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Abstract

Introduction: Anorectal malformations (ARM)
have an incidence of around 1 in every 5000 live
births. They are associated with other anomalies,
especially cardiac, which are more prevalent than in
the general population. Cardiac anomalies affect the
overall outcome of these patients.

Objectives: To describe the 2D echocardiogram
findings of neonates born with ARM, who were
referred to the Lady Ridgeway Hospital, Sri Lanka
(LRH) for paediatric surgical management.

Method: A retrospective analysis was done of
medical records of neonates with ARM who were
referred to LRH between November 2015 and April
2019. Cardiac anomalies were categorized as major
and minor according to their severity.

Results: There was a total of 60 patients with ARM:
48 with isolated ARM, 10 with ARM and
oesophageal atresia (OA), 1 with ARM and
duodenal atresia (DA) and 1 with ARM, OA and
DA. The male to female ratio was 7:3. Associated
congenital heart disease (CHD) was seen in 48
(80%) patients and it was commoner in patients with
other associated gastrointestinal (GI) anomalies
(92%) compared to patients with isolated ARM
(77%). The common cardiac anomalies were
combined atrial septal defect (ASD) and patent
ductus arteriosus (PDA) (31.3%), isolated ASD
(16.7%) and isolated PDA (16.7%). In those with
cardiac defects, 43 (89.6%) had minor defects.
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In-hospital mortality rate was 13.3% (n=8). All 5
patients with major cardiac defects died due to
cardiac complications. Commonest extra-intestinal
manifestations were genitourinary, followed by
musculoskeletal anomalies.

Conclusions: Majority of patients with ARM had
associated minor cardiac anomalies, and their
prevalence was higher in ARM associated with other
GI anomalies compared to isolated ARMs. The
commonest cardiac anomaly was combined ASD &
PDA. All major cardiac anomalies in our cohort
proved fatal.

(Key words: Anorectal malformations,
Echocardiogram, Cardiac anomalies, Neonates, Sri
Lanka)

Introduction

Anorectal malformations (ARM) are a spectrum of
congenital malformations with an incidence of 1 in
1500 to 1 in 5000 live births with significant
variations in prevalence between regions'>. They
are commoner in boys with a male to female ratio
ranging from 1.2:1 to 2:1'°. Associated anomalies
are seen in 75% of neonates with ARM and their
long-term prognosis is largely dependent on the
presence and the severity of the associated
anomalies rather than the ARM itself. Congenital
heart defects (CHDs) are the commonest type of
congenital abnormalities comprising 40% of all
reported abnormalities!®-'?. The association of CHD
with anorectal malformations is well known and the
reported incidence ranges from 3.9% to 27%’ 1314,
They occur in neonates as isolated ARM, a part of a
recognizable syndrome or associated with other
system malformations including gastrointestinal
malformations. Detailed evaluation of patients with
ARM for associated CHDs is therefore important as
they influence the subsequent surgical management
of the patients and may complicate perioperative
care for these infants. In most centres, it is a routine
practice to perform a 2-dimensional (2D)
echocardiogram in all infants with ARM even if the
clinical examination of cardiovascular system is
normal to ensure that major cardiac defects are not
overlooked.
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Objectives

The aim of our study was to evaluate the 2D
echocardiogram findings of neonates with ARM
who were managed surgically at Lady Ridgeway
Hospital for Children (LRH), Colombo, the largest
tertiary care referral centre for children in Sri Lanka.

Method

This is a retrospective study conducted in LRH
analysing all cases referred for surgical management
between November 2015 and December 2019.
Medical records of sixty neonates with ARM were
accessed and relevant findings, including 2D
echocardiogram findings, were recorded. Two
categories of CHDs were identified: minor and
major. Atrial septal defect (ASD) >5 mm, patent
ductus arteriosus (PDA) >2 mm with left ventricle
volume overload, restrictive ventricular septal defect
(VSD), and valvular aortic/pulmonary stenosis with
gradients <25 mmHg, were classified as minor
CHDs, whereas all other types were categorized as

major CHDs'">. Other variables included age, sex,
gestational age at birth, type of ARM according to

Krickenbeck  classification  and  associated
gastrointestinal and extra-gastrointestinal
malformations.

