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Abstract
In patients born with anorectal malformations (ARM), additional congenital heart defects (CHD) can occur. We aimed to pro-
vide an overview on disease and treatment details of CHD identified in patients born with ARM, from a unique large cohort 
of a very rare disease. We performed a retrospective single-center cohort study between January 2000 and July 2023. All 
consecutive patients with ARM were included. Outcomes were the number of patients with CHD, and screening percentage 
and percentage of patients diagnosed with CHD over 3 time periods (2000–2006, 2007–2014, 2015–2023). We used uni- and 
multi-variable logistic regression analyses to search for associations between CHD present and baseline characteristics. In 
total, 281 patients were included. Some 241 (85.8%) underwent echocardiography, of whom 80 (33.2%) had CHD. Screening 
percentage with echocardiography increased (74.1% vs. 85.7% vs. 95.9%, p < 0.001) and percentage of patients diagnosed 
with CHD remained similar over time (30.2% vs. 34.5% vs. 34.0%, p = 0.836). Atrial and ventricular septal defects (n = 36, 
n = 29), and persistent left superior vena cava (n = 17) were most identified. The presence of VACTERL-association or a 
genetic syndrome was independently associated with the presence of CHD. CHD were present in 33% of patients with ARM 
that underwent echocardiography. Over time, the number of CHD identified through screening remained similar. Patients with 
the presence of VACTERL-association or a genetic syndrome had a higher risk of having CHD. Therefore, acknowledging 
the potential presence of CHD in patients with ARM remains important.
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Introduction

Anorectal malformations (ARM) are rare colorectal dis-
orders in which the anus is misplaced outside the external 
sphincter complex. This congenital disorder occurs in 1 to 
3 in 5000 children each year [1]. In patients with ARM, 
additional congenital heart defects (CHD) can occur. For this 
reason, in most centers, all patients with ARM are routinely 
screened for CHD through physical examination (PE) and 
echocardiography within the first week of life [2]. The pres-
ence of CHD in patients with ARM is often part of (non-)
syndromic anomalies such as Townes-Brocks and Down 
syndrome, or the VACTERL-association [3–5]. However, 
the overall incidence of CHD in patients with ARM differs 
widely as a range from 9 to 40% is described [6, 7]. Some 
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patients with CHD require cardiothoracic surgery soon after 
diagnosis, whereas in others treatment can be somewhat 
delayed, or no surgery is needed at all [8, 9]. All patients 
with an ARM require surgical intervention in early child-
hood [10]. In order to prevent anesthesiological hazards due 
to missed CHD in these patients, it is essential to preopera-
tively identify those patients. Furthermore, regarding timing 
of surgeries for both ARM and CHD, it is helpful to know 
whether ARM patients have additional CHD.

However, to our knowledge, current literature lacks an 
accurate overview on how often and what kind of different 
CHD might occur in patients born with ARM. Therefore, 
the primary goal was to give an overview on the number of 
patients born with ARM and CHD, and the type of CHD that 
were identified. In order to provide optimal insight into the 
completeness of the presented cohort, the secondary aim of 
this study was to identify the number of patients that under-
went postnatal echocardiography to identify CHD, with the 
screening tendency over time, the applied treatment for CHD 
in ARM patients (pharmaceutical, catheter intervention, and/
or cardiothoracic surgery), and to identify factors associated 
with CHD.

Material and Methods

Study Design and Patient Population

At the Emma Children’s hospital from the Amsterdam Uni-
versity Medical Center (Amsterdam UMC) a prospective 
database consisting of all children born with an ARM since 
January 2000 until current is maintained. From this data-
base patients were retrospectively selected for this current 
study which was set up in line with the STROBE guide-
lines (Strengthening the Reporting of Observational Stud-
ies in Epidemiology) [11]. For this study, all ARM patients 
born and/or treated in Amsterdam UMC from January 2000 
until July 2023 were eligible for inclusion. In case parents 
objected to the use of data or when patients were born with 
an anus anterior (i.e., fistula located ≥ 50.0% within the 
external sphincter complex), they were excluded. Follow-
up was determined as time between date of birth and date of 
latest clinical or outpatient clinic visit.

Ethics

The medical ethical commission from Amsterdam UMC 
evaluated this project and decided that it was not amena-
ble to the WMO statement (ref. no. W19_293 #19.350). 
Written information including a letter of objection was 
sent to patients, parents and/or legal guardians (in case of 
patients ≤ 11 years of age, only to parents and/or legal guard-
ians; patients aged 12 to 15 years, both patient and parents 

and/or legal guardians; patients ≥ 16 years, patient only), of 
whom 6 objected to participate.

