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ABSTRACT
Introduction: Small intestinal atresia (SIA) consists of a congenital obstruction of the lumen of the duodenum, jejunum, or 
ileum with varying severity. The aim of the investigation was to analyze the prevalence and mortality of SIA, using data from the 
International Clearinghouse for Birth Defects Surveillance and Research (ICBDSR).
Methods: Data on SIA cases were collected from 25 ICBDSR members' surveillance programs in 17 countries over 1974–2015. 
All pregnancy outcomes were included, but terminations of pregnancy were not available for 11 programs. Statistical analysis is 
descriptive, and the prevalence is established by the total of SIA cases divided by the total of births. The survival time was calcu-
lated, and mortality was analyzed individually using the Kaplan–Meier method for comparison.
Results: The total prevalence of SIA was 2.1 per 10,000 births. Iran had the highest prevalence with 11.5 per 10,000 total births (95% 
CI: 9–14.1); on the other hand, the lowest prevalence of SIA was in Mexico-Nuevo Leon with 0.5 per 10,000 births (95% CI: 0.3–0.8), 
and Cali-Colombia had zero cases. In South America, a higher prevalence of SIA was estimated compared to what was reported 
in 2000. Most deaths occurred between Day 2 and 6, except in Bogotá-Colombia, Spain, UK-Wales, and Mexico, where the deaths 
occurred on Day 1. The mortality in the first year was 4.3%, but the specific causes of death were not determined in this study.
Conclusion: The prevalence of SIA was about 2.1 per 10,000 births during a 41-year period in 25 centers, with variations in 
prevalence according to geographical locations. Future research is suggested to analyze changes in trends and the impact of early 
diagnosis and treatment in mortality.

1   |   Introduction

Small intestinal atresia or severe stenosis (SIA) is a congenital 
obstruction of the duodenum, jejunum, or ileum, ranging from 
luminal narrowing to complete discontinuity of the intestine 

and mesentery (Rich et  al.  2022). Duodenal atresia results 
from failed recanalization during early gestation, whereas je-
junoileal atresia usually arises from late vascular disruption 
(Kulkarni  2010). Clinical manifestations depend on the level 
and severity of obstruction: duodenal atresia typically presents 
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with bilious vomiting and early feeding intolerance, while jejun-
oileal forms manifest later.

SIA often co-occurs with other anomalies, and the proportion 
of associated defects varies by anatomic site—more frequent 
in duodenal (18%–76%) than in jejunoileal atresia (13%–52%) 
(Hemming and Rankin  2007; Burjonrappa et  al.  2011; Best 
et  al.  2012; Takahashi et  al.  2014; Miscia et  al.  2018; Bethell 
et al. 2019). Small intestinal atresia may also be associated with 
other severe congenital conditions, such as biliary atresia, which 
significantly increases morbidity and mortality, particularly due 
to complications such as sepsis and liver failure (Jiang et  al. 
2022). Duodenal atresia is commonly associated with Down 
syndrome, while jejunoileal atresia correlates with gastroschi-
sis (Kulkarni 2010; Burjonrappa et al. 2011; Gutiérrez-Carrillo 
et  al.  2013; Takahashi et  al.  2014; Miscia et  al.  2018; Bethell 
et al. 2019). Chromosomal abnormalities occur in up to 25% of all 
SIA and 55.0% of duodenal cases (Hemming and Rankin 2007; 
Best et al. 2012; Takahashi et al. 2014).

Reported prevalence of SIA ranges between 1 and 3 per 10,000 
births, with similar rates in Europe and North America 
(Martínez-Frías et al. 2000; Forrester and Merz 2004; Hemming 
and Rankin  2007; Best et  al.  2012; Lupo et  al.  2017). The 
NCARDRS  (2019) and European Platform on Rare Disease 
Registration (EUROCAT) (2019) networks reported prevalences 
of 1.8 and 1.36 per 10,000 births for duodenal atresia, respec-
tively. Also, in the UK, the total prevalence for SIA cases since 
1991 to 2001 was 2.66 per 10,000 births (95% CI: 2.13–3.18) 
(Hemming and Rankin 2007).

In Latin America, the ECEMC and ECLAMC programs observed 
comparable rates of 1.3 per 10,000 live births (Martínez-Frías 
et  al.  2000). Duodenal atresia represents approximately 60% of 
SIA, with a jejunoileal to duodenal ratio near 2:1 (Rich et al. 2022).

