Anorectal Malformations

Ann Aspirot

Anorectal malformations (ARM) are a spectrum of congenital
abnormalities of the terminal portion of the hindgut which
lies partially or completely outside the anal sphincter
mechanism. In these conditions, the gastrointestinal tract
ends blindly or opens ectopically to the skin or the genito-
urinary tract (fistula). They affect about 1 in 5000 live
births worldwide [1] with a slight male predominance. It is
not always possible to correct completely these anomalies
and long-term consequences with impacts on quality of life
are frequent.

Classification

In 2005, an international conference for the development of
standards for the treatment of ARM took place at
Krickenbeck, Germany [2]. During this workshop, 26 inter-
national experts on congenital malformations of the organs
of the pelvis and perineum reviewed the recent advances and
developed an international classification for ARM
(Table 29.1). The most frequent defects in male and female
are, respectively, rectourethral fistula and vestibular fistula.
In the past, the Wingspread classification subdivided the
anomalies into low, intermediate, and high anomalies accord-
ing to the level of the rectal pouchin relation to the levator
ani muscles. This older classification is important to know in
order to understand the older medical literature on the sub-
ject and to have an idea of the expected functional outcome:
the highest the anomaly, the worst is the prognosis for fecal
continence. Generally, ARM without perineal fistula are
grouped under the high forms, and those with a perineal rectal
opening are considered low forms [3] (Fig. 29.1a, b).
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Etiology

The etiology of ARM is unclear, but it is assumed to be mul-
tifactorial. In the animal models and human studies, genetic
and environmental factors were identified. ARM have been
induced in mice and rats by in utero exposure to Adriamycin,
etretinate, and ethylenethiourea [4]. Some studies have sug-
gested a link to in vitro fertilization [5] and maternal diabetes
mellitus [6, 7]. No single gene or chromosomal locus has
been identified. However, the frequent association with other
congenital anomalies and genetic syndromes (Table 29.2) [8,
9] strongly supports a genetic component. Familial incidence
has been shown in non-syndromic or isolated ARM, espe-
cially with the perineal and vestibular fistulas. Cloaca and
rectoprostatic fistulae are less likely to have affected family
members. The recurrence risk for rectovestibular and peri-
neal fistulae is 3—4 % for full siblings and approximately 2 %
for first-degree relatives [9].

Embryology

The embryology of many congenital anomalies in humans
is still not completely understood and recent studies are
questioning the traditional theories. ARM is an example
and several animal models have been developed to better
characterize it.

Abnormal development of the cloaca rather than a persis-
tent stage of normal embryology is the hypothesis for most
of the ARM [4]. In the normal embryo, the cloaca is formed
around the third week of gestation. It consists of a common
cavity into which the hindgut (rectum), the allantois (blad-
der), and the mesonephric ducts (Wolffian) open cranially.
Caudally, the cloaca ends as the tail gut. The cloacal mem-
brane extends vertically and anteriorly from the allantois to
the tail gut. As a result of the ventral growth of the genital
tubercle, the shape of the cloaca changes and the cloacal
membrane swings to a horizontal position. A urorectal fold
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(or urogenital septum) situated between the allantois and the
hindgut descents caudally until it meets the cloacal mem-
brane. This descent results in the separation of the urethra
and the rectum and in the disintegration of the cloacal mem-
brane at that area (seventh week of gestation). The dorsal
cloaca in the tail region remains fixed and will constitute the
anal orifice. In ARM animal models, unusual shape of the
cloaca, too short cloacal membrane (absent dorsal parts), and
abnormal junction between the proximal hindgut and the

The muscles surrounding the anorectum develop at the
same time and are composed of three parts: the external
sphincter, the puborectalis muscle, and the internal sphincter
[10, 11]. The external sphincter appears first, followed by
the puborectalis muscle which appears before 10 weeks of

Table 29.2 Syndromes with anorectal malformations

Syndrome/association Genetic anomaly
cloaca were found (Fig. 29.2). VACTERL association

Down Trisomy 21
Table 29.1 International classification of anorectal malformations Patau Trisomy 13
(Krickenbeck) Edwards Trisomy 18
Major clinical groups Rare regional variants Cat eye Trisomy/tetrasomy 22