Data Extraction

One of the authors (CB) extracted all data from the database 
on the 7th of August 2023. Validation of the extracted data 
was done by checking all cases with CHD by another author 
(BS and AH). The following data was extracted from the 
medical records of the included patients: baseline character-
istics (i.e., gestational age and sex), form of ARM, genetic 
syndromes, VACTERL-association, type of CHD, other 
additional anomalies, cardiac imaging studies (i.e., echo-
cardiography), consultation from a pediatric cardiologist, 
and type of treatment for CHD (pharmaceutical, catheter 
intervention, and/or cardiothoracic surgical).

Definitions

The type of ARM was determined for each patient using 
the Krickenbeck classification [12]. Classification of 
VACTERL-association was based on the EUROCAT guide-
line article by van de Putte et al., comprising 4 categories: 
“STRICT-VACTERL (i.e., ≥ 3 major anomalies (in differ-
ent organ systems) without other anomalies outside of the 
VACTERL-association), VACTERL-LIKE (i.e., ≤ 3 major 
anomalies plus minor anomalies adding up to ≥ 3 anoma-
lies), VACTERL-PLUS (i.e., patients who fulfilled the 
strict-VACTERL or the VACTERL-like group, with addi-
tional anomalies outside of the VACTERL-association), 
NO-VACTERL (< 3 anomalies)” [3]. Gestational age was 
subdivided into pre-term (≤ AD 37 + 0 weeks), full-term 
(AD 37 + 0 through 40 + 6 weeks), late-term (41 + 0 through 
41 + 6 weeks) and post-term (≥ 42 + 0 weeks) according to 
The American College of Obstetrics and Gynecologists 
(ACOG) guideline [13]. Full cardiac screening comprised 
of PE and echocardiography. All available echocardiogra-
phy reports were examined to determine whether CHD were 
present in each individual patient. No imaging or echocar-
diography was repeated for any patient for study purposes. 
CHD were classified based on echocardiography findings, 
and subdivided into normal variants (i.e., transition phase 
related and/or neonatal period (≤ 1 month after birth) or 
specific clinical features (e.g., sepsis)) and structural CHD 
[14]. When a ductus arteriosus (DA) or oval foramen (FO) 
was identified on primary echocardiography, but not with 
follow-up echocardiography, or no follow-up echocardiog-
raphy was performed, these findings were classified as nor-
mal variants, and not as CHD. In our cohort, as persistent 
ductus arteriosus (PDA) at the age of 1 month can still be 
the result of prematurity/neonatal transition rather than be a 
‘true’ CHD, those patients with an isolated PDA at the age 
of 1 month were excluded (n = 3). In case a persistent oval 
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foramen (PFO) was still present on follow-up echocardiog-
raphy, it was classified as structural CHD.

Outcomes

In this study, the number of patients with ARM in whom 
CHD were diagnosed was set as the primary outcome. In 
addition, secondary outcomes were the specific types of 
CHD diagnosed, the number of echocardiography per-
formed, the screening tendency over time, percentage of 
patients diagnosed with CHD over the 3 time periods, the 
applied treatment for ARM patients with CHD (pharmaceu-
tical, catheter intervention, and/or cardiothoracic surgery), 
and factors associated with CHD.

Statistical Analysis

Regarding baseline characteristics and outcomes, only 
descriptive statistics were used. Binary and categorical 
variables were reported as proportions and percentages. 
Continuous variables are displayed as mean with standard 
deviation (SD) or as median with interquartile range (IQR), 
where suitable. For the secondary outcome screening ten-
dency over time, 3 time periods (2000–2006; 2007–2014; 
2015–2023) were formed. Statistical significance for screen-
ing tendency was evaluated using the Chi-square for trend. 
Type of ARM, gestational term, sex, presence of syndromes, 
presence of VACTERL-association, and enterostomy present 
were assessed with uni-variable analysis to identify possible 
associations with the presence of CHD. Those variables with 
a p < 0.10 were subsequently put into a model using multi-
variable logistic regression analysis with backward stepwise 
selection. We demonstrated these outcomes as odds ratio 
(OR) with 95% confidence interval (95% CI). In this current 
study, a p-value of < 0.05 was set as statistical significant. 
Additionally, the proportion of variation in the occurrence 
of CHD in patients with ARM explained by the model (i.e., 
explained variance) was shown by the adjusted R-squared. 
We described all missing or unknown data. Regarding 
missing/unavailable data from additional imaging stud-
ies, we decided to classify it as ‘not carried out’. We used 
IBM SPSS Statistics for Windows, Version 28 (IBM Corp., 
Armonk, N.Y., USA) for the statistical analysis in this study.