Ethical issues: Approval for the study was obtained
from the Ethics Review Committee of LRH (No.
LRH/DA/05/2019). As it was a retrospective study
informed consent was not feasible.

Results

Of the 60 neonates with ARM, 42 (70%) were males
and 18 (30%) were females. Mean gestational age at
birth was 37 weeks with 75% being term babies.
Forty-eight (80%) neonates had isolated ARM.
Twelve cases were found to have associated
gastrointestinal (GI) anomalies that included 10 with
oesophageal atresia (OA), one with duodenal atresia
(DA) and one with DA and OA. Table 1 shows the
incidence of types of ARM and associated CHDs.

Table 1: Incidence of types of anorectal malformations (Krickenbeck classification) and associated CHDs

Type of anorectal malformation

Male

Female Associated CHD

Perineal fistula

6

4 5 ASD+PDA
1 ASD
3VSD

Recto-vestibular fistula

4 ASD+PDA
9 1 ASD
1 VSD
1 ASD+VSD+PDA

Recto-urethral (bulbar) fistula

10

3 ASD+PDA
0 1 ASD

1 PDA
1 TOF with PA

ARM without fistula

1 ASD+PDA
2 2 ASD
1 PDA
1 ASD+VSD+PDA

Cloacal anomaly

2 1 PDA
1 AS

Rectal atresia

1 1 VSD
1 Hypoplastic AA

Congenital pouch colon

0 1 ASD+PDA
1 PDA
1 VSD

Type not documented

1 ASD+PDA
1 ASD
0 2 PDA
1 ASD+VSD+PDA
1 DORV+PDA

Total 42

18

CHD: congenital heart defect, ASD: atrial septal defect, PDA: patent ductus arteriosus, VSD: ventricular septal
defect, TOF: tetralogy of Fallot, PA: pulmonary atresia, AS: aortic stenosis. AA: aortic arch, DORV: double

outlet right ventricle, ARM: anorectal malformation

CHDs were present in 48 (80%) neonates. In those
with cardiac defects 43 (89.6%) had minor defects
and 5 (10.4%) had major defects. Cardiac anomalies
were detected 11 (91.7%) of the 12 neonates with
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associated gastrointestinal anomalies compared to
37 of the 48 (77.1%) neonates with isolated ARM
(Table 2).
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Table 2: Distribution of CHDs in neonates with anorectal malformations (ARM)

Type Major CHD Minor CHD Normal Total
Isolated ARM 04 33 11 48
ARM + OA 1 8 1 10
ARM + DA 0 1 0 01
ARM + OA + DA 0 1 0 01
Total 5 43 12 60

OA: oesophageal atresia, DA: duodenal atresia

Table 3 gives the distribution of the types of CHDs
in neonates with ARM. PDA was the most common
anomaly occurring in 33 (55%) of neonates. ASD

was present in 27 (45%) neonates and VSD in 11
(18.3%) neonates.

Table 3: Distribution of types of congenital heart defects (CHDs) in neonates with ARM

Minor CHD
Type ASD+PDA | Isolated ASD | Isolated PDA | VSD+PDA | Isolated VSD Others Major CHD
Tsolated ARM 14 5 6 4 1 3 () 4 (b)
ARM + OA 1 2 2 1 1 1(c) 1(d)
ARM + DA - - - - 1 - -
ARM + OA + DA - 1 - - - - -
Total 15 8 8 5 3 4 5

ASD: atrial septal defect, PDA: patent ductus arteriosus, VSD: ventricular septal defect, ARM: anorectal malformation, OA: oesophageal

atresia, DA: duodenal atresia

(a): ASD+VSD+PDA (b): double outlet right ventricle + PDA 1, double outlet right ventricle + ASD 1, pulmonary atresia + PDA 1,
hypoplastic aortic arch 1 (c): aortic stenosis (d): tetralogy of Fallot with pulmonary atresia

Excluding cardiac malformations, associated extra-
gastrointestinal anomalies were grouped according
to major organ systems. Extra-gastrointestinal

anomalies were seen in 21 (35%) and was
commoner in males (18/21). The data are shown in
Table 4

Table 4: Associated extra-intestinal anomalies in neonates with anorectal malformation (ARM)

Extra-intestinal anomaly Number (%)
Genitourinary anomalies 12 (20.0)
Musculoskeletal anomalies 11 (18.3)
Respiratory anomalies 03 (05.0)
Chromosomal anomalies 03 (05.0)
Neurological anomalies 01 (01.7)
Integumentary anomalies 01 (01.7)

Ten (16.7%) neonates were complicated with
multiple extra-intestinal anomalies (Table 3) and the
commonest combination was genitourinary with
musculoskeletal anomalies (n=5).

