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Background: Some children may experience defecation dysfunction following
surgery for anorectal malformations. This study evaluated the long-term
functional outcomes and influencing factors in male children with
complicated anorectal malformations (ARMs).

Methods: We retrospectively analyzed the clinical data of male children with
complicated ARMs who underwent staged surgeries in our hospital from 2013
to 2016. Data collected included ARM type, perianal muscle development,
anorectal manometry findings, lumbosacral MRI findings and the intervals
between the first and third operation. Bowel function after the operation was
assessed by questionnaire (modified Rintala score). Logistic regression analysis
was used to analyze the influencing factors of prognosis.

Results: Fifty-eight children were included in this study, with a median age at
PSARP of 6.7 months. Bowel function did not differ based on anorectal
malformations subtype (p=0.212). Perianal muscle development was
significantly associated with bowel function (p=0.023, rs=0.297). Fifty-one
children received anorectal manometry, which showed no significant
differences in anal resting pressure (ARP) among the different bowel function
groups(p = 0.666). Rectoanal inhibitory reflex (RAIR) was present in 3/12 (25%),
10/36 (27.8%), and 1/3 (33.3%) children in the normal, good, and fair groups,
respectively (p=0.781). Bowel function was significantly worse in children
with spinal cord anomalies than in children with normal spinal cord
(OR=4.651, p=0.032). Stooling level worsened with increasing intervals
between the first and third operation (OR = 3.808, p = 0.039).

Conclusion: The incidence of spinal cord abnormalities in male children with
complicated ARMs was high. Spinal cord anomalies and long intervals of the
staging operation increased the risk of poor postoperative outcomes.

KEYWORDS

anorectal malformations, bowel function, spinal cord anomalies, operation intervals,
perianal muscle

Introduction

Anorectal malformations (ARMs) are a rare gastrointestinal abnormality that occurs
with an incidence of approximately 1 in 5,000 live births (1). Improved surgical
techniques and postoperative management have led to gradual improvements in
children’s bowel function. However, postoperative defecation disorders occur in most
cases, including fecal incontinence and constipation, which affect quality of life and cost
of care (2-4). Long-term bowel function in children with ARMs is influenced by
multiple factors, including the degree of sacral development and the integrity of pelvic
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(5).

abnormalities is vital for predicting functional outcomes and

musculature Investigating anatomical and neurological
planning long-term follow-up, yet few studies have focused on
their effects in different sexes.

Regardless of the classification of the ARM, male and female
children have their own unique pathological types. Due to the
anatomical differences in the urogenital system, the distribution
of pelvic floor muscles varies between male and female children
with  ARMs.

rectovestibular fistula, which have a higher incidence, underwent

Furthermore, some children with congenital
single-stage surgery. As a result, female children are not suitable
for inclusion in this study. The surgical techniques and prognosis
differ based on the type of fistula. High and intermediate
anorectal malformations require a three-stage surgical approach:
colostomy, PSARP, and colostomy closure. Consequently, we
describe male children with ARMs that necessitate this three-
stage surgery as complicated anorectal malformations. The aim
of this study was to provide information on the clinical
characteristics and determine the influential factors on the
functional outcomes in male children with complicated ARMs.

Patients and methods
Patient population

Following ethics approval by Institutional Review Board of
Children’s Hospital of Chongqing Medical University (#053/
2014). We conducted a retrospective review of all male children
who presented between October 2013 and September 2016 in
our center and were diagnosed with complicated ARMs. The
inclusion criteria for this study were as follows: (1) male children
who were diagnosed with ARMs; (2) children who underwent
staged surgeries; and (3) parents who expressed a willingness to
participate in the study. The exclusion criteria included: (1)
children with an interval between colostomy closure and the last
follow-up that did not exceed 8 years; (2) children who
voluntarily withdrew, refused to cooperate, lost contact, or died
during the follow-up period.

Preoperative workup

All children had received lumbosacral magnetic resonance
imaging (MRI) before the PSARP. The diagnosis of spinal cord
anomalies via MRI was conducted by experienced radiologists.
Anorectal manometry was performed using the ManoScan
gastrointestinal dynamics detection system after the colostomy
closure. Enema was performed on the morning of the

examination. Anorectal manometry was performed under

sedation with the patient in the lithotomy position. First, anal
resting pressure (ARP) was collected, and the balloon was

Abbreviations
ARM, anorectal malformation; PSARP, posterior sagittal anorectoplasty; ARP,
anal resting pressure; RAIR, rectoanal inhibitory reflex.
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gradually dilated starting from 10ml with the manometry
catheter until rectoanal inhibitory reflex (RAIR) occurred or the
maximum capacity was 60 ml.

