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Surveillance of congenital anomalies is important in order to detect negative influences

from environment, medication, or lifestyle as early as possible. Since most teratogens are

associated with a spectrum of birth defects rather than a single defect, analysis of the

epidemiology of multiple congenital anomalies is important to detect an increase due to

environmental or medicine exposure. The aim of the study was to describe changes in

prevalence, types of anomalies, and outcome of pregnancies for fetuses and infants with

multiple congenital anomalies before and after introduction of the new screening program

in the County of Funen, Denmark. The study was based on data from the EUROCAT

registry of the County of Funen for the period 1990 to 2014 covering 135,057 births. The

registry includes information about livebirths, fetal deaths after 20 weeks of gestation

and terminations of pregnancy after prenatal diagnosis of fetal anomalies. All cases with

two or more major congenital anomalies in different organ systems, where the pattern

of anomalies were not recognized as part of a chromosomal or genetic syndrome or a

sequence were included in the study. Overall prevalence of multiple congenital anomalies

was 19.7 per 10,000 pregnancies. There was no significant change in prevalence over

time. The prenatal detection rate increased from 26 to 57% after introduction of the

screening program (p < 0.001). Proportion of terminations of pregnancy increased from

11 to 30% of all cases and 1-week survival for livebirths increased from 64 to 94%. There

was no change in combinations of involved organ systems. The implementation of the

new screening program in 2004 has led to an increased prenatal detection rate of multiple

congenital anomalies followed by an increased rate of termination of pregnancy for the

most severe cases and an increased 1-week survival for liveborn infants with multiple

congenital anomalies.
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INTRODUCTION

Surveillance of congenital anomalies has become an important public health activity since the
thalidomide disaster, aiming to prevent a similar or smaller incidents (1). Surveillance of congenital
anomalies is also of significant importance in order to detect negative influences from environment,
medication, or lifestyle as early as possible and in this way prevent congenital anomaly clusters due

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://doi.org/10.3389/fped.2021.614864
http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2021.614864&domain=pdf&date_stamp=2021-02-05
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles
https://creativecommons.org/licenses/by/4.0/
mailto:ester.garne@rsyd.dk
https://doi.org/10.3389/fped.2021.614864
https://www.frontiersin.org/articles/10.3389/fped.2021.614864/full


Toxværd and Garne Epidemiology of Multiple Congenital Anomalies

to new teratogenic exposures (1). Since some teratogens are
associated with a spectrum of birth defects rather than a single
defect, analysis of the epidemiology of multiple congenital
anomalies is important to detect an increase of those due to
environmental or medicine exposure (2). Due to the rarity
of multiple congenital anomalies, dataset over many years is
necessary. Therefore, only very few studies have been dealing
with surveillance of congenital anomalies leading to an unknown
magnitude of the problem.

In 2004 Denmark replaced its earlier prenatal screening
program, which included offering an invasive test to pregnant
women over 34 years, with a screening program offered to all
pregnant women. The new national screening program includes
a nuchal translucency scan and a blood sample at a gestational
age between the 11th and 13th week and an anomaly scan
between the 18th and 20th week (3). The change was based
on a recommendation from a working group set up by the
Danish Ministry of Health. The recommendation suggested
that by screening all pregnant women with a blood test and
an ultrasound, the number of amniocentesis would decrease
and simultaneously the prenatal detection rate of congenital
anomalies would increase. At that time amniocentesis leads to a
miscarriage in about 1 of 100 pregnancies, reducing the numbers
was desirable and non-invasive methods should be preferred (3).

Detecting congenital anomalies during pregnancy has many
advantages, such as the possibility of referring the mother before
birth to a tertiary hospital with the required expertise for delivery,
the possibility of giving the parents relevant information and
preparation for the life with their infant and in severe cases
providing an opportunity to offer termination of the pregnancy.

The aim of this study is to describe the influence of the
screening program implemented in Denmark during 2004 on
prenatal detection rates, rates of terminations of pregnancy
and the impact on survival of liveborn infants with multiple
congenital anomalies.

MATERIALS AND METHODS

EUROCAT is a European network of population-based registries
for the epidemiological surveillance of congenital anomalies with
more than 1.7 million births surveyed per year in Europe since
1980 (4). This study was based on data from the EUROCAT
registry of Funen County, Denmark. The registry includes
livebirths, fetal deaths from GA 20 weeks and terminations of
pregnancy after prenatal diagnosis of congenital anomalies. Data
from 1990 to 2014 was included, covering a population of 135,057
births (live and stillbirths) in the registry area.

