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Abstract

Background Hirschsprung disease (HD) contributes significantly to the burden of disease related to conditions
amenable to pediatric surgery within the Democratic Republic of Congo (DRC). However, it has received less clinical
attention due to limited resources. We aimed at assessing the long-term follow-up outcomes following an innovate
resection approach in South Kivu, eastern DRC.

Methods In this case series, the authors elucidate the admissions for HD spanning from 2016 to 2021 at a Pediatric
Surgical Center in the DRC. All patients underwent surgical management. Due to the absence of an extemporaneous
biopsy, the resection margin was defined by a formula developed by the authors: 5 cm for patients under 5 years,
5cm plus 1 cm per age from 6-10 years, and 5 cm plus 0.5 cm per age above 10 years. Post-operative mortal-

ity and complication rates were equally computed. Descriptive statistics were calculated for continuous variables.
Discharge-to-Follow-up data were visualized using time-to-event curves.

Results Thirty-one patients aged 195 (interquartile range: 18-669) days were included in this study. Thirteen (58.93%)
were from mining areas. The patients were surgically managed and follow-up for a year. 6.45% died in the 30-day
post-operative period and 19.35% were lost to follow-up. The complaints were recorded from the fourth month
following the surgery with most of the patients complained about fecal soiling (58.06%). The overall complaint rate
was 809% (95%Cl:56.20%-90.69%). The overall rate of incontinence was different compared to those with fecal soiling
(p=0.04). Although lacking statistical significance, the length of stay (LoS) post-surgery predicting an 9% increased
incidence of complaints during the follow-up period (adjusted Hazard Ratio: 1.09, 95% Cl:0.97-1.23).

Conclusion HD cause avertable morbidity in South Kivu. These data suggest that the long-term outcome in HD can be
mitigated through appropriate surgical management during the operative and intervention aimed at optimizing the LoS.
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Introduction

Hirschsprung’s disease (HD) is a congenital intestinal
anomaly that typically manifest during early infancy lead-
ing to enterocolitis, severe constipation and intestinal
obstruction [1, 2]. This condition involves anomaly in
the development of the rectum between the sixth and the
tenth week of embryonic development. The HD is known
to be primarily a functional abnormality due to the lack
of ganglia cells in the rectum. It characterizes with het-
erogeneous functional prognosis and associated in up to
60% of cases with other malformations [3]. As this condi-
tion is typically identified postnatally, accurate decision-
making and parental counseling during the early neonatal
period are crucial for optimal outcomes.

The management approach focuses on isolating the
unaffected colon or rectum and precisely position-
ing it within the anal sphincter complex. In the case of
HD, surgical intervention is directed towards reinstating
intestinal continuity through excision of the aganglionic
and transition zones, followed by anastomosis of the
ganglionic bowel to the rectum [4]. Although variability
exists among institutions regarding the timing for the
definitive pull-through procedure, it is typically initiated
within the first weeks of life. Three primary procedures
are employed: the Duhamel, Soave, and Swenson tech-
niques sharing a common characteristic; the incorpora-
tion of histological analysis, typically facilitated through
on-table frozen sections. Histological analysis allows for
identification of the ganglionic bowel, resection of the
aganglionic and transition zone bowel, and preservation
of the anal continence mechanism [5]. The Soave and
Swenson procedures involve transanal resection starting
above the dentate line and extending around the rectum.
While the Swenson procedure ensures complete removal
of the aganglionic proximal bowel by extending through
the rectal wall, there are concerns about potential sacral
plexus exposure. Nonetheless, proponents argue that
adherence to the bowel wall minimizes nerve injury risk.
However, both procedures may affect continence mecha-
nisms due to sphincter retraction during dissection.

Outcome analysis for HD parallels that of other diges-
tive tract birth defects by posing challenges in assessing
functional outcomes, requiring extensive long-term fol-
low-up spanning decades. Such assessments are crucial
for guiding future advancements in treatment and for
optimal outcome [6, 7]. Although concerns regarding
incontinence or constipation are relatively common,
they can generally be managed to help a child start
school while maintaining cleanliness, with minimal dif-
ficulty for both the child and their family [4].

In the Democratic Republic of the Congo (DRC),
digestive tract birth defects occur in 72 out of 100,000
live births, with a prevalence notably higher in mining
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zones [8]. While these birth defects, including HD,
are multifactorial conditions, exposure to mining tox-
ins appears to triple their occurrence [8]. Exposure to
toxic chemical elements such as arsenic and mercury
is a major health concern that could significantly affect
maternal and child health outcomes. Higher exposure
to arsenic and mercury during pregnancy can increased
prevalence of adverse birth outcomes including spon-
taneous abortion, stillbirth, preterm birth, low birth
weight and visible congenital anomalies [9, 10]. Indeed,
Lubala et al. [11] revealed a significant increase in the
prevalence of congenital malformations in the City of
Lubumbashi. He hypothesized that the intensification
of mining activities and environmental pollution from
quarries, mines and mineral processing plants would be
associated with the increase in this phenomenon [12].

In the past two decades, artisanal mining has signifi-
cantly expanded in Eastern DRC, engaging tens of thou-
sands of young people, including children, in hazardous
mining roles. Many of these workers, known locally as
"creuseurs," are employed under poor regulatory stand-
ards with minimal safety oversight [13]. Additionally,
metal-processing furnaces have been erected near resi-
dential areas, posing significant environmental health
risks due to inadequate emissions control.

Emerging research indicates that paternal mining occu-
pations and maternal occupational exposures, along with
elevated prenatal manganese (Mn) and zinc (Zn) levels,
correlate with an increased risk of birth defects [14].
Parental age, particularly within urban, mining town, and
rural settings, is notably relevant, as it has been shown to
correlate with increased rates of stillbirth, infant mortal-
ity, and congenital malformations [15, 16]. In addition to
environmental exposures and parental factors, malnutri-
tion continues to severely impact child health, with the
DRC reporting a national chronic malnutrition preva-
lence of 43% [17]. South Kivu, a province in eastern DRC,
has faced endemic malnutrition since the 1960s, with half
of all children under five suffering from chronic malnu-
trition. This chronic malnutrition significantly correlates
with elevated hospital mortality rates among pediatric
patients, compounding the health burden [17]. These
overlapping environmental and nutritional challenges
highlight the urgent need for interventions that address
industrial safety standards alongside comprehensive
nutritional support programs to alleviate burden of dis-
ease in neonates and children.