Intraoperative examination

All children underwent PSARP by the same pediatric surgeon.
Images of perianal muscles (parasagittal fibers, muscle complex,
levator muscles) were collected during the operation. Images were
blindly evaluated by two pediatric anorectal surgeons. Good
development was defined as thick muscle fibers, clear texture and
less adipose tissue. Poor development was defined as slender muscle
belly, blurry texture and a bulk of adipose tissue (Figure 1). Between
these two assessments was defined as moderate development.

Postoperative follow-up

We started anal dilatations 2 weeks after PSARP and
encouraged the parents to continue doing the dilatations twice a
day. Meanwhile, the size of the dilator was increased by one size
per week (1 mm per week) until they reached the size that was
adequate for the age of the children. Thereafter, the parents were
supposed to start tapering the frequency of the dilatations. They
were to change the routine from twice a day to once a day for a
month, and then every other day for a month, twice a week for a
month, once every 2 weeks for a month, and then stop the
dilatations (6). All children were followed up in the anorectal
clinic of our hospital and for defecation and diet management
for at least 5 years. Functional outcome were evaluated through
either telephone interviews or in-person interviews utilizing the
modified Rintala bowel function score (4). Total scoring ranged
between 0 and 17 and was secondarily classified into 4 groups:
normal, 15-17; good, 10-14; fair, 6-9; and poor, 0-5.

Statistical analysis

Statistical analysis was performed using SPSS (IBM SPSS
Statistics for Windows, IBM Corp., Version 27.0, Armonk, NY).
Normally distributed variables were expressed as X + S. Skewed
distributed variables were recorded as medians and ranges.
Quantitative data were compared with the Mann-Whitney U
test. Ranked data were compared with Mann-Whitney U test or
Spearman’s correlation. P <0.05 was regarded as statistically
significant. An ordinal logistic regression model was used to
calculate odds ratios and 95% confidence intervals.

Results
Demographic characteristics

There were 58 children in the study group. All children
underwent a three-stage surgical procedure, which included
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FIGURE 1

Poor development of perianal muscles.

Examples of different levels of perianal muscle development in male children with complicated ARMs. (A) Good development of perianal muscles. (B)

colostomy (age range, 1 day to 1 month; median age, 2 days),
posterior sagittal anorectoplasty (PSARP) (age range, 5 months
to 1.6 years; median age, 6.7 months) and colostomy closure (age
range, 8.5 months to 2 years; median age, 11 months). Twenty-
five children had associated malformations. The most frequent
malformations were cardiovascular system malformations (20
children, 34.5%), including atrial septal defect in 15 children
(75.0%), patent ductus in 2 children (10.0%),
ventricular septal defect in 1 patient (1.7%), and aortic valve
stenosis complicated with atrial septal defect in 1 patient (1.7%),
patent ductus arteriosus complicated with atrial septal defect in 1
patient (1.7%). Other malformations included unilateral agenesis
of the kidney (5 children), polydactyly (2 children) and 21
trisomy syndrome (2 children; both without a fistula).

arteriosus

Functional outcome results

Fourteen out of 58 children (24.1%) had a normal Rintala
score, 39 (67.3%) had a good score, and 5 (8.6%) had a fair
score. No patient had a poor score. No significant differences
were observed based on the anatomic type of ARM according to
the Krickenbeck classification (7) (p=0.212) (Table 1).

Lumbosacral MRI

Of the 58 children, 19 (32.8%) showed anomalies in spinal cord
development, including fatty filum terminale in 9 children (15.5%),
intraspinal lipoma in 4 children (6.9%), intraspinal cystic lesions
complicated with fatty filum terminale in 1 patient (1.7%), and
syringomyelia complicated with intraspinal lipoma in 1 patient
(1.7%), low position of conus medullaris in 4 children (6.9%).

Frontiers in Pediatrics

TABLE 1 Univariate analysis of risk factors of bowel function after surgery.

> O DO c O
Hatie
O d O0dQ d
ARM subtype 0.212
ARM without fistula 10 (17.2%) 3 7 0
Rectobulbar fistula 27 (46.6%) 3 21 3
Rectoprostatic fistula 20 (34.5%) 8 10 2
Rectobladder neck fistula | 1 (1.7%) 0 1 0
Lumbosacral MRI 0.020
Anomalies 19 (32.8%) 3 11 5
Normal 39 (67.2%) 11 28 0
Perianal muscles 0.023
Poor 4 (6.9%) 0 1 3
Moderate 47 (81.0%) 12 33 2
Good 7 (12.1%) 2 5 0
RAIR 0.781
Positive 14 (27.5%) 3 10 1
Negative 37 (72.5%) 9 26 2
Interval of three-stage operation 0.017
<11 months 33 (56.9%) 12 19 2
>11 months 25 (43.1%) 2 20 3

Negative MRI was demonstrated in 39 out of 58 children
(67.2%), and the functional outcome significantly differed
between the children with normal and those with abnormal
spinal cord development (p = 0.020).

