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Abstract

Background—Anorectal malformations (ARMSs) have an incidence of up to 1 in 4000 live births
and can require immediate neonatal surgery due to associated intestinal blockage. Due to limited
surgical access, Ugandan children present late and undergo three separate staged operations: (1)
initial colostomy formation; (2) repair of the ARM (called anoplasty); and (3) colostomy closure.
Three operations result in long treatment duration, potential complications with each procedure,
delays in care, and stigmata associated with colostomies. By offering primary repair for ARMs

in a resource-limited setting, we expect to: reduce healthcare expenditure by families, length of
treatment, length of hospital stay, frequency of hospital visits, and social rejection.

Materials and methods—A pragmatic clinical trial was performed examining the effectiveness
of primary repair (prospective arm) and comparing it with the three-stage repairs (retrospective
arm).

Results—Of the 241 patients included for analysis—157 patients had a three-stage repair,
whereas 84 patients had one- or two-stage repair. The median [IQR age at the last surgery (days)
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was 730.0 (365.0, 1460.0) vs 180.0 (90.0, 285.0)] in three-stage and one- or two-stage repairs,
respectively. There was no difference in postoperative complications compared to patients who
had three-stage repair. Patients who had a two-stage repair had less time with colostomy than those
with three-stage repair. Non-inferiority analysis demonstrated that the primary repair approach was
non-inferior to the three-stage approach.

Conclusions—Primary repair for ARM is effective in low-income settings. It allows for less
time with colostomy with no difference in post-operative complications. The decision on approach
for treatment depends on the surgeon’s experience and clinical judgment.
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Introduction

Anorectal malformations (ARMs) are among the most common congenital anomalies treated
by pediatric surgeons in low- and middle-income countries (LMICs) [1, 2]. Many children
with ARMs present in a delayed fashion and are repaired in a three-phase, staged manner:
diverting colostomy, followed by Posterior Sagittal Anorectoplasty (PSARP), and finally,
stoma closure [3, 4]. Limited surgical access and high unmet surgical needs contribute to a
substantial backlog of patients in the LMIC setting, and many children do not complete their
staged repair or live with a colostomy for a prolonged period [5-11].

In Uganda and other LMICs, living with a colostomy has profound socioeconomic
consequences for patients and their families [12], many male caregivers leave the family,
two-thirds of children are not allowed to attend school with a colostomy, and over a third of
families experience catastrophic health expenditure [13-19].

Studies from high-income countries (HICs) have shown that one-stage repair of low ARMs
without diverting colostomy is feasible, safe, and decreases costs—even when performed
outside of the neonatal period [20-24]. However, it is unclear if these findings are
generalizable to the LMIC setting, where patients often present in a delayed fashion and
are more frequently malnourished, and rates of surgical site infection can be high [3].

Implementation of a one- or two-stage approach to the repair of low ARMs, where the
PSARP is performed at the time of presentation, thus minimizing or eliminating the

time spent with a colostomy, would be particularly advantageous in the LMIC setting.

This approach has the potential to decrease the patient backlog [1-5], reduce the length

and frequency of hospital visits, and alleviate socioeconomic stigmata associated with
colostomies. This study aimed to investigate the effectiveness, safety, and surgical outcomes
of primary repair of ARMs in Uganda.
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Materials and methods

Design

Participants

This was a pragmatic clinical trial comparing primary and three-stage repairs of low
anorectal malformations in Mbarara, Uganda, from June 2021 to July 2023. Justification
of the study design: To be relevant to our practice this trial was designed to be flexible to
meet the needs of the clinicians and benefit study participants [25-29].

We included all children who presented to Mbarara Regional Referral Hospital with ARMs
who had visible fistulae.