Despite a throughout understanding of their epide-
miology, an increase in morbidity and mortality persists
due to limitations in diagnostic capabilities, insufficient
skilled surgical workforce, and inadequate long-term
postoperative follow-up. Moreover, HDs have been
subject to limited clinical investigation in the country,
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hence, we aimed at describing long-term outcomes fol-
lowing surgical management using an innovative resec-
tion approach in Bukavu, a limited-resource setting of the
DRC.

Methods

Study design, population and context

We conducted a case series of patients diagnosed with
HD who underwent surgical treatment at the Provincial
General Reference Hospital of Bukavu (HPGRB) between
January 1, 2016, and December 31, 2021, in Bukavu.
Bukavu is the capital city of the South Kivu province in
the eastern DRC, and in the domain of health adminis-
tration, it is segmented into 34 health zones, each host-
ing a general referral hospital. These hospitals serve as
critical intermediaries for directing cases to the HPGRB,
recognized as the apex in the local healthcare hierarchy
and possesses the resources to manage complex cases
of birth defects. The rich mining industry in South Kivu
may significantly compound the prevalence of diseases
linked to birth defects through both direct and indirect
pathways. Primarily, mining activities, often conducted
without adherence to environmental regulations, engen-
der extensive pollution of the air, water, and soil during
the processing of gold, tin, coltan, and tungsten. This
environmental degradation heightens exposure to heavy
metals, acknowledged contributors to birth defects. Sec-
ondarily, the socioeconomic fallout of the mining sector,
characterized by prolonged armed conflicts, displace-
ment, poverty, and social instability, engenders sub-
standard access to quality healthcare infrastructure and
services. Consequently, this culminates in diagnostic
and treatment delays and suboptimal outcomes for birth
defects, particularly HD. The nexus of mining activi-
ties with structural healthcare challenges and inadequa-
cies further compounds the hurdles faced by individuals
grappling with birth defects in South Kivu.

Diagnostic

In neonatology, the diagnostic paradigm for HD pivots
upon the observation of meconium retention exceed-
ing a 48-h threshold. Maternal reports of such occur-
rences serve as sentinel indicators, arousing suspicion
and prompting further clinical inquiry. Additionally,
extramural narratives from parents often delineate
persistent challenges in defecation or chronic consti-
pation, necessitating adjunctive diagnostic modalities
such as abdominal radiography to evaluate colonic
dilation (Fig. 1). Histological assessment, typically
conducted postoperatively within a fortnight, sub-
stantiates the presence of aganglionic segments in
HD cases, with meticulous attention directed towards
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Fig. 1 Plain abdominal radiography in a newborn with HD. The
x-ray reveals distended bowel loops, indicative of colonic dilation,
along with air-fluid levels suggesting obstruction of fecal matter
and gas

confirming adequate resection margins. In our series,
the transitional zone observed intraoperatively served
as a complementary diagnostic indicator. This area was
macroscopically identifiable by a caliber jump in the
rectosigmoid colon. However, it is possible that, rely-
ing solely on these clinical and paraclinical findings,
we may have overlooked other patients with HD. All
the case reported in this series, the histological exami-
nation confirmed the diagnostic of HD with the two
weeks following surgery.

Given our institutional resources, our framework
integrates a comprehensive diagnostic armamentarium,
routinely encompassing transfontanelle ultrasonogra-
phy, alongside cardiac and abdominal ultrasonography,
aimed at thorough exclusion of associated birth defects.

Surgical procedures

All patients with HD were managed using the Swenson
procedure (Fig. 2). For patients weighing less than 5 kg,
a three-step approach was used: initially, a colostomy
was created at the right colic angle; the Swenson proce-
dure was performed once the patient reached 5 kg, fol-
lowed by colostomy closure after six weeks (Fig. 3). For
patients weighing more than 5 kg (Fig. 4), a two-step
approach was employed: the Swenson procedure and
colostomy were performed simultaneously, with colos-
tomy closure scheduled six weeks later.
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Fig. 3 A post-operative view of colostomy

-

Fig. 4 Intraoperative view of distended bowel loops in an adult
. . . L . with HD. The black circle indicates the transition zone
Estimation of the Resection Margin in HD Based on Patient where the dilated colon abruptly narrows to the normal segment

age and weight
To assess the size and extent of the resection in the

absence of extemporaneous histopathological examina- ensures that the distal anatomical landmarks remain
tion, we have relied on a few reflections and observations. consistently unaltered.

2) The transitional zone between the normally ganglion-

1) In the normal anatomical configuration, the termi- ated segments containing Meissner’s and Auerbach’s

nal segment of the rectum, specifically the anal canal, plexuses and the aganglionic segment is macroscopi-

is devoid of ganglion cells. This inherent absence cally delineated by a discernible caliber transition.
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This transition is characterized by a dilated segment
indicative of the cessation of peristaltic activity, fol-
lowed by a segment of normal or reduced caliber,
which reflects the absence of peristalsis. The caliber
transition is distinctly observable.

3) Our theoretical model posits that with advanc-
ing age, the macroscopically visible caliber transi-
tion progressively encroaches upon the transitional
zone. This is attributable to the fact that, despite the
absence of ganglion cells (and consequently peri-
stalsis), the gravitational force acting upon the fecal
contents in the normally ganglionated segment
induces gradual dilation of the aganglionic segment
over time. This hypothesis is corroborated by obser-
vations in Hirschsprung disease, particularly in the
short-segment variant, where constipation symp-
toms are frequently underreported. This is because
the fecal material, influenced by its own weight and
gravitational force, traverses the aganglionic segment
with relative ease. Conversely, rectosigmoid variants,
which are more commonly encountered, are charac-
terized by early onset constipation, often observable
from the neonatal period. Short-segment variants
may either spontaneously resolve after a period of
constipation or be alleviated through simple rectal
examination.

In our current conditions, the extemporaneous biopsy
examination is not available therefore the resection
depends on the age of the patient. While based on the
transitional zone; under 5 years we do the resection 5 cm
(cm) above this line, between 5 and 10 years we add 1 cm
per age; beyond 10 years we add 0.5 cm per additional
year.

The length of resected section was calculated based on
the following formula:

r(t) =5if0<t<5

r(t) =
r(t) = 10 + 3(t — 10), ift > 10
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This allows for the performance of the coloanal anasto-
mosis, utilizing the ganglionic zone identified in the first
phase following its resection. The third phase consists of
an abdominal approach to elevate the anastomotic seg-
ment and complete the closure of the abdominal wall.

Data sources

Sociodemographic, clinical, therapeutic, and outcome
data for HD patients admitted between 2016 and 2022
were extracted from paper medical records and system-
atically stored in a Microsoft Excel spreadsheet. Data
collection was conducted retrospectively by trained per-
sonnel using a standardized tool to ensure consistency
and accuracy. Sociodemographic variables encompassed
patient age, sex, and place of residence, while clinical data
included surgical data, imaging assessment, and func-
tional outcomes evaluated at one-year post-intervention.

