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Abstract

Aim
To assess the changes in prevalence and mortality of gastroschisis, and to identify associated anomalies.

Material and Methods

A population-based nationwide study. All gastroschisis cases were identified in the Finnish Register of
Congenital Malformations and the Care Register for Health Care from 1993 to 2014 including live births,
stillbirths, and terminations of pregnancy due to fetal anomalies. Associated anomalies were recorded,
and analyzed, and prevalence and infant mortality were calculated.

Results

There were 320 cases of gastroschisis; 235 (73%) live births, 16 (5%) stillbirths and 69 (22%)
terminations of pregnancy. Live birth prevalence of gastroschisis in Finland was lower than generally
reported (1.73 in 10,000). However, due to relatively high rates of abortion, our total prevalence of
2.57/10,000 was similar with other reports. The most common risk factor was young maternal age.
Babies with gastroschisis were born prematurely, on average on the 36" week and most are delivered
by Caesarean section. There was a significant increasing trend in live birth prevalence (p=0.0018).
Overall infant mortality was 7.7% (18/235); 7.2% (16/222) in simple gastroschisis and 15% (2/13) in
complex gastroschisis. Associated anomalies were rare both in aborted fetuses and neonates, and there
was only one case with a chromosomal abnormality.

Conclusion

Gastroschisis is usually an isolated anomaly with increasing birth prevalence and excellent survival rates.
Regardless of the good prognosis, the abortion rates in Finland are higher than previously reported, and
we hypothesize this to be due to lack of appropriate antenatal counselling.
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Introduction

Gastroschisis is an open abdominal wall defect lateral to the umbilical cord, and in most cases, an
isolated anomaly. Complex gastroschisis with bowel damage or obstruction occurs in approximately 13-
20 % of cases. Up to one third of gastroschisis patients have associated anomalies and cardiac defects
are reported in up to 10 % of cases.>> Gastroschisis occurs in 2.1-5.3 per 10 000 live births.5® For
reasons unknown, the worldwide birth prevalence of gastroschisis has increased dramatically over the
last decades, but these studies have lacked the total prevalence.>”® The most consistent risk factor for
gastroschisis is young maternal age, but interestingly the incidence is increasing in all age groups, not

only in younger women %2

In general, over 90% of the gastroschisis cases are detected in prenatal ultrasound screening.®
Pregnancies affected by gastroschisis are often more complicated and intrauterine fetal demise occurs
in 2.5-15%.5'%15 Infants with gastroschisis tend to be slightly preterm and are born on 36 weeks on
average.®!” Although the majority are born through caesarean section, evidence does not associate the
mode of delivery with mortality.?®° Once born, these infants require surgical intervention shortly after
birth. When appropriate obstetric and neonatal care are provided, the overall survival rates are above
90%.%72022 Regardless of the low mortality, gastroschisis often requires lengthy hospitalization
especially in the complex cases.*?® Due to the associated morbidity, up to 14% of the families opt for
termination of pregnancy.5>24

The aim of this study was to assess the changes in prevalence, mortality and abortion rates of
gastroschisis in the Finnish population, and additionally to identify the most commonly associated
anomalies and risk factors for mortality.

Methods

The data were collected from the Finnish Register of Congenital Malformations, which contains data on
all live births, stillbirths, and terminations of pregnancy due to severe fetal anomalies. This registry has
been maintained by the National Institute for Health and Welfare since 1963 and it also receives
information from other national health registers (the Medical Birth Register, the Register of Induced
Abortions, the Care Register for Health Care, and the Register of Visual Impairment and National
Hospital Discharge Register) and the Cause of Death statistics collected by Statistics Finland. The main
purpose of the national register is to monitor prevalence of congenital anomalies and to allow early
detection of their potential risk factors.

As the “Declaration of Malformation” forms are received from the maternity and paediatric hospitals,
the list of diagnosis is obtained and confirmed with the previously mentioned registries and additional
information (patient records, radiographs, photographs, specialist consultation etc.) is requested if
deemed necessary before entering the data to the register. All recorded diagnosis are evaluated,
classified, coded and double-checked by a medical geneticist and the coverage and data quality of the
register have been considered good in several studies.?>?% As required by the national legislation, the



use of the data was authorized by the National Institute of Health and Welfare after consulting the data
protection authority.