Multiple congenital anomaly cases were defined as two or
more major structural congenital anomalies in different organ
systems. The cases were classified for this study using the
EUROCAT Multiple Congenital Anomaly Algorithm (5). Cases
with skeletal dysplasias and teratogenic, chromosomal, and
genetic syndromes were excluded as well as all cases with
anomalies in one organ system only (1). The remaining potential
multiple congenital anomaly cases (n = 331) were manually
evaluated by the authors, excluding cases with anomalies in one

TABLE 1 | Prevalence of multiple congenital anomalies, prenatal detection rates,

and outcomes of pregnancy.

1990–2004 2005–2014

Total births 84,998 50,059

Cases with MCA 157 108

Prevalence of MCA per 10,000 births 18.5 21.6 p = 0.21

Prenatal detection rate (N) 26% (41) 57% (62) p < 0.001

Median GA at discovery, weeks 21 20 p < 0.05

Number (%) liveborn infants 127 (81%) 71 (66%) p < 0.01

Number (%) of liveborn infants alive at 1 week 81 (64%) 67 (94%) p < 0.001

Number (%) termination of pregnancy 17 (11%) 32 (30%) p < 0.001

Number (%) fetal deaths from GA 20 weeks 13 (8 %) (13) 5 (4%) p = 0.25

MCA, multiple congenital anomaly.

organ system only, as well as cases with genetic or chromosomal
syndromes which were not picked up by the algorithm.

For the statistical evaluation MATLAB’s Statistics and
Machine Learning Toolbox was used. Descriptive data is
presented in percentage. Trends over time were calculated using
logistic regression in single years and presented in five periods
(1990–1994, 1995–1999, 2000–2004, 2005–2009, 2010–2014).
Logistic regression was also used for comparison of groups
before and after introduction of general screening. For the
evaluation of the effect of the new screening program, data
from before implementation (1990–2004) was compared to data
after implementation of the new screening (2005–2014). For all
statistical test a significance level of 5% was used.

RESULTS

During the years 1990–2014 there were 265 fetuses and infants
with multiple congenital anomalies, giving an overall prevalence
of 19.7 per 10,000 births.

Prevalence of multiple congenital anomalies in the 15 years
before implementation of the screening program was 18.5 per
10,000 births and increased to 21.6 per 10,000 births in the
10 years after the implementation (p = 0.21; Table 1). The
prevalence in 5-year periods from 1990 to 2014 is presented in
Figure 1. The observed increase in prevalence during these 25
years was not statistically significant.

The prenatal detection rate increased from 26% before to
57% after implementation of the screening program (p < 0.001).
Median GA at birth for liveborn infants with multiple congenital
anomalies was 38 weeks in 1990–2004 and 39 weeks in 2005–
14 (p = 0.43). In 1990–2004 infants with a prenatal diagnosis
were born almost 2 weeks earlier than infants with a postnatal
diagnosis (p = 0.05). This difference could not be observed in
2005–14. The introduction of nationwide prenatal screening lead
to a mean GA at discovery of multiple anomalies at week 20,
which was 3 weeks earlier than it used to be (p < 0.01), but the
mean gestational age for termination did not change significantly,
being 18.9 gestational weeks in the first period and 18.5 in the
second period.
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FIGURE 1 | Prevalence of fetuses and infants with multiple anomalies per 5 year periods, Funen Denmark 1990–2014.

FIGURE 2 | Distribution of pregnancy outcome for fetuses and infants with multiple congenital anomalies, Funen, Denmark, 5 year periods 1990–2014.

The distribution of the pregnancy outcomes in 5 year periods
is shown in Figure 2. Proportion of terminations of pregnancy
increased over time and proportion of livebirths decreased
(Table 1).

First week survival of livebirths was 64% in the 15 years before
implementation of the screening program and increased to 94%
in the in the 10 years after the implementation (p < 0.01).

As shown in Figure 3 anomalies of the heart were the
most common in both time periods (39% of all anomalies
before 2005 and 46% in the later years), followed by limb
defects. There has been an increase of anomalies of the
urinary tract and simultaneous a reduction of anomalies of the
digestive system, which is not statistically significant (p = 0.1).