Data analysis

R (version 2022.12.0) was utilized for statistical analysis.
The recorded data underwent initial analysis employing
descriptive statistics. Mean values along with standard
deviations and median values with ranges were reported
for continuous variables, while frequencies were assessed
for categorical variables. Additionally, complication and
mortality rates were computed. Discharge-to-Follow-
up curves were plotted using a time-to-event function.
Finally, predictors of complications during the follow-
up were assessed using the Cox-regression, while their
occurrence in relation to the diagnosis was evaluated
using univariate logistic regression.

Results

A total of thirty-one patients aged 195 (interquartile
range: 18-669) days of whom 96.77% of were males and
41.93% originating from mining areas were recruited. For

r(t) =5+ (t —5),if5 > ¢ < 10 with r being the margin length to resect in cm, and ¢ the age in years.

The length of the affect segment varies. The most dis-
tal point is always down in the rectum, at the dentate line
[4]. We always keep 2 cm above the anal margin.

The surgical procedure is executed in three distinct
phases. The first phase involves a laparotomy to identify
and dissect the transitional zone close to the bowel loop
up to the pelvic floor, and to estimate the level of the seg-
ment to be resected. The second phase encompasses a
perineal approach, during which the anal canal is identi-
fied and sectioned, preserving 2 cm from the anal margin.

majority of patients had the diagnosis was confirmed by
X-ray (28, 90.32%). X-ray and ultrasonography were per-
formed in 2 patients (26.79%). 16 patients (51.62%) under-
went surgery in two and three steps, respectively. During
the post-operative period, only 2 (6.45%) deceases where
recorded. After a year of follow, most of the patients com-
plain of fecal soiling (33, 62.26%). The frequency of fecal
soiling was 58.06% HD patients (Table 1). The first com-
plaint occurred four months following the surgery (com-
plaint occurrence probability:4.00%, 95%CI1:0.90-11.38%),



Cikomola et al. BMC Surgery (2025) 25:96

Page 6 of 12

Table 1 Descriptive presentation Hirschsprung disease in the Eastern Democratic Republic of Congo

Characteristics of study participant

HD (31, 100%)

Gender
Male
Female
Age of participants
<6 months
6-12 months
>12 months
Age of parent, in years (median, IR)
Father
Mother
Living area
Mining
Non-mining
Imaging
X-ray
X-ray and Ultrasonography
None
Operating step
2 Steps
3 Steps
Post-operative mortality
Control after a year
No complaint
Incontinence
Faecal soiling
Lost to follow up
Occurrence of complaint, months
Length of hospital stay (LoS), days
Associated birth defect

30 (96.77%)
1(3.23%)

8(25.81)
7(22.58)
16 (51.61)
38 (23-67)
29 (21-36)

13(41.93)
18 (58.07)

28(90.32)
2(6.45)
1(322)

16 (51.62)
15 (48.38)
2(6.45)

(16.12)

(6.45)

8 (58.06)
(19.35)
1(4-12)
4(4-29)
(

5
2
1
6
1
1
2(6.45)

the 12-month probability of complaint occurrence was for
80.00% (95%CI: 56.20%-90.69%). The six-month and ten-
month probability of complaint occurrence were 8.00%
(95%CI:0.90-11.38%) and 40.00%(95%CI:8.10%-56.43%),
respectively. The probability of complaints occurrence
was among patient with incontinence and fecal soiling
(p=0.04) (Fig. 5). The incidence of complaints did not sig-
nificantly differ across age groups (<1 year vs.>1 year),
gender, mining, type of malformation, and number of sur-
gical steps (p>0.05). Length of stay in hospital increased
in the incidence of complaints by 9% (adjusted Hazard
Ratio: 1.09, 95%CI:0.97—1.23). However, this risk was not
statistically significant (p>0.14).

Discussion

The goal of surgical management HD is preserving life by
reestablishing normal anatomical structure and function,
ensuring effective bowel control, preserving sphincter
integrity, and ultimately enhancing the patient’s quality

of life [18, 19]. This study represents the first comprehen-
sive long-term postoperative follow-up of HD patients
in a resource-limited setting in the DRC, where local
surgeons employed an adapted surgical technique. In
HD, given the constraints of not performing preopera-
tive biopsies to delineate the full extent of the aganglionic
zone, the resection margin was determined based on the
patient’s age, with postoperative confirmation achieved
through histopathological examination. The observed
higher incidence of complaints in HD cases highlights
the urgent need for improved long-term postoperative
care strategies to address this issue.

Our findings are similar with those of previous studies
that have reported predominance HD in males [20-22].
The observed male predominance remains unexplained
and warrants further investigation, particularly through
genomic studies, to elucidate its underlying causes. In our
series, most patients with HD were predominantly diag-
nosed after the first twelve months of life. This finding
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aligns with reports from other Sub-Saharan countries
[23-26], and contrasts from trends in developed countries,
where less than 10% of cases are identified lately [27].

Although majority of studies focus on short-term out-
comes in HD, only a limited number have addressed
long-term outcomes [28]. Previous studies have under-
scored a considerable incidence of immediate postop-
erative complications—particularly constipation, fecal
incontinence, and enterocolitis [26, 29, 30]. The rate of
fecal soiling reported in this study was similar to those
in other settings [31-33]. We observed that first com-
plaints emerged from the fourth month of follow-up. The
exact mechanisms that could explain this phenomenon
remains unclear; nevertheless, several potential factors
warrant thorough investigation. One prevailing hypoth-
esis pertains to the effects of sphincter rehabilitation con-
ducted during hospitalization, combined with adherence
to an appropriate dietary regimen. The surgical manage-
ment protocol at our hospital involves sphincter reha-
bilitation during hospitalization, along with a strict diet
for all patients with HD. It is crucial that future studies
assess the relationship between sphincter rehabilitation
and adherence to an appropriate diet in relation to the
incidence of poor long-term outcomes.

Moreover, favorable long-term outcomes have been
linked to enhanced social functioning, including strong
social relationships with peers, among children with HD
[34, 35]. Children with HD may report poor psychoso-
cial and social functioning after surgery in comparison
to their parents. Moreover, previous reviews found that
children with HD experience difficulties with anxiety,
peer rejection low self-esteem, poor body image, and
depression [36-38]. Complaints such as soiling have
been reported to lead to psychosocial distress [39]. For
patients with HD, achieving fecal continence necessitates
an intact anal sensation mechanism (dentate line), ade-
quate sphincter tone, and reliable colonic motility.