Results

Participants

In total, 281 patients were included (period 1: n = 85, period 
2: n = 98, period 3: n = 98), of whom 135 were female 
(48.0%) and 146 male (52.0%). Median age at follow-up 
of 7.0 years (IQR 3.0–12.0). Median gestational age was 

38 weeks and 6 days (IQR 37 + 0 weeks–40 + 2 weeks). 
Recto-perineal fistula was most prevalent (n = 118, 42.0%), 
followed by recto-vestibular (n = 59, 21.0%) and recto-ure-
thral (n = 44, 15.7%) fistulae. Some 111 patients (39.5%) 
had a stoma placed, and 257 patients (91.5%) underwent 
reconstructive ARM surgery (of which anterior and posterior 
sagittal anorectoplasty (ASARP, PSARP) most often). Syn-
dromes were diagnosed in 48 patients (17.1%), of which cau-
dal regression syndrome (n = 9), Cat-Eye syndrome (n = 6), 
Townes-Brocks (n = 5), and Down syndrome (n = 5) were 
most often identified. In total, 59 patients (21.0%) had a form 
of VACTERL-association. Overall, 220 patients (78.3%) had 
any additional anomaly. During the study period, 12 patients 
passed away due to various reasons, (i.e., premature birth 
with inoperable hypoplastic left heart syndrome (n = 1), 
abdominal compartment syndrome (n = 1), bacterial men-
ingitis (n = 1), pneumococcal sepsis (n = 2), and respiratory 
insufficiency (n = 7)). No causality could be demonstrated 
with the presence of ARM. Table 1 provides an overview of 
patient characteristics.

CHD

Screening for CHD with echocardiography was performed 
in 241 patients (85.8%), leading to the identification of CHD 
in 80 patients (33.2%). Fifty-five patients (68.8%) had a sim-
ple CHD, whereas 25 patients (31.3%) had complex CHD. 
Over the 3 time periods, the screening percentage increased 
(74.1% vs. 85.7% vs. 95.9%, p < 0.001), but the identified 
percentages of patients with CHD remained similar (30.2% 
vs. 34.5% vs. 34.0%, p = 0.836). Median age at primary 
echocardiography was 1.0 day (IQR 1.0–7.5), whereas the 
median age at follow-up echocardiography was 1.0 month 
(IQR 1.0–5.0).

Figure 1 depicts an overview of the number of patients in 
whom echocardiography was performed, with subsequent 
echocardiography findings. Overall, CHD were most often 
identified in patients with imperforate anus without fistula 
(8 of 15 patients (53.3%)) and recto-vestibular fistula (22 of 
50 patients (44.0%)). Additionally, CHD were more often 
diagnosed in patients with intermediate complex types of 
ARM (simple 26.4% vs. intermediate 41.0% vs. complex 
25.9%, p = 0.058). In total, 27 different types of CHD were 
identified. The most identified simple CHD were ASD 
(n = 36), VSD (n = 29), and persistent left superior vena 
cava (PLSVC) (n = 17). The most common complex CHD 
(n = 6) was Tetralogy of Fallot. An overview of the number 
of CHD identified through echocardiography per type of 
ARM is provided in Table 2. CHD were identified in both 
non-syndromic patients (n = 33) as well as patients in whom 
VACTERL-association and/or a genetic syndrome was pre-
sent (n = 47), and the presence of a form of VACTERL-
association (OR 4.04, 95% CI 2.14–7.65, p < 0.001) and a 
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genetic syndrome (OR 2.94, 95% CI 1.43–6.05, p = 0.003) 
were independently associated with the presence of any 
CHD (see Table 3). This model has an explained variance 
of 14.5% (Nagelkerke  R2 co-efficient).