Anomalies of the eye, the face, the neck, and the abdominal
wall were very rare in both periods with less than two cases
in each period (not shown in Figure 3). The most common
combination of anomalies were defects in the digestive system
and the heart in both periods followed by defects of the
heart and the urinary system with no significant change
over time.

DISCUSSION

Surveillance of multiple congenital anomalies is important in
order to detect any increase or clustering, considering that most
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FIGURE 3 | Percentage of congenital anomalies in respective organ system.

teratogens are associated with a spectrum of anomalies rather
than one specific anomaly.

Our study showed that the prevalence of fetuses and infants
with multiple anomalies during the 25 years was 19.7 per 10,000
births. The prevalence published in the literature ranges from
15.1 per 10,000 births (6) to 16.3 per 10,000 births (7) and
to 26.3 per 10,000 births (8). The given prevalence for Funen
is comparable to these other studies. However, there may be
different registration of cases between populations studied and
differences in lifestyle/exposure patterns (1).

The study confirmed that the introduction of the nationwide
screening program led to an increasing prenatal detection rate of
multiple anomalies at an earlier gestational age. It furthermore
showed that the prenatal detection has led to an increase in the
termination rate, as nearly 30% of fetuses withmultiple anomalies
diagnosed prenatally were terminated in the recent time period.
In the literature a prenatal detection rate between 51 and 58% has
been found (6), which is very similar to the detection rate in this
study after introduction of the nationwide screening program.

The study showed an increase in the 1-week survival rate,
which indicate that the increase in the termination rate was
mainly for fetuses with severe anomalies that would not have
survived the 1st week. There was an increase of both survival
rate and termination of pregnancy rate through all the years,
but with an additional upturn seen after 2004. The increase of
survival in the first period might be explained by improvements
in diagnostic and treatment options in neonatology and intensive
care in the early 90’s and has also been described worldwide for
overall neonatal survival (9). In Western Europe the neonatal
mortality rate decreased by 58% from 1990 to 2017. Other
published data showed an increase in overall neonatal survival
from 96.7% in 1990 to 98% in 2013 (10). The increase in the
termination rate might be explained by a more liberal attitude
toward termination of pregnancy (11) and improved prenatal

detection rates. Interestingly, in our study the gestational age at
termination of pregnancy did not decrease significantly, although
the gestational age at prenatal detection decreased. It might be
due to small numbers in our study with only 17 terminations
of pregnancies in the first 15 years of the study. The congenital
anomalies detected before the nationwide screening program
was introduced, were mainly severe anomalies that were easily
detectable, such as anencephaly. There was a very small number
of fetal deaths withmultiple congenital anomalies in both periods
with <2 fetal deaths per year.

Prenatal detection of major congenital anomalies requiring
surgery in the neonatal period may lead to induced birth at an
earlier GA than if spontaneous labor was awaited. In this study
we found no significant change in gestational age of live born
infants with multiple anomalies before and after introduction of
the screening.

The distribution of the organ systems in the fetuses and infants
with multiple anomalies was similar in both periods, except for
an increase of defects of the urinary tract, and a decrease of
defects of the digestive system. The prenatal screening program
seems to have diagnosed some urinary anomalies that may have
been undiagnosed without the screening program (congenital
hydronephrosis andmulticystic renal dysplasia). The distribution
of organ systems involved is comparable to a study including 19
European countries (6).

Strengths and Limitations
A major strength of the study is the high rate of participation of
the screening program, in 2014 about 95% of all pregnant women
participated (12).

Furthermore, the congenital anomalies data has been collected
routinely over 25 years from the same data sources which makes
the data comparable over time. The data collection has followed
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a strict algorithm in all years, enhancing comparability and
data quality.

A limitation of the study is the rareness of the diseases,
which makes it difficult to give a full comprehension of
the influence of the screening procedure and a less accurate
statistical analysis. Further, the diagnosis of additional congenital
anomalies after the first diagnosis may differ for terminations
of pregnancy compared to liveborn infants. Postmortem
examinations was not performed for all terminations in
the population.

CONCLUSION

Implementation of a nationwide screening program in Denmark
has led to an increasing prenatal detection rate of multiple
congenital anomalies and to an increase in the rate of
terminations of pregnancy for fetuses with multiple anomalies.