We have identified that an extended LOS is asso-
ciated with a higher incidence of complaints during
follow-up. This association may be linked to malnu-
trition, which is prevalent among patients with HD
and leads to nutrient malabsorption [26]. This malab-
sorption might elucidate why patients with prolonged
LOS report more frequent complaints, as impaired
nutritional status not only hampers the healing pro-
cess but also exacerbates postoperative complications.
Malnutrition may precipitate immunodeficiency, ren-
dering patients more vulnerable to opportunistic infec-
tions and additional pathologies during their hospital
stay. Consequently, their duration of hospitalization
is extended, largely due to complications arising from
their immunocompromised condition. This under-
scores the critical importance of adequate nutrition
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in supporting recovery and enhancing long-term out-
comes. Furthermore, factors such as delays in care due
to late hospital presentation may also impact outcomes.
Patients presenting with advanced stages often receive
a two-step correction, whereas those who undergo a
three-step correction exhibit a 30% reduction in com-
plication rates. Existing literature has shown that early
complications such as anastomotic leakage, anal stric-
tures, and perineal excoriations have been observed
[26, 40, 41]. The observed late presentation can likely
be attributed to challenges in diagnosing the condi-
tion during the neonatal period, coupled with the lim-
ited access to specialized healthcare facilities, which
are often concentrated in urban areas. In contrast, the
highest prevalences arise in mining regions, of which
most of the are rural areas, where such specialized
cares are less accessible [8]. Moreover, most patients
in this study resided between 20 and 150 km from our
facility. Most of the people living in mining region are
experience many financial constrains due to their poor
economic status [42, 43]. Therefore, it is imperative to
develop and implement strategies to improve access to
pediatric surgical care in the region, drawing upon the
"Three Delays Model," [44] which focuses on reducing
delays in the decision to seek care, access to care, and
receipt of care. The most significant delays in the DRC,
seeking and accessing care, require a strategic focus
on community education, access improvements, and
financial and policy support. Educational campaigns
are essential to increase community awareness about
treatable conditions and the importance of timely
medical care, which can help reduce delays in seeking
treatment. Partnering with local leaders and media can
amplify these efforts and reach underserved areas effec-
tively. To address barriers in accessing care, expanding
local health centers and creating reliable transportation
or mobile health units can make medical facilities more
reachable for remote communities, reducing travel
time and costs. Training healthcare providers at all
levels and establishing efficient referral pathways will
ensure that cases are promptly identified and directed
to appropriate facilities. To address financial obstacles,
developing community health insurance models or sub-
sidized care programs can make care affordable, pre-
venting families from delaying or forgoing treatment
due to cost. Lastly, government support through pol-
icy initiatives that prioritize healthcare infrastructure,
public—private partnerships, and resource allocation is
vital to sustain these improvements. Collectively, these
strategies can substantially mitigate the delays in seek-
ing and accessing care in the country, enhancing timely
care and better outcomes for people with surgical ame-
nable conditions, particularly children with HD.
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Children with HD limited to the rectosigmoid fre-
quently experience persistent constipation following
pull-through surgery. Conversely, patients with long-
segment HD may face challenges with loose stools due
to the reduced colon length available for water absorp-
tion, complicating stool management [45]. The incidence
of enterocolitis in HD varies significantly from 6-60%
before definitive pull-through surgery and 25-37% after
surgery, reflecting the challenges in diagnosing this con-
dition accurately [46, 47]. Contrary to studies that report
constipation and enterocolitis as common complications
in both short- and long-term follow-ups, our series did
not observe these adverse outcomes. This discrepancy
may highlight the effectiveness of our technique in man-
aging HD, particularly in settings with limited resources
where advanced diagnostic tools such as extemporane-
ous biopsy and histopathology are not available. Our
findings suggest that adjusting the resection length based
on the patient’s age can be a viable strategy, potentially
offering a cost-effective alternative that improves patient
outcomes in resource-limited environments. Given that
in our series, patients did not report cases of constipa-
tion, we can infer that our method for measuring the
resected portion is likely accurate and not inflated. How-
ever, further research should prioritize examining the
relationship between the length of the resected segment
and patient outcomes to validate our hypothesis. This
would provide a clearer understanding of how variations
in resection length might influence postoperative results,
ultimately refining surgical strategies and improving
patient care.

In resource-limited settings, the diagnostic and thera-
peutic approach is often guided by the two steps. First,
once the temporary diverting stoma is functional, it con-
firms that the stoma is located above the transition zone.
Secondly. During the pull-through procedure, an addi-
tional five to ten centimeters above the stoma is resected
to ensure that the transition zone is not involved before
performing a watertight anastomosis. The presence of
ganglion cells in the stoma was confirmed through final
pathology permanent sections [26].

This study has several limitations related to the
resource-constrained environment in the DRC, which
impacted various aspects of care for children with HD.
Diagnostic limitations were a major challenge, with
restricted access to advanced diagnostic tools such as
contrast enemas, rectal biopsies, and manometry. Conse-
quently, diagnoses often relied on clinical and operative
findings rather than comprehensive imaging or histopa-
thology, which may have led to potential underdiagno-
sis or misclassification. Surgical management was also
constrained by limited operating facilities and essential
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surgical equipment, necessitating adaptations of stand-
ard procedures that may have influenced treatment
options and impacted functional outcomes. Postopera-
tive monitoring and long-term follow-up, essential for
assessing outcomes and identifying complications, were
hindered by geographic and financial barriers, limiting
many patients’ ability to return for follow-up visits. As
a result, outcomes beyond the immediate postoperative
period were inconsistently documented, affecting the
understanding of long-term functional results. Addition-
ally, data collection relied heavily on paper records, chal-
lenging the consistency and completeness of information
due to the absence of standardized electronic records.
Given these resource-related challenges, findings from
this study are specific to the DRC and may not be fully
generalizable to settings with more robust healthcare
infrastructure. Nevertheless, these findings can provide
preliminary insights into the effectiveness of this innova-
tive approach within resource-limited settings, offering
a foundation for further study and adaptation in similar
environments. This study highlights the pressing need for
investment in healthcare resources to enhance diagnostic
accuracy, surgical outcomes, and long-term follow-up for
children with HD in resource-limited settings.

This study lacks proper statistical power to correlate the
investigated variables with HD as the sample size is small.
Another limitation of this study was the lack of robust
investigation protocol to thoroughly detect associated
congenital anomalies and, lack of long-term follow-up;
but it retains its value as described in a resource-limited
setting with acceptable results.