Treatment

A pediatric cardiologist was involved in all patients (100.0%) 
with CHD to define the appropriate treatment strategy. 
Thirty-one of 80 patients (38.8%) who had CHD required 
any form of treatment. In total, 20 patients (64.5%) required 
pharmacological treatment (i.e., diuretics, ibuprofen, or 

acetylsalicylic acid, 2 (6.3%) catheter intervention (i.e., 
Amplatzer device), and 25 (78.1%) cardiothoracic surgery 
for their CHD. In most patients, a combination of therapy 
was applicable. Median age at primary cardiothoracic sur-
gery was 3.0 months (IQR 0.5–6.0). Two of 25 patients 
(8.0%) required multiple surgeries in order to resolve their 
CHD (Blalock-Taussig shunts in Tetralogy of Fallot). Over 
the 3 time periods, treatment percentages for CHD remained 
similar (12.9% vs. 10.2% vs. 10.2%, p = 0.798). A complete 
overview of types of CHD identified per type ARM is pro-
vided as Table 4.

Discussion

This retrospective cohort study provides an overview on all 
CHD identified in our cohort of patients born with ARM. 
Almost 34% of the patients with ARM that underwent echo-
cardiography had CHD. In total, 27 different CHD were 
identified, of which ASD, VSD, and PLSVC most often. 
CHD were most often identified in patients with imperforate 
anus without fistula, but were also identified in more simple 
ARM types such as recto-perineal and –vestibular fistula. 
The presence of VACTERL-association or a genetic syn-
drome were independently associated with the presence of 
CHD. Furthermore, the majority of the patients with CHD 
required cardiothoracic surgery to resolve their CHD.

According to the findings of this study, CHD were present 
in almost 34% of the patients that underwent full cardiac 
screening. Compared to numbers reported in previous litera-
ture, this number is similar, but numbers of CHD in patients 
with ARM vary widely (9–40%) [6, 7, 15–17]. This might be 
caused by the wide range of anomalies classified under CHD 
in this study. However, echocardiographic findings such as 
PLSVC, right aortic arch (with a. lusoria), bicuspid aortic 
valve without stenosis or insufficiency or isolated arteria 
lusoria were classified as structural CHD, whereas other 
studies classify these anomalies as normal variant and not 
as CHD [18–21]. Classifying these anomalies as abnormal 
could potentially result in a higher number of CHD. There-
fore, in our opinion, based on the number of patients with 
CHD identified in our cohort, treating physicians should 
acknowledge the potential presence of CHD in patients born 
with ARM.

Similar to previous studies, this study showed an associa-
tion with the presence of VACTERL-association or a genetic 
syndrome with the presence of CHD in patients with ARM 
[22–24]. Patients with VACTERL-association were expected 
to have higher risk for the presence of CHD, since it is 
known that CHD are more often identified in these patients 
(because C in VACTERL covers CHD), also when ARM is 
not present [25]. Similar to VACTERL-association, patients 
with a genetic syndrome were expected to have higher risk 

Table 1  Characteristics of 281 patients with ARM

ARM anorectal malformation; IQR interquartile range; VACTERL ver-
tebral, anorectal, cardiac, trachea-esophageal, renal, and limb anoma-
lies
* During the study period, 12 patients deceased at ages 1, 2, 3 days, 1, 
3, 5, 7 months, and 2, 16 years due to various reasons

Sex

 Male 135 (48.0%)
 Female 146 (52.0%)

Type of ARM
 Recto-perineal fistula 118 (42.0%)
 Recto-vestibular fistula 59 (21.0%)
 Recto-urethral fistula 44 (15.7%)
 Recto-vesical fistula 7 (2.5%)
 Cloaca 14 (5.0%)
 Imperforate anus without fistula 17 (6.0%)
 Anal stenosis 7 (2.5%)
 Rare/regional variants 10 (3.6%)
 Unknown type of fistula 5 (1.7%)

Gestational term
 Preterm 52 (18.5%)
 Term 148 (52.8%)
 Late term 24 (8.5%)
 Post-term 8 (2.8%)
 Unknown 49 (17.4%)
 Syndrome 48 (17.1%)
 VACTERL-association 59 (21.0%)

Additional anomaly
 Single 83 (29.5%)
 Multiple 137 (48.8%)

Colostomy
 Colostomy placed 111 (39.5%)
 Median age at colostomy in days (IQR) 2.0 (1.0–3.0)

Reconstructive surgery
 Reconstructive surgery performed 257 (91.5%)
 Median age at reconstructive surgery in months 

(IQR)
4.0 (3.0–6.0)

 Median age at follow-up in years (IQR) 7.0 (13.0–21.0)
 Mortality* 12 (4.3%)
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for the presence of CHD [22]. In contrast to previous litera-
ture, in our cohort, pre-term patients with ARM did not seem 
to have a higher risk of CHD than at term patients with ARM 
(OR 1.38, p = 0.351) [26]. In addition, we tried to exclude 
PFOs that may still be present during neonatal from true 
ASDs by only including those when the pediatric cardiolo-
gist decided to perform follow-up after the age of one month. 
Moreover, future studies should investigate what the optimal 
timing should be to perform echocardiography as screening 
method for CHD in patients born with ARM, irrespective of 
type of ARM, and taking into account age at screening (e.g., 
premature birth vs. at term patients).

