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Abstract

Background The current study aims to comprehensively evaluate the surgical impact on anal function in pediatric patients
with anal fistulas, incorporating anorectal manometry, histopathological examination, and various rating scales.

Methods The study focuses on infants and toddlers diagnosed with anal fistulas who underwent surgical intervention at
Longhua Hospital, Shanghai University of Traditional Chinese Medicine, between November 2020 and January 2024. The
participants were divided into two age cohorts: infants (0O—12 months) and toddlers (13—36 months). Data were meticulously
collected for both cohorts, with anal function assessed through intraoperative anorectal manometry, Masson staining of fistula
tissue, and the Heikkinen clinical continence scoring (CCS) scale during the postoperative period

Results (1) Both cohorts demonstrated a 100% postoperative healing rate. The average healing duration was 15.58 +3.21 days
for the infant cohort and 16.57 +3.65 days for the toddler cohort. Anorectal manometry indicated the presence of the ano-
rectal inhibitory reflex (RAIR) in both cohorts. Postfistulotomy, there was a slight decrease in anal rectal pressure (ARP),
although this reduction was not statistically significant (p >0.05) and was unrelated to the complexity of the fistula. Patho-
logical examination of the fistula tissues revealed low muscle content in both cohorts, accounting for 14.1 +1.35% in the
infant cohort and 17.2 +2.86% in the toddler cohort. The muscle composition varied between the cohorts; the infant cohort
predominantly had smooth muscle with minimal striated muscle, whereas the toddler cohort had both smooth and striated
muscle, with a relatively higher proportion of striated muscle. The CCS scores showed significant improvement at 6 months
postoperation and during long-term follow-up compared to preoperative scores, with long-term follow-up results being
superior to those at six months (p <0.01).

Conclusion Surgical treatment for pediatric anal fistulas demonstrates is both effective and safe, with a potential for long-
term improvement in anorectal function over time.

Keywords Anorectal manometry - Clinical observation - Evaluation of anal function - Pediatric perianal fistula - Surgical
treatment

Introduction

A pediatric anal fistula is a pathological tract between the
perianal skin and the anal canal, commonly seen in children
aged 0 to 3 years. The incidence of the condition ranges from
approximately 0.5% to 4.3%. A review of clinical literature
Yi Fu and Yu-Wen Ding should be regarded as the joint first authors. involving 490 cases revealed that 89% of affected children
were under 1 year old, with a striking 97.5% being male,
making female cases relatively rare [1, 2]. The frequent
recurrence of anal fistulas can lead to significant discomfort
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might impact anorectal function, often recommending a
delay in surgery until adulthood for a permanent solution.
However, recurrent abscesses and fistula formations can
detrimentally affect the physical and mental well-being of a
child, hindering their development.

Since the 1970 s, the Proctology Department at Long-
hua Hospital, Shanghai University of Traditional Chinese
Medicine, has gained extensive clinical experience in the
treatment of infant anal fistulas [3—5]. For non-acute infec-
tious anal fistulas, initial conservative treatment is recom-
mended, reserving surgical intervention for recurrent cases
[3]. Studies report high surgical success rates, ranging from
93.7% to 100% in pediatric anal fistulas [6-9]. Despite these
favorable outcomes, there is currently no objective clinical
evidence regarding the impact of surgery on anal function.
This study aims to comprehensively evaluate the effects of
fistulotomy on anal function in children with pediatric anal
fistulas, offering valuable insights into the clinical efficacy
and safety of these surgical interventions.

Materials and methods
Participants

This study included infants and toddlers diagnosed with
anal fistulas who underwent surgical treatment at Longhua
Hospital, Shanghai University of Traditional Chinese Medi-
cine, between November 2020 and January 2024. The par-
ticipants were divided into two cohorts based on age: infants
(0 ~ 12 months) and toddlers (13 ~36 months), with 83 male
patients. Preoperative assessments, including local inspec-
tion and perianal ultrasound, were performed to confirm the
presence of one or more fistulas in all cases.

