2oudanbas uorssaidal [epne)
(002‘60-) T'6 (91 ‘0D €1 8L (0LT‘6'C-) 89 BT TD ¥1 98% aouanbas urqoy-a11ld
(6'C€ ¥'8T-) ST~ ©ODE¢ LT (S¢€ ‘88T ST~ ODe L1T UuonErosse TYALIVA/IALVA
VN L0o0 0S VN 00 0S surmy pautofuo)
BT €r—) €6 T Lot 143 (6CT 8'€-)L'8 re)ct LTE SNSIDAUL SN
douanbas pueq dnoruuwre
(9zT‘6'cE-) 01— 8Dt 0LT (S°61‘CT'TE—) 0°0T— 8Dv 1LT /SPUEQ UONILISUOD [BITUSSU0D
(T'v1°8°0-) 9 (I1°8)6 Yel 8T TI)9S (€T'6) 11 PPET SISOJSOULSOIURI)
(0L5e) 9T (Lien st SPST (€8 €T Pe (0T “LT) 81 1191 Afyoepuks
(890r-) €T (07 06t 0€vv-) 80— (6°8)6 90LY A1Ky0epAIod
67 ‘7'91-) ¥'9— (tDt 96S¢ (6°S v'ST-) €6~ (tDe L6ST uonedo[sip drg
(9°8°6°0-) 6°€ L9L 09T+ Ts1TnDSt (T om) 11 TLEY snaeaournbs sadijel—ooy qnio
(62 ‘09-) €01 (9T ‘€1) 61 34! (LTTLs-)8s (6T°s1) T 8¥1 @Y7 [813U2D [eUIpn)FUOT]
(€2TTLI-) L0 (st9)o1 €91 (9T evI-) 6C @®rL)et L9T @1 rerxejsod reurpnirguoy
(8'9°6'T1-) €~ ST TD VT €9t @s‘v8-) 61— (€€ °97) 67 €9 @y1 rerxeard feurpnyrguoy m
(6'0¥‘1T91-) L'8 Loy e (v ‘8°5—) L'9T 01°9)9 9TC (YT 9SIASUBL], m
Ot‘95-) 90— (e1'oD et 9¢81 (Te0s) 01— (0T ‘91) 81 9L61 (@97) $309§2p UONONPAI qQUII'T m
(10 %S6) % (10 %S6) % TT0T-€T0T Sased U (10 %S6) % (1D %S6) % T20T-€T10T S3sed U wAlewouy uzw
sosougerp T202-£10T sosougerp T202-£10C E
on3ouas ur aueyd sasougerp onjoudn o13ouas ur afueyd sasougderp onjoudn [~
98ejudorad renuuy 9Sejudorad renuuy ,m
POPNIOXd U dABY AWOSLI} JO SIS®I [[V SOIWIOSLI) APN[OUI SISOUSEBIP d1}UID m
(ponupuod) | zHTIVL m



All anomalies

254 25+
20- 20-
154 154

0- 5 & %% 10-

0- T 1 1 0- 1
2013-14 2017-18 2021-22 2013-14

Hypoplastic left heart
25-

Percentage with a Genetic Diagnosis excl Trisomies

20- 20-
154 15-
10- 10-
54 54
0- T T 1 0- 1
2013-14 2017-18 2021-22 2013-14

Severe congenital heart defects

Cleft lip with or without cleft palate
25-

Hydrocephaly

25-
20-
15-
10-

5-

. ; 0- . ; :
2017-18 2021-22 2013-14 2017-18 2021-22
Oesophageal atresia

25-
20-
15-
10-

0-

T I 1 T T
2017-18 2021-22 2013-14 2017-18 2021-22

Year of Birth

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.

(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
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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
alarge 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 Syears to
provide up-to-date information to clinicians and parents upon
receiving an initial diagnosis of an anomaly.
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