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ABSTRACT
Aims: Transition zone (TZ) pull-through is a major cause of postoperative obstructive symptoms in Hirschsprung disease 
(HD). This study aimed to describe TZ histology and its association with disease classification, age, and preoperative stoma.
Methods: A retrospective review of hematoxylin–eosin-stained pull-through specimens was performed. Samples were 
classified as complete transition zone (CTZ) or incomplete transition zone (ITZ). Nerve fiber diameter, interganglionic interval, 
and transition-zone length or extent were assessed in the submucosal and intermuscular layers.
Results: CTZ length ranged from 2 to 16 cm. In ITZ specimens, transition-zone features were observed over available 
specimen lengths of 3 to 33 cm, representing the observed extent rather than the complete anatomical transition-zone length. 
Overall, nerve fiber diameter, interganglionic interval, and transition-zone measurements were not consistently associated 
with disease classification, age, or stoma. In the ITZ group, intermuscular nerve fiber diameter was significantly associated 
with age (p=0.004) and stoma (p=0.001), while submucosal transition-zone extent was associated with stoma (p=0.016). Layer 
discrepancy and skip areas were also observed.
Conclusion: The TZ in HD shows marked histological and spatial variability, including layer discrepancy and skip areas. These 
findings support careful histopathological confirmation of the proximal resection margin, but should be interpreted cautiously 
due to the retrospective design, limited sample size, unequal groups, and incomplete specimen assessment.
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INTRODUCTION

Hirschsprung disease (HD) is a congenital disorder 
characterized by the absence of parasympathetic ganglion 
cells in the myenteric and submucosal plexuses of the 
intestine, beginning at the internal anal sphincter and 
extending proximally for a variable length. Approximately 
80% of cases are classified as short-segment HD involving the 
rectosigmoid region, 10% as long-segment HD extending to 
the splenic flexure, and 5-10% as total colonic aganglionosis.1-4

The estimated global incidence of HD is 1 in 5,000 live births, 
with a male-to-female ratio of approximately 4:1.1,3,5,6 Data 
from the Division of Pediatric Surgery Cipto Mangunkusumo 
Hospital (RSCM) show that 40-50 new patients with HD 
are referred annually over the past five years.7 Clinical 
manifestations vary depending on patient age and the length of 
the aganglionic segment. The diagnosis is established by rectal 
biopsy, and definitive management consists of resection of the 
entire aganglionic segment along with the transition zone (TZ), 
followed by pull-through of ganglionated bowel to the anus.1-3

Despite advances in surgical techniques, postoperative 
obstruction presenting as constipation or Hirschsprung-
associated enterocolitis remains a frequent morbidity, 
reported in 9-40% of cases.8,9 Inadequate resection with pull-
through performed within the TZ is recognized as a major 
cause of postoperative obstructive symptoms.5,9-14 A meta-
analysis by Friedmacher and Puri15 demonstrated that 34.8% 
of patients requiring redo pull-through surgery showed 
abnormal rectal biopsy findings consistent with TZ pull-
through. These findings highlight the clinical importance of 
accurately identifying the TZ during surgery.

Determining the precise length of the TZ intraoperatively 
is crucial for establishing an adequate resection margin. 
Kapur16 reported that in short-segment HD, the TZ 
generally does not exceed 5 cm, recommending resection 
at least 5 cm proximal to the first identified ganglionated 
segment. However, Coyle et al.17 found that 23% of cases 
had a TZ longer than 5 cm. Moreover, histopathologic 
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criteria defining the TZ remain controversial. Hypertrophic 
nerve fibers and hypoganglionosis are commonly used 
indicators, yet there is no consensus regarding threshold 
values for nerve hypertrophy or standardized criteria for 
hypoganglionosis.17-19

Factors influencing TZ length are not clearly understood. 
Some literature suggests that the TZ is longer in long-segment 
HD compared with short-segment HD.17,20 Other studies 
indicate that HD classification, age, and the presence of 
stoma may affect nerve fiber diameter within the TZ.18,19,21,22 
Currently, contrast enema findings and macroscopic bowel 
appearance remain common guides for identifying the TZ.