Despite its limitations, this study provides valuable
insights with significant implications for both clini-
cal practice and public health. Our findings underscore
critical areas that need to be addressed to mitigate long-
term complications. We emphasize the importance of
incorporating sphincter rehabilitation through kinesi-
therapy to improve long-term outcomes, advocating for
its integration into care strategies for families. Moreo-
ver, the innovative technique for HD has proven effec-
tive even in environments lacking advanced diagnostic
tools, such as preoperative biopsy and immunohisto-
chemistry. Considering the substantial financial burden
of these advanced procedures, our results suggest that
this technique offers a viable, cost-effective alternative.
It enhances patient outcomes while addressing financial
constraints in resource-limited settings. Ultimately, our
approach enables the precise minimization of the resec-
tion area, thereby significantly reducing the risk of post-
operative digestive complications that might otherwise
result from an overly extensive resection lacking clinical
justification.



Cikomola et al. BMC Surgery (2025) 25:96

Conclusion

This study underscores the substantial morbidity attrib-
utable to HD within the DRC. It advocates for the imple-
mentation of appropriate operative and post-operative
management strategies to enhance better long-term out-
comes. The surgical technique employed in this study
can be adapted for use in other resource-limited settings
to achieve improved outcomes with reduced resource
expenditure “doing more, with less”.

It is evident that addressing the challenges posed by
HD in the context of limited resources in regions like
South Kivu demands a multifaceted approach. Beyond
surgical intervention, there is a critical need for compre-
hensive healthcare infrastructure development to ensure
timely access to specialized care, adequate post-operative
monitoring, and patient follow-up. Furthermore, capac-
ity-building initiatives targeting healthcare providers in
these regions can enhance their skills in managing com-
plex pediatric surgical cases effectively.

Additionally, community engagement and aware-
ness programs are essential to promote early detection,
timely referral, and adherence to post-operative care
protocols. By fostering collaboration between healthcare
providers, policymakers, and community stakeholders,
sustainable solutions can be developed to alleviate the
burden of HD and improve the overall quality of care for
pediatric patients in resource-limited settings.

Future research should prioritize corroborating our find-
ings in similar resource-limited settings, such as the DRC.
Large-scale, robust studies are necessary assess the effec-
tiveness of innovative surgical approaches to determine
their impact on survival rates, functional outcomes, and
overall quality of life. Moreover, future research endeavors
should focus on evaluating the long-term efficacy of inter-
ventions aimed at optimizing post-operative outcomes,
such as early mobilization protocols, nutritional support
strategies, and psychosocial interventions for patients
and families. By continuously refining and adapting our
approaches based on empirical evidence and local contex-
tual factors, we can strive towards achieving better health
outcomes and reducing the morbidity associated with HD
in similar resource-constrained settings globally.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512893-024-02684-w.

[ Supplementary Material 1. }

Acknowledgements

We extend our heartfelt gratitude to all the members of the Department of
Surgery at the Provincial General Referral Hospital of Bukavu (HPGRB) for their
invaluable contributions to this study. We would like to acknowledge Dr. Gabriel
Aganze Muhanzi for his invaluable assistance in the preparation of the figures.

Page 10 of 12

Authors’ contributions

FCG., ADN., KN, DMA,TK, MMM, and D.M. conceived and designed the
study; KN, DM.A, TK, MM,, and D.M. supervised the study; ADN., and
F.C.G. wrote the first draft; FC.G, ABW, BS.M, FEM.M.,, CM.S., PBM., and LM.M.
acquired the data; AD.N. analyzed the data and prepared the figures; AD.N
and F.C.G interpreted the data; All the authors reviewed the manuscript;

Funding
Not applicable.

Data availability
The datasets used and/or analyzed for the current study are publicly available
as supplementary information file (Supplement 1).

Declarations

Ethics approval and consent to participate

Ethical clearance was secured from the Institutional Review Board (IRB) at the
Catholic University of Bukavu (U.CB) (Ref. N* UCB/CIES/NC/020/2021). The
requirement for the informed consent was waived by the IRB at the UCB due
the retrospective design of the study. The gathered data was treated with
confidentiality, and access was limited to the research team. Additionally, any
details allowing for the identification of participant were removed, and the
authors were barred from accessing such information.

Consent for publication
Not applicable. The requirement for the consent for publication was waived
by the IRB at the UCB due the retrospective design of the study.

Competing interests
The authors declare no competing interests.

Author details

'Department of Surgery, Hopital Provincial Général de Référence de Bukavu
(HPGRB), Bukavu, South Kivu, Democratic Republic of Congo. *Faculty of Medi-
cine, Catholic University of Bukavu, Bukavu, South Kivu, Democratic Republic
of Congo. *Center for Tropical Diseases and Global Health, Catholic University
of Bukavu, Bukavu, South Kivu, Democratic Republic of Congo. “Université
Officielle de Bukavu, Bukavu, South Kivu, Democratic Republic of Congo.
Department of Surgery, KU Leuven-University Hospital Leuven, Leuven,
Belgium. ®Department of Gynecology and Obstetrics, Faculty of Medicine,
University of Kinshasa, Kinshasa, Democratic Republic of the Congo.

Received: 26 August 2024 Accepted: 22 November 2024
Published online: 12 March 2025

References

1. Kenny SE, Tam PKH, Garcia-Barcelo M. Hirschsprung’s disease. Semin Pedi-
atr Surg. 2010 [cited 2024 Apr 251;19(3):194-200. Available from: https://
pubmed.ncbi.nlm.nih.gov/20610192/.

2. Catto-Smith AG, Trajanovska M, Taylor RG. Long-term continence in
patients with Hirschsprung’s disease and Down syndrome. J Gastroenterol
Hepatol. 2006 Apr 1 [cited 2024 Apr 25];21(4):748-53. Available from:
https://onlinelibrary.wiley.com/doi/full/10.1111/}.1440-1746.2005.03996 x.

3. Crétolle C, Rousseau V, Lottmann H, Lortat-Jacob S, Alova |, Aigrain Y, et al.
Anorectal malformations: from diagnosis to adult transition. Hépato-Gas-
tro & Oncologie Digestive. 2014 Mar 1 [cited 2024 Apr 25];21(3):158-66.
Available from: https.//www.jle.com/en/revues/hpg/e-docs/reconnaitre_
les_malformations_anorectales_du_diagnostic_a_la_transition_vers_
ladulte_299578/article.phtml?tab=texte.