Perineal (cutaneous) fistula Pouch colon Townes-Brocks Mutation of SALL1
Rectourethral fistula Rectal atresia/stenosis Currarino Mutation of HLXB9
(a) Bulbar Rectovaginal fistula Pallister Hall Mutation of GLI3
(b) Prostatic H fistula X-linked heterotaxy Mutation of ZIC3
Rectovesical fistula Others Johanson-Blizzard Mutation of UBR1
Vestibular fistula McKusick-Kaufman Mutation of MKKS
Cloaca Duane-radial ray/Okihiro Mutation of SALL4
No fistula Bifid nose, anorectal, renal (BNAR) Mutation of FREM1

Anal stenosis

From Holschneider A, Hutson J, Pena A, Beket E, Chatterjee S, Coran
A, et al. Preliminary report on the International Conference for the
of Anorectal
Malformations. J Pediatr Surg. 2005;40(10):1521-6, with permission

Development of Standards for the

Fig.29.1 (a) Schematization
of perineal (male) and
vestibular (female) fistula. (b)
Schematization of
rectourethral fistula (male)
and cloaca (female). (From M
Leduc, Medical Illustration,
Sainte-Justine University
Health Center, 2014, with
permission)

Treatment

Polydactyly, imperforation anus, vertebral
(PIV)

From Mundt E, Bates MD. Genetics of Hirschsprung disease and
anorectal malformations. Semin Pediatr Surg. 2010;19(2):107-17,
with permission




29 Anorectal Malformations

Fig.29.2 Normal and abnormal cloaca. Schematic drawings of a nor-
mal (a) and an abnormal (b) cloaca. In the abnormal embryo, the cloa-
cal membrane (CM) is too short (arrow). The cloacal membrane does
not extend to the region of the tail groove (gray area). The dorsal cloaca
is missing. In the normal embryo (a), the cloacal membrane is of nor-
mal length and extends to the region of the tail groove (gray area).
(From Kluth D. Embryology of anorectal malformations. Semin Pediatr
Surg. 2010;19(3):201-8, with permission)

gestation and forms a sling around the anorectum. The internal
sphincter grows after the rupture of the cloacal membrane
and is not well differentiated until 10 weeks.

Associated Malformations

More than 50 % of the newborns with ARM have at least one
associated anomaly [12]. The higher forms are even more
likely to have more other anomalies. The severity of these
associated anomalies is variable from incidental findings to
life-threatening conditions. ARM can be part of a syndrome
in 3.7 %, a chromosomal anomaly in 11 %, a sequence in 9 %
(caudal dysplasia, Potter syndrome, prune belly), or the
VACTERL association (vertebral defects, anal atresia, car-
diac septal defects, esophageal atresia, renal anomalies, and
radial limb defect) in 10 % [8]. Abdominal wall defects, espe-
cially omphalocele (OEIS complex: omphalocele, exstrophy,
imperforate anus, and spine anomalies), can be associated
with anal anomalies in 6.8 %. Associated affected systems
include cardiovascular, gastrointestinal, spinal, sacral, vertebral,
genitourinary, and gynecologic. Cardiovascular anomalies
need to be ruled out before the surgical management because
they are present in 16-22 % of patients with ARM [13, 14],
and they can change the initial management if significant.
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The most frequent anomalies are atrial septal defect and
ventricular septal defect, but more significant malformations
such as tetralogy of Fallot, transposition of great vessels, and
hypoplastic left heart syndrome are also possible. Many gas-
trointestinal anomalies have been described; the most fre-
quent are tracheoesophageal in 10 % and duodenal with or
without malrotation in 1-2 %. Hirschsprung disease is rare in
patients with ARM, and the diagnosis must be confirmed with
certitude because of the increased risk of fecal incontinence if
proctectomy is performed in a context of ARM. Sacrovertebral
anomalies are the most frequent bony structures defects
(hemivertebrae, scoliosis, hemisacrum) and affect about a
third of the patients [15]. The co-occurrence of sacral defect
(typically hemisacrum), ARM, and presacral mass (teratoma
or anterior meningocele) is known as the Currarino triad [16].
It is autosomal dominant with variable expressivity.
Hypodevelopment of the sacrum can be quantified by the
sacral ratio which is a helpful prognostic tool for continence
and is associated with the severity of the ARM [17]. The
prevalence of spinal anomalies is about 50 % [18] with a
wide variety of severity (thickened filum, fibrolipoma, teth-
ered cord, syringomyelia, myelomeningocele). The clinical
significance of the occult spinal dysraphism is unclear, but
routine detection is recommended in all types of ARM [15,
19]. Untethering of the cord improves the motor function in
symptomatic patients, but it does not change the bowel or
urinary function [20]. Patients with tethered cord have a
worse functional prognosis that is also predictable by the
type of ARM and sacral defect, but there is no evidence that
prophylactic surgery can change the prognosis [21]. Close
clinical follow-up and urodynamic studies are recommended
in patients with tethered cord [18]. Genitourinary anomalies
affect one third to half of patients [22]. Vesicoureteral reflux
is the most frequent anomaly, affecting 60 % [23], followed
by renal agenesis and dysplasia. In males, 20 % have cryptor-
chidism [24] and 5% have hypospadias [22]. Patients with
ARM associated with partial sacral agenesis are at increased
risk of bladder-sphincter dysfunction and should be assessed
by urodynamic studies [25]. Gynecologic anomalies have
been unrecognized in the past but constitute a significant cause
of morbidity on the long term [26]. In girls with rectovestibu-
lar fistula, 5 % have a vaginal septum and 9 % an absent vagina
[27]. Hydrocolpos can cause a urinary obstruction or pyocol-
pos in the neonatal period. The absence or underdevelopment
of the Mullerian structures can cause obstruction of the
menstrual flow at the puberty.