Further characterization of the histologic features and 
length of the TZ is needed. Therefore, this study aimed to 
describe the histologic characteristics and length of the TZ in 
children with HD at RSCM and to analyze their association 
with disease classification, age, and the presence of stoma. 
The findings are expected to provide a scientific basis for 
determining an adequate resection margin and reducing 
postoperative morbidity related to TZ pull-through.

METHODS

Ethics
Ethical approval was obtained from the Ethics Committee of 
the Faculty of Medicine, Universitas Indonesia (Date: 05.04.2021, 
Decision No: KET-316/UN2.F1/ETIK/PPM.00.02/2021). All 
procedures were carried out in accordance with the ethical 
rules and the principles of the Declaration of Helsinki.

Study Design
This study was an observational descriptive-analytic study 
with retrospective histopathological slide review. The study 
was conducted at Cipto Mangunkusumo National Hospital 
(RSCM), Jakarta. Data were extracted from archived records 
of patients diagnosed with HD who underwent pull-through 
surgery between 2015 and 2020. Histopathological re-
evaluation was performed at the Department of Anatomical 
Pathology, RSCM. 

Study Population and Sample Size
The target population consisted of all pediatric patients 
diagnosed with HD. The accessible population included 
pediatric patients with HD who underwent pull-through 
surgery at the Pediatric Surgery Division, RSCM. Total 
sampling was applied. All eligible patients treated between 
2015 and 2020 who met the inclusion and exclusion criteria 
were included in the study. Sample size calculation was 
performed using a formula for comparison of two means:

With the following parameters:
α=5% (Zα=1.96)
β=20% (power 80%; Zβ=0.84)
Clinically meaningful difference (x₁−x₂)=10
Standard deviation (S)=15

The minimum required sample size was 35 subjects. However, 
total sampling was performed, and all eligible patients 
within the study period were included. Although the final 
sample exceeded the minimum calculated sample size for 
the overall analysis, the distribution between CTZ and ITZ 
groups was unequal. The relatively small CTZ group limited 
the statistical power for subgroup comparisons. Therefore, 
subgroup findings should be interpreted as exploratory.

Inclusion and Exclusion Criteria
Patients were included if they were aged ≤18 years and had 
a confirmed diagnosis of HD based on histopathological 
examination. Only patients who underwent definitive pull-
through surgery at RSCM during the study period were 
considered eligible.

Patients were excluded if they were diagnosed with total 
colonic aganglionosis, had undergone previous bowel 
resection prior to definitive pull-through (including 
Hartmann procedure or prior pull-through), had incomplete 
resection specimens sent for pathological examination, had 
specimens that did not include the TZ, or had incomplete 
medical records or pathology archives.

Variables
The independent variables included HD classification 
(short-segment or long-segment), age at definitive surgery 
(<3 months, 3–12 months, >12 months), and presence of 
preoperative stoma (yes or no). The dependent variables were 
nerve fiber diameter within the TZ (μm), interganglionic 
interval within the TZ (μm), and TZ length (cm).

Sample Collection and Analysis
Resected colon specimens obtained during pull-through 
surgery were reviewed. Based on specimen completeness, 
samples were categorized into complete transition zone 
(CTZ) (specimens containing aganglionic, transition, and 
ganglionic zones) and incomplete transition zone (ITZ) 
(specimens lacking one or more zones but containing at least 
the TZ). 

CTZ was defined as a resected specimen containing all three 
histological zones: aganglionic, transition, and ganglionated 
zones. In this group, both distal and proximal boundaries of 
the TZ could be identified, allowing complete measurement 
of TZ length.

ITZ was defined as a specimen that did not contain all three 
histological zones but still showed histological features of the 
TZ. This included specimens containing aganglionic and TZs, 
transition and ganglionated zones, or specimens in which 
the submitted tissue predominantly showed transition-zone 
features. Therefore, TZ length in the ITZ group represents 
the observed length of transition-zone features within the 
available specimen and should not be interpreted as the 
definitive full anatomical TZ length.

Hematoxylin-eosin-stained slides were re-evaluated. 
Photographs were obtained from the proximal and distal 
luminal ends and at every 1-cm interval along the longitudinal 
specimen. Images were captured at the submucosal and 
intermuscular layers using a high-definition Indomicron 



Surg Child. 2026;3(4):113-120 Histologic pattern and transition zone in Hirschsprung 
disease

Tamba and Kurnia.