Interventions

This study was a pragmatic, nonrandomized, nonblinded clinical trial that compared

the noninferiority of one-stage (primary PSARP with no colostomy) and two-stage

repairs (primary PSARP with diverting colostomy followed by colostomy closure) vs

the conventional three-stage approach (control group). Each patient was assessed by an
attending surgeon. Inclusion criteria were male children born with visible fistula in the
perineal body, and girls with vestibular fistula (when the anal opening was within the
vestibule of the vagina), perineal fistula, anterior anus (when most of the anal opening

was with the sphincter complex except the anterior portion being anteriorly misplaced)
ARMs without a diverting colostomy admitted through the emergency department, general
pediatric ward, seen in outpatient clinics, or referred. The terms such as anteriorly misplaced
anus, covered anus were classified under perineal fistula. We excluded children who
previously had a colostomy, with life-threatening associated anomalies, especially cardiac
and tracheoesophageal anomalies, premature infants < 34 week gestational age, and infants
weighing less than 2000 g, these babies will need temporary colostomy to feed early and
grow before definitive anal repair; and any infant or child with neural tube defect, these
children by default will need repair of neural tube defect before definitive anal repair. The
decision for one- or two-stage repair was made by the operating surgeon, and children
were diverted if there was a megarectum on X-ray or intra-operative, poor nutritional status,
deemed unsafe to undergo a one-staged repair, as determined by the attending physician,
underwent two-staged or three-stage repairs, and if the surgeon was not comfortable with a
primary repair.

All patients were assessed preoperatively with ultrasonography of kidneys, ureters, and
bladder, two-view cross-table and lateral abdominal X-rays, echocardiography, and spine
radiographs to look for other anomalies commonly associated with ARM. All operations
were performed under general anesthesia, supplemented by a caudal block for postoperative
analgesia, and received pre-operative antibiotics [30, 31].

All surgeries were performed by pediatric surgeons. All patients in the study underwent

a PSARP as previously described by Pefia [32, 33]. A divided descending colostomy
technique was used for all patients requiring colostomy [34, 35]. All children were kept
NPO for 72 h and admitted to the pediatric surgery ward post-operatively until deemed safe
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for discharge. They were followed in the clinic at 2 weeks, 1 month, and subsequently every
3 months for the first 1 year from the final procedure.

We did not perform pre-operative bowel preparation perioperatively. We conducted routine
post-operative dilatation. Two weeks after the operations, anal dilatations were initiated. On
the first occasion, a dilator that fits loosely into the anus is used to instruct the parents at
the clinic, who must carry out dilatation twice daily. Every week, the size of the dilator is
increased until the rectum reaches the desired size, depending on the child’s age. Once the
desired size is achieved, the dilatation is stopped.

The primary outcome of this trial was the incidence of early post-operative complications.
Complications were categorized as wound infection/sacro-perineal incision (surgical site
infection without perineal body breakdown), anoplasty breakdown, and perineal body
breakdown, peri-anal skin excoriation, anal stenosis, retraction, rectal prolapse, and in-
hospital mortality.

Sample size: using the Fleiss formula in Epi Info version 7 (Version 7.1.4.0, CDC, Atlanta
US), we calculated that a minimum sample size of 84 participants was required to provide
80% power to detect a 5% complication rate in the control group and a 30% complication

rate in the primary repair group, assuming a ratio of two cases/exposed (primary repair) to
one control/unexposed (three-stage repair), and a two-sided confidence interval of 95 [36].

Statistical methods

Results

Data entry was done using REDCap [37] and exported STATA Version 17.0 for cleaning and
analysis. The primary outcome was a composite complication rate following PSARP, with
secondary outcomes including specific complications captured by the study. To compare
baseline characteristics of patients who underwent primary repair versus those who received
three-staged procedures, Chi-square tests were used for categorical variables and #tests
were used for continuous variables, as appropriate. £ < 0.05 was considered statistically
significant. A non-inferiority margin of 10% greater than the upper 95% limit for the
established surgical intervention was set in an a priori fashion for this study. An intervention
was considered non-inferior if the 95% confidence interval for composite complications fell
within the non-inferiority margin.