There were eight recorded mortalities before
discharge from hospital following intervention
comprising 4 (50%) patients with isolated ARM and
4 (50%) patients with ARM + OA. All eight
neonates had associated cardiac lesions 62.5% being
major CHDs and 37.5% being minor CHDs. All
neonates who had major cardiac defects died due to
cardiac complications. Of those 8 patients,
associated  extra-gastrointestinal malformations
were present in 7 (87.5%) neonates with 5 of them
having multiple malformations.

Discussion

Frequency of ARM ranges from 1 in 1500 to 1 in
5000 births in various studies!*. The present study
gives a male to female ratio of 2.3:1 which is slightly
higher than previously reported ratios ranging from
1.2:1t02:1'*>° In patients with ARM, OA/tracheo-
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oesophageal fistula and DA are the common
gastrointestinal (GI) associations mentioned in the
literature and were the only lesions found in this
study as well, coexisting with 20% of the study
population. Incidence of associated GI anomalies
was between 4% to 14.9% in various studies'->3%13,
OA was found in 16.7% of neonates whilst DA and
OA+DA were found in one neonate each. Incidence
of OA in recent studies varied between 1.4% to
82.8% which could be attributed to the different
study settings!>-$141617 There is a paucity of data
from the Southeast Asian region.

Frequency of different types of ARMs varies in
different studies. In our study, however recto-
urethral (prostatic and bulbar) fistula in males and
recto-vestibular fistula in females were found to be
the commonest. Levitt MA, et al'® and vd Merwe et
al’ described similar results in their reviews.
However, a European multicentre study contradicts
these findings, showing perineal fistula to be the
most frequent type in both males and females with
43% and 41% incidence respectively’. The
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incidence of congenital pouch colon was higher
(7.1%) which is comparable to the figures of North
India which has the highest incidence globally'®%,
Rare types of ARM were noted to be commoner in
males (9.5%) compared to females (5.6%) in
contrast to the findings of De Blaauw I, et al® which
observed increased frequency in females. The
discrepancy may be explained by the decreased
detection of congenital pouch colon among females
in the neonatal period which contributed to 60% of
rare types in our study. There was a 4.8% incidence
of cloacal anomaly similar to the previous literature
reporting incidence between 3% to 10%°.

The frequency of CHDs reported in association with
ARM ranged from 3.9% to 27% compared to
approximately 1% in the general population®>6!321,
In our study, we found an incidence of 80% in our
neonates with ARM, the majority being minor
defects. In this study, incidence of cardiac anomalies
was 91.7% in neonates with ARM associated with
other GI malformations compared to neonates with
isolated ARM, and a similar observation was made
by Greenwood RD, et al?'.

Pattern of CHDs among neonates with ARM varies
between studies and no single lesion has been found
to have a predominant association®. A number of
studies>7%-2124 have identified tetralogy of Fallot and
VSD as the commonest anomalies while studies by
Gokhroo RK, et a/® and Oriin UA, et al® have
quoted ASD to be the commonest anomaly in ARM
with 75% and 50% of the neonates respectively.
However, in the Sri Lankan setting, we found the
combination of PDA and ASD (31.3%) to be the
most common anomaly followed by isolated ASD
and isolated PDA which had an equal incidence of
16.7% The reason for the discrepancy in the
frequency of CHDs needs to be evaluated in future
large-scale studies.