Neonatal Management
A thorough physical examination is of critical importance

and will often lead to the diagnosis of the ARM and the asso-
ciated anomalies [28]. When inspecting the perineum, it is
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important to look at the color and aspect of the skin, assess
the external sphincter contraction, and identify presence of
ectopic anal opening. In boys, the presence of meconium at
the meatus or in the urine will automatically confirm the
presence of a rectourinary fistula. In girls, a single perineal
orifice establishes the diagnostic of a cloaca. In this eventu-
ality, it is mandatory to rule out hydrocolpos and urinary
obstruction. In the cases where there is no visible meconium
on physical examination, it is important to wait 24 h before
labeling the type of anomaly and planning the surgical inter-
vention. In the meantime, the baby should receive intrave-
nous fluids, antibiotics, and nasogastric decompression.
Associated anomalies must be ruled out by cardiac echogra-
phy, renal and spinal ultrasound, and lumbar spine and
sacrum plain radiographs. Within the first 24 h of life, if there
is evacuation of meconium through a perineal fistula, a pri-
mary anoplasty can be performed. If the baby has other
life-threatening issues, the fistula can be dilated and the
definitive surgical treatment postponed for a few months as
long as the rectum is well decompressed. If after 24 h there
is no evidence of meconium in the urine or through a peri-
neal fistula, a cross-table lateral radiograph can be performed
with the baby in prone position and a marker at the suspected
site of the external sphincter in order to assess the level of the
rectal gas compared to the pubococcygeal line. A perineal
ultrasound can also be performed. A distance between the
distal rectal pouch and the perineum greater than 15 mm sug-
gests an intermediate or high ARM [29].

Operative Management

The main goals of treatment in the neonatal period are to
relieve the intestinal obstruction and recognize and treat any
associated defects that may be life threatening [30]. Relieving
the intestinal obstruction can be achieved by definitive repair,
anal dilation, or colostomy. Depending on the experience of
the surgeon and the patient clinical status, a low form with-
out perineal fistula or a vestibular fistula can be primarily
repaired or initially diverted by a colostomy. Some surgeons
will also prefer to dilate the vestibular fistula and postpone
the primary repair by few months when the plan between the
vagina and the fistula has become thicker. A colostomy and
delayed definitive repair at 2-3 months is recommended in
higher forms (urethral fistula, cloaca) in order to characterize
better the anatomy and prevent complications such as ure-
thral injury. In cloaca, drainage of hydrocolpos and urinary
diversion may be necessary. The distal colostogram is the
best study to assess the anatomy [31]. A voiding cystoure-
throgram is also indicated to detect vesicoureteral reflux and,
when done at the same time, can help to show the position of
the rectal pouch compared to the urethra if no fistula is seen
on the colostogram.
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Table 29.3 International grouping (Krickenbeck) of surgical procedures
for follow-up