Consequently, the 1-week survival rate for liveborn infants with
multiple congenital anomalies has increased and most parents
were prepared for having a baby with congenital anomalies
and prepared for the necessary treatment. There was no
significant change in the organ systems involved in the multiple
congenital anomalies.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because individual data cannot be shared. Requests to access the
datasets should be directed to ester.garne@rsyd.dk.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

REFERENCES

1. Khoury MJ, Botto L, Mastroiacovo P, Skjaerven R, Castilla E, Erickson JD.

Monitoring for multiple congenital anomalies: an international perspective.

Epidemiol Rev. (1994) 16:335–50. doi: 10.1093/oxfordjournals.epirev.a036157

2. Khoury MJ, Adams MM, Rhodes P, Erickson JD. Monitoring for multiple

malformations in the detection of epidemics of birth defects. Teratology.

(1987) 36:345–53. doi: 10.1002/tera.1420360311

3. Sundhedsstyrelsen. Retningslinjer for Fosterdiagnostik. København:

Sundhedsstyrelsen (2004). p. 8.

4. Boyd PA, Hausler M, Barisic I, Loane M, Garne E, Dolk H. Paper 1: the

EUROCAT network - organization and process. Birth Defects Res A. (2011)

91:S2–S15. doi: 10.1002/bdra.20780

5. Garne E, Dolk H, Loan M, Wellesley D, Barisic, I, et al. Paper 5: Surveillance

of multiple congenital anomalies: implementation of a computer algorithm

in European registers for classification of cases. Birth Defects Res A. (2011)

91:S44–S50. doi: 10.1002/bdra.20777

6. Calzolari E, Barisic I, Loane M, Morris J, Wellesley D, Dolk H, et al.

Epidemiology of multiple congenital anomalies in Europe: a EUROCAT

population-based registry study. Birth Defects Res A. (2014) 100:270–6.

doi: 10.1002/bdra.23240

7. Martinez-Frias ML, Salvador J. Clinical/epidemiological

analysis of malformations. Am J Med Genet. (1990) 35:121–5.

doi: 10.1002/ajmg.1320350123

8. Czeizel A, Kovács M, Kiss P, Méhes K, Szabo L, Oláh E, et al. A nationwide

evaluation of multiple congenital abnormalities in Hungary. Genet Epidemiol.

(1988) 5:183–202. doi: 10.1002/gepi.1370050305

9. Hug L, Alexander M, You D, Alkema L, Hug L, Alexander M, et al.

National, regional, and global levels and trends in neonatal mortality

between 1990 and 2017 with scenario-based projections to 2030: a systematic

analysis. Lancet Global Health. (2019) 7:710–20. doi: 10.1016/S2214-109X(19)

30163-9

10. Meissner P, Klinkott R, v. Xylander S, Krüger C. Neugeborenengesundheit.

Kinderheilkunde. (2015) 163:1117–24. doi: 10.1007/s00112-015-

3376-x

11. Halma L, v. Ingen E. Secularization and changing moral views: European

trends in church attendance and views on homosexuality, divorce,

abortion, and euthanasia. Eur Soc Rev. (2014) 31:616–27. doi: 10.1093/esr/j

cv064

12. Hjort-Pedersen K, Olesen AW, Garne E, Sperling L. Reasons for non-

participation in malformation scans in Denmark: a cohort study.

BMC Pregnancy Childbirth. (2018) 18:231. doi: 10.1186/s12884-018-

1877-z

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Toxværd and Garne. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org 5 February 2021 | Volume 9 | Article 614864

https://doi.org/10.1093/oxfordjournals.epirev.a036157
https://doi.org/10.1002/tera.1420360311
https://doi.org/10.1002/bdra.20780
https://doi.org/10.1002/bdra.20777
https://doi.org/10.1002/bdra.23240
https://doi.org/10.1002/ajmg.1320350123
https://doi.org/10.1002/gepi.1370050305
https://doi.org/10.1016/S2214-109X(19)30163-9
https://doi.org/10.1007/s00112-015-3376-x
https://doi.org/10.1093/esr/jcv064
https://doi.org/10.1186/s12884-018-1877-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Epidemiology of Multiple Congenital Anomalies Before and After Implementation of a Nationwide Prenatal Screening Program in Denmark
	Introduction
	Materials and Methods
	Results
	Discussion
	Strengths and Limitations

	Conclusion
	Data Availability Statement
	Author Contributions
	References