115

camera mounted on an Olympus BX50 light microscope at 
20× magnification. Each image measured 1920×1080 pixels 
(approximately 860×480 µm). 

Histopathological evaluation was performed by the 
principal investigator in consultation with one board-
certified anatomical pathologist. The presence of ganglion 
cells and nerve fibers was assessed in each image. Nerve 
fiber diameter and interganglionic interval were measured 
using ImageJ open-source software. Formal interobserver 
agreement analysis was not performed because the final 
histopathological interpretation was made by one anatomical 
pathologist.

TZ identification was based on established histopathological 
features, including the presence of hypertrophic nerve fibers 
and reduced ganglion cell density (hypoganglionosis), as 
described in previous studies. No strict numerical cutoff 
was applied for nerve fiber diameter, as variability has been 
reported in the literature; instead, interpretation was based 
on relative comparison across segments within the same 
specimen. For each sampled section, multiple representative 
fields were analyzed. Nerve fiber diameter was measured as 
the mean of selected representative fibers within each image 
rather than the maximum value, to reduce measurement bias.

Statistical Analysis
Categorical variables were presented as percentages, whereas 
continuous variables were expressed as mean±standard 
deviation if normally distributed or as median if not normally 
distributed. Data analysis was performed using SPSS version 
20.0 for Windows. Descriptive analysis was conducted 
to assess patient characteristics. Inferential analysis was 
performed to evaluate the association between independent 
categorical variables (HD classification, age group, and stoma 
status) and continuous dependent variables (nerve fiber 
diameter, interganglionic interval, and TZ length). Shapiro-
Wilk was used for normality testing. For comparisons 
between two groups, the independent t-test was used for 
normally distributed data, and the Mann–Whitney test was 
applied for non-normally distributed data. For age categories 
involving more than two groups, one-way ANOVA was 
used for normally distributed data, and the Kruskal–Wallis 
test was used when normality assumptions were not met. A 
p-value <0.05 was considered statistically significant.

RESULTS

A total of 119 definitive pull-through procedures for HD 
were performed at the Pediatric Surgery Division of Cipto 
Mangunkusumo National Hospital between January 2015 
and December 2020. Following identification of these cases, 
histopathological reports were retrieved from the department 
of anatomical pathology archives, and corresponding medical 
records were reviewed for eligibility.

The types of definitive procedures included Soave-
Boley, transanal endorectal pull-through, Duhamel 
Adang modification, Duhamel Martin modification, and 
laparoscopic-assisted transanal endorectal pull-through. 
Their distribution is presented in Figure 1.

Of 119 patients who underwent definitive pull-through 
surgery, 47 met the eligibility criteria and were included in 
the final analysis. The main reasons for exclusion were total 
colonic aganglionosis, previous bowel resection or redo pull-
through, incomplete specimen submission, absence of TZ in 
the specimen, incomplete slide sampling, and unretrievable 
pathology slides. The final sample recruitment flow is 
summarized in Figure 2.

A total of 47 patients were included in the final analysis 
and were divided into two groups based on specimen 
completeness. The first group consisted of patients with 
a CTZ, defined as specimens containing aganglionic, 
transition, and ganglionated zones. The second group 
consisted of patients with an ITZ, defined as specimens that 
did not contain all three zones but included at least the TZ. 
Within the ITZ group, 15 specimens contained aganglionic 
and TZs, 8 contained transition and ganglionated zones, and 
11 showed transition-zone features throughout the submitted 
tissue. Clinical characteristics of both groups are presented in 
Table 1 (CTZ) and Table 2 (ITZ).

In the CTZ group (n=13), 69.3% were male. The majority were 
classified as short-segment HD (92.3%), with only one long-
segment HD (7.7%). The median age at definitive surgery 
was 5 months (range 1-17 months). Most patients underwent 
surgery before 3 months of age (38.5%) or between 3-12 
months (38.5%). Preoperative stoma was present in 30.7% of 
patients. Transanal endorectal pull-through (TEPT) was the 
most commonly performed definitive procedure.