Mortality remains heterogeneous across regions. In high-income 
settings, survival exceeds 90%, as reported by EUROCAT 
(Glinianaia et  al.  2022), while in low- and middle-income 
countries mortality may surpass 40%, largely due to delayed 
diagnosis, limited perioperative care, and resource constraints 
(Gutiérrez-Carrillo et al. 2013; Cairo et al. 2017).

Most existing data on SIA prevalence and survival derives from 
single or regional registries. Therefore, this study aimed to as-
sess the prevalence and age-specific mortality of SIA over an 
extended period data from multiple programs affiliated with the 
International Clearinghouse for Birth Defects Surveillance and 
Research (ICBDSR).

2   |   Methods

2.1   |   Study Design and Setting

This retrospective study used aggregated data provided by 25 
congenital anomaly surveillance programs that are members of 
the International Clearinghouse for Birth Defects Surveillance 
and Research (ICBDSR), representing 17 countries across Asia, 
Europe, North America, and South America. Importantly, 
while the ICBDSR includes programs from 17 countries, several 

countries contribute to multiple regional or subnational regis-
tries, not single national systems (International Clearinghouse 
for Birth Defects Surveillance and Research (ICBDSR) n.d.).

For instance, Colombia contributed data from two regional 
hospital-based programs (Bogotá y Cali), as well as the multi-
country ECLAMC network, which includes centers from 
Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, 
Dominican Republic, Ecuador, Paraguay, Peru, Uruguay, 
and Venezuela (Estudio Colaborativo Latino Americano de 
Malformaciones Congénitas (ECLAMC) n.d.).

Mexico was represented by two regional programs (Nuevo León 
and RYVEMCE), Italy by two regional population-based regis-
tries (Lombardy and Tuscany), Spain contributed two hospital-
based registries of the ECEMC network (with and without 
TOPFA data), while Sweden provided two time-defined national 
registries (before and after legalization of TOPFA). United States 
included three population-based state programs (Arkansas, 
Texas, and Utah), and United Kingdom contributed through the 
Wales CARIS regional registry.

In the regional category of Asia, the data included in the analy-
sis originate exclusively from two participating programs: Iran 
and Israel. Although both countries are geographically located in 
Western Asia, they represent only a limited portion of the continent.

The remaining countries contributed national or single regional 
registries: Czech Republic, France (Paris), Germany (Saxony-
Anhalt), Malta, the Netherlands (Northern Netherlands), Slovak 
Republic, Ukraine (OMNI-Net), Israel (Soroka Medical Center), 
and Iran (Tabriz TROCA).

Each program collects data on live births, stillbirths, and, when 
legally permitted, Elective Terminations of Pregnancy for Fetal 
Anomaly (ETOPFA), in accordance with their national defini-
tions and protocols. Detailed characteristics of each program, 
including coverage type (national, regional, or hospital-based), 
ascertainment period, and follow-up methodology, are summa-
rized in Tables 1 and 2.

The data provided were from the year the programs were ini-
tiated until 2014 or earlier, depending on the program (see 
Table 1). It included total births per year and cases of SIA cate-
gorized by pregnancy outcome (LB, stillbirths, or ETOPFA) and 
clinical presentation (Isolated, multiple congenital anomalies 
[MCA] or syndromic). MCA was defined as two or more major 
congenital anomalies in different organ systems, and syndromic 
was defined as having genetic or chromosomal abnormalities. 
Data on mortality among LB were provided by age at death: Day 
1, 1 week, 1 month, 1 year, and 5 years of age. Mortality data were 
obtained through different follow-up methods established by 
each program (see Table 2).

2.2   |   Case Definition

For this study, different surveillance programs from Asia, 
Europe, North and South America provided data on SIA using 
the International Classification of Disease (ICD)-10 code Q41 
and ICD-9 code 751.1.
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2.3   |   Statistical Analysis

Descriptive statistics were calculated for the main variables of 
the study, including both epidemiological and clinical indica-
tors. These variables comprised:

1.	 Type of atresia (duodenal, jejunal, or ileal);

2.	 Geographical origin (country and program/region, as 
listed in Tables 1 and 2);

3.	 Sex of the newborn;

4.	 Presence and type of associated anomalies, classified as 
chromosomal (e.g., trisomy 21), syndromic, or structural 
nonsyndromic.