In our cohort, most children underwent screening through 
echocardiography early in life as the median age at echo-
cardiography was 1 day. This median age at echocardiog-
raphy included some outliers such as patients that were 

adopted or treated in Amsterdam UMC as second opinion, 
and therefore echocardiography was performed only at the 
age of 5–7 years. According to local hospital protocol, most 
patients underwent echocardiography primarily before 
stoma placement or reconstructive ARM surgery. Patients 
with a type of ARM requiring stoma placement early in life 
had a median age at stoma placement of 2 days. Moreo-
ver, since not all patients require a stoma placement within 
48 h after birth, and some patients have CHD without any 
consequences for the anesthetist, it is questionable whether 
all patients with ARM should undergo echocardiography 
this early in life. However, we do not know how often an 
impact on operation planning and/or anesthesia was present 
that would not have been there if the child did not undergo 
screening for CHD. Additionally, based on the data available 
in this cohort, no hard conclusions can be made upon the 

Fig. 1  Type of CHD identi-
fied through echocardiography. 
ARM = anorectal malformation. 
CHD = congenital heart disease

Abbreviations: ARM= anorectal malformation. CHD= congenital heart disease.

Table 2  Type of CHD identified 
through echocardiography 
according to type of ARM

CHD congenital heart defect; ARM anorectal malformation; n number
* Percentages shown are calculated based on patients within the type of ARM that underwent screening 
with echocardiography

Type of ARM Echocardiography performed Cardiac anomalies

n (%) n (%)
Recto-perineal fistula, n = 118 103 (87.3) 28 (27.2)
Recto-vestibular fistula, n = 59 50 (84.7) 22 (44.0)
Recto-urethral fistula, n = 44 40 (90.9) 13 (32.5)
Recto-vesical fistula, n = 7 6 (85.7) 1 (16.7)
Cloaca, n = 14 13 (92.9) 5 (38.5)
Imperforate anus without fistula, n = 17 15 (88.2) 8 (53.3)
Anal stenosis, n = 7 3 (42.9) 0 (0.0)
Rare/regional variants, n = 10 8 (80.0) 1 (12.5)
Unknown type of fistula, n = 5 3 (60.0) 2 (66.7)
Total, n = 281 241 (85.8) 80 (33.2)
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timing for CHD screening, and within our center no changes 
were yet made in our daily practice. Therefore, it would be of 
great interest to perform future studies to evaluate the timing 
of cardiac ultrasound. Furthermore, diagnosing an ASD at 
the age of 1 year is not a problem from medical perspectives. 
However, early diagnosis might aid in understanding and 
parental coping. Hence, screening at a later moment in time 
might be justified, and it is therefore important to evaluate 
the optimal timing of screening.

As all studies with a retrospective character, results 
should be interpreted with care. The biggest strength of this 
study is that it provides one of the largest cohort describ-
ing patients with ARM in which CHD are identified over 
the past 23 years. Second, a large number of patients (86%) 
underwent cardiac screening with echocardiography, with 
an increasing trend over the 3 time periods (74% vs. 86% vs. 
96%). No differences in detection rate were observed over 
the three screening periods. Accordingly, we may conclude 
that the numbers presented in this cohort are representative 
to the true prevalence or CHD in ARM. If any uncertain-
ties regarding the classification of CHD occurred, a team of 
pediatric cardiologists and surgeons specialized in patients 
with ARM was consulted in order to evaluate the identified 

CHD in this cohort. The most important limitations of this 
study are selection and information bias due to the retrospec-
tive character and the relatively long study period. In order 
to reduce this to a minimum, consecutive data collection 
was performed, and data was checked by a second author 
(BS and/or AH). Additionally, if data on screening was not 
available in the medical record, it was classified as ‘not per-
formed’. Because of the lacking of data, some (minor) CHD 
might not have been identified while they were present. In 
addition, given the fact that the cardiac ultrasound was per-
formed early in life, and can therefore not yet differenti-
ate between CHD or physiology, combined with the high 
prevalence of prematurity in this patient population, this 
remains a difficult discussion that needs more attention in 
future studies. Furthermore, cardiac screening can aid in the 
possibility to ensure well defined cardiac anatomy, and the 
primary neonatal team and the anesthesia teams can adjust 
if any precautions/management limitations might be needed. 
Moreover, it should be argued whether all forms of CHD 
can be viewed as “affecting management”, or if some (e.g., 
non-significant) CHD could be considered as not-affecting 
and/or influencing the timing of surgical treatment for ARM.