Operative procedures Perineal operation

Anterior sagittal approach

Sacroperineal approach

PSARP

Abdominosacroperineal pull-through
Abdominoperineal pull-through
Laparoscopy-assisted pull-through
Sacral anomalies

Tethered cord

From Holschneider A, Hutson J, Pena A, Beket E, Chatterjee S, Coran
A, et al. Preliminary report on the International Conference for the
Development of Standards for the Treatment of Anorectal
Malformations. J Pediatr Surg. 2005;40(10):1521-6, with permission

Associated conditions

Operative Approaches of the Definitive
Treatment

The main goal of the definitive treatment is to anatomically
reconstruct the malformations in a way that will avoid compli-
cations that may lead to permanent sequelae. Table 29.3 enu-
merates the possible surgical procedures. Perineal operation is
reserved for low forms. All ARM can be repaired by a posterior
sagittal anorectoplasty (PSARP) which will be limited to a
smaller incision of 1-2 cm in the lower forms. This technique
involves a posterior midline division of the structures up to the
rectum. It has revolutionized the surgical approach by permit-
ting a better exposition of the anatomy [32]. Cloaca and recto-
vesical fistula may require an abdominal approach that can be
performed open or by laparoscopy [33]. Laparoscopically
assisted anorectal pull-through (LAARPT) has gained popular-
ity and offers the advantages of a good visualization of the rectal
fistula and surrounding structures, accurate placement of the
bowel through the anatomic midline and levator sling, and mini-
mally invasive abdominal wound and perineal dissection [34].

Outcome

Modern surgical techniques and neonatal care have improved
the outcomes of all the congenital malformations and ARM
are not an exception. Mortality of patients with ARM had
been between 10 and 20 % and has decreased to 3 % more
recently. It is principally due to the severe associated anoma-
lies. The mortality is about three times higher in patients with
high anomalies than in patients with low anomalies [3].

Operative Complications
A colostomy is useful in higher forms to decompress the dis-

tal rectosigmoid and assess the anatomy preoperatively [28].
However, it carries a risk of morbidity. Prolapse and stricture
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are the most common complications. Specific colostomy
complications in ARM patients are related to the position of
the colostomy: if too proximal, the rectum may not be well
decompressed and megarectosigmoid predisposes to long-
term constipation and overflow incontinence. On the other
hand, a colostomy too distal needs to be replaced at the
definitive repair to allow the rectum to reach the perineum.
Following pull-through, wound infection, dehiscence,
and retraction with varying severity may occur. Deeper
infection may lead to acquired rectal atresia and/or recurrent
fistula requiring reoperation and leading to long-term func-
tional sequelae [35]. Urologic injury is a well-known com-
plication, especially in boys [36]. The risk is decreased with
PSARP if an adequate preoperative colostogram is per-
formed [37]. With the laparoscopic approach, the surround-
ing structures such as bladder, ureter, vas deferens, prostate,
seminal vesicles, and urethra are visualized but still at risk
for traumatism. Posterior urethral diverticula have more fre-
quently been described in intermediate forms and after lapa-
roscopic repair. Anal stenosis and rectal mucosal prolapse
are commonly seen after pull-through. It is thought that post-
operative anal stricture is prevented by an adequate anal dila-
tation program. Contrary to what was previously thought,
there seems to be no significant difference in rates of muco-
sal prolapse between laparoscopic and open approaches [38].

Early Outcome in Childhood

Abnormal bowel function is common. After closure of the
colostomy, patients with higher forms of ARM often develop
frequent bowel movements causing perineal skin excoria-
tions. This problem will continue to be particularly challeng-
ing on the long term if the terminal rectal reservoir has been
resected. Constipation is a major problem affecting half of
the patients with ARM and it is even more frequent in lower
forms of ARM. It needs to be detected and treated aggres-
sively in order to prevent the development of megarectum
and pseudoincontinence [39, 40].

Evaluation of Long-Term Functional Outcome

In the literature, there is a great variation in the criteria used
to evaluate long-term results after repair of ARM [41]. The
multiple scoring methods based on subjective parameters
that have been designed to quantify the bowel function have
made comparisons among studies difficult [3, 42]. The
Krickenbeck outcome classification tried to solve this problem
(Table 29.4). This descriptive, nonscoring method is appli-
cable after the age of 3 and permits a uniformization of the
report of results [2]. It has been used in most recent publica-
tions [43-47].