5.	 Pregnancy outcome, including live births, stillbirths, and 
Elective Terminations of Pregnancy for Fetal Anomaly 
(ETOPFA) when available;

6.	 Period of diagnosis or birth cohort; and

7.	 Mortality by age group, assessed through survival time 
from birth up to 1 year of age.

For each variable, absolute and relative frequencies were cal-
culated, and prevalence rates were expressed per 10,000 total 
births with 95% confidence intervals. Mortality was analyzed 
using the Kaplan–Meier method to estimate survival functions, 
and comparisons across programs and regions were descriptive, 
without inferential testing due to differences in data availability 
and ascertainment procedures among registries.

Descriptive statistics were calculated for the main variables of 
the study. The data were evaluated and presented in frequency 
tables with proportions. The total prevalence was calculated as 
the total number of cases of SIA divided by the total number 
of births (LB + stillbirths + ETOPFA, when data are available). 
Prevalence among LB, stillbirths, and ETOPFA in each program 
was also calculated.

We determined the proportion of infants with SIA surviving to 
1 month (including programs reporting survival to hospital dis-
charge, 1 week or 28 days), 1 year and 5 years after birth, based 
on the number of LB infants with SIA. We calculated overall 
survival at 1 month, 1 year, and 5 years for all contributing pro-
grams, for cases of isolated SIA, and for SIA occurring with an 
additional major anomaly or with chromosomal/genetic diag-
noses. To compare overall 1-month to 1-year survival, we re-
stricted the analysis to programs with survival data up to 1 year. 
Similarly, when comparing 1 month to 5-year survival, we lim-
ited analyses to programs and birth cohorts with survival data 
up to 5 years. For this comparison, a restricted cohort for each 
program was defined by years of birth to ensure a complete 5-
year follow-up.

The mortality was evaluated for each program and each clinical 
presentation individually. Eighteen programs provided informa-
tion for each group, one program provided information for the 
syndromic group only, and six programs could not classify the 
cases. The Kaplan–Meier method was used to estimate the sur-
vival curves and compare the cumulative probability of no event 
of death in each of the programs.C
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2.4   |   Ethics

Each program had locally approved ethics procedures, and be-
cause this study was conducted using aggregated data, no addi-
tional ethics committee approval was required.

2.5   |   Patient Consent Statement

In the Latin American countries associated with ECLAMC, 
written informed consent was obtained from all study partici-
pants and, in the case of minors, from their legal guardians. In 

TABLE 2    |    Characteristics of the follow-up of the surveillance program.

Country—program
Follow-up until 

discharge after death

Follow-up by 
clinician or 

program staff
Linkage to death 

certificate
Maximum 
follow-up

Asia

Iran—TROCA Yes Yesc No 1–6 days

Israel—IBDSP/SMC Yes No Yes, 2000–2014 1–4 years

Europe

Czech Republic—NR Yes Yes Yes, 1974–2014 ≥ 5 years

France—Paris Yes Yes Yes, 1981–2014 28 days

Germany—Saxony Anhalt Yes Nob Yes, 1980–2014 ≥ 5 years

Italy—Lombardy Yes Yes No 1–6 days

Italy—Tuscany Yes Yes Yes, 1992–2015 28 days– 11 months

Malta—MCAR Yesa Yes Yes, 1995–2013d 1–6 days

Netherlands—NNL Yes Yes Yes, 1981–2014 ≥ 5 years

Slovak Republic—SRC Yes Yes Yes, 2001–2014 28 days–11 months

Spain—ECEMC (No 
TOPFA)

Yes Yes No 1 days

Spain—Catalunya (TOPFA) Yes Yes No 1–6 days

Sweden (No TOPFA) Yes Yes Yes, until 1998 1 year

Sweden (TOPFA) Yes Yes Yes, 1999–2014 1 year

UK—Wales (CARIS) Yes Yes Yes, 2000–2013 ≥ 5 years

Ukraine—OMNI-net Yes Yes Yes, 1998–2014 ≥ 5 years

North America

Mexico—Nuevo Leon Yes No No 1–6 days

Mexico—RYVEMCE Yes No No 1–6 days

USA—Arkansas Yes No Yes, 1993–2015 ≥ 5 years

USA—Texas Yes No Yes, 1996–2013 ≥ 5 years

USA—Utah Yes No Yes, until age 2 ≥ 5 years

South America

Argentina—RENAC Yes Yes No 1–6 days

Colombia—Bogotá Yes Yes No 1 day

Colombia—Cali Yes Yes No No mortality 
reported (LB)