4. Wetherill C, Sutcliffe J. Hirschsprung disease and anorectal malformation.
Early Hum Dev. 2014 Dec 1 [cited 2024 Apr 25];,90(12):927-32. Available
from: https://pubmed.ncbi.nlm.nih.gov/25448783/.

5. Chatoorgoon K, Pena A, Lawal TA, Levitt M. The problematic Duhamel
pouch in Hirschsprung's disease: manifestations and treatment. Eur J
Pediatr Surg. 2011 [cited 2024 Apr 25];21(6):366-9. Available from: https://
pubmed.ncbi.nlm.nih.gov/21976230/.


https://doi.org/10.1186/s12893-024-02684-w
https://doi.org/10.1186/s12893-024-02684-w
https://pubmed.ncbi.nlm.nih.gov/20610192/
https://pubmed.ncbi.nlm.nih.gov/20610192/
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1440-1746.2005.03996.x
https://www.jle.com/en/revues/hpg/e-docs/reconnaitre_les_malformations_anorectales_du_diagnostic_a_la_transition_vers_ladulte_299578/article.phtml?tab=texte
https://www.jle.com/en/revues/hpg/e-docs/reconnaitre_les_malformations_anorectales_du_diagnostic_a_la_transition_vers_ladulte_299578/article.phtml?tab=texte
https://www.jle.com/en/revues/hpg/e-docs/reconnaitre_les_malformations_anorectales_du_diagnostic_a_la_transition_vers_ladulte_299578/article.phtml?tab=texte
https://pubmed.ncbi.nlm.nih.gov/25448783/
https://pubmed.ncbi.nlm.nih.gov/21976230/
https://pubmed.ncbi.nlm.nih.gov/21976230/

Cikomola et al. BMC Surgery

20.

21.

22.

(2025) 25:96

deVries PA, Pefa A. Posterior sagittal anorectoplasty. J Pediatr Surg. 1982
[cited 2024 Apr 25];17(5):638-43. Available from: https://pubmed.ncbi.
nlm.nih.gov/7175658/.

Levitt MA, Pefia A. Outcomes from the correction of anorectal malforma-
tions. Curr Opin Pediatr. 2005 Jun [cited 2024 Apr 25];17(3):394-401.
Available from: https://pubmed.ncbi.nim.nih.gov/15891433/.

Cikomola FG, Bisimwa AW, Nyalundja AD, Barthélemy EJ, Matabaro BS,
Mukamba FM, et al. Prevalence and risk of occurrence of visible birth
defects in mining areas in South Kivu: A hospital-based cross-sectional
Study. PLoS One. 2024;

Nyanza EC, Dewey D, Manyama M, Martin JW, Hatfield J, Bernier FP.
Maternal exposure to arsenic and mercury and associated risk of adverse
birth outcomes in small-scale gold mining communities in Northern
Tanzania. Environ Int. 2020 Apr 1 [cited 2024 Apr 25];137. Available from:
https://pubmed.ncbi.nim.nih.gov/32014788/.

Yorifuji T, Horikawa R, Hasegawa T, Adachi M, Soneda S, Minagawa M,

et al. Clinical practice guidelines for congenital hyperinsulinism. Clin
Pediatr Endocrinol. 2017 [cited 2024 Apr 251;26(3):127-52. Available from:
https://pubmed.ncbi.nim.nih.gov/28804205/.

. LubalaTK, Shongo MYP, Munkana AN, Mutombo AM, Mbuyi SM, Momat

FKW. Malformations congénitales a Lubumbashi (République Démocra-
tique du Congo): a propos de 72 cas observés et plaidoyer en faveur du
développement d'un Registre National des Malformations Congénitales
et d'un Centre National de Référence de Génétique Humaine. PAMJ 2012;
13:84. 2012 [cited 2024 Apr 25];13(84):84. Available from: https:.//www.
panafrican-med-journal.com/content/article/13/84/full.

Mukendi RAM, Banza CLN, Mukeng CAK, Ngwe JTM, Mwembo ANAN,
Kalenga PMK. Exposition de I'homme aux éléments traces métalliques
et altération du sperme: étude menée dans les zones minieres du Haut-
Katanga en République. 2018 [cited 2024 Apr 25];30(35). Available from:
https://www.panafrican-med-journal.com/content/article/30/35/full.
Sovacool BK. The precarious political economy of cobalt: Balancing
prosperity, poverty, and brutality in artisanal and industrial mining in the
Democratic Republic of the Congo. Extr Ind Soc. 2019;6(3):915-39.

Van Brusselen D, Kayembe-Kitenge T, Mbuyi-Musanzayi S, Lubala Kasole
T, Kabamba Ngombe L, Musa Obadia P, et al. Metal mining and birth
defects: a case-control study in Lubumbashi, Democratic Republic of the
Congo. Lancet Planet Health. 2020 Apr 1 [cited 2024 Nov 12]:4(4).e158—
67. Available from: http://www.thelancet.com/article/S25425196203005
90/fulltext.

Alio AP, Salihu HM, Mcintosh C, August EM, Weldeselasse H, Sanchez

E, et al. The effect of paternal age on fetal birth outcomes. Am J Men's
Health. 2012;6(5):423-35.

Hvide HK, Johnsen J, Salvanes KG. Parental age and birth defects: a
sibling study. Eur J Epidemiol . 2021 Aug 1 [cited 2024 Nov 12];36(8):849—
60. Available from: https://link.springer.com/article/10.1007/
$10654-021-00734-8.

Ngaboyeka G, Bisimwa G, Neven A, Mwene-Batu P, Kambale R, Kingwayi
PP, et al. Association between diagnostic criteria for severe acute
malnutrition and hospital mortality in children aged 6-59 months in the
eastern Democratic Republic of Congo: the Lwiro cohort study. Front
Nutr. 2023 [cited 2024 Nov 12];10. Available from: https://pubmed.ncbi.
nim.nih.gov/37293673/.

Iwai N, Fumino S. Surgical treatment of anorectal malformations. Surg
Today. 2013 Sep [cited 2024 Aug 24];43(9):955-62. Available from: https://
pubmed.ncbi.nim.nih.gov/23196862/.

Dasgupta R, Langer JC. Evaluation and management of persistent
problems after surgery for Hirschsprung disease in a child. J Pediatr Gas-
troenterol Nutr. 2008 Jan [cited 2024 Aug 24];46(1):13-9. Available from:
https://pubmed.ncbi.nlm.nih.gov/18162828/.

Sinha S, Kanojia R, Wakhlu A, Rawat JD, Kureel SN, Tandon RK. Delayed
presentation of anorectal malformations. J Indian Assoc Pediatr Surg.
2008 Apr 1 [cited 2024 Apr 25];13(2):64. Available from: https://pmc.ncbi.
nlm.nih.gov/articles/PMC2788449/.