The diagnoses are coded according to the International Classification of Diseases (ICD) by the World
Health Organization — both ninth and tenth revisions (ICD-9 and ICD-10) were used during our study
period from 1993 to 2014. For our analysis, we searched the register for all the cases with codes either
756.73 (ICD-9) or Q79.3 (ICD-10) for gastroschisis and included them in the study. The first three years of
our study period contains information only on the live births, as the data on stillbirths and terminations
of pregnancy became available in 1997. Cases associated with bowel atresia, bowel necrosis,
perforation, and/or volvulus were classified as complex gastroschisis.

All risk factors were evaluated with chi-square test or Fisher’s exact test. The average age of mothers
who had a child with gastroschisis was compared with the average age of all mothers who have given
birth in Finland with one sample t-test. The change in live birth prevalence during our study period was
evaluated with linear regression. All statistical tests were performed as two-sided, with a significance
level set at p<0.05. The analyses were performed using SAS System, version 9.4 for Windows (SAS
Institute Inc., Cary, NC, USA). Birth prevalence and total prevalence are given per 10 000 births, and live
birth prevalence is given per 10 000 live births as defined by EUROCAT.?

Results

We identified 320 gastroschisis cases from 1993 to 2014 in Finland. There were 235 (73.4%) live births,
16 (6.4%) stillbirths and 69 (21.6%) of the families opted for the termination of pregnancy. Total
prevalence of gastroschisis including live births, stillbirths and abortions due to anomalies was 2.57 per
10,000 births. Birth prevalence (live births and stillbirths) was 1.85/10,000 and live birth prevalence was
1.73 per 10,000 live births. There was a significant increase in live birth prevalence of gastroschisis from
1993 to 2014 (p=0.0018) — Figure 1. Similar, yet statistically not significant, trend was also observed in
the total prevalence (p=0.29) — Figure 2. The number of stillbirths and abortions remained constant.

The majority were born slightly preterm, on 36" week on average. Caesarean section (N=146, 58%) was
more common than vaginal delivery (N=105, 42%). The average age of mothers in Finland rose during
our study period from 29.3 to 30.6 years. Gastroschisis was significantly associated with lower than
average maternal age (mean 24.3 [SD 4.6] years vs 30.0 years, p<0.001).

Gastroschisis was rarely associated with other birth defects. There was only one chromosomal
abnormality (Turner’s syndrome) in our series and that pregnancy was terminated. Among the aborted
fetuses, 7% (5/69) had central nervous system malformations, 1% (1/69) had urogenital, and 1% (1/69)
had skeletal abnormalities.

Congenital heart defects were found in 4% (9/251) of those who were born. So called complex
gastroschisis with bowel compromise and/or atresia occurred in 5% (13/251) of these infants.



Additionally, one case of each of the following major anomalies was found: cleft lip and palate, central
nervous system defect, urogenital malformation, congenital diaphragmatic hernia and craniosynostosis.
Furthermore, there were problems related to preterm birth as 25% (62/251) were born prematurely
including intracerebral hemorrhages (3%, 7/251), pulmonary hypertension (1%, 2/251), and one case of
pneumothorax.

Infant mortality of gastroschisis was low, 7.7% (18/235). Simple gastroschisis had slightly lower
mortality, 7.2% (16/222) while complex cases with bowel compromise and/or atresia had higher
mortality (15%, 2/13). The mode of delivery had no impact on mortality; vaginal and caesarean delivery
were associated with 9% (8/80) and 7% (10/136) infant mortality respectively (p=0.61). Maternal
smoking was associated with slightly elevated mortality (10% [7/59] vs 7% [11/146] in non-smokers) but
the difference was not statistically significant (p=0.42). Maternal obesity (BMI>30), diabetes, and
hypertension had no impact on infant mortality. Interestingly, mothers who opted for the termination of
pregnancy were significantly older than those who decided to continue their pregnancy (mean age 28.8
[SD 6.4] years vs 24.3 [SD 4.6] years, p<0.001).