South America—ECLAMC Yes Yes No 28 days–11 months
aBabies are followed up until discharge and their hospital files are reviewed at 1 year of age, linkage with mortality data continues indefinitely.
bUntil 18 years.
cChildren in university hospital(s).
dContinuous linkage with mortality register, for this study, data have linkage up to 2015.
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some of these countries, patients or their legal guardians remain 
in the program unless they explicitly request to be removed. 
Since 1992, the EUROCAT NNL program has required paren-
tal consent for data collection, whereas before that year, it was 
not necessary under local ethical regulations. Since the imple-
mentation of this policy, most parents have provided consent for 
participation. In contrast, in many other ICBDSR member pro-
grams, cases remain under passive surveillance unless parents 
explicitly request removal from the registry, in accordance with 
national data protection policies.

3   |   Results

Of the 25 ICBDSR member programs provided data (Table 1), 
9 were hospital-based and 16 were population-based (PB). 
Out of all programs, 24% (n = 6) had national coverage, 64% 
(n = 16) had regional, and 12% (n = 3) had statewide cover-
age. The ascertainment period and stillbirth definition var-
ied among programs. ETOPFA is not allowed in six programs 
(Argentina-RENAC, Malta-MCAR, Mexico-Nuevo Leon, 
Mexico RYVEMCE, South America ECLAMC, and Sweden 
before 1999), and five programs did not report it (Colombia—
Bogota, Colombia—Cali, Iran—TROCA, Israel—IBDSP/
SMC, and Spain ECEMC—[No TOPFA]). The regions that 
mostly allow ETOPFA are Europe and North America except 
for the programs Malta-MCAR, Spain ECEMC [No TOPFA], 
Sweden-No TOPFA, Mexico-Nuevo Leon, and Mexico 
RYVEMCE. Twenty programs provided follow-up until dis-
charge after birth, 10 programs have follow-up by clinician or 
program staff, and 11 programs have a linkage to death certif-
icate. The maximum follow-up time is heterogeneous, ranging 
from 1 day to 5 years of age (Table 2).

All programs combined, from 1974 to 2015, reported 6305 SIA 
cases among 30,563,026 births, resulting in a total SIA preva-
lence of 2.1 per 10,000 births (95% CI: 2.0–2.2). The highest prev-
alence of SIA was found in Iran with 11.5 per 10,000 total births 
(95% CI: 9–14.1) followed by the Slovak Republic (10.3 per 10,000 
births, 95% CI: 8.8–12.0). The lowest prevalence of SIA was in 
Mexico-Nuevo Leon with 0.5 per 10,000 births (95% CI: 0.3–0.8) 
and Cali, Colombia where there was no SIA case during the sur-
veillance period (Table 3).

Hospital-based programs had an average SIA prevalence of 
2.10 per 10,000 births (95% CI: 2.00–2.19), very similar to 
population-based programs (2.13 per 10,000 births; 95% CI: 
2.07–2.19). When we compare prevalence by region, the aver-
age SIA prevalence of South America programs was 2.92 per 
10,000 births (95% CI: 2.76–3.09), while in Europe the preva-
lence was 1.97 per 10,000 births (95% CI: 1.90–2.04), in North 
America 1.96 per 10,000 births (95% CI: 1.87–2.04), and in 
Asia programs (Iran and Israel) 4.59 per 10,000 births (95% 
CI: 3.38–5.45) (Table 3).

The overall percentage of LB infants with SIA was 96.3% (95% 
CI: 95.8%–96.7%), the percentage of stillbirth was 2.0% (95% 
CI: 1.7%–2.4%), and the percentage of ETOPFA among SIA 
cases was 1.7% (95% CI: 1.4%–2.0%), with the highest percent-
age of ETOPFA in Paris, France 13.6% (95% CI: 9.6%–18.5%) 
(Table 3).

Most deaths occurring between Day 2 and Day 6 (3.0%, 95% CI: 
2.6%–3.4%), except in Bogotá-Colombia, Spain (ECEMC), UK-
Wales and Mexico (RYVEMCE) where most deaths occurred on 
the first day. Between Day 28 and Month 11, the mortality was 
4.3% (95% CI: 3.8%–4.8%), with high mortality (50%) observed in 
Mexico-Nuevo León (Tables 4 and 5).