Diagnostic and admission criteria

The diagnostic criteria for pediatric anal fistulas are based
on the “Guidelines for the Diagnosis and Treatment of
Common Anorectal Diseases in Traditional Chinese Medi-
cine” (ZYYXH/T325-2012) [10]): (1) a history of perianal
abscess, with recurrent symptoms following spontaneous
rupture or surgical incision and drainage, accompanied by
a palpable, firm cord connecting the ulcer and the anus; (2)
a perianal ulcer exhibiting pus discharge, typically yellow
or white and thick in consistency, or adjacent induration,
redness, and swelling, usually with one to two external open-
ings; (3) palpable firm cords near the anus extending into the
anal canal, with a depression near the dentate line indicat-
ing the internal opening; and (4) preoperative perianal ultra-
sonography showing a simple anal fistula characterized by
tubular hypoechoic signals traversing perianal tissues, with
a single internal opening to the anal canal, or a complex anal
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fistula indicated by two or more internal openings or multi-
ple tubular hypoechoic signals crossing perianal tissues [11].

The inclusion criteria for this study are as follows:
(1) pediatric patients aged 0 to 36 months; (2) diagnosis
in accordance with the guidelines provided by the China
Association of Chinese Medicine, the 2020 Chinese Expert
Consensus on the Treatment of Anal Fistula, and the guide-
lines for managing perianal abscesses, anal fistulas, and rec-
tovaginal fistulas issued by the American Society of Colon
and Rectal Surgeons [12, 13]; (3) parents or guardians of
pediatric patients must consent to the examination, surgical
treatment, and follow-up care for their children and have
provided informed consent and relevant notifications.

The exclusion criteria are as follows: (1) congenital con-
ditions such as megacolon, anorectal malformations, anal
canal or rectal tumors, suppurative hidradenitis, perianal
subcutaneous cyst infection, sacrococcygeal cysts or tera-
tomas with abscesses, pilonidal sinus infections, and cel-
lulitis; (2) children with severe primary diseases, including
immunodeficiency, cardiovascular, cerebrovascular, liver,
kidney, and hematopoietic system disorders, as well as psy-
chiatric conditions; and (3) children exhibiting abnormal
anal function due to previous trauma, surgery, or neurologi-
cal disorders.

Surgical interventions

The Proctology Department at Longhua Hospital special-
izes in treating anal fistulas in infants and toddlers, prioritiz-
ing the preservation of anal function. For isolated fistulas,
they utilize a technique known as anal fistulotomy (Fig. 1).
During this procedure, a silver-tipped probe was carefully
inserted through the external opening. If the external open-
ing was temporarily closed, a minor incision was made to
facilitate entry. The probe was then cautiously advanced to
avoid blind probing, with the surgeon using the index fin-
ger internally to locate the internal opening. Once the inter-
nal opening was identified, the fistula tract was completely
incised. Tissue samples from the fistula wall, along with any
necrotic tissue, are collected for pathological examination.
The surgical site is then checked for active bleeding, and the
area was dressed and secured appropriately.

Data collection

Patient data were obtained from outpatient and inpatient
medical records, including demographic characteristics,
imaging assessments, anorectal manometry results, fistula
characteristics and postoperative follow-up information. The
study was approved by the Ethics Committee of Longhua
Hospital, Shanghai University of Traditional Chinese Medi-
cine (Ethics Approval Number: 2023-LHXS-052).
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Fig. 1 Images from the surgical procedure of fistulotomy and preoperative ultrasound report images

Instrumentation and equipment

Anorectal manometry equipment: (1) instrument name:
XDJ-S8 Model Anorectal Motility Detector (China); (2)
pressure catheter: Pediatric Catheter (Model: GC-08 Pres-
sure Catheter, 4.7 mm, Hefei Kelly Photonics Technology
Co., Ltd.)

