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When is the optimal diagnostic biopsy D
timing of acetylcholinesterase staining
in Hirschsprung disease?
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Abstract

Purposes The preoperative diagnosis of Hirschsprung disease (HD) requires a rectal mucosal biopsy and
acetylcholinesterase (AchE) staining. However, the optimal timing for performing these procedures remains unclear.
In this study, we assessed the most effective timing for a rectal biopsy and AchE staining to diagnose HD.

Methods We retrospectively collected data from 57 patients who underwent radical surgery for HD at Mie University
Hospital between January 2008 and April 2024. We reviewed all rectal biopsies, including those with multiple samples,
and analyzed the biopsy date and the results of AchE staining (positive or negative).

Results Among the 57 children with a confirmed HD diagnosis, 36 were included in the study. Fifty-two rectal biopsy
sessions were performed in these 36 patients with HD, including 15 with multiple biopsies. A receiver operating
characteristic analysis showed that the optimal age for diagnosing HD was older than 21 days. Biopsies performed at
<3 weeks of age had a low diagnostic accuracy rate of 30.8%, whereas rectal biopsies performed at >3 weeks of age
showed a high positive diagnostic rate of 87.5%.

Conclusions Rectal mucosal biopsies performed after 3 weeks of age show a higher diagnostic accuracy for HD.
Clinical trial number Not applicable.
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Introduction

Early diagnosis of Hirschsprung disease (HD) is crucial
because serious complications, such as severe enterocoli-
tis, toxic megacolon, and intestinal perforation, can arise
without a definitive diagnosis and appropriate manage-
ment. In a systematic review, Zhang et al. reported that
preoperative enteritis was a risk factor for the develop-
ment of postoperative Hirschsprung disease-associated
enterocolitis (HAEC) [1]. Furthermore, the development
of HAEC before radical surgery affects postoperative
bowel function [2]. Based on this background, radical
surgery should be performed as soon as possible after a
definite diagnosis of HD disease is made.

An accurate diagnosis of HD relies on a combination of
a rectal mucosal biopsy and acetylcholinesterase (AchE)
histochemistry, which has become the established gold
standard [3]. Nevertheless, premature infants, neonates,
and total colonic aganglionosis cases show false nega-
tive results because of insufficient AchE staining [4-7].
Several studies have reported that the intensity of AchE
staining is enhanced with age and growth [4, 8, 9]. Even if
the initial AchE staining result is false negative, a repeat
multiple rectal biopsy and AchE staining should be per-
formed if HD disease is strongly suspected from clinical
symptoms [4]. However, there is a risk of complications,
such as rectal perforation and bleeding due to rectal
biopsy, and this risk is higher in neonates and infants
[10].

The above-mentioned findings suggest that HD should
be diagnosed and treated as early as possible, before
HAEC or other problems develop. However, early AchE
staining of rectal biopsy specimens can not only lead to
false negative results, but also increases the risk of bleed-
ing and perforation because multiple additional biopsies
may be required later. This dilemma has always affected
clinicians. To overcome this hurdle, in this study, we
aimed to evaluate the optimal timing of a rectal biopsy
and AchE staining for the definitive diagnosis of HD dis-
ease in a retrospective manner. The findings from this
study may provide useful clinical information.

Methods

Ethics statement

This study protocol using medical information of pediat-
ric patients with HD was reviewed and approved by the
ethics review board at Mie University Graduate School
of Medicine (approval no. H2023-245). Informed con-
sent was obtained in the form of opt-out on the web-site.
Neonates and infants whose guardians or parents did not
provide consent were excluded from this study.