Holcomb GW, Murphy JD, Ostlie DJ. Ashcraft’s Pediatric Surgery, 6th edn.
Ann R Coll Surg Engl. 2019 Nov [cited 2024 Apr 251;101(8):621. Available
from: https://www.ncbi.nlm.nih.gov/pmc/?term=6818068.

Mabula JB, Kayange NM, Manyama M, Chandika AB, Rambau PF, Chalya
PL. Hirschsprung’s disease in children: A five year experience at a Univer-
sity teaching hospital in northwestern Tanzania. BMC Res Notes. 2014

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Page 11 of 12

Jun 28 [cited 2024 Apr 25];7(1):1-9. Available from: https://bmcresnotes.
biomedcentral.com/articles/10.1186/1756-0500-7-410.

Ogundoyin OO, Olulana DI, Lawal TA. Experience with the management
of anorectal malformations in Ibadan, Nigeria. Pan Afr Med J. 2021 [cited
2024 Aug 24];38(214). Available from: https://pmc.ncbi.nlm.nih.gov/artic
les/PMC8140676/.

Shitta AH, Ugwu BT, Peter SD, Ozoilo KN, Adighije PF, Omolabake BI.
HIRSCHSPRUNG'S DISEASE IN AN ADULT: A CASE REPORT. J West Afr Coll
Surg. 2014 [cited 2024 Aug 24];4(3):121. Available from: https://pmc.ncbi.
nlm.nih.gov/articles/PMC4553232/.

Purcell L, Ngwira N, Gallaher J, Cairns B, Charles A. Characteristics and out-
comes in paediatric patients presenting with congenital colorectal diseases
in sub-Saharan Africa. Trop Doct. 2019 Oct 1 [cited 2024 Aug 24];49(4):256—
9. Available from: https://pubmed.ncbi.nlm.nih.gov/31109246/.

Oyania F, Kotagal M, Wesonga AS, Nimanya SA, Situma M. Pull-Through
for Hirschsprung’s Disease: Insights for Limited-Resource Settings From
Mbarara. J Surg Res. 2024 Jan 1 [cited 2024 Aug 24];293:217-22. Available
from: https://pubmed.ncbi.nlm.nih.gov/37797389/.

Gagnon H, Duguay S, Prasil P, Castilloux J. Short and Long-Term Out-
comes in Hirschsprung Disease: Are the Syndrome-Associated Patients
Really Doing Worse? J Pediatr Gastroenterol Nutr. 2023 Nov 1 [cited 2024
Aug 241;77(5):592-6. Available from: https://pubmed.ncbi.nim.nih.gov/
37496148/.

DaiY, Deng, Lin'Y, Ouyang R, Li L. Long-term outcomes and quality

of life of patients with Hirschsprung disease: a systematic review and
meta-analysis. BMC Gastroenterol. 2020 Mar 12 [cited 2024 Aug 241,20(1).
Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC7066788/.

Gao T, XuW, Sheng Q, Xu T, Wu W, Lv Z. Clinical outcomes and risk

factors for postoperative complications in children with Hirschsprung’s
disease. Am J Transl Res. 2022 [cited 2024 Aug 241;14(7):4830. Available
from: https://pmc.ncbi.nlm.nih.gov/articles/PMC9360846/.

Mokaila ME, Mabitsela ME, Tshifularo N. Management and outcomes of
vestibular anorectal malformations in a low-income country hospital. PAMJ
2024;47:121. 2024 Mar 18 [cited 2024 Aug 241;47(121). Available from:
https.//www.panafrican-med-journal.com//content/article/47/121/full.
Tong QS, Tang ST, Pu JR, Mao YZ, Wang Y, Li SW, et al. Laparoscopically
assisted anorectal pull-through for high imperforate anus in infants: inter-
mediate results. J Pediatr Surg. 2011 Aug [cited 2024 Aug 241;46(8):1578—
86. Available from: https://pubmed.ncbi.nim.nih.gov/21843727/.

Saadai P, Trappey AF, Goldstein AM, Cowles RA, De La Torre L, Durham
MM, et al. Guidelines for the management of postoperative soiling in
children with Hirschsprung disease. Pediatr Surg Int. 2019 Aug 8 [cited
2024 Aug 241;35(8):829-34. Available from: https://pubmed.ncbi.nim.nih.
gov/31201486/.

Zimmer J, Tomuschat C, Puri P. Long-term results of transanal pull-
through for Hirschsprung’s disease: a meta-analysis. Pediatr Surg Int. 2016
Aug 1 [cited 2024 Aug 24];32(8):743-9. Available from: https://pubmed.
ncbi.nim.nih.gov/27385111/.

Hartman EE, Oort FJ, Aronson DC, Sprangers MA. Quality of life and
disease-specific functioning of patients with anorectal malformations

or Hirschsprung's disease: a review. Arch Dis Child. 2011 Apr [cited 2024
Apr 25],96(4):398-406. Available from: https://pubmed.ncbi.nim.nih.gov/
20371581/.

Nah SA, Ong CCP, Lie D, Marimuttu VJ, Hong J, Te-Lu Y, et al. Understand-

ing Experiences of Youth Growing Up with Anorectal Malformation or
Hirschsprung's Disease to Inform Transition Care: A Qualitative In-Depth
Interview Study. Eur J Pediatr Surg. 2018 Feb 1 [cited 2024 Apr 25];28(1):67-
74. Available from: https://pubmed.ncbinim.nih.gov/28837998/.
Svetanoff WJ, Kapalu CL, Lopez JJ, Fraser JA, Briggs KB, Rentea RM.
Psychosocial factors affecting quality of life in patients with anorectal
malformation and Hirschsprung disease-a qualitative systematic review. J
Pediatr Surg. 2022 Mar 1 [cited 2024 Apr 251;57(3):387-93. Available from:
https://pubmed.ncbi.nlm.nih.gov/34127258/.

Bokova E, Svetanoff WJ, Levitt MA, Rentea RM. Pediatric Bowel Manage-
ment Options and Organizational Aspects. Children (Basel). 2023 Apr 1
[cited 2024 Apr 25];10(4). Available from: https://pubmed.ncbi.nim.nih.
gov/37189882/.