Among the cases with MCA/syndromic SIA 4.6% were ETOPFA, 
and 3.1% were stillbirths; in comparison with isolated cases 0.2% 
and 1.5%, respectively. MCA/syndromic SIA had higher mortal-
ity at Day 1 and 2–6 days (3.3%; 6.6%) compared with isolated 
SIA (0.6%; 2.5%) (Table 5).

Figure  1 presents the survival curves from 1974 to 2014 for 
total cases and by programs grouped by geographical region. 
European and North America's programs had the highest sur-
vival probability and South America programs had the lowest.

4   |   Discussion

This is one of the largest studies to assess the prevalence and 
mortality of SIA, using data from 25 programs of the ICBDSR 
over a 41-year period. During this period the prevalence of SIA 
was 2.1 per 10,000 births. This rate falls within the range re-
ported by other population-based studies (Oddsberg et al. 2012); 
Takahashi et  al.  (2014) reported a prevalence of 2.23 (95% CI: 
1.78–2.77) per 10,000 LB for SIA. However, Best et  al.  (2012) 
reported a prevalence of 1.6 per 10,000 births (95% CI: 1.5–1.7) 
for SIA. In our study, SIA prevalence varied between countries, 
from 0.5 per 10,000 births in Nuevo León, Mexico, to 11.5 per 
10,000 births in Iran and 10.3 per 10,000 births in the Slovak 
Republic. The SIA prevalence in hospital-based and population-
based programs was comparable (2.10 vs. 2.13 per 10,000 births, 
respectively).

To our knowledge, this is the first time a higher prevalence for 
SIA is reported in Iran. Farrokhkhani et  al.  (2023) evaluated 
during 2018–2022 in Northern Iran 169 patients with neonatal 
intestinal obstruction, where 16 had duodenal atresia (9.5%), 
13 had jejunal atresia (7.7%), and 8 had ileal atresia (4.7%). The 
study conducted by Khaleghnejad-Tabari et al. (2024) in Iran re-
ported a prevalence of congenital digestive tract anomalies of 
13.1 per 10,000 births (95% CI: 10.7–15.4), similar to the find-
ings in our study. Data were collected from six main regions of 
Iran, where significant differences in the overall prevalence of 
congenital anomalies were observed. The highest rates were 
reported in the southern region (376.0 per 10,000 births; 95% 
CI: 350.9–402.4) and the northwestern region (356.4 per 10,000 
births; 95% CI: 325.3–389.7), while the lowest prevalence was re-
corded in the southwestern region (94.3 per 10,000 births; 95% 
CI: 83.3–106.4). According to the authors, these variations may 
be associated with genetic, environmental, and socioeconomic 
factors, including a higher rate of consanguinity in some re-
gions, differences in maternal exposure to teratogenic agents, 
and disparities in access to prenatal screening programs and ad-
vanced neonatal care.

Despite the lack of information in Asia, a study in India be-
tween 2010 and 2020 reported a frequency of 2.8% of 3672 
cases of birth abnormalities have SIA and obstruction, this 
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increase in frequency can be explained by the fact that atresia 
and intestinal obstruction were referenced together (Nanjunda 
et  al.  2022). China has reported a prevalence of congenital 

intestinal obstruction of approximately 1:2000 live births, 
where duodenal atresia and stenosis are frequent causes of in-
testinal obstruction with a prevalence of 1 per 5000–10,000 

TABLE 4    |    Mortality in small intestinal atresia-affected births for surveillance period 1974–2014 from programs contributing to the International 
Clearinghouse for Birth Defects Surveillance and Research.