Patient enrollment
Data of patients who underwent radical surgery for HD at
Mie University Hospital from January 2008 to April 2024
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were collected retrospectively. Patients with suspected
HD first underwent a contrast enema and recto-anal
manometry (including recto-anal reflex). A rectal muco-
sal biopsy was performed on the basis of the following
criteria: the presence of symptoms suggestive of intes-
tinal obstruction (including bilious vomiting, chronic
constipation, and abdominal distension), radiographic
evidence of intestinal dilatation, and identification of a
“caliber change” indicative of the transitional zone asso-
ciated with HD during contrast enema. Furthermore,
recto-anal manometry showed decreased basal rhyth-
mic contractions below 10 times/min and the absence
of a recto-anal reflex. Figure 1 shows enrollment of the
patients in this study. Patients with a confirmed diagnosis
of HD who underwent radical surgery were selected dur-
ing the study period. All of these patients were definitely
diagnosed with HD by a pathological analysis of resected
intestinal specimens. In addition, to investigate the opti-
mal timing (days of age) of the rectal mucosal biopsy,
patients who had a stoma created at the first operation
before the diagnosis of HD (#=9) and those who were
older than 1 year of age at the time of the first biopsy
(n=12) were excluded from this study. Patients whose
initial rectal mucosal biopsy did not confirm the diagno-
sis of HD, but who were strongly suspected of HD on the
basis of other test results, had a repeated biopsy at least 2
weeks after the initial biopsy.

Rectal mucosal biopsy and AchE staining

Rectal mucosal biopsies were performed using at least
two samples between 1 and 2 cm above the dentate line
without general anesthesia. All of the samples were fro-
zen immediately by liquid nitrogen and embedded in a
cryostat. Sliced Sect. (10 pm) were placed on microscopic
slides, and AchE histochemistry and hematoxylin and
eosin staining were conducted. AchE staining was per-
formed according to the method of Karnovsky and Roots,
modified by El-Badawiand and Schenk [11, 12].

Diagnostic criteria for HD

The diagnosis of HD was determined by the results of
AchE, and the following method reported by Nakao et al.
was used to determine whether the results of AchE stain-
ing were sufficient for the diagnosis of HD [4]. Briefly, we
categorized the grade of proliferation of AchE-positive
fibers as follows: (-), no proliferation of AchE-positive
fibers in the lamina propria mucosa; (+), slight prolifera-
tion of thin fibers only at the bottom of the lamina pro-
pria mucosa; (+), obvious proliferation in the lower part
of the lamina propria mucosa; (++), AchE-positive fibers
extended to the tip of the lamina propria mucosa; and
(+++), AchE-positive fibers diffusely proliferated, run-
ning transversely, and creating a network. We diagnosed



Koike et al. BMC Pediatrics (2025) 25:126

Page 3 of 6

Excluded
Over 1 years olds (12)
Stoma creation at 1t operation (9)

N=36

1st rectal biopsy

1st Ach-E staining Positive
N=21

1st Ach-E staining Negative
N=15

2nd Ach-E staining Positive
N=14

Finally enrolled patient number: 36
Finally analyzed biopsy number: 52

2nd Ach-E staining Negative
N=1

3rd  Ach-E staining Positive
N=1

Fig. 1 Patient enrollment. Fifty-seven patients with a confirmed diagnosis of HD who underwent radical surgery were selected during the study period.
All of these patients were definitely diagnosed with HD by a pathological analysis in the resected intestinal specimens. Fifty-two sessions of rectal biopsies

were performed in the 36 patients with HD enrolled in this study

HD when there was proliferation of AchE-positive
fibers(+to +++) [4].

Statistical analysis

Data were analyzed using JMP Pro 16 (SAS Institute,
Inc., Cary, NC, USA). Continuous variables are expressed
as the median +interquartile range. The F-test was per-
formed to compare the variance of each variable between
groups. Subsequently, because of the non-normal distri-
bution of the data, the Mann—Whitney U test was used
to analyze the differences between groups. Categorical
variables were compared using the chi-square test or
Fisher’s exact test if the expected counts were less than
five. Receiver operating characteristic (ROC) curves with
Youden’s index were established to identify the timing of
positive AchE staining (age in days). The sensitivity and
specificity of a definite HD diagnosis in two groups of
patients (positive HD diagnosis and negative HD diagno-
sis by a rectal mucosal biopsy) were calculated. All p val-
ues were calculated using a two-tailed test, and p<0.05
was considered statistically significant.