327

Table 29.4 International classification (Krickenbeck) for postoperative
results

1. Voluntary Yes/no
bowel movements
Feeling of urge
Capacity to verbalize
Hold the bowel movement
2. Soiling Yes/no
Grade 1 Occasionally (once or twice a week)
Grade 2 Every day, no social problem
Grade 3 Constant, social problem
3. Constipation Yes/no
Grade 1 Manageable by changes in diet
Grade 2 Requires laxatives
Grade 3 Resistant to diet and laxatives

From Holschneider A, Hutson J, Pena A, Beket E, Chatterjee S, Coran A,
et al. Preliminary report on the International Conference for the
Development of Standards for the Treatment of Anorectal Malformations.
J Pediatr Surg. 2005;40(10):1521-6, with permission

Manometry has been the principal method to assess
objectively the postoperative sphincter function. Correlation
with clinical results is sometimes conflicting [3]. Clinical
continence has been positively correlated with anal resting
pressure [48—-53], voluntary squeeze pressure [54], and rectal
sensitivity assessed by balloon inflation [49, 54, 55]. The
presence of the inhibitory rectoanal reflex is also described
as a good prognostic factor [48-50, 56]. Colonic motility has
also been studied. Hypomotility tended to be localized in the
rectosigmoid in low ARM and was more generalized in high
ARM [57]. Propagation of excessive numbers of high-
amplitude propagating contractions (HAPC) into the neorec-
tum may be a contributing factor to fecal incontinence in
patients with repaired ARM [51].

Morphologic evaluation of the sphincter can be performed
by echoendosonography [53, 55, 56] or magnetic resonance
imaging (MRI) [58, 59]. Echoendosonography visualizes
disruption or scar of the sphincters. MRI not only shows the
sphincter complex, but it also allows the assessment of
the placement of the bowel in relation to the sphincters and
the anorectal angle. The predictability of the functional out-
come with MRI is not clear [60].

Long-Term Outcome

According to Pena’s extensive series of more than a 1000 of
patients over two decades, 77 % of patients have voluntary
bowel movements by the age of 3 [30]. Half of them soil
their underwear occasionally, meaning that only 37.5 % are
totally continent. Despite the fact that 25 % are totally incon-
tinent, a definitive repair of all the types of ARM is still
recommended because a bowel management program can be
effective to treat the fecal incontinence and keep the patients
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clean. It is however important to give realistic information
to parents about what to expect in the long term since the
outcome is related to the severity of the anomaly. Voluntary
bowel movements are possible in 90 % of patients with rectal
atresia/stenosis, perineal fistula, vestibular fistula, and imper-
forate anus without fistula. However, total continence is
achieved in only half of the vestibular fistula and imperforate
anus without fistula. Gender differences have also been
noted with less incontinence and constipation in males than
in females with perineal fistulas [45]. According to that
study, perineal and vestibular fistulas had similar outcomes
in girls. Regarding higher forms, voluntary bowel move-
ments are present in 80 % of patients with a short cloaca or a
bulbar rectourethral fistula, but only 30 % do not have fecal
soiling. Prostatic rectourethral fistula and long cloaca have
voluntary bowel movements in 73 and 55% of cases, but
only 45 and 39 % do not have fecal incontinence. Rectovesical
fistula has the worst prognostic with 35% on voluntary
bowel movements and no patient without soiling [30].

With the advent of the LAARPT, it became crucial to
study the outcome of this technique compared to PSARP.
A prospective study of 24 cases of high-intermediate ARM
found no differences in sphincter thickness as assessed by
echoendosonography and MRI, but the clinical score was
better for LAARPT [43]. A randomized control trial (RCT)
did not find a difference in clinical outcomes in the short
term, but the anal resting pressure assessed by manometry
was improved [61]. A systematic review and meta-analysis
grouping this RCT and six retrospective cohorts for a total of
187 patients found no difference in rates of defecation scores
[38]. However, defecation outcomes were inconsistently
reported and some reports included patients younger than 3
years old.