Ethics approval was obtained from the University Faculty Research Committee (FRC),
Research Ethics Committee (REC) #MUST-2021-64, and Uganda National Council of
Science and Technology (UNCST) #HS1632ES. Trial registration was obtained from the
Pan African Clinical Trial Registry (PACTR) #PACTR202410526535073. Informed consent
was obtained from all participants (Fig. 1)

Between June 2021 and July 2023, a total of 241 patients were included in the study—157
patients had a three-stage repair, and 84 patients had a primary repair. Patients who had a
primary repair were more likely to be female, diagnosed later, had their PSARP at an earlier
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age, and completed surgical treatment at an earlier age compared with those undergoing

a three-stage repair (Table 1). In addition, in the primary repair group, the median age at
diagnosis was 29.2 days. In 82% of patients, the parents diagnosed the abnormality, and
74% experienced delayed diagnosis. Patients who had a primary repair with diversion had
a higher rate of colostomy reversal than patients who had a three-stage repair (Table 1).
Patients who had a primary repair with diversion had less time with a colostomy than those
with a three-stage repair (Fig. 1).

There was no statistically significant difference in post-operative complication rate among
patients who had a primary or three-stage repair (Table 2). The 95% confidence intervals fell
within the non-inferiority margin, indicating that the complication rate of primary PSARP

is not inferior to the complication rate of three-stage repair (Fig. 2). Four (4.8%) patients
needed colostomy after primary repair without diversion due to perineal body breakdown
(Table 3).

Of patients who underwent a primary repair, 23 (27%) were diverted at the time of PSARP.
Patients were typically diverted for megarectum or obstructive symptoms on presentation.

When assessing wound infection for primary PSARPS as a singular variable, there was no
correlation between diagnosis type (vestibular fistula relative to perineal fistula: OR 1.95,
p=0.300, 95% CI 0.55-6.94), whether a colostomy was created (colostomy relative to no
colostomy: OR 0.45, p=0.47, 95% CI 0.05-3.86), and age at PSARP in years (OR 1.06, p=
0.49, 95% CI 0.89-1.27).
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324 patients eligible for inclusion
7 had life threatening cardio-
respiratory anomalies
| |
218 underwent 3-stage repair 99 eligible for primary repair
61 had primary repair without
diversion, () anoplasty
210 had colostomy breakdown, 4 perineal body
closed breakdown needed colostomy
diversion
23 had 2-stage repair with
diversion
All had colostomy closed
157 completed study 84 completed study with
with 1-year follow-up ]-.ycar fol If)w-up
53 lost to follow-up 15 !051 to !ollow—up
8 died during study 0 died during study
period period
Discussion

There has been ongoing interest in primary repair for low ARMs, given the high burden of
undergoing multiple staged procedures as well as the high morbidity of colostomy creation
and the associated impact on quality of life [20, 38—42]. This study examines the outcomes
of primary repair of low anorectal malformations in Uganda. Here, we demonstrate that
primary PSARP is feasible and safe in our setting.

Primary PSARP for low ARM has been associated with a greater risk of wound
complications, though this has not been definitively supported by the literature [43]. In

our series, there was no statistically significant difference in post-operative complications
between patients who underwent one-, two- and three-staged PSARP. Though there was

a trend towards a higher rate of wound infection for patients who underwent a primary
repair, this was not statistically significant. There is some evidence that delaying enteral
feeding minimizes perineal wound contamination with stool, promoting faster healing with
a lower incidence of wound dehiscence [44]. In our setting, we kept patients NPO for 72

h post-operatively. Central access and parenteral nutrition are not available, so prolonged
periods of NPO can critically impact nutrition status [45]. Most wound infections were mild
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and successfully managed with local wound care. Four patients who underwent primary
repair had perineal body breakdown, necessitating operative intervention, 2 had colostomy
diversion in the operating room and 2 had suture placement bedside under sedation. All
patients were able to heal without colostomy diversion after repair for wound dehiscence
[41]. This is especially important as concern for anoplasty breakdown and wound infection
that would necessitate post-operative diversion is one of the key factors that contribute to
colostomy creation at the time of presentation.