Country—program
Surveillance 

period

Livebirths 
with small 
intestinal 

atresia

Age at death

Day 1
Day 2–
Day 6

Day 7–
Day 27

Day 28–
Month 11

Year 
1–4

Year 
5 and 
above

N % % % % % %

Asia

Iran—TROCA 2008–2012 89 0.0 0.0 — — — —

Israel—SMCa 2000–2014 38 0.0 0.0 0.0 10.5 0.0 0.0

Europe

Czech Republic 1974–2014 568 0.2 0.9 2.8 5.6 0.7 0.90

France—Paris 1981–2014 205 2.0 3.4 2.4 — — —

Germany—Saxony 
Anhalt

1980–2014 79 0.0 2.5 2.5 5.1 0.0 0.0

Italy—Lombardy 2003–2012 32 0.0 3.1 0.0 3.1 6.3 —

Italy—Tuscany 1992–2014 96 1.0 1.0 3.1 — — —

Malta—MCARa 1995–2013 12 0.0 8.3 8.3 0.0 0.0 0.0

Netherlands—
Northern

1981–2014 112 0.9 5.4 2.7 4.5 0.0 0.9

Slovak Republic 2001–2014 165 0.0 5.5 4.8 — — —

Spain—ECEMCa 1980–2013 298 2.7 2.3 — — — —

Spain—TOP 1995–2013 37 0.0 0.0 — — — —

Sweden 1974–2014 1210 1.5 2.7 2.2 6.4 1.2 0.9

Ukraine—OMNI-Net 2000–2013 116 3.4 12.9 9.5 18.1 0.9 —

UK—Wales 1998–2014 166 2.4 1.8 1.2 4.2 1.2 0.6

North America

Mexico—Nuevo 
Leona

2011–2015 22 4.5 18.2 4.5 50.0 13.6 4.5

Mexico—RYVEMCEa 1978–2013 150 5.3 4.7 — — — —

USA—Arkansas 1993–2012 260 0.4 1.5 2.3 4.6 1.2 1.5

USA—Texas 1996–2012 1068 0.3 0.7 1.2 5.1 1.5 0.5

USA—Utah 1994–2012 99 1.0 1.0 2.00 2.0 1.0 0.0

South America

Argentina—RENACa 2009–2014 312 0.0 8.3 — — — —

Colombia—Bogotáa 2000–2014 41 2.4 0.0 — — — —

Colombia—Calia 2011–2014 0 0.0 0.0 — — — —

South 
America—ECLAMCa

1995–2014 896 2.3 5.2 4.9 2.8 0.0 0.00

Total 6508 1.3 3.0 2.3 4.3 0.8 0.6

Abbreviations: ECEMC, Registry of the Spanish Collaborative Study of Congenital Malformations; ECLAMC, Latin American Collaborative Study of Congenital 
Malformations; MCAR, Malta Congenital Anomalies Registry; OMNI-Net, Ukraine Birth Defects Prevention Program; RENAC, National Network of Congenital 
Anomalies of Argentina; RYVEMCE, Mexican Registry and Epidemiological Surveillance of External Congenital Malformations; SB, Stillbirth; SMC, Soroka Medical 
Center; TROCA, Tabriz Registry of Congenital Anomalies; UK, United Kingdom; USA, United States of America.
aTOPFA not allowed/not registered.
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live births, while jejunoileal atresia or stenosis is one of the 
leading causes of neonatal intestinal obstruction, with a prev-
alence of 6, 7 per 10,000 LB (“1:1500 LB”) to 30, 3 per 10,000 to 
(“1:330LB”) (Han et al. 2022). A case report from the Tawam 
Hospital (Al Ain, Abu Dhabi, United Arab Emirates) reported 
that congenital duodenal obstruction is an uncommon condi-
tion, with an estimated prevalence about 1 in 10,000–15,000 
LB (Nawaz et al. 2005).

On the other hand, our study reported a higher prevalence for 
SIA in South America (3.2 per 10,000 births), compared with 
the data previously reported in 2000 covering the period 1967–
1996 (1.29 per 10,000 births) (Martínez-Frías et al. 2000). This 
increase may be due to a better understanding of the disease, 
improved diagnostic tools, and expanded prenatal and neona-
tal registries in the region, as well as better training of health-
care personnel, leading to earlier and more accurate diagnosis 
(Chirdan et al. 2004). However, this difference may also reflect 
changes in case ascertainment over time, which is a common 
challenge in birth defects surveillance and may influence prev-
alence estimates.

Differences in data collection and healthcare access across re-
gions could influence reported prevalence and outcomes. South 
American programs showed a higher average prevalence of SIA 
compared to Europe and North America, possibly reflecting 
under-ascertainment in earlier reports or differences in risk fac-
tors such as maternal health and nutrition. The Asian programs 
(here represented by Iran) showed the highest prevalence in this 
study, which may be related to genetic or environmental factors 
requiring further research.

Overall, the mortality of children born with SIA was 4.3% within 
the first year of life (suggesting a little over 95% survival rate). 
This is somewhat better than the survival rate for neonates in 
north-west India reported by Gupta et al. in 2015 which is 63% 
(Gupta et al. 2016). Over the past three decades, the mortality 
rates of duodenal atresia have significantly dropped (averaging 
2%–5%) and reporting the long-term survival of most infants 
(more than 80%) with duodenal atresia is the norm (Sigmon 
et al. 2023). Moreover, the long-term survival rate for children 
with SIA is from 60% to 100%, with colonic atresia having the 
best prognosis (Shaoying et  al.  2008), which is similar to the 
findings of Glinianaia et al.  (2022), in the study that was part 
of the EUROlinkCAT project, where the estimated 10-year sur-
vival rate for children with duodenal atresia or stenosis or with 
atresia or stenosis of other parts of the small intestine was 93.6% 
and 94.1%, respectively (Glinianaia et al. 2022).