Figure 1. Definitive surgical treatment performed by pediatric surgery division 
RSCM 2015-2020
RSCM: Cipto Mangunkusumo National Hospital, TEPT: Transanal endorectal pull-through

Figure 2. Sample recruitment flow
RSCM: Cipto Mangunkusumo National Hospital
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In the ITZ group (n=34), 70.6% were male. Short-segment 
HD accounted for 91.1% of cases, and long-segment HD for 
8.9%. The median age at definitive surgery was 8 months 
(range 1-186 months). The majority of patients underwent 
surgery after 12 months of age (44.1%). Preoperative stoma 
was present in 55.9% of patients. TEPT and Soave–Boley were 
the most frequently performed procedures.

Representative histopathological features of the aganglionic 
zone, TZ, and ganglionated zone in both submucosal and 
intermuscular layers are shown in Figure 3. Evaluation was 

Table 1. Characteristics of complete transition zone group

Characteristic Total patients Median (min-max)

Gender

5 (1-17)

Male (%) 9 (69.3%)

Female (%) 4 (30.7%)

Classification

Short segment 12 (92.3%)

Long segment 1 (7.7%)

Age at definitive procedure (months)

<3 months 5 (38.5%)

3-12 months 5 (38.5%)

>12 months 3 (23%)

Pre-operative stoma 4 (30.7%)

Definitive procedure

Soave-Boley 3 (23%)

TEPT 5 (38.5%)

Duhamel Adang 1 (7.7%)

Duhamel Martin 2 (15.4%)

LATEP 2 (15.4%)
Categorical variables are presented as n (%). Age is presented as median (min–max) due to non-
normal distribution. Min: Minimum, Max: Maximum, TEPT: Transanal endorectal pull-through

Table 2. Characteristics of incomplete transition zone group

Characteristic Total patients Median (min-max)

Gender

8 (1-186)

Male (%) 24 (70.6%)

Female (%) 10 (29.4%)

Classification

Short segment 31 (91.1%)

Long segment 3 (8.9%)

Age at definitive procedure (months)

<3 months 8 (23.5%)

3-12 months 11 (32.4%)

>12 months 15 (44.1%)

Pre-operative stoma 19 (55.9%)

Definitive procedure

Soave-Boley 12 (35.3%)

TEPT 12 (35.3%)

Duhamel Adang 5 (14.7%)

Duhamel Martin 4 (11.8%)

LATEP 1 (2.9%)
Categorical variables are presented as n (%). Age is presented as median (min–max) due to non-
normal distribution. Min: Minimum, Max: Maximum, TEPT: Transanal endorectal pull-through

performed using hematoxylin–eosin (HE) staining at 20× 
magnification. In HE staining, ganglion cells and nerve 
fibers may appear similar in color, making morphological 
identification essential. Nerve fiber thickening was relatively 
easy to identify, particularly in the intermuscular layer. 
Ganglion cells were more difficult to recognize in HE-
stained sections alone, especially in the TZ where ganglia and 
nerve fibers may appear closely approximated. In contrast, 
in the ganglionated zone, ganglion cells were more readily 
identified, while nerve fibers appeared thinner and less 
prominent.

In the CTZ group, the aganglionic segment length ranged 
from 2-11 cm, the TZ length ranged from 2-16 cm, and the 
ganglionated segment length ranged from 1-7 cm. In the 
ITZ group, transition-zone features were observed within 
available specimen lengths ranging from 3 to 33 cm. Because 
these specimens were incomplete, this range should be 
interpreted as the observed extent of transition-zone features 
rather than the complete anatomical TZ length. Overall, 
nerve fiber diameter was greater in the aganglionic zone 
compared with the TZ. The interganglionic interval was 
greater in the TZ compared with the ganglionated zone. The 
TZ defined by nerve hypertrophy in the submucosal and 
intermuscular layers generally overlapped within the same 
section; however, several differences were observed. 

Figure 3. Histopathological findings
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In the CTZ group, four patients showed the most distal 
ganglion in the submucosal layer located 2-3 cm distal to the 
most distal ganglion in the intermuscular layer. Conversely, 
only one patient showed the opposite finding, in which the 
most distal ganglion in the submucosal layer was located 2 
cm proximal to the most distal ganglion in the intermuscular 
layer. In the ITZ group, the difference between the two layers 
ranged from 1-6 cm, with a median of 2 cm. The TZ length 
in the submucosal and intermuscular layers was also not 
symmetrical. In some specimens, the TZ in the submucosal 
layer was longer, whereas in others the intermuscular TZ was 
longer.