Patients who died during the study, before and after the colostomy closure were reported

to have fever and diarrhea by their parents who sought care in the nearest health facility
without coming to the main tertiary hospital. One of the patients died after colostomy

got readmitted with features of bowel obstruction in shock. He died shorty during the
resuscitation process. These cases highlight the importance of counseling parents/attendants
about symptoms and signs of other childhood illness, and advise them to come to the
treating institution and to think of other causes of deaths in children while taking care

of ARMs. Importantly, the leading causes of febrile illness in LMICs are malaria, upper
respiratory tract infections, diarrhea, pneumonias among others which are leading causes of
under five mortality [46, 47]. These could significantly contribute to the deaths reported in
this study.

For some patients, a single-stage repair without diversion is not feasible, such as
megarectum with significant fecal impaction, failure to thrive with poor nutritional status,
and surgeon not skilled with primary repair. When a single-stage repair is not appropriate,
a two-stage repair, with colostomy at the time of PSARP, appears to be a safe alternative to
the traditional three-stage approach [48]. In our cohort, none of the patients who underwent
a two-stage repair had wound infection and dehiscence. The two-stage approach was not
significantly associated with lower complication rates compared with primary repair alone.
Given that a two-stage approach requires two hospital admissions, separate operations, and
places the patient at risk for colostomy complications, we only advocate for a two-stage
approach when the patient is stable but diversion is indicated.

We did note that primary repair with diversion (two-stage repair) offers distinct advantages
compared with the conventional three-stage approach. Patients who underwent primary
repair with diversion had less time with colostomy than those who underwent conventional
three-stage repair. In addition, patients who had a two-stage approach were more likely to
complete their treatment in their first 6 months of life, whereas those who had a three-stage
repair typically completed their surgical treatment between 1 and 4 years [49-51].

To test whether the effect of the primary approach is comparable to three-stage repair, a
non-inferiority margin of 10% greater than the upper 95% limit for the established surgical
intervention was set in this study. Primary repair was considered non-inferior if the 95%
confidence interval for composite complications fell within the non-inferiority margin. Non-
inferiority was demonstrated because the upper limit of the CI exceeded the margin (Fig. 2).
We strongly feel that the decision on the operative approach should take into account the
local surgeon’s experience and clinical judgment. Further collaborative efforts are essential
to improve the management and outcomes of low ARM in LMICs.

Pediatr Surg Int. Author manuscript; available in PMC 2025 April 26.
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Even in the HIC setting, families of patients with anorectal malformations incur significant
direct and indirect healthcare costs [52]. For conditions that require a staged approach, the
burden of treatment is exacerbated when cases are rescheduled and canceled for reasons
beyond the parents’ control, which may be more common in LIC [10, 11, 53-56]. We have
previously found that over one-third of families incur catastrophic healthcare expenditures
while caring for children with anorectal malformations. The staged procedure, which results
in a greater number of hospital trips and rescheduled or canceled surgeries, places patients at
increased risk for catastrophic health expenditure. Performing a primary repair when feasible
approach offers the advantages of lower colostomy morbidity, lower cost, and lower social
stigma burden to the family [49, 50].

In the LIC setting, ARMSs impose distinct social and economic challenges for children
and families. In Uganda, there are neither colostomy appliances nor colostomy care
specialists available. Rather, families wrap old bed sheets around the child to prevent stool
spillage. Difficulty managing the colostomy output often leads to isolation and restriction of
children’s activities and can also lead to child abandonment [19]. Oftentimes, children are
not allowed to attend school [14-17]. We previously found that 26% of male caregivers
leave the family, and two-thirds of children are not allowed to attend school with a
colostomy, exacerbating the economic consequences [13-19]. Any intervention that can
shorten the long waiting period of children with colostomy helps patients from feeling
embarrassed and physically restrained [57, 58]. Furthermore, it improves interpersonal
relations of children with their peers, relatives, and family members, enables children to
start school on time or return to school promptly, and minimizes school dropouts [59-62].