Pressure measurement method: (1) preoperative proce-
dure: preoperatively, under anesthesia, the pressure probe
was lubricated with paraffin oil, and it was gently inserted
into the anal canal (1-2 cm deep). Once the image stabi-
lized, the anal rectal pressure (ARP) was recorded. Then,
the probe was further inserted into the lower rectum (3—5 cm
from the anal verge). A decrease in pressure was observed
on the image; once stabilized, a 60 ml syringe was attached
to the three-way valve of the pressure probe and rapidly
injected, and 5 ml of air was withdrawn. The image was
monitored for pressure fluctuations (initial rise followed by
a fall), indicating the anorectal inhibitory reflex (RAIR). If
RAIR was not elicited with 5 ml, incrementally the air was
increased by 5 ml, up to a maximum of 20 ml. The balloon
volume required to elicit RAIR was recorded. (2) Postopera-
tive procedure: postoperatively, under anesthesia, the probe
was replaced with a pediatric catheter while wearing sterile
gloves, and follow the same procedure to measure postopera-
tive ARP. (3) The images from both pre- and postoperative
measurements were documented, and the pressure testing
was concluded. Pressure data analysis should be performed
by a colorectal surgery specialist with appropriate training
(Fig. 2).

Masson staining

The Masson’s trichrome stain kit was obtained from Fuzhou
Maixin Reagent Company. The staining protocol began with
deparaffinization and hydration of the tissue samples, fol-
lowed by immersion in the Masson’s complex stain solu-
tion for 5 min. Next, the samples were treated with molyb-
dophosphoric acid solution for an additional 5 min, then

Fig.2 Pressure testing process. A Intraoperative pressure measure-
ment (lateral view). B Intraoperative pressure measurement (frontal
view). C Postoperative pressure measurement (frontal view). D Pres-
sure measurement results

stained with aniline blue for 10 min. Differentiation was per-
formed for 60 s, followed by dehydration using 95% ethanol
and absolute ethanol. The samples were then cleared with
xylene and sealed with neutral gum. All Masson-stained
specimens were processed in the pathology department of
Longhua Hospital.

Observation indicators

Healing time and rate: Healing time is calculated from
the first day after surgery and represents the total dura-
tion required for complete epithelialization of the surgical
wound.

Anorectal manometry: All patients underwent anorectal
manometry (Fig. 2) following effective anesthesia and fistula
surgery. Changes in ARP were documented both pre- and
postoperatively, along with the volume of gas required to
elicit the RAIR.
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Analysis of muscle proportion in fistula tissue: Intraop-
eratively, the stiff tissue was meticulously dissected from
the inner wall after the fistula was opened. Postoperatively,
the tissues were fixed, embedded, and sectioned for Mas-
son staining. The muscle content and type within the fis-
tula tissue were analyzed under optical microscopy, and
ImagelJ software was utilized for precise quantification of
muscle content (Fig. 3), evaluating the amount and origin
of muscle involved in the surgery. In the interpretation
of Masson staining, basement membrane collagen fibers
stain blue, while muscle fibers stain appear red. Figure 3A
presents the Masson staining results of an infant cohort
case (light microscopy, 4X), showing a musclecontent of
17.7%, predominantly smooth muscle with rare striated
muscle. Figure 3B displays the Masson stainingresults of
a toddler cohort case (light microscopy, 4X), showing a
muscle content of 13.4% with both smooth andstriated
muscles present and a higher proportion of striated muscle
compared to the infant cohort.