Areas with normal nerve fiber diameter were observed 
between regions of nerve hypertrophy, particularly in the 
submucosal layer, indicating that nerve hypertrophy within 
the TZ was not uniformly distributed. In the CTZ group, 
these “skip areas” ranged from 1-2 cm, whereas in the ITZ 
group they could reach up to 6 cm. The mean nerve fiber 

Table 3. Histological characteristics of complete transition zone

Variables
Submucosal layer Intermuscular layer Total

Ø µm p s µm p ℓ cm p Ø µm p s µm p ℓ cm p ℓ cm p

Classification

Short 
segment 49.7±6

0.023*
246.4±65

0.71*
3.5 (1-15)

0.502#

51.3 (0-89)
0.348#

212.5 (60-269.8)
1.0#

3.5 (0-13)
0.416#

6.5±3
0.89*

Long 
segment 32.4 272.6 6 60 207.8 6 6

Age

< 3 
months 51.4±3

0.576$

278.5±79

0.371$

4±3

0.411$

49.7±32

0.676&

151.7±100

0.321$

3±2

0.321$

5±2

0.447$3-12 
months 46.5±5 219.5±44 4.2±1 48.3(45-62) 220.8±52 5.4±3 6.8±2

>12 
months 46.4±15 246.2±55 7.6±6 56.4±3 208.8±12 7±5 8.6±6

Stoma

Yes 47.1±12
0.716*

234.2±51
0.616*

6.5±5
0.351*

57.9±3
0.446*

224±32
0.306*

6.2±4
0.378*

5(4-16)
0.938#

No 48.9±5 254.6±70 4.2±2 48.6±22 177±83 4.2±3 6.1±2
Ø: Nerve fiber diameter (µm), s: Interganglionic distance (µm), ℓ: Length (cm). Data are presented as mean±standard deviation (SD) for normally distributed variables and median (min–max) for non-normally 
distributed variables. *Independent t-test, #Mann–Whitney test, $ANOVA, & Kruskal–Wallis test. Min: Minimum, Max: Maximum

Table 4. Histological characteristics of incomplete transition zone

Variables
Submucosal layer Intermuscular layer Total

Ø µm p s µm p ℓ cm p Ø µm p s µm p ℓ cm p ℓ cm p

Classification

Short 
segment 53.9±11

0.962*
224.8±37

0.136*
10.1±6

0.073*
92.8±21

0.921*
232.9±53

0.412*
10.8±5

0.514*
11.9±5

0.386*
Long 
segment 54.2±7 190.9±21 17.3±10 91.5±19 206.7±18 17.6±15 19.6±12

Age

<3 
months 55.9±14

0.792$

216.7±29

0.235$

8.1±4

0.082&

78.5±8

0.004$

222.6±66

0.468$

9.3±3

0.186$

10.3±4

0.308&3-12 
months 54.3±13 209.2±30 8.6±6 86.1±21 219.4±62 9.6±5 11.3±5

>12 
months 52.5±7 233.8±43 12(6-29) 105.1±19 243.2±32 13.8±8 13(6-33)

Stoma

Yes 54.2±7
0.889*

229.2±40
0.201*

12(6-29)
0.016#

104±20
0.001*

232.8±63
0.832*

12.8±8
0.165*

13(4-33)
0.143#

No 53.6±14 212.5±31 7.9±5 78.3±9 228.9±43 9.6±4 6.1±2
Ø: Nerve fiber diameter (µm), s: Interganglionic distance (µm), ℓ: Length (cm). Data are presented as mean±standard deviation (SD) for normally distributed variables and median (min–max) for non-normally 
distributed variables. *Independent t-test, #Mann–Whitney test, $ANOVA, & Kruskal–Wallis test. Min: Minimum, Max: Maximum

diameter, interganglionic interval, and TZ length in each 
layer and their associations with HD classification, age, and 
presence of stoma in the CTZ group are presented in Table 3, 
while the results for the ITZ group are presented in Table 4.