Information on the cause of death was not collected in our study. 
However, evidence suggests that mortality in these cases is pri-
marily influenced by associated congenital abnormalities, such as 
complex cardiac defects or underlying genetic disorders (Sigmon 
et al. 2023; Garne et al. 2002). Nevertheless, among noncongenital 
causes of mortality, postoperative complications such as aspira-
tion, anastomotic leak, and sepsis have been reported as significant 
contributors (Cairo et al. 2017). Additionally, studies indicate that 
SIA is more common in preterm infants and those with low birth 
weight (Gutiérrez-Carrillo et al. 2013; Prasad and Bajpai 2000).

Other factors associated with higher mortality are the lack of 
resources or access to medical facilities, mostly in low-income 
countries, below standard intraoperative and perioperative care, 

FIGURE 1    |    Survival in live births (LB) with small intestinal atresia for surveillance period 1974–2014, (a) from European programs; (b) from 
North American programs; (c) from Mexico and South America programs; (d) from North America (NA), South America and Europe programs con-
tributing to the International Clearinghouse for Birth Defects Surveillance and Research.
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and lack of antenatal diagnosis (Chirdan et  al.  2004; Global 
PaedSurg Research Collaboration  2021). A higher proportion 
of patients did not receive surgical intervention in low-income 
countries compared with middle- and high-income countries, 
and there is greater mortality from sepsis (Jiang et al. 2022) and 
respiratory failure in low-income countries than in high-income 
countries (Global PaedSurg Research Collaboration  2021). 
Therefore, this information cannot be reported or confirmed 
due to the nature of our study.

Overall survival of infants with SIA has improved over time, but 
disparities remain. Most infant deaths in this study occurred 
within the first week of life, often on the first day, highlighting 
the critical importance of neonatal surgical and intensive care. 
By 1 year of age, 4.3% of infants with SIA had died. Programs 
with limited resources (e.g., Mexico-Nuevo León) showed sig-
nificantly higher mortality (up to 50%), indicating that access 
to timely surgical intervention and postoperative care is a major 
determinant of survival.

In recent years, advances in perinatal medicine have improved 
the prenatal detection of SIA, enabling more effective prena-
tal counseling, the option of elective termination of pregnancy 
for fetal anomaly (ETOPFA), and the planning of delivery in 
specialized surgical centers (Bethell et al. 2019). In our study, 
1.7% of cases were recorded as ETOPFA, 96.3% as live births 
(LB), and 2.0% as stillbirths. Among the cases undergoing 
ETOPFA, 4.6% corresponded to multiple congenital anoma-
lies (MCA), 3.1% to cases with an identified syndrome, and 
the remaining cases to isolated forms of SIA. These findings 
highlight the influence of additional congenital anomalies on 
the decision to terminate pregnancy. In a study between 2008 
and 2017 in the USA, there were no fetal or neonatal demises 
within the cases of isolated duodenal atresia, and only 1 of 
7 isolated cases (14%) delivered at less than 32 weeks gesta-
tion (Bishop et al. 2020). According to this study, fetuses with 
isolated duodenal atresia on prenatal ultrasound generally 
have more favorable outcomes than the cases with additional 
anomalies.

About one third of the patients with syndromic SIA have 
trisomy 21 (Bethell et  al.  2019), and those with a normal 
karyotype have a greater risk of having additional structural 
anomalies (Hemming and Rankin  2007; Best et  al.  2012). 
According to previous studies, approximately 30%–40% of 
duodenal atresia cases are associated with trisomy 21. In 
these cases, duodenal atresia has been identified as a sig-
nificant risk factor for perinatal mortality, contributing to a 
higher incidence of fetal and neonatal demise in this popu-
lation (Adams and Stanton  2014; Bishop et  al.  2020; Galani 
et al. 2021). The prevalence of duodenal atresia in Down syn-
drome is much higher than in the general population, with 
3% prevalence of congenital duodenal atresia among these 
(Sigmon et al. 2023). Around 10%–25% of cases with duodenal 
atresia have structural cardiac and/or renal defects (Adams 
and Stanton 2014; Galani et al. 2021).