Postoperative anorectal function score: Anorectal
function was assessed using the Heikkinen clinical con-
tinence scoring (CCS) system (Table 1) preoperatively, 6
months postoperatively, and during the follow-up period,
which extends until August 2024 [14, 15]. The CCS score
was assessed by a specialized colorectal surgeon both
preoperatively and during outpatient follow-up. Before
scoring, the surgeon provided a detailed explanation of
the questions in the assessment scale to ensure accurate
understanding.
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Statistical methods

The data analysis was conducted using IBM SPSS Statistics
for Windows (version 25.0; IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean =+ standard
deviation (X +s). For datasets that followed a normal distri-
bution, independent sample t-tests were employed. In con-
trast, the Mann—Whitney U test was used for data that did
not conform to a normal distribution. A p-value of <0.05
was considered statistically significant, while a p-value of
<0.01 was considered highly statistically significant.

Results
Patient demographics and clinical characteristics

83 pediatric patients diagnosed with anal fistulas were
included in this study, comprising 53 infants (0 ~ 12 months)
and 30 toddlers (13 ~36 months). The mean age of the infant
cohort was 8.57 +2.18 months, while that of the toddler
cohort was 20.27 + 6.13 months. The average disease dura-
tion was 4.89 +2.54 months in infants and 16.23 +6.01
months in toddlers (Table 2).

In both cohorts, all patients underwent preoperative
assessments, including local inspection and perianal
ultrasound, which confirmed the presence of one or more
fistulas. The number of fistulas per patient ranged from
one to seven. Among the infant cohort, 25 patients had a
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Table 1 Clinical continence scoring

Table 3 Number of the fistula

Frequency of defecation

Normal (1-2/day) 2
Often (3-5/day)

Very often 0
Fecal consistency

Normal 2
Loose

Liquid 0
Soiling

No 2
Stress or diarrhea

Constant 0
Rectal sensation

Normal 2
Defective

Missing 0
Ability to hold back defecation

Minutes 2
Seconds

Missing 0
Discrimination between formed, loose, or gaseous stools

Normal 2
Defective

Missing 0
Need for therapy (enemas, drugs, napkins)

No 2
Occasionally

Always 0

14 points, excellent bowel habits; 10-13 points, good (social conti-
nence, few limitations in social life); 5-9 points, fair (marked limita-
tions in social life); 0—4 points, poor (total incontinence)

Table 2 General information of two cohorts of patients

Characteristics Infant Toddler
(n=153) (n=130)

Age (months) 8.57 £2.18 20.27 +6.13

Weight (kg) 7.81 £2.23 16.73 +£6.21

Height (cm) 65.79 +£3.74 83.54 +7.54

Clinical duration (months) 4.89 +2.54 16.23 +6.01

single fistula, 14 had two, nine had three, four had four,
and one had five fistulas. In the toddler cohort, 15 patients
had a single fistula, eight had two, four had three, two had
four, and one had seven fistulas (as shown in Table 3).
The most common locations of internal openings were at
the 3 o’clock and 9 o’clock positions (as shown in Fig. 4).
Generally, the locations and numbers of internal openings
and fistulas in both cohorts corresponded on a one-to-one
basis, except for one toddler in whom the internal opening

No. of the Infant Toddler p-value
fistula(rn) n=1>53 n=30

1 25 (47.16) 15 (50.00) 0.326
2 14 (26.42) 8(26.67)

>3 14 (26.42) 7(23.33)

at the 9 o’clock position bifurcated toward both the 8 and
9 o’clock positions.

The mean recovery duration for the 83 pediatric patients
is detailed in Table 4. At the 6-month postoperative follow-
up, the wound-healing rate reached 100%, with no statis-
tically significant differences in healing time observed
between the two cohorts.

Results of anorectal manometry

Tables 5 and 6 show that the mean volumes required to
induce RAIR for the two cohorts of pediatric patients were
10.47 +3.29 ml and 10.67 +3.40 ml, respectively. Post-
operatively, ARP values demonstrated a slight reduction
compared to preoperative values; however, these differences
were not statistically significant (p > 0.05). To assess the
surgical impact on ARP in pediatric patients with varying
complexities of fistulas, we compared preoperative and post-
operative ARP values in patients with simple anal fistulas
(one fistula tract) and complex anal fistulas (multiple fistula
tracts) across different age brackets. The ratio of simple to
complex anal fistulas was 40:43, as detailed in Table 7. The
findings indicate that surgical intervention does not signifi-
cantly affect ARP values in pediatric patients, regardless of
the severity of fistula complexity or age cohort (p > 0.05).