Table 3  Uni-and multi-variable 
analysis of the relation between 
baseline characteristics and 
the presence of CHD on 
echocardiography

Bold in uni-variable analysis indicates variables (p < 0.10) that were entered in multi-variable analysis. 
Bold in multi-variable analysis indicates statistical significance (p < 0.05)
ARM anorectal malformation; VACTERL vertebral, anorectal, cardiac, trachea-esophageal, renal, and limb 
anomalies; PE physical examination; OR Odd’s ratio; CI confidence interval

Univariable Multivariable

OR (95% CI) p-value OR (95% CI) p-value
Sex
 Female Ref
 Male 0.71 (0.42–1.22) 0.219

ARM type
 Simple Ref
 Intermediate 1.93 (1.08–3.46) 0.026
 Complex 0.98 (0.37–2.55) 0.959

Gestational term
 Term Ref
 Preterm 1.38 (0.70–2.73) 0.351
 Late term 0.42 (0.14–1.33) 0.140

Post-term 0.30 (0.04–2.56) 0.271
VACTERL-association
 Not present Ref
 Present 3.81 (2.04–7.10)  < 0.001 4.04 (2.14–7.65)  < 0.001

Syndrome
Not present Ref
Present 2.66 (1.33–5.31) 0.006 2.94 (1.43–6.05) 0.003
Stoma
 Not present Ref
 Present 1.38 (0.80–2.37) 0.249
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Table 4  Type of CHD identified 
per type of ARM

Type of ARM CHD
Type n#

Recto-perineal fistula, n* = 28 Muscular VSD 11
ASD type 2/PFO 5
ASD type 2 5
PLSVC 5
Perimembranous VSD 2
Coarctatio aortae with hypoplastic arch 2
Coarctatio aortae 1
Partial AVSD 1
PDA 1
Right aortic arch with a. lusoria 1
Double aortic arch 1
LVC with unroofed sinus coronarius 1
Cor-triatriatum sinistra 1
Tetralogy of Fallot 1
Pulmonary artery sling 1
Combined mitral valve anomaly 1

Recto-vestibular fistula, n = 24 ASD type 2/PFO 5
PDA 5
PLSVC 5
ASD type 2 4
Perimembranous VSD 3
Muscular VSD 2
Tetralogy of Fallot 2
AVSD 1
Coarctatio aortae 1
Supracardial TAPVD 1
Pulmonary artery sling 1
Asymmetric tricuspid aortic valve with mild insuf-

ficiency
1

Bicuspid aortic valve 1
Recto-urethral fistula, n = 13 ASD type 2 6

Perimembranous VSD 4
Aorta-pulmonary window 2
Muscular VSD 2
PLSVC 2
Tetralogy of Fallot 2
ARCAPA 1
ASD type 2/PFO 1
Coarctatio aortae 1
Double orifice mitral valve 1
PDA 1
Right aortic arch with a. lusoria 1
Unilateral absent pulmonary venous return 1

Recto-vesical fistula, n = 1 ASD type 2 1
PLSVC 1
Arteria lusoria 1

Cloaca, n = 5 ASD type 2 3
PLSVC 2
PDA 1
Perimembranous VSD 1
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In conclusion, CHD were present in almost 34% of 
patients with ARM (regardless its severity) that underwent 
cardiac screening with echocardiography. Almost 39% of 
patients with CHD required any form of treatment at any 
moment in time. Presence of VACTERL-association or a 
genetic syndrome were independently associated with the 
presence of CHD. Therefore, acknowledging the potential 
presence of CHD in patients with ARM remains of great 
importance.

Author contributions Study conception and design: C. de Beaufort, 
T. Mackay, M. Stevens, J. Polderman, J. de Jong, A. van der Hulst, B. 
Straver, R. GorterData acquisition: C. de Beaufort, A. van der Hulst, 
B. Straver, R. GorterAnalysis and data interpretation: C. de Beau-
fort, T. Mackay, A. van der HulstDrafting of the manuscript: C. de 
Beaufort,Critical revision: T. Mackay, M. Stevens, J. Polderman, J. de 
Jong, A. van der Hulst, B. Straver, R. Gorter

Funding No funding was received.