Oltean |, Hayawi L, Larocca V, Bijeli¢ V, Beveridge E, Kaur M, et al. Quality
of life outcomes in children after surgery for Hirschsprung disease and
anorectal malformations: a systematic review and meta-analysis. World


https://pubmed.ncbi.nlm.nih.gov/7175658/
https://pubmed.ncbi.nlm.nih.gov/7175658/
https://pubmed.ncbi.nlm.nih.gov/15891433/
https://pubmed.ncbi.nlm.nih.gov/32014788/
https://pubmed.ncbi.nlm.nih.gov/28804205/
https://www.panafrican-med-journal.com/content/article/13/84/full
https://www.panafrican-med-journal.com/content/article/13/84/full
https://www.panafrican-med-journal.com/content/article/30/35/full
http://www.thelancet.com/article/S2542519620300590/fulltext
http://www.thelancet.com/article/S2542519620300590/fulltext
https://link.springer.com/article/10.1007/s10654-021-00734-8
https://link.springer.com/article/10.1007/s10654-021-00734-8
https://pubmed.ncbi.nlm.nih.gov/37293673/
https://pubmed.ncbi.nlm.nih.gov/37293673/
https://pubmed.ncbi.nlm.nih.gov/23196862/
https://pubmed.ncbi.nlm.nih.gov/23196862/
https://pubmed.ncbi.nlm.nih.gov/18162828/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2788449/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2788449/
https://www.ncbi.nlm.nih.gov/pmc/?term=6818068
https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-7-410
https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-7-410
https://pmc.ncbi.nlm.nih.gov/articles/PMC8140676/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8140676/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4553232/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4553232/
https://pubmed.ncbi.nlm.nih.gov/31109246/
https://pubmed.ncbi.nlm.nih.gov/37797389/
https://pubmed.ncbi.nlm.nih.gov/37496148/
https://pubmed.ncbi.nlm.nih.gov/37496148/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7066788/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9360846/
https://www.panafrican-med-journal.com//content/article/47/121/full
https://pubmed.ncbi.nlm.nih.gov/21843727/
https://pubmed.ncbi.nlm.nih.gov/31201486/
https://pubmed.ncbi.nlm.nih.gov/31201486/
https://pubmed.ncbi.nlm.nih.gov/27385111/
https://pubmed.ncbi.nlm.nih.gov/27385111/
https://pubmed.ncbi.nlm.nih.gov/20371581/
https://pubmed.ncbi.nlm.nih.gov/20371581/
https://pubmed.ncbi.nlm.nih.gov/28837998/
https://pubmed.ncbi.nlm.nih.gov/34127258/
https://pubmed.ncbi.nlm.nih.gov/37189882/
https://pubmed.ncbi.nlm.nih.gov/37189882/

Cikomola et al. BMC Surgery (2025) 25:96

39.

40.

41.

42.

43.

44,

45.

46.

47.

Journal of Pediatric Surgery. 2022 Nov 10 [cited 2024 Apr 25];5(4):447.
Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC9716859/.
Rintala RJ, Pakarinen MP. Long-term outcomes of Hirschsprung's disease.
Semin Pediatr Surg. 2012 Nov [cited 2024 Aug 24];21(4):336-43. Available
from: https://pubmed.ncbi.nim.nih.gov/22985839/.

Ahmad H, Levitt MA, Yacob D, Halleran DR, Gasior AC, Di Lorenzo C, et al.
Evaluation and Management of Persistent Problems After Surgery for
Hirschsprung Disease in a Child. Curr Gastroenterol Rep. 2021 Nov 1
[cited 2024 Aug 24];23(11). Available from: https://pubmed.ncbi.nim.nih.
gov/34633517/.

Holcomb GW, Murphy JD, Ostlie DJ. Ashcraft’s Pediatric Surgery, 6th edn.
Ann R Coll Surg Engl. 2019 Nov [cited 2024 Aug 24];101(8):621. Available
from: https://pmc.ncbinim.nih.gov/articles/PMC6818068/.

Mfinanga RJ, Massenga A, Mashuda F, Gilyoma JM, Chalya PL. Clinical
profile and outcome of surgical management of anorectal malformations
at a tertiary care hospital in Tanzania. Tanzan J Health Res. 2018;20(1).
Rawat J, Singh S, Pant N. Anorectal malformations in adolescent females:
a retrospective study. J Indian Assoc Pediatr Surg. 2018;23(2):57-60. Avail-
able from: https://pmc.ncbi.nim.nih.gov/articles/PMC5898204/. [cited
2024 Apr 25].

Barnes-Josiah D, Myntti C, Augustin A. The “Three Delays”as a framework
for examining maternal mortality in Haiti. Soc Sci Med. 1998 Apr 15 [cited
2024 Aug 24];46(8):981-93. Available from: https://pubmed.ncbi.nlm.nih.
gov/9579750/.

Bischoff A, Tovilla M. A practical approach to the management of pedi-
atric fecal incontinence. Semin Pediatr Surg. 2010 May [cited 2024 Aug
241,19(2):154-9. Available from: https://pubmed.ncbi.nim.nih.gov/20307
852/.

El-Sawaf M, Siddiqui S, Mahmoud M, Drongowski R, Teitelbaum DH. Pro-
biotic prophylaxis after pullthrough for Hirschsprung disease to reduce
incidence of enterocolitis: A prospective, randomized, double-blind,
placebo-controlled, multicenter trial. J Pediatr Surg. 2013;48(1):111-7.
Haricharan RN, Seo JM, Kelly DR, Mroczek-Musulman EC, Aprahamian

CJ, Morgan TL, et al. Older age at diagnosis of Hirschsprung disease
decreases risk of postoperative enterocolitis, but resection of additional
ganglionated bowel does not. J Pediatr Surg. 2008 Jun [cited 2024 Aug
24];43(6):1115-23. Available from: https://pubmed.ncbi.nim.nih.gov/
18558193/.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12


https://pmc.ncbi.nlm.nih.gov/articles/PMC9716859/
https://pubmed.ncbi.nlm.nih.gov/22985839/
https://pubmed.ncbi.nlm.nih.gov/34633517/
https://pubmed.ncbi.nlm.nih.gov/34633517/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6818068/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5898204/
https://pubmed.ncbi.nlm.nih.gov/9579750/
https://pubmed.ncbi.nlm.nih.gov/9579750/
https://pubmed.ncbi.nlm.nih.gov/20307852/
https://pubmed.ncbi.nlm.nih.gov/20307852/
https://pubmed.ncbi.nlm.nih.gov/18558193/
https://pubmed.ncbi.nlm.nih.gov/18558193/

	Surgical long-term outcomes of Hirschsprung Disease in the Democratic Republic of Congo: a case series of 31 patients in a resource-limited setting
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design, population and context
	Diagnostic
	Surgical procedures
	Estimation of the Resection Margin in HD Based on Patient age and weight
	Data sources
	Data analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