Analysis of Masson staining results for fistula tissue

The results of Masson’s trichrome staining analysis are
detailed in Table 8 and Fig. 4. The fistula tissues primar-
ily consist of fibrous connective tissue, indicated by blue-
stained regions, with a minor presence of muscle tissue.
Light microscopy revealed age-dependent variations in the
relative content of striated and smooth muscle within the
fistula tissues. Among the 83 pediatric patients, muscle con-
tent in the fistula tissue ranged from 11.45% to 19.41%. In
the infant cohort, the mean muscle proportion was 12.17
+2.35%, characterized by a predominance of smooth muscle
and minimal striated muscle. In contrast, the toddler cohort
exhibited a mean muscle proportion of 15.27 +1.78%, which
included both smooth muscle and a higher proportion of
striated muscle compared to the infant cohort. There was no
statistically significant difference in the muscle proportion
between the two cohorts (p > 0.05).

@ Springer
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A

Fig.4 Masson staining technique and results schematic diagram. A
The Masson staining results of an infant cohort case (light micros-
copy, 4x), showing a muscle content of 17.7%, predominantly
smooth muscle with rare striated muscle. B The Masson staining

Table 4 Wound-healing time of the two cohorts

Toddler
(n=130)

Infant
(n=53)

p-value

Average healing time (months) 15.58 +3.21 16.57 +£3.65 0.153

Table 5 ARP pre- and postoperation of the infant cohort

Infant (n =53) p-value
Preoperation Postoperation
ARP (mmHg) 35.14 £17.52 33.11 £12.64 0.056
RAIR (mmHg) 10.47 £3.29 - -
ARP anal rectal pressure, RAIR anorectal inhibitory reflex
Table 6 ARP pre- and postoperation of the toddler cohort
Toddler (n= 30) p-value
Preoperation Postoperation
ARP (mmHg) 40.46 +10.46 39.32 +£10.60 0.139
RAIR (mmHg) 10.67 +3.40 - -

ARP anal rectal pressure, RAIR anorectal inhibitory reflex

Table 7 Analysis of the complexity of anal fistulas with ARP

Age cohort ARP (mmHg) p-value
Preoperation  Postoperation
Simple  Infant (n =25) 35.05+10.12 31.41 +£9.68 0.346
Toddler (n =15) 39.56 +9.44 37.94+9.70 0.271

Complex Infant (n=28) 32.12+11.64 29.64 +10.08 0.388
Toddler (n =15) 38.36 +£8.33 38.27 £5.87 0.961
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results of a toddler cohort case (light microscopy, 4x), showing a
muscle content of 13.4% with both smooth and striated muscles pre-
sent and a higher proportion of striated muscle compared to the infant
cohort

Table 8 Comparison of Masson staining results in two cohorts of
pediatric patients

Age Cohort Muscle ratio in Masson stain-  p-value
ing (%)

Infant (n =53) 12.17 £2.35 0.423

Toddler (n =30) 1527 +1.78

Postoperative follow-up status

The Heikkinen CCS system was employed to assess the
anorectal function of pediatric patients at three time points:
preoperatively, 6 months postoperatively, and during the
most recent follow-up in August 2024. This scoring system
evaluates seven dimensions: frequency of defecation, stool
consistency, fecal soiling, sensation during defecation, con-
tinence ability, stool discrimination, and the necessity for
treatment. The comprehensive scores are detailed in Table 9
Among the 83 pediatric patients, the follow-up periods var-
ied, ranging from a minimum of seven months to a maxi-
mum of 43 months, with a median duration of 17 months
and an average duration of 21.46 months.