Development of perianal muscles

According to the images collected during surgery, 7 children
(12.1%) had good development, 47 (81.0%) had moderate
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FIGURE 2
Distribution of bowel function under varying conditions of perianal muscle development.
development, and 4 (6.9%) had poor development (Figure 2).
A significant correlation was noted between the functional 200 -
outcome and development of perianal muscles (p = 0.023, ;= 0.297). :IO:"
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groups (p = 0.666). Qo %
bowel function
. . . FIGURE 3
The |nt_erval between the ﬁrSt and thlrd Anal resting pressure in children with different bowel function.
operation

The interval between the first and third operation ranged from
4 months to 2 year (mean of 11 months), and the interval was <11
months in 33 children (56.9%) and >11 months in 25 children
(43.1%). The functional outcome differed significantly between
the 2 groups (p =0.017).
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Multivariate analysis
We used an ordinal logistic regression based on the univariate

analysis, and the results showed that anomalies in spinal cord
development and an interval between the first and third
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TABLE 2 Multivariate analysis of risk factors of poor bowel function

after surgery.

0.032
0.039

n Odds ratio (95%
Cl)

Spinal cord anomalies 1.537 | 0.715 4,651 (1.146-18.878)

Interval of three-stage 1.337 | 0.647 3.808 (1.071-13.518)

operation

operation that was >11 months were the main risk factors

influencing functional outcomes of male children with

complicated ARMs (Table 2).

Discussion

Anal reconstruction surgery is not only to establish a
defecation channel, but more importantly to improve the child’s
defecation function. Previous studies on bowel function of
children with ARMs were based on the Wingspread or
Krickenbeck classification, but they rarely described function
across sexes (7, 8). Regardless of which classification of ARMs,
male and female children have their own unique pathological
types, and the anatomical structure of pelvic floor differs. We
analyzed the influencing factors of bowel function only in male
children with complicated ARMs. All children underwent 3
surgical procedures, and the second operation was performed by
the same doctor. Thus, the results are high in reliability.

Clinical evaluation revealed that 14 of the 58 children (24.1%)
had a normal Rintala score, and no patient had a poor score. This is
much better than the report of Rintala (normal, 34.8%; poor, 8.7%)
(4). These differences may have been caused by improvements in
surgical skill and the enhancement of postoperative management.
The differences in bowel function between the different ARM
groups was not statistically significant and contradicts previous
research conclusions, but the current study contained all male
children with complicated ARMs. The comparison range is small,
and the results may be more realistic.

The embryonic association of ARMs and anomalies in the
spinal cord has been proven by Suppiej et al. (9). Previous
studies that of the
lumbosacral spinal cord may cause dysfunction of the anus and

have shown abnormal development
pelvic floor muscles in the embryo, thus promoting the
occurrence of ARMs (10). The association of anomalies in spinal
cord development and ARMs has been described with a
prevalence between 26.8% and 51.0% (11-13), and the rate of
anomalies in the spinal cord was increased in those with
increasing complexity of ARMs (14). In our study, spinal cord
anomalies were found in 19 (32.8%) of the 58 children. The
most frequently occurring anomaly was found to be fatty filum
terminale (15.5%). This indicated the high incidence of spinal
cord anomalies in male children with complicated ARMs. Spinal
cord anomalies can lead to traction and compression on the
primary defecation center that might result in defecation
dysfunction (15).

However, the effect of spinal cord anomalies on functional
prognoses had not been well investigated in the literature. Some
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authors have reported that spinal anomalies were not associated
with a poor functional prognosis (16, 17). Our present results
echo those of Wong et al. (18) and Kyrklund et al. (19), who
reported that children with spinal cord anomalies had a worse
prognosis  than
anomalies. It has been reported that some children may

functional children without spinal cord
experience worsening of spinal cord lesions, as well as abnormal
sensory and motor functions in the lower limbs during follow-up
assessments. Surgical intervention for symptomatic spinal cord
abnormalities has the potential to offer relief (16, 20). Currently,
there is controversy about prophylactic untethering surgery in
children with ARM associated with asymptomatic spinal cord
anomalies; there is evidence that prophylactic surgery has only a
limited influence on functional outcome, but it will have a
certain risk, such as intracranial infection, cerebrospinal fluid
leakage, or aggravated neural deficiencies (19, 21). Therefore, we
recommend that early routine MRI examination and long-term
follow-up and bowel management after the operation is essential
for male children with complicated ARMs. The operative
opportunity for untethering surgery for asymptomatic spinal
cord anomalies requires a further prospective randomized
clinical trial.