In the CTZ group, nerve fiber diameter in the submucosal 
layer of long-segment HD was smaller than that observed 
in short-segment. In contrast, in the intermuscular layer, 
the opposite pattern was observed. The TZ length in short-
segment HD was also shorter than that in long-segment. 
In the ITZ group, no difference in nerve fiber diameter was 
observed between short-segment and long-segment HD, 
either in the submucosal or intermuscular layers.

In both CTZ and ITZ groups, nerve fiber diameter tended 
to increase with age; however, a statistically significant 
association was only found in the intermuscular layer of 
the ITZ group. When comparing patients with and without 
preoperative stoma, nerve fiber diameter is tended to be greater 
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Several studies have suggested that evaluation of the proximal 
doughnut specimen during pull-through surgery may reduce 
the risk of TZ pull-through. Das et al.25 demonstrated that 
examination of the proximal doughnut specimen can identify 
residual TZ tissue that may not be detected through localized 
biopsy. In addition, Murthi et al.26 showed that routine 
circumferential doughnut biopsy during surgery prevented 
TZ pull-through in a substantial proportion of patients 
initially considered to have ganglionic bowel.

The demographic characteristics of the study population were 
consistent with previously reported epidemiological data. 
HD occurs predominantly in males, with a male-to-female 
ratio approaching 4:1, and short-segment HD represents the 
majority of cases.7 These findings are consistent with the 
distribution observed in the present study.

Histopathological evaluation showed that hypertrophic 
nerve fibers remain a useful criterion for identifying the 
TZ. However, interpretation of nerve hypertrophy should 
consider patient age. Kapur19 reported that nerve trunks 
larger than 40 µm may also be observed in normal rectal 
tissue, particularly in children older than one year. The 40 
µm threshold was originally proposed by Monforte-Muñoz et 
al.18 as a diagnostic criterion for hypertrophic nerve trunks 
in HD.

An additional observation was the presence of skip areas in 
which histologically normal segments were identified within 
the TZ. These areas ranged from 1 to 6 cm and were most 
commonly observed in the submucosal layer. The discrepancy 
between the submucosal and intermuscular layers suggests 
that the TZ does not progress uniformly across bowel wall 
layers. In some cases, the submucosal layer appeared to extend 
more distally, whereas the opposite pattern was observed in 
others. This finding indicates that limited focal assessment 
may underestimate the true extent of the TZ. This finding 
further supports the importance of careful intraoperative 
evaluation and comprehensive pathological examination to 
avoid incomplete resection of the TZ.27

The presence of histologically normal-appearing skip areas 
within the TZ has important clinical implications. These 
areas may create false reassurance during intraoperative 
frozen-section assessment if only limited focal biopsies are 
taken. Therefore, careful proximal margin assessment and 
consideration of circumferential or doughnut evaluation may 
help reduce the risk of transition-zone pull-through.27

In long-segment HD, nerve hypertrophy may be less 
prominent or present only focally. Studies by Narayanan et 
al.21 and Alnajar et al.22 demonstrated that hypertrophic 
nerve fibers may not always be observed in long-segment HD. 
Nevertheless, hypertrophic nerve fibers were still identified 
in several long-segment HD in this study, suggesting that 
this feature can still support identification of the TZ when 
interpreted alongside other histological findings.

The distance between ganglion cells was also evaluated to 
assess hypoganglionosis. According to Kapur and Kennedy,28 
hypoganglionosis is characterized by reduced ganglion cell 
density and smaller ganglion size. Coyle et al.17 proposed 

in patients with stoma, particularly in the intermuscular 
layer but not consistently statistically significant. Regarding 
the interganglionic interval, no significant differences were 
observed according to HD classification, age group, or stoma 
status in either CTZ or ITZ groups. The interganglionic 
interval in the ganglionated zone is smaller than that in the 
TZ; however, the difference was minimal and not statistically 
significant. For transition-zone measurements, both CTZ 
and ITZ groups showed numerically greater values in long-
segment HD, older patients, and patients with preoperative 
stoma; however, these findings were not consistently 
statistically significant and should be interpreted cautiously.

A post-hoc power consideration suggests that the study 
is underpowered for subgroup analyses, particularly for 
comparisons involving the CTZ group and long-segment 
HD. Therefore, non-significant findings should be interpreted 
cautiously, as they may reflect type II error.