No significant difference was found in CCS scores
between simple and complex anal fistulas across the three
follow-up periods (p> 0.05). However, significant statisti-
cal differences emerged in CCS scores among different age
cohorts at various follow-up intervals (p < 0.01; Table 10).
For both infants and toddler cohorts, significant differences
in CCS scores were observed when comparing preopera-
tive scores to those 6 months postoperative scores, as well
as between preoperative scores and long-term follow-up
scores and between 6-month postoperative scores and
long-term follow-up scores (p < 0.01). The average scores
recorded during the long-term follow-up were higher than
both the preoperative scores and those taken at six months
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Tab]e 9 CCS of pediatric Follow-up Excellent Good Fair Poor
patients by age cohort
Infant Toddler Infant Toddler Infant Toddler Infant Infant
Preoperation 0 0 1 15 39 15 13 13
(0%) 0%) (6.25%) (93.75%) (72.22%) (27.78%) (100%) (100%)
6-month-post 0 2 25 27 28 1 0 0
0%) (100%)  (48.08%) (51.92%) (96.55%) (3.45%) (0%) (0%)
Long-time follow-up 13 20 39 10 1 0 0 0
(39.39%) (60.61%) (79.59%) (20.41%) (100%)  (0%) 0%) (0%)

Table 10 CCS of pediatric patients pre- and postoperation by disease
complexity level and age cohort

Grade of CCS Cohort X? p-value
Preoperation Complexity level 0.585 0.747
Age 32.000 0.000%*
6-month postoperation Complexity level 3.065 0.216
Age 22.575 0.000%*
Long-time follow-up Complexity level 0.944 0.624
Age 14.379 0.001%*

#4p < 0.01

postoperatively (Table 11). In addition, during outpatient
follow-up, the anorectal function of patients was assessed
based on the perianal appearance, clinical symptoms, and
defecation patterns reported by parents. None of the young
patients, including those with three or more fistulous tracts,
exhibited signs of anal stricture. Moreover, all patients main-
tained normal bowel habits without experiencing defecation
difficulties, and their CCS scores remained stable.

Discussion

The recurrence and chronicity of pediatric anal fistula not
only cause persistent discomfort in affected young patients
but also impose significant psychological burdens on their
families. In cases where conservative treatment is ineffec-
tive, the disease continues to progress, or the external open-
ing repeatedly discharges pus, surgical intervention should
be promptly considered to prevent further deterioration.
Conservative management primarily aims to control symp-
toms and promote spontaneous healing through non-surgical
approaches, including local wound care, warm sitz baths,

perianal hygiene maintenance, and, when necessary, antibi-
otic therapy. Typically, patients undergo at least 3 months of
conservative treatment; if the fistula fails to heal, symptoms
persist, or recurrent abscess formation occurs, surgical treat-
ment is warranted. However, whether surgical intervention
affects anal function in pediatric patients remains a criti-
cal concern for both clinicians and parents, yet systematic
research on this issue is still lacking. Therefore, this study
aims to comprehensively evaluate the impact of surgery on
anal function in pediatric patients through anorectal manom-
etry, histopathological analysis, and standardized assessment
scales, providing a more evidence-based reference for clini-
cal decision-making.

Our study reveals that most pediatric anal fistulas are sim-
ple linear tracts, with internal openings commonly located
at the 3 and 9 o’clock positions. Notably, over 51% of cases
involved multiple tracts. Intraoperative manometry data
demonstrated a slight decrease in postoperative ARP com-
pared to preoperative levels in both patient cohorts; however,
this difference was not statistically significant (p > 0.05).
This suggests that the immediate impact of anal fistula sur-
gery on ARP in infants and toddlers is minimal. The surgery
typically involves cutting through part of the perianal skin,
anal verge tissue, and the mucosa in the anal canal of the
infants, which is similar to rectal mucosa and more sensitive
to surgical stimuli, though the effect remains minor.