In our series, apart from cardiac anomalies, 35% of
neonates had extra-gastrointestinal anomalies.
Multiple extra-gastrointestinal malformations were
found in 16.7%. Among the multiple anomalies,
genito-urinary (GU) and musculoskeletal anomalies
were found to occur in 50%. This correlates with the
findings of previous studies which showed higher
frequency of GU anomalies with musculoskeletal
anomalies’®. The prevalence of the anomalies in this
study was similar to that in previous reports where
GU (20%) and musculoskeletal (18.3%) anomalies
were found to be the most common associated
anomalies. The figures are closer to the previous
research showing the frequency of 22.4% to 62.8%
of GU anomalies and 15.1% to 42.5% of
musculoskeletal anomalies in patients with
ARM?>*3789.13252  The incidence of CHDs was
greater in the presence of a GU anomaly where all
the neonates with GU anomalies had CHDs.
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Mortality rates of neonates with ARM in developing
countries are estimated to be 15% with higher values
in late presentation ranging from 26% to 58%3%-34,
Other studies have demonstrated mortality rates of
7% to 33%72L. In our study, eight (13.3%) neonates
demised which is closer to previous studies; 75% of
these were males which was seen in ARM with
associated anomalies which recorded 60% male
predominance, which was noted by Merwe E, et al’
as well. All 8 patients had CHDs. Neonates with
major CHDs contributed to 62.5% of the deaths in
the study population where all died due to cardiac
complications. Our findings agree with those in the
literature, which found CHD to be a major
determinant factor in the mortality of patients with
ARM, although there were studies that disputed this
finding 7212333, Seven (87.5%) out of eight deceased
patients had associated extraintestinal anomalies.
This contribution of extraintestinal anomalies to
mortality was shown in previous studies as well I3,
Fifty percent of patients who died had ARM + OA.
This negative impact of OA on mortality has also
been established in previous research’.

The most important limitation of the study is that it
is a retrospective review lacking data about long
term follow-up of patients. Other limitations include
single-institutional experience with small number of
patients lowering the ability to generalise it to the
population and not including some patients with
ARM who did not undergo surgery and who died
soon after birth.

Patients with ARM should be investigated with 2D
echocardiography prior to any attempt at surgical
repair. Our study indicates the need for larger scale
studies to determine the prevalence and pattern of
CHD in patients with ARM in the Sri Lankan
population, both for prognostic and surgical
implications.

Conclusions

There was a high incidence of CHDs associated with
ARM, even higher with associated gastrointestinal
malformations. Majority of the CHDs were minor
defects and ASD+PDA was found to be the most
frequently occurring CHD. Common extraintestinal
anomalies were related to genitourinary system and
musculoskeletal system. Mortality rate of 13% was
reported in this series and all major CHD resulted in
demise of the neonates.

References

1. Spouge D, Baird PA. Imperforate anus in
700,000 consecutive liveborn infants.
American Journal of Medical Genetics
Supplement 1986; 2:151-61.
https://doi.org/10.1002/ajmg.1320250619
PMid: 3146285



Shaul DB, Harrison EA. Classification of
anorectal malformations - Initial approach,
diagnostic tests, and colostomy. Seminars
in Pediatric Surgery 1997; 6(4): 187-95.

Hassink EAM, Rieu PNMA, Hamel BC]J,
Severijnen RSVM, Vd Staak FHJ, Festen
C. Additional congenital defects in
anorectal ~ malformations.  European
Journal of Pediatrics 1996; 155(6):477—
82.

https://doi.org/10.1007/BF01955185
PMid: 8789765

Lerone M, Bolino A, Martucciello G. The
genetics of anorectal malformations: A

complex matter. Seminars in Pediatric
Surgery 1997; 6(4): 170-79.

Cho S, Moore SP, Fangman T. One
hundred three consecutive patients with
anorectal  malformations and  their
associated  anomalies.  Archives  of
Pediatrics and Adolescent Medicine 2001;
155(5): 587-91.

https://doi.org/10.1001/archpedi.155.5.587
PMid: 11343503

De Blaauw I, Wijers CHW, Schmiedeke E,
Holland-Cunz S, Gamba P, Marcelis CLM,
et al. First results of a European multi-
center registry of patients with anorectal
malformations. Journal of Pediatric
Surgery 2013; 48(12): 2530-5.
https://doi.org/10.1016/j.jpedsurg.2013.07.
022

PMid: 24314198

vd Merwe E, Cox S, Numanoglu A.
Anorectal  malformations,  associated
congenital anomalies and their
investigation in a South African setting.
Pediatric  Surgery International 2017,
33(8): 875-82.
https://doi.org/10.1007/s00383-017-4109-
0

PMid:28612139

Mittal A, Airon RK, Magu S, Rattan KN,
Ratan SK. Associated anomalies with
anorectal malformation (ARM). Indian
Journal of Pediatrics 2004; 71(6): 509—-14.
https://doi.org/10.1007/BF02724292
PMid: 15226560

Stoll C, Dott B, Alembik Y, Roth MP.
Associated anomalies in cases with
anorectal anomalies. American Journal of

569

10.