Discussion

Several studies have reported worldwide increase in the prevalence of gastroschisis from the 1980s and
according to recent reports the increasing trend has continued.>®28 Similarly in our cohort, there was a
marked increasing trend in the live birth prevalence. Additionally, a previous population-based study in
Finland showed a significant increase in birth prevalence of gastroschisis from 0.77 to 1.42 per 10,000
during the 1970s.2° Hence, there has also been a substantial increase from the 1970s to our total
prevalence of 2.57 per 10,000 births, which is best comparable with earlier numbers from the era before
abortions for fetal anomalies.

Even though the increasing prevalence of gastroschisis is a worldwide phenomenon, no clear
explanation has been found. Several risk factors of gastroschisis have been previously identified and we
speculate that altered exposure may affect the prevalence. The use of recreational drugs, a known risk
factor for gastroschisis®®, has increased in Finland since 1992.3! Similarly, there has been a marked
increase in genital herpes infections since 1970s.32 The infection itself and/or the antiherpetic drugs are
associated with higher risk of gastroschisis.?® Also, short length of sexual cohabitation appears to be
associated with elevated risk®* which could explain the increased prevalence as the number of blended
families has been on steady increase in Finland since the 1990s.3> Smoking, on the other hand, which is
associated with increased risk of gastroschisis®®3¢, has been on steady decrease in Finland since the end
of 1980s.%’

Infant mortality of gastroschisis was 7.7%, in keeping with previous reports.1®182922 However, recent
reports from the US have shown mortality rates <5% with no statistical difference between simple and
complex cases.”” In our series, mortality was substantially higher for complex gastroschisis (15% vs



7.2%). Nevertheless, it did not reach statistical significance (p=0.26). Several risk factors for infant
mortality have been identified including maternal obesity, smoking and diabetes. We found no statistical
correlation with these risk factors and mortality. However, this may be due to limited sample size.
Proportion of stillbirths was 6% and in range with previous reports (2.5-15%).141>38

According to some studies, up to one third of gastroschisis cases may have other associated anomalies
including cardiac defects.>> Bowel compromise due to necrosis, volvulus or atresia is seen in 13-20% of
cases. In our study population, however, complex gastroschisis occurred in 5% and only 4% had heart
defects. Our data were concordant with previous studies confirming that in most cases gastroschisis is
an isolated anomaly.>1>18

High rates of prenatal detection of gastroschisis allows planning and selecting the optimal mode of
delivery. Both in our series and in other reports, most of these infants are born with Caesarean
section.’®'® However, recent studies have shown no evidence of the benefits of caesarean section on
clinical outcomes such as mortality, sepsis, primary repair, duration of parenteral feeding and hospital
stay.’®3 Furthermore, there is limited evidence of the association of Caesarean delivery and adverse
clinical outcomes.'® However, as the authors hypothesized, this may be a reflection of the indications for
the Caesarean section rather than the procedure itself. As a large number of studies have not supported
the benefits of performing Caesarean section, it is evident that unnecessary Caesarean deliveries are
common among these neonates.

There are regional differences in abortion rates and practices related to culture, religion and legislation.
One Canadian cohort had no abortions in their series, but in general, the termination rates for
antenatally detected gastroschisis vary from 5 to 14%. ®'>2* In our series 22% of the gastroschisis cases
were abortions. If those not found in prenatal screening had been excluded, the proportion of families
opting for abortion would have been even higher. To the best of our knowledge this is the highest
termination rate reported. This is a controversial finding as gastroschisis in Finland has low mortality and
proportion of complex cases with additional anomalies is low. We hypothesize that this may be due to
insufficient antenatal counselling.

The strength of our study was the use of high-quality register data with total population coverage. The
main limitations are a relatively small sample size and that this study solely relies on the accuracy of
register data.

In conclusion, gastroschisis is more common in younger mothers and the increasing prevalence appears
to be a worldwide phenomenon. Changes in certain risk factors may explain the increasing trend.
Elective terminations are common in Finland regardless of the good prognosis and scarcity of associated
anomalies.
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Figure 1. Increasing trend in live birth prevalence of gastroschisis. P=0.0018
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Figure 2. Increasing, yet not statistically significant, trend of total birth prevalence of gastroschisis.
P=0.29