DISCUSSION

The main finding of this study is that the TZ in HD shows 
marked histological and spatial variability. In the CTZ group, 
transition-zone length ranged from 2 to 16 cm, while in 
ITZ specimens, transition-zone features were observed over 
available specimen lengths of 3 to 33 cm. 

A substantial number of patients were excluded due 
to incomplete specimens submitted for pathological 
examination. During pull-through procedures, particularly 
in patients with previous stoma creation, bowel resection 
may be performed in multiple segments. In many cases, 
only selected portions of the resected bowel are submitted 
for pathological confirmation of ganglion cells. This practice 
may result in reports indicating that the proximal margin 
still corresponds to the TZ and may contribute to incomplete 
resection.

Preoperative stoma was analyzed because it may represent 
staged management, delayed definitive surgery, previous 
bowel dilatation, and longer exposure to functional 
obstruction. However, stoma status should not be interpreted 
as a direct causal factor for transition-zone length.

Evaluation of pathology reports also demonstrated variability 
in intraoperative frozen-section biopsy techniques and 
specimen submission.23 Frozen-section biopsy is essential for 
confirming the presence of ganglion cells before completing 
the pull-through procedure; however, the biopsy location 
and distance between biopsy sites varied among surgeons. 
Inconsistent sampling may lead to inaccurate identification 
of the TZ, which remains one of the major causes of 
postoperative obstructive symptoms.9

The prevalence of TZ pull-through observed in this study 
was 25.2%. This finding is comparable with the systematic 
review by Friedmacher and Puri,15 which reported a rate of 
25.4% of TZ pull-through among patients requiring redo 
surgery. Similarly, Ghosh et al.24 reported a prevalence of 
approximately 16% in a tertiary referral center. These findings 
suggest that incomplete resection of the TZ remains a 
persistent challenge in the surgical management of HD.
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that ganglion spacing greater than 730 µm may indicate 
hypoganglionosis within the TZ. However, in the present 
study, ganglion spacing did not differ significantly between 
groups, suggesting that this parameter alone may not reliably 
distinguish the TZ.

The median TZ length in this study was comparable with 
findings reported by Coyle et al.,17 who described a median 
length of approximately 6 cm. In the ITZ group, transition-
zone features were observed over longer available specimen 
lengths. However, because these specimens were incomplete, 
this finding should be interpreted as the observed extent of 
transition-zone features rather than the complete anatomical 
length of the TZ.

Multivariable analysis was not performed due to limited 
sample size and risk of model overfitting. Therefore, potential 
confounding between variables such as age, stoma status, and 
disease severity cannot be excluded.

Limitations
This study has several limitations. First, the retrospective 
design and the exclusion of a large proportion of the initial 
cohort may have introduced selection bias, particularly 
because several patients were excluded due to incomplete 
specimen submission, missing pathology records, incomplete 
slide sampling, or unretrievable slides. Second, the relatively 
small CTZ group and the unequal distribution between CTZ 
and ITZ groups limited the statistical power for subgroup 
analyses. Given the small CTZ group (n=13) and the very 
limited number of long-segment cases, the study is likely 
underpowered to detect moderate differences, increasing the 
risk of type II error. Third, the ITZ group was heterogeneous 
because the available specimens did not always contain all 
three histological zones; therefore, measurements in this group 
represent only the observed extent of transition-zone features 
within the submitted specimens rather than the complete 
anatomical transition-zone length. Fourth, histopathological 
evaluation was performed using slides prepared for routine 
clinical service, which included longitudinal sampling from 
only one side of the bowel, thereby the circumferential 
variability of the TZ could not be assessed. This may result 
in underestimation or overestimation of the true TZ length, 
particularly in the presence of skip areas. Finally, formal 
interobserver agreement analysis was not performed. 

CONCLUSION

This study demonstrates substantial variability in the 
histological appearance and observed extent of the TZ in HD. 
The TZ may differ between the submucosal and intermuscular 
layers and may contain histologically normal-appearing skip 
areas, which has important implications for intraoperative 
margin assessment. These findings support careful 
histopathological confirmation of the proximal resection 
margin to reduce the risk of transition-zone pull-through. 
However, the results should be interpreted cautiously because 
of the retrospective design, limited sample size, unequal CTZ 
and ITZ groups, and incomplete circumferential assessment. 
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