Results

Summary of patients enrolled and rectal biopsies

Of 57 children with a confirmed diagnosis of HD, 36
were finally enrolled in the study, after excluding those
older than 1 year of age and those who had a colostomy
at first surgery. Multiple rectal biopsies were required in
15 patients. Of the 15 patients who required two biopsies
to diagnose HD, one patient underwent a third biopsy
because the second biopsy did not result in a definitive
diagnosis of HD. Fifty-two sessions of rectal biopsies
were performed in the 36 patients with HD who were
enrolled in the study (Fig. 1). The HD diagnosis rate at
the first rectal biopsy was 58.3% (21/36) and that at the
second rectal biopsy was 93.3% (14/15). Table 1 shows
the 36 patients’ characteristics. Of these, 31 were boys
and 5 were girls. The median age at radical surgery was
89 days (50.2-129.5 days). The median gestational age
was 39.2 days (37.6—-40.0 days), and the median birth
body weight was 3079 g (2800—3364 g). The median age
at the first biopsy was 20.5 days (10.5-72.5 days) and that
in the second biopsy was 80.0 days (34.8—120 days).
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Table 1 Patient characteristics
Clinical variables

(n=36)

31/5

39.2 (37.6-40.0)
3079 (2800-3364)

Sex (male / female)
Gestational age* (weeks)
Birth body weight" (g)

Chromosomal abnormality (Y/N) 3/33
Operation age* (days) 89 (50.2-129.5)
Multiple rectal biopsies (Y/N) 15/ 21

20.5(10.5-72.5)
80 (34.8-120)

Day of age at 1st rectal biopsy” (days)
Day of age at 2nd rectal biopsy” (days)
"Data are presented as median & interquartile range

Relationship between AchE results and days of age at the
rectal biopsy

Figure 2 A shows a plot of the days of age at rectal biop-
sies that led to the diagnosis of HD (positive) and the days
of age at rectal biopsies that did not lead to the diagnosis
of HD (negative) based on the results of AchE staining in
52 rectal biopsies in this study. The positive group was
significantly older than the negative group (p=0.012).
The median difference in days between the first and sec-
ond rectal biopsies was 41.5 days (17.5-98.85 days).

ROC curve analysis for the days of age when AchE was
positive

Figure 2B shows the ROC curve analysis of the days of age
with positive AchE staining results. In this analysis, the
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sensitivity and specificity were 77.8% and 75%, respec-
tively. The area under the curve was 71.9%, and the cutoff
value was 21 days of age for the best timing for diagnos-
ing HD.

Comparison of positive and false negative diagnostic

rates between <3 weeks and > 3 weeks of age at the rectal
biopsy

On the basis of the results of the ROC analysis, two new
groups were created: patients with aged <3 weeks at the
biopsy and patients aged >3 weeks at the biopsy. At <3
weeks, the false negative rate was as high as 69.2% in chil-
dren with a final diagnosis of HD, whereas at >3 weeks,
this rate was significantly lower at 12.5% (p <0.01, Fig. 3).
However, at <3 weeks, the rate of an accurate HD diag-
nosis was as low as 30.8%, whereas a high positive rate of
87.5% was obtained for a rectal biopsy performed at >3
weeks of age.

Discussion

To the best of our knowledge, this is the first study to
analyze the optimal timing of a rectal mucosal biopsy
and AchE staining for diagnosing HD. Hirsig et al. first
hypothesized that the number of AchE-positive nerve
fibers in HD gradually increases after birth, and thus a
negative result of AchE staining in the neonatal period
should not exclude the diagnosis of HD [13]. De Brito

B.
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a  0.50 Cut-off value: 21days
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0
0 0.20 0.40 0.60 0.80 1.00
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Fig. 2 A. Relationship between AchE results and days of age at rectal biopsies. A plot of the days of age at rectal biopsies that led to the diagnosis of
HD (positive) and the days of age at rectal biopsies that did not lead to the diagnosis of HD (negative) based on the results of AchE staining (n=52 rectal
biopsies) is shown. The positive group was significantly older than the negative group (p=0.012). B. ROC curve analysis of the days of age when AchE
staining was positive. The ROC curve analysis to evaluate the performance of AchE staining in relation to the days of age. The sensitivity and specificity
were 77.8% and 75.0%, respectively. The area under the curve (AUC) was calculated to be 71.9%. The optimal cutoff value for diagnosing HD was identi-