Declarations 

Competing interests The authors declare no competing interests.

Conflicts of interest None of the authors have any conflicts of interest 
to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Hageman IC, van der Steeg HJJ, Jenetzky E, Trajanovska M, King 
SK, de Blaauw I, van Rooij I (2023) A quality assessment of 
the ARM-net registry design and data collection. J Pediatr Surg 
58(10):1921–1928

 2. https:// www. venvn. nl/ media/ wdcba cr4/ kwali teits stand aard- anore 
ctale- malfo rmatie. pdf. Accessed 10 Aug 2023

VSD ventricular septal defect; ASD atrial septal defect; PFO patent foramen ovale; AVSD atrio-ventricular 
septal defect; PDA patent ductus arteriosus; PLSVC persistent left superior vena cava; LVC left vena cava; 
TAPVD Total anomalous pulmonary venous drainage; ARCAPA Anomalous origin of the right coronary 
artery originating from the pulmonary trunk
n* = number of patients in whom any CHD were diagnosed.  n# = number of CHD identified in patients

Table 4  (continued) Type of ARM CHD
Type n#

Tetralogy of Fallot 1
Imperforate anus without fistula, n = 9 ASD type 2 3

Muscular VSD 2
Perimembranous VSD 1
ASD type 2/PFO 1
AVSD 1
PDA 1
Right aortic arch with a. lusoria 1
Arteria lusoria 1
PLSVC 1
Pulmonary artery sling 1
Pulmonary valve stenosis 1

Rare/regional variants, n = 1 ASD type 2 1
PDA 1

Unknown type of fistula, n = 2 Perimembranous VSD 1
ASD type 2/PFO 1
Coarctatio aortae 1
PDA 1
PLSVC 1
Dextroposition 1
Hypoplastic left heart syndrome 1

Total, n = 83

http://creativecommons.org/licenses/by/4.0/
https://www.venvn.nl/media/wdcbacr4/kwaliteitsstandaard-anorectale-malformatie.pdf
https://www.venvn.nl/media/wdcbacr4/kwaliteitsstandaard-anorectale-malformatie.pdf


Pediatric Cardiology 

 3. van de Putte R, van Rooij I, Marcelis CLM, Guo M, Brunner HG, 
Addor MC et al (2020) Spectrum of congenital anomalies among 
VACTERL cases: a EUROCAT population-based study. Pediatr 
Res 87(3):541–549

 4. Kohlhase J. Townes-Brocks Syndrome. In: Adam MP, Mirzaa 
GM, Pagon RA, Wallace SE, Bean LJH, Gripp KW, Amemiya A, 
editors. GeneReviews(®). Seattle (WA): University of Washing-
ton, Seattle Copyright © 1993–2023, University of Washington, 
Seattle. GeneReviews is a registered trademark of the University 
of Washington, Seattle. All rights reserved.; 1993.

 5. Cuschieri A (2002) Anorectal anomalies associated with or as part 
of other anomalies. Am J Med Genet 110(2):122–130

 6. Ratan SK, Rattan KN, Pandey RM, Mittal A, Magu S, Sodhi PK 
(2004) Associated congenital anomalies in patients with ano-
rectal malformations–a need for developing a uniform practical 
approach. J Pediatr Surg 39(11):1706–1711

 7. Jonker JE, Liem ET, Elzenga NJ, Molenbuur B, Trzpis M, Broens 
PM (2016) Congenital anorectal malformation severity does not 
predict severity of congenital heart defects. J Pediatr 179:150–3.
e1

 8. van der Ven JPG, van den Bosch E, Bogers A, Helbing WA (2019) 
Current outcomes and treatment of tetralogy of fallot. F1000Res 
8:1530

 9. Spigel Z, Binsalamah ZM, Caldarone C (2019) Congenitally cor-
rected transposition of the great arteries: anatomic, physiologic 
repair, and palliation. Semin Thorac Cardiovasc Surg Pediatr Card 
Surg Annu 22:32–42

 10. Levitt MA, Peña A (2007) Anorectal malformations. Orphanet J 
Rare Dis 2:33

 11. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Van-
denbroucke JP (2007) The strengthening the reporting of obser-
vational studies in epidemiology (STROBE) statement: guidelines 
for reporting observational studies. Epidemiology 18(6):800–804