Our analysis revealed no significant differences in ARP
pre- and postoperatively for both simple and complex anal
fistulas in either the infant or toddler cohorts (p > 0.05).
This finding suggests that surgical interventions for com-
plex anal fistulas are equally safe and do not significantly
affect ARP. It is possible to address multiple fistula tracts
in a single surgical procedure. Infants and toddlers are at
a critical stage of growth and development and often lack
self-control, which makes them particularly sensitive to

Table 11 Intracohort

. Age cohort Preoperation 6-month postoperation Long-time follow-up p-value

comparison of CCS between
infant and toddler cohorts Infant (n= 53) 7.0 +2.162 9.0 +1.549 12.0 +1.581 0.00%*
Toddle (n= 30) 9.0 +1.858 12.0 £1.039 14.0 £0.979 0.00%*

#p < 0.01
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discomfort in the anal area. These factors complicate the
use of anorectal manometry in this age cohort, as crying
and struggling can significantly compromise the accuracy
of measurements. However, intraoperative manometry
provides real-time data on changes in anorectal pressure,
effectively reflecting the immediate impact of surgical
interventions on anal function. When appropriate anes-
thesia is administered, pediatric patients are more likely
to cooperate better during manometry, thereby minimizing
errors caused by distress.

Current debates surrounding anorectal manometry in
pediatric patients center on the adverse effects of anesthesia
on growth and development, as well as the accuracy of pos-
tanesthesia manometry data. However, both existing litera-
ture and our clinical observations indicate that maintaining
a reasonable depth of anesthesia does not adversely affect
the growth and development of infants and toddlers [16—19].
Intraoperative manometry, conducted twice under anesthe-
sia, facilitates the assessment of surgical impacts on the
anorectal region under controlled conditions. Our findings
from 83 cases are consistent with national and international
pediatric manometry data [20-22], reinforcing the validity
and applicability of intraoperative manometry as a reliable
assessment tool.

The maintenance of anal function is largely dependent
on the integrity of both the inner and outer anal sphincters.
Therefore, meticulous surgical techniques during fistula
repair are essential to minimize any potential damage to the
perianal muscles. Our analysis using Masson staining to
assess the fibrous and muscular components of fistula tissues
yielded several key findings: (1) pediatric fistula tracts are
typically superficial, primarily composed of fibrous connec-
tive tissue, with muscular involvement being minimal < 16%
muscle content across both age cohorts, though comparative
data are limited; (2) the proportion of striated vs. smooth
muscle within the fistula tissues varies by age cohort. Infan-
tile fistulas predominantly contain smooth muscle, with only
sparse striated muscle present. In contrast, toddler fistulas
exhibit a notable presence of striated muscle, particularly
near the external opening. Surgical interventions in infants
and toddlers typically engage fewer muscle cohorts, primar-
ily affecting the internal sphincter. However, surgeries in
toddlers may involve both sphincters due to more developed
muscular layers in this age cohort. Previous literature cor-
roborates this observation, noting that in many cases involv-
ing infants and toddlers, the sphincters and levator ani mus-
cles remain largely uninvolved. Considering the stages of
growth and development, early surgical intervention may
lead to reduced damage to the perianal muscles. The fistulot-
omy technique is designed to prioritize the protection of the
sphincters, thereby minimizing disruption to the surrounding
normal tissues, especially the muscles. Postoperative CCS
demonstrated a significant improvement in anal function
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over time, indicating that the surgery had no adverse effects
on anal function.