Several studies have underscored the importance of psychosocial support needed for
families with anorectal malformations [63-65]. Having a child with ARM and ARM-related
colostomy hinders families from leaving their children with other family members [66,

67]. In addition, parents expressed unpredictability about the future of their marriage
overwhelmed by a lack of social support, tension resulting from the disease, and difficulties
in caring for the children, especially with colostomies [18, 68, 69].

Strengths and limitations

This was a pragmatic trial designed to be flexible to meet the needs of the clinicians making
decisions about treatment options in settings in normal routine real clinical practice, and
benefit study participants. The main limitation is this was a single-center study; the findings
may not be generalized in other centers. We did not randomize our study participants
because the purpose of this trial was to inform decisions about practice in our normal
routine clinical practice. Randomization is the best research design for decisions but results
in situations other than the precise one in which the trial was done. However, we left the
surgeons to decide what was best for the patient in real clinical practice according to the
patient’s needs. We wanted the evidence from the trial to be used in clinical practice, hence
the pragmatic design [25-29]. In addition, the two groups had different ages at completion
of surgery and sex, hence the non-inferiority may have been due to younger patients being
considered. The study may be less relevant in settings doing primary PSARP.

Pediatr Surg Int. Author manuscript; available in PMC 2025 April 26.
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Our findings suggest that surgical interventions that reduce or eliminate time with a
colostomy in ARM are effective in LIC [70]. Quantification of the economic value and
impact on quality of life of this surgical approach provides a strong argument for the
expansion of capacity building in training more specialist pediatric surgeons in the LIC
settings.

Our next steps involve evaluating the long-term functional outcomes including voluntary
bowel movements, incontinence, soiling, and constipation in these patients. In addition, we
are assessing the economic and social impact of this approach compared with the traditional
three-stage technique.

The records were inadequate to classify the anomalies they should be prohibited the
classification of patients with the level of the Krickenbeck anatomic classification due
incomplete operative reports and patient files. With support from our collaborators from
HICs we are developing a digital record and robust documentation of the diagnosis using the
Krickenbeck anatomic classification [70].

Conclusion

Primary repair for ARM is effective in low-income settings. It allows for less time with a
colostomy with no difference in post-operative complications. The decision on approach for
treatment depends on the surgeon’s experience and clinical judgment.
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Years Between First Surgery and Colostomy Closure
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Fig. 1.
Length of time with colostomy for patients who had primary PSARP with diversion and

three-stage repair
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Fig. 2.

Complicates rates by stages of treatment. The post-operative complication rates after
primary PSARP are non-inferior to those following three-stage repair
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Table 2

Post-operative complications

Three-stagerepair n = 157

Primary repair n=84 pValue

No complications 114 (86.4%)
Wound infection (sacro-perineal incision) 5 (3.8%)
Anoplasty breakdown 1(0.8%)
Perineal body breakdown 2 (1.5%)
Rectal prolapse 1(0.8%)
Anal stenosis 2 (1.5%)
Peri-anal skin excoriation 4 (3.0%)
Death before colostomy closure 2 (1.5%)
Died after colostomy closure 1(0.8%)

0.28

69 (82.1%)

9 (10.7%)

0 (0.0%)

4 (4.8%)

0 (0.0%)

1 (1.2%)

1 (1.2%)

0 (0.0%)

0 (0.0%)
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Stoma complications

Table 3

Three-stagerepair  Primary PSARP with diversion pvalue

Stoma complications <0.001
Parastomal hernia 1 (0.6%) 0 (0.0%)
Bleeding 5(3.2%) 0 (0.0%)
Retraction 1(0.6%) 0 (0.0%)
Stoma prolapse 5 (3.2%) 0 (0.0%)
Necrosis 2 (1.3%) 0 (0.0%)
Stenosis 1(0.6%) 0 (0.0%)
Wound infection 4 (2.5%) 0 (0.0%)
Skin excoriation 9 (5.7%) 0 (0.0%)
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