 12. van der Steeg HJ, Schmiedeke E, Bagolan P, Broens P, Demi-
rogullari B, Garcia-Vazquez A et al (2015) European consensus 
meeting of ARM-Net members concerning diagnosis and early 
management of newborns with anorectal malformations. Tech 
Coloproctol 19(3):181–185

 13. ACOG. https:// www. acog. org/ pract ice- manag ement/ health- it- 
and- clini cal- infor matics/ revit alize- obste trics- data- defin itions. 
Accessed 10 Aug 2023

 14. Tynan MJ, Becker AE, Macartney FJ, Jiménez MQ, Shinebourne 
EA, Anderson RH (1979) Nomenclature and classification of con-
genital heart disease. Br Heart J 41(5):544–553

 15. Nasr A, McNamara PJ, Mertens L, Levin D, James A, Holtby H, 
Langer JC (2010) Is routine preoperative 2-dimensional echocar-
diography necessary for infants with esophageal atresia, ompha-
locele, or anorectal malformations? J Pediatr Surg 45(5):876–879

 16. Gokhroo RK, Gupta S, Arora G, Bisht DS, Padmanabhan D, Soni 
V (2015) Prevalence of congenital heart disease in patients under-
going surgery for major gastrointestinal malformations: an Indian 
study. Heart Asia 7(1):29–31

 17. Feng W, Zhang M, Hou J, Die X, Wang Y, Liu R (2024) Clini-
cal characteristics of congenital heart defects in mild congenital 
anorectal malformation: single-centre experience. BMC Pediatr 
24(1):71

 18. Morton SU, Brodsky D (2016) Fetal physiology and the transition 
to extrauterine life. Clin Perinatol 43(3):395–407

 19. Nsah EN, Moore GW, Hutchins GM (1991) Pathogenesis of per-
sistent left superior vena cava with a coronary sinus connection. 
Pediatr Pathol 11(2):261–269

 20. Michelena HI, Della Corte A, Evangelista A, Maleszewski JJ, 
Edwards WD, Roman MJ et al (2021) International consensus 
statement on nomenclature and classification of the congenital 
bicuspid aortic valve and its aortopathy, for clinical, surgical, 
interventional and research purposes. J Thorac Cardiovasc Surg 
162(3):e383–e414

 21. Postema PG, Rammeloo LA, van Litsenburg R, Rothuis EG, 
Hruda J (2008) Left superior vena cava in pediatric cardiol-
ogy associated with extra-cardiac anomalies. Int J Cardiol 
123(3):302–306

 22. van de Putte R, Dworschak GC, Brosens E, Reutter HM, Marcelis 
CLM, Acuna-Hidalgo R et al (2020) A genetics-first approach 
revealed monogenic disorders in patients with ARM and 
VACTERL anomalies. Front Pediatr 8:310

 23. Ahn JH, Choi HJ (2021) Accompanied anomalies in anal atre-
sia or tracheo-esophageal fistula: comparison with or without 
VACTERL association. Birth Defects Res 113(9):696–701

 24. Moras P, Zarfati A, Bagolan P, Conforti A, Toscano A, Iacobelli 
BD (2023) Anorectal malformations (ARM) and VACTERL asso-
ciation and severity of congenital heart diseases (CHD): expe-
rience of 396 consecutive patients in a tertiary center. Pediatr 
Neonatol. https:// doi. org/ 10. 1016/j. pedneo. 2023. 08. 011

 25. Cunningham BK, Hadley DW, Hannoush H, Meltzer AC, Nifo-
ratos N, Pineda-Alvarez D et al (2013) Analysis of cardiac anom-
alies in VACTERL association. Birth Defects Res A Clin Mol 
Teratol 97(12):792–797

 26. Reddy RK, McVadon DH, Zyblewski SC, Rajab TK, Diego E, 
Southgate WM et al (2022) Prematurity and congenital heart dis-
ease: a contemporary review. NeoReviews 23(7):e472–e485

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.acog.org/practice-management/health-it-and-clinical-informatics/revitalize-obstetrics-data-definitions
https://www.acog.org/practice-management/health-it-and-clinical-informatics/revitalize-obstetrics-data-definitions
https://doi.org/10.1016/j.pedneo.2023.08.011

	Congenital Heart Defects in Patients with Anorectal Malformations: A Retrospective Cohort Study of 281 Patients
	Abstract
	Introduction
	Material and Methods
	Study Design and Patient Population
	Ethics
	Data Extraction
	Definitions
	Outcomes
	Statistical Analysis

	Results
	Participants
	CHD
	Treatment

	Discussion
	References