11.

12.

13.

14.

15.

2D echocardiogram findings in neonates born with ... Sri Lanka Journal of Child Health, 2022:51(4): 565-571

Medical Genetics Part A 2018; 176(12):
2646-60.
https://doi.org/10.1002/ajmg.a.40530
PMid: 30548801

Grech V, Elliott MJ. Evolution of surgical
trends in congenital heart disease: A
population-based  study. International
Journal of Cardiology 1998; 66(3): 285—
92.
https://doi.org/10.1016/S01675273(98)002
36-8

Acharya G, Sitras V, Maltau JM, Dahl LB,
Kaaresen PI, Hanssen TA, et al. Major
congenital heart disease in Northern
Norway: Shortcomings of pre- and
postnatal diagnosis. Acta Obstetricia
Gynecologica Scandinavica 2004; 83(12):
1124-9.
https://doi.org/10.1111/j.00016349.2004.0
0404.x

PMid: 15548143

Jenkins KJ, Correa A, Feinstein JA, Botto
L, Britt AE, Daniels SR, et al. Non-
inherited risk factors and congenital
cardiovascular defects: Current knowledge
- A scientific statement from the American
Heart Association Council on
Cardiovascular Disease in the Young.
Circulation 2007; 115(23): 2995-3014.
https://doi.org/10.1161/CIRCULATIONA
HA.106.183216

PMid: 17519397

Harris J, Killén B, Robert E. Descriptive
epidemiology of alimentary tract atresia.
Teratology 1995; 52(1): 15-29.
https://doi.org/10.1002/tera.1420520104
PMid: 8533109

Khoury MJ, Cordero JF, Greenberg F,
James LM, Erickson JD. A population
study of the VACTERL association:
Evidence for its etiologic heterogeneity.
Pediatrics 1983; 71(5): 815-20.
https://doi.org/10.1016/S00225347(17)503
02-X

Saxena A, Mehta A, Sharma M, Salhan S,
Kalaivani M, Ramakrishnan S, et al. Birth
prevalence of congenital heart disease: A
cross-sectional observational study from
North India. Annals of Pediatric
Cardiology 2016; 9(3): 205-9.
https://doi.org/10.4103/0974-2069.189122
PMid: 27625516 PMCid: PMC5007927



2D echocardiogram findings in neonates born with ... Sri Lanka Journal of Child Health, 2022:51(4): 565-571

16.

17.

18.

19.

20.

21.

22.

23.

Forrester MB, Merz RD. Descriptive
epidemiology of anal atresia in Hawalii,
1986-1999. Teratology 2002; 66 (Suppl 1):
S12-S16.
https://doi.org/10.1002/tera.90004

PMid: 12239738

Kiesewetter WB, Randolph Turner C,
Sieber WK. Imperforate anus. Review of a
sixteen-year experience with 146 patients.
American Journal of Surgery 1964; 107:
412-21.
https://doi.org/10.1016/00029610(64)9020
7-7

Levitt MA, Pefia A. Outcomes from the
correction of anorectal malformations.
Current Opinion in Pediatrics 2005; 17(3):
394-401.
https://doi.org/10.1097/01.mop.00001636
65.36798.ac

PMid: 15891433

Chadha R. Congenital pouch colon
associated  with  anorectal agenesis.
Pediatric Surgery International 2004;
20(6): 393-401.
https://doi.org/10.1007/s00383-004-1162-
2

PMid: 15106013

Rao KLN, Menon P. Congenital pouch
colon associated with anorectal agenesis
(pouch colon syndrome). Pediatric Surgery
International 2005; 21(2):125-6.
https://doi.org/10.1007/s00383-004-1335-
z

PMid: 15614510

Greenwood RD, Rosenthal A, Nadas AS.
Cardiovascular malformations associated
with  imperforate anus. Journal of
Pediatrics 1975; 86(4): 576-9.
https://doi.org/10.1016/S00223476(75)801
53-3

Gokhroo RK, Gupta S, Arora G, Bisht DS,
Padmanabhan D, Soni. Prevalence of
congenital heart disease in patients
undergoing surgery for major
gastrointestinal malformations: An Indian
study. Heart Asia 2015;7(1): 29-31.
https://doi.org/10.1136/heartasia-2014-
010561

PMid: 27326210 PMCid: PMC4832773

Oriin UA, Bilici M, Demirgeken FG, Tosun
M, Ocal B, Cavusolu YH, et al.
Gastrointestinal system malformations in
children are associated with congenital

570

24.