The follow-up assessments based on CCS scoring
revealed several key observations: (1) over extended follow-
up periods, the anorectal function scores of infants and tod-
dlers demonstrated significant improvement. For children
aged 6-36 months, the enhancement of defecation control
ability is likely influenced primarily by the natural devel-
opmental process rather than solely by the surgical inter-
vention. However, this finding suggests to some extent that
anal fistula surgery does not lead to a decline in anal func-
tion in infants and toddlers, and age growth may serve as a
protective factor. (2) No statistically significant differences
were found in CCS scores between patients with complex
and simple anal fistulas (p > 0.05), possibly due to the shal-
low, straight, and minimally muscular nature of the tracts
typically seen in pediatric anal fistulas. This finding, along
with the results from anal manometry, reinforces the safety
and effectiveness of surgical interventions for complex anal
fistulas in pediatric patients. (3) Although the CCS scoring
scale is a nationally recognized and authoritative tool for
assessing anal function in children with congenital megaco-
lon, it has limitations when applied to infants and toddlers.
Due to their limited ability to articulate their experiences,
young patients often cannot communicate rectal sensations
or accurately describe stool characteristics. Their reliance on
diapers and pads further complicates the precise assessment
of their bowel control abilities. Therefore, developing an
objective evaluation scale that aligns with the physiological
characteristics of infants and toddlers is an essential goal for
future research. In addition, postoperative follow-up regard-
ing healing time and rates suggests that fistulotomy is a safe
and effective treatment for pediatric anal fistulas. This study
indicates that the application of appropriate surgical tech-
niques does not negatively impact anal function in pediatric
patients.

This study employed intraoperative anorectal manom-
etry, recognized as the most effective method for secur-
ing cooperation from infants and toddlers during pressure
measurements. We anticipate future advancements in
devices that will better meet the anatomical and comfort
needs of this demographic. Our ongoing efforts will focus
on developing comprehensive and objective evaluation
methods for assessing anal function in infants and tod-
dlers and providing scientific evidence to inform clini-
cal treatments. Infants and toddlers are in a critical phase
of growth and development characterized by dynamic
changes in perianal muscle structure. However, there is a
notable lack of literature addressing the muscle develop-
ment process during this stage. Further investigation into
this area is essential, as it will provide valuable anatomical
references for conducting precise surgical interventions.
While Masson staining was used in this study, it lacked the
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specificity required to differentiate between muscle types,
precluding quantitative comparisons of smooth and skel-
etal muscles.

The duration of follow-up in this study varied, with the
longest being 43 months and the shortest at 7 months, result-
ing in a median follow-up period of 17 months and an aver-
age of 21.46 months. As some patients progressed from
infancy to toddlerhood or childhood—a period marked by
rapid growth—it became challenging to ascertain whether
the observed improvements in anal function were attribut-
able to natural growth or the surgical intervention itself. To
validate these findings, larger sample sizes and extended
follow-up periods utilizing evaluation scales that align more
closely with infant physiology are necessary. Future research
designs should be refined to include expanded sample sizes
and should ideally consist of multicenter, randomized,
controlled, double-blind studies, along with more specific
detection methods to accurately assess the impact of surgi-
cal treatment on anal function in infants with anal fistulas.

Several limitations of this study should be acknowledged.
First, anorectal manometry was performed under general
anesthesia, which inherently alters physiological conditions
by inducing muscle relaxation and eliminating voluntary
anal sphincter activity. This compromises the reliability of
the measurements in reflecting true functional status. While
anesthesia was necessary to ensure patient safety and pro-
cedural feasibility in this age group, the recorded values
may not accurately represent conscious anorectal function.
Second, the evaluation of anal continence in infants and tod-
dlers presents inherent challenges, as voluntary bowel con-
trol typically has not yet developed. Although an objective
scoring system was applied with the support of caregivers
during follow-up, the functional assessment remains indirect
and may be subject to bias. These limitations should be care-
fully considered when interpreting the results and drawing
broader conclusions from this study.

Conclusion

Surgical intervention for pediatric anal fistulas has been
shown to be both safe and effective, with a relatively short
healing time and no adverse effects on anal function.
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