One of the strengths of this study is that we collected data with 
a standardized method to identify cases in all programs and 
cross-checked from multiple reporting sources to ensure high 
case ascertainment, and some of the information provided was 

based on data derived from high-quality, population-based pro-
grams. Limitations include methodological variations between 
programs and limited access to clinical data such as risk factors, 
treatment, and cause of death, which could have enriched the 
study findings.

It's important to note that the causes of death were not de-
tailed in our data, so we could not distinguish whether mortal-
ity was directly due to SIA or related to associated anomalies 
or postsurgical complications. Some programs did not collect 
data on terminations of pregnancy (ETOPFA) or stillbirths, 
which could lead to underestimation of total prevalence in 
those regions. However, our methodological analysis (Table 2) 
indicates that most programs had comprehensive follow-up 
mechanisms, including linkage to death certificates up to 
5 years, ensuring robust mortality data for surviving infants 
(Table 5).

Continued surveillance is necessary to monitor trends in 
SIA prevalence and outcomes. The slight increase in South 
America's prevalence compared to earlier reports may suggest 
changes in risk factor exposure or improvements in detection. 
Additionally, the relatively stable prevalence in Europe and 
North America implies consistent risk and detection rates 
over time.

One limitation of this study is the variability in data collec-
tion among programs. Although we standardized definitions 
(e.g., gestational age thresholds for stillbirth), some heteroge-
neity remains in how cases are reported, especially regarding 
terminations.

5   |   Conclusions

This study provides a comprehensive analysis of SIA preva-
lence and mortality over a 41-year period across 17 countries. 
The overall prevalence of 2.1 per 10,000 births showed signif-
icant regional disparities, with the highest rates observed in 
Iran (11.5 per 10,000 births) and the lowest in Mexico-Nuevo 
León (0.5 per 10,000 births). The increasing prevalence in 
South America compared to previous reports suggests im-
proved detection, enhanced prenatal screening, and height-
ened clinical awareness.

Mortality within the first year was 4.3%, primarily driven by 
associated congenital anomalies, particularly trisomy 21 and 
complex cardiac defects, reinforcing the strong link between du-
odenal atresia and Down syndrome. However, non-congenital 
factors such as sepsis, aspiration, and anastomotic leaks signifi-
cantly contributed to mortality, particularly in low-resource set-
tings with limited access to neonatal intensive care and surgical 
intervention.

Prenatal diagnosis and elective termination for fetal anomalies 
(ETOPFA) influenced prevalence rates, with higher termination 
rates in cases with multiple congenital anomalies (4.6%) and 
syndromic conditions (3.1%). Despite this, survival outcomes 
have improved in high-income countries due to advancements 
in neonatal care, early surgical intervention, and perioperative 
management.
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It is important to note that information regarding the timing of 
diagnosis (prenatal vs. postnatal) was not uniformly available 
across the participating programs. Due to this inconsistency in 
data collection, we were unable to stratify mortality according 
to diagnostic timing. We recognize that this distinction provides 
clinically relevant and epidemiologically meaningful insights, 
particularly for understanding the impact of prenatal diagnosis 
on delivery planning, timely access to treatment, and reductions 
in morbidity and mortality. Therefore, we recommend that fu-
ture multicenter studies prioritize the systematic and harmo-
nized collection of diagnostic timing in order to enable a more 
comprehensive analysis of outcome.

Future research should prioritize trend analyses, the impact 
of prenatal screening on survival, and strategies to reduce 
mortality in resource-limited settings. Additionally, long-term 
morbidity, neurodevelopmental outcomes, and quality of life in 
survivors require further evaluation to address global disparities 
in SIA outcomes.

In conclusion, this multinational analysis provides an updated 
overview of the epidemiology of SIA. We observed an overall 
prevalence of approximately 2.1 per 10,000 births and a first-
year mortality of around 4%. There are marked regional dif-
ferences in prevalence and survival, underlining the influence 
of healthcare systems and possible genetic/environmental fac-
tors. Strengthening surgical care for newborns and addressing 
regional disparities in healthcare access could further improve 
outcomes for infants with SIA. Future research should focus on 
time trends in SIA prevalence and evaluate how early diagnosis 
(including prenatal screening) and advancements in neonatal 
surgery contribute to improved survival rates.
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