25.

26.

27.

28.

29.

30.

heart defects. Anadolu Kardiyol Derg
2011; 11(2): 146-9.
https://doi.org/10.5152/akd.2011.034

Thompson AJ, Mulholland HC. The
incidence of cardiac lesions in infants born
with major gastrointestinal malformations
in Northern Ireland. Ulster Med Journal
2000; 69(1): 23-6.

Metts JC, Kotkin L, Kasper S, Shyr Y,
Adams MC, Brock JW. Genital
malformations and coexistent urinary tract
or spinal anomalies in patients with
imperforate anus. Journal of Urology 1997;
158(3 Pt 2):1298-300.
https://doi.org/10.1016/S00225347(01)644
60-4

Boemers TML, Beek FJA, Van Gool JD,
De Jong TPVM, Bax KMA. Urologic
problems in anorectal malformations. Part
1: Urodynamic findings and significance of
sacral anomalies. Journal of Pediatric
Surgery 1996; 31(3): 407-10.
https://doi.org/10.1016/S00223468(96)907
48-4

Parrot TS. Urologic implications of
anorectal  malformations.  Urological
Clinics of North America 1985; 12(1): 13—
21.
https://doi.org/10.1016/S00940143(21)007
88-6

Ratan SK, Rattan KN, Pandey RM, Mittal
A, Magu S, Sodhi PK. Associated
congenital anomalies in patients with
anorectal malformations - A need for
developing a uniform practical approach.
Journal of Pediatric Surgery 2004; 39(11):
1706-11.
https://doi.org/10.1016/j.jpedsurg.2004.07.
019

PMid: 15547838

Fleming SE, Hall R, Gysler M, McLorie
GA. Imperforate anus in females:
Frequency of genital tract involvement,
incidence of associated anomalies, and
functional outcome. Journal of Pediatric
Surgery. 1986; 21(2): 146-50.
https://doi.org/10.1016/S00223468(86)800
68-9

Mirza B, Ijaz L, Saleem M, Sharif M,
Sheikh A. Anorectal malformations in
neonates. African Journal of Paediatric
Surgery 2011; 8(2): 151-4.



2D echocardiogram findings in neonates born with ... Sri Lanka Journal of Child Health, 2022:51(4): 565-571

31.

32.

33.

https://doi.org/10.4103/0189-6725.86051
PMid: 22005354

Beudeker N, Broadis E, Borgstein E, Heij
HA. The hidden mortality of imperforate
anus. African Journal of Paediatric
Surgery 2013; 10(4): 302—6.
https://doi.org/10.4103/0189-6725.125417
PMid: 24469477

Eltayeb AA. Delayed presentation of
anorectal malformations: The possible
associated morbidity and mortality.
Pediatric Surgery International 2010;
26(8): 801-6.
https://doi.org/10.1007/s00383-010-2641-
2

PMid: 20602104

Theron A, Numanoglu A. Birth prevalence
of anorectal malformations for the Western
Cape Province, South Africa, 2005 to 2012.
Euopeanr Journal of Pediatric Surgery
2017;27(5): 449-54.

571

34.

35.

https://doi.org/10.1055/s-0036-1597945
PMid: 28081578

Kuradusenge P, Kuremu RT, Jumbi G,
Saula PW. Pattern of anorectal
malformations and early outcomes of
management at Moi teaching and referral
hospital Eldoret-Kenya. East African
Medical Journal 2014; 91(12): 430-4.

Olgun H, Karacan M, Caner I, Oral A,
Ceviz N. Congenital cardiac malformations
in neonates with apparently isolated
gastrointestinal malformations. Pediatric
International ~ 2009;  51(2):  260-2.
https://doi.org/10.1111/j.1442200X.2008.0
2711.x

PMid: 19405929