Long-Term Sequela Related to Associated
Anomalies

Urinary incontinence from a neurogenic bladder is expected
after repair of a cloaca but should be rare in male except if
there is associated abnormal sacrum or spine [23, 25]. A third
of patients with short cloaca require intermittent catheteriza-
tion and long cloaca require intermittent catheterization in
70-80 % of cases [62]. Patients with cloaca are also at risk
for chronic renal failure due to structural anomaly of the uri-
nary tract such as renal dysplasia, ectopic/solitary/duplex
kidney, and ureteropelvic junction obstruction. Vesicoureteral
reflux and sacral abnormality are present in the majority of
them [63].

Fertility does not seem to be affected in low forms of
ARM [64], but it is decreased in higher forms [65].
Gynecological problems are usually related to the associated
defects and have been discussed earlier. In males, erectile
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dysfunction, weak or missing erection, and retrograde
ejaculations have been reported [65]. Avoidance of sexual
activity may be chosen by patients because of poor bowel
continence (20 of the patients with high anomalies and 13 %
of the patients with low anomalies) [64, 65].

Methods to Improve Fecal Continence
Bowel Management Program

Because the fecal incontinence can have disastrous conse-
quences on self-esteem and quality of life, it is ideal to estab-
lish a bowel management program before the entrance to
school. This program consists of the daily administration of
enema by the parents to clean the colon. Before starting it, it
is important to understand the physiopathology of fecal
incontinence: overflow pseudoincontinence and true fecal
incontinence [66]. The differentiation between the two is
essential becausethe treatmentisdifferent. Pseudoincontinence
is caused by constipation and is suspected in the presence of
a history of stool impaction (fecaloma on physical examina-
tion or on an abdominal X-ray, dilatation of the rectosigmoid
on a barium enema). Colonic motility is decreased as can be
demonstrated by colonic manometry or scintigraphy. True
fecal incontinence is caused by increased motility, the
absence of rectal reservoir, and sphincter failure. It is sus-
pected in cases of diarrhea, when a barium enema shows a
non-dilated colon with haustrations going down into the pel-
vis [30]. In the first group, the treatment consists of large-
volume enemas with additives such as glycerin, bisacodyl,
or phosphate administrated every night. The second group is
easier to clean with smaller volume of saline enemas but will
also require a constipating diet and medications to decrease
bowel motility (e.g., loperamide) [28]. The bowel manage-
ment program is generally well accepted by the children, but
when they become adolescents, antegrade enema through an
appendicostomy or a cecostomy constitute better solutions
because they allow a self-administration of the colonic irriga-
tion. Antegrade enemas have been shown to improve quality
of life of patients [67].

Surgical Alternatives

In certain selected cases, resection of the dilated distal
segment may be successful in treating constipation and fecal
incontinence [68], but it can also convert a case of overflow
incontinence to one of true incontinence because of the loss
of the rectal reservoir. Optimal conservative management
seems to have similar bowel functional outcome to the surgical
treatment [69]. Redo surgery for mislocation of the rectum
can be offered in patients with good prognostic factors, but it
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does not necessarily lead to improved fecal continence [70, 71].
Different sphincter reconstructions have been proposed, but
the long-term results are not convincing [3].

Other Alternatives

Sacral nerve stimulation (SNS) has shown promising results
for children with urinary and fecal incontinence in a random-
ized crossover study [72]. Etiologies for incontinence were
mainly of neurological origin. SNS consists of the surgical
implantation of a neuromodulator in the S3 foramen. It is well
tolerated by the patients. Other groups are collecting prospec-
tive data on that therapy [73]. Biofeedback conditioning has
also been used to treat fecal incontinence with limited results.
It is effective when the functional and morphologic assess-
ment pretreatment is favorable [74]. It may represent an
important adjunct to a multidisciplinary behavioral treatment
[75,76].

Conclusion

Despite significant improvements, the results of surgery are
not optimal in a significant proportion of patients with ARM
and these patients need careful follow-up. Children with ARM
are at increased risk for behavioral and social problems. Since
there are conflicting results about the correlation of those
problems with the level of continence [77, 78], all patients
should be followed by a multidisciplinary team including not
only physicians but also nurses, psychologists, social workers,
physiotherapists, and nutritionists [66]. The benefits of such
multidisciplinary behavioral treatment strategy have been
established [75, 76].
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