Defecation control is achieved through the contraction and
relaxation of perianal muscles. Children with ARMs not only
have anorectal agenesis but also have poorer perianal muscle
children (22). PSARP

complete exposure of the perianal muscles by means of a median

development than normal involves
sagittal incision that runs from the sacrum to the anal dimple
(23). Our study demonstrates that bowel function after surgery in
male children with complicated ARMs was associated with
perianal muscle development based on a univariate analysis.
However, in the multivariable analysis that included the spinal
cord anomalies and operative interval, perianal muscles were not
independently associated with bowel function. This indicated that
the influence of perianal muscles on bowel function may be
overshadowed by the spinal cord anomalies or operative interval.
Therefore, to predict bowel function after surgery, it is quite
essential to evaluate the perianal muscle development of male
children with complicated ARMs.

Anorectal manometry is an approach to assessing the
compliance, defecation reflex and sensory mechanisms of the
anorectal system. Previous investigations have revealed that
children with lower ARP and impaired RAIR have worse
the bowel
management plan could be changed, and electric stimulation

functional outcomes (24, 25). Based on this,
or biofeedback training would be added to improve the
bowel function of ARM children after operation. In our
study, the ARP and rate of RAIR were not different among
the children with normal, good and fair Rintala scores. To
minimize the likelihood of non-cooperation among some
children,
sedation, whereas the Rintala assessment was performed in

anorectal manometry was conducted under
an awake state. However, postoperative anorectal manometry
is still the most visual index to evaluate the pelvic floor
muscles, which can provide more realistic information about

future bowel function and might help in making the
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treatment strategies. We will continue to follow up these
children and conduct further examinations when they are
able to cooperate with the anorectal manometry to eliminate
potential errors.

In 1982, de Vries and Pena (1) introduced the posterior
sagittal anorectoplasty (PSARP) for ARM children. They also
advocated to perform a colostomy before PSARP to prevent
wound infection, which prevented harm to the anal sphincter
complex and perianal nerves after reconstruction of the anus.
Since then, the three-stage surgical procedure, which included
colostomy, has been the mainstay of therapy for intermediate
or high ARMs.
anorectoplasty or the conventional multistage approach has

However, the choice of one-stage
always been a hot topic in the treatment of intermediate or
high ARMs (26). shown that the

advantages of one-stage anorectoplasty over

Several authors have
three-stage
surgical procedures are low cost, shorter period of treatment
(27).

surgery in children with ARMs may impact the neural

and no colostomy-related complications Colostomy
development of the distal colon (28). Moore also described the
presence of the brain-defecation reflexes (29-31). By restoring
gastrointestinal continuity early, bowel function is trained
early, and synapses and neuronal frameworks may be
established, which may result in better functional outcomes.
However, Pefia believed that colostomy-related complications
can largely be avoided by meticulous technique and stoma
management (32). The extant literature describes the rising
risk of wound infection and wound dehiscence without
protective colostomy that might result in damage to the
sphincter and worse function (26, 33, 34).

In our series, all children underwent three-stage surgical
procedures, which sagittal

anorectoplasty and colostomy closure, and no patient presented

included colostomy, posterior
with perianal infection, anal stenosis, recurrence of fistula, or
severe colostomy-related complications. In our children, the
interval between the first operation and the third operation is
the time period during which gastrointestinal continuity was
interrupted, and this interval was also the time period during
which the brain-defecation reflex was not being trained.
Statistical analyses show that children with intervals greater
than 11 months had a worse functional prognosis than children
with intervals less than or equal to 11 months. This result may
have been caused by the long period of not training the brain-
defecation reflex. Therefore, the three-stage surgical procedures
for male children with complicated ARMs are still the
treatment strategy to ensure fewer complications and better
functional prognosis. At the same time, under the premise of
ensuring safety, the interval between the first operation and the
third operation should be shortened as much as possible, thus
improving the prognosis.

This study excluded the influence of gender on defecation
function, allowing for a clearer understanding of the factors
affecting defecation in male children with complicated ARMs.
The findings provide a foundation for optimizing the timing of
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surgical interventions and enhancing postoperative functional
management for these children. However, the sample size of this
study is relatively small. We will continue to follow up and
increase the sample size to enhance the accuracy and reliability
of this study.

Conclusions

In male children with complicated ARMs, the three-stage
surgical procedures are still the treatment strategy to ensure
fewer complications and better functional prognosis. Spinal
cord anomalies and long intervals between the first and
third
Comprehensive assessments during the perioperative period,

operations are associated with poor outcomes.
accurate surgical manipulation, short interval between the
first and third operation, long-term follow-up and bowel
management after the operation are essential for children

with ARMs.
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