fied as 21 days of age
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Fig. 3 Comparison of positive and false negative diagnostic rates be-
tween <3 weeks and >3 weeks of age at rectal biopsies. At <3 weeks of
age, the false negative rate was higher than that at > 3 weeks of age. How-
ever, at <3 weeks of age, the rate of an accurate HD diagnosis was low,
whereas a high positive rate was obtained in rectal biopsies performed
after 3 weeks of age

et al. observed that AchE activity underwent changes
with age [14]. In newborns, AchE-positive reactions are
primarily expected in the submucosa and muscularis
mucosa, while the absence of an AchE reaction in the
lamina propria should not be considered a false negative
result. Goto et al. compared the results of AchE staining
in neonatal cases, which were divided into three groups
(days 0-10, 11-20, and 21-30), and reported that 21-30
days was safe for performing a biopsy to diagnose HD [9].
Interestingly, the age range of 21-30 days reported by
Goto et al. is almost identical to the cutoff value of >3
weeks of age, which was the optimal timing found for a
rectal mucosal biopsy in this study. Goto et al’s study and
our study suggest that the most appropriate timing for
the first rectal biopsy and AchE staining is > 3 weeks after
birth in cases of suspected HD.

Nakao et al. reported that although the diagnosis of HD
by AchE staining was ambiguous in the neonatal period,
the diagnosis of HD was almost certainly made at 100
days of age or older [4]. Goto et al. also reported that
the diagnosis of HD by AchE in the neonatal period was
likely to be false negative [9]. However, their results are
mostly consistent with the results of the present analy-
sis [4, 9]. Unfortunately, these studies did not use a sta-
tistical approach, and were thus not able to adequately
analyze the results to identify the optimal rectal biopsy
timing in HD. In this study, the best cutoff value for when
to conduct a rectal biopsy was calculated using a statisti-
cal approach. We found that the positive diagnostic rate
increased from 30.8% at <3 weeks of age to 87.5% at >3
weeks of age, thus enabling a more definitive analysis of
the optimal timing of performing a rectal mucosal biopsy
and AchE staining.
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This study has some limitations. First, we did not com-
pare our results with those of new staining methods
such as immunostaining with calretinin, and the optimal
timing of a rectal biopsy with other staining methods
may differ from that with AchE staining [15]. However,
because calretinin stains only the nerve plexus in the sub-
mucosa, we were not always able to obtain sufficient sub-
mucosal tissue in biopsy samples, and whether calretinin
or AchE is generally superior is still debatable. Second,
since this study did not include patients who remained
AchE negative after their biopsy, it remains unclear in the
current study whether a negative biopsy at this 3-week
postnatal timing can exclude HD. Third, the level of evi-
dence was not high owing to the small number of patients
and the retrospective nature of the study. Based on the
findings of this study, we recommend conducting a pro-
spective, multicenter study with a larger patient cohort to
obtain data with a higher level of evidence.

Using statistical methods in this study, this study sug-
gests that the optimal timing for a rectal mucosal biopsy
to diagnose HD should be performed after 3 weeks of
age. This approach allows for an accurate diagnosis of
HD with the fewest necessary biopsies. The dilemma
that preoperative enterocolitis can easily lead to sepsis
and postoperative defecation can be impaired is faced
by many pediatric surgeons. Therefore, HD should be
diagnosed as early as possible. However, an early postna-
tal biopsy does not provide a definitive diagnosis of HD
because AchE-positive nerve fibers have not sufficiently
grown yet. We believe that the interesting results from
our study will resolve this dilemma.

In conclusion, this study shows that rectal mucosal
biopsies performed after 3 weeks of age result in a higher
diagnostic accuracy for HD than those performed before
this time. Clinicians may find this information useful as
an indicator for when to perform a rectal biopsy in their
routine practice.
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AchE Acetylcholinesterase

HAEC  Hirschsprung disease-associated enterocolitis
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