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Abstract

Background: This study aimed to describe our experience with three-dimensional endoanal ultrasonography
(3D-EAUS) in patients who underwent surgery for Hirschsprung disease and to summarize the relationship between
postoperative anal function and the distance between the anastomosis and intersphincteric groove (DBAI) measured
via 3D-EAUS.

Results: We retrospectively reviewed patients with a history of undergoing surgery for Hirschsprung disease who
visited our outpatient clinic between December 2018 and December 2019. All patients underwent 3D-EAUS for DBAI
measurement. We used the Krickenbeck classification to evaluate postoperative anorectal function.

Eleven patients (all males aged 3-14 years) were evaluated. Four (36.4%), four (36.4%), and three (27.3%) patients had
no soiling, grade 1 soiling, and grade 3 soiling, respectively. Four (36.4%) and seven (63.6%) patients had no constipa-
tion and grade 3 constipation, respectively. The median DBAI values were 7.0 mm, 84 mm, and 5.6 mm (p = 0.14) in

the no soiling, grade 1, and grade 3 soiling groups, respectively.

Conclusions: 3D-EAUS enabled precise visualization of the anal anatomy and evaluation of the anastomosis. The
DBAI was relatively short in patients with grade 3 soiling, although not significantly so. Further evaluation is warranted.
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Background

Patients with Hirschsprung disease undergo various
surgeries [1]. Since laparoscopic pull-through surgery
for Hirschsprung disease was first described by George-
son in 1995 [2], and transanal endorectal pull-through
by De La Torre-Mondragon in 1998 [3], transanal
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rectal mucosectomy or transanal rectal dissection and
anastomosis are the most common procedures for
Hirschsprung disease.

A mucosectomy is usually performed 5-10 mm above
the dentate line [3, 4]. Some researchers have proposed
another landmark such as the anorectal line [5], or 20
mm above the dentate line, to make an incision [6]. As
such, the optimal distance from the incision or anas-
tomosis to the anal verge is unclear. Moreover, we are
unable to precisely measure how those distances changed
after surgery.
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Recently, three-dimensional (3D) endoanal ultrasonog-
raphy (3D-EAUS) has been used to assess fecal inconti-
nence or other anal canal diseases in adult patients [7]. It
allows precise anal evaluation; however, few studies have
been performed involving children [8]. The 3D-EAUS
enables us to visualize the anal structure precisely and
allow us to differentiate the internal anal sphincter (IAS)
and external anal sphincter (EAS): the IAS was shown
as hypoechoic and the EAS as hyperechoic [9]. Then,
we could measure the intersphincteric groove (the dis-
tal edge of the IAS) as a surrogate landmark of the anal
verge.

Therefore, we aimed to describe our experience with
3D-EAUS in patients who underwent laparoscopic-
assisted pull-through surgery for Hirschsprung disease
and to summarize the relationship between postopera-
tive anal function and the distance between the anasto-
mosis and intersphincteric groove (DBAI) measured via
3D-EAUS.

Methods

Study design

We retrospectively reviewed patients with a history of
undergoing surgery for Hirschsprung disease, who vis-
ited our outpatient clinic between December 2018 and
December 2019, and underwent 3D-EAUS. Patients who
underwent surgery in other hospitals and those younger
than 3 years old at the time of evaluation (owing to dif-
ficulty assessing anorectal function) were excluded from
the study.

The study protocol complied with the Helsinki Declara-
tion and was approved by the Research Ethics Committee
of Saitama Children’s Medical Center. The requirement
for written informed consent was waived, and opt-out on
the web was obtained instead because of the retrospec-
tive nature of the study.

Surgical procedures

We performed a laparoscopic-assisted pull-through sur-
gery for Hirschsprung disease, and a transanal procedure
was performed per the Soave—Denda procedure [10]. All
operations were performed with at least one attending
pediatric surgeon.

The patient was placed in the lithotomy position. We
inserted the first trocar (5 mm) through the umbilicus
using the open method. We subsequently added two
additional trocars (5 mm) in the left and right abdomen
to obtain a co-axial position. If necessary, we added one
additional trocar (4 mm) in the suprapubic area.

During the laparoscopic procedure, we estimated
the caliber change or transitional zone, followed by
taking a full-thickness biopsy. We then dissected the
colorectum sufficiently for the pull-through. When we
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reached the peritoneal reflection, we began the transa-
nal procedure. A Lone Star Retractor System (Coop-
erSurgical, Inc., Trumbull, CT) was used to expose
the anal canal, and was hooked to the dentate line. We
usually began the initial incision approximately 5-10
mm above the dentate line or around the anorectal line
depending on the surgical team. We then started the
mucosectomy until the peritoneal cavity. We added
a myectomy of the posterior wall of muscular cuff to
avoid anastomotic stricture according to Lynn’s tech-
nique [11]. Afterwards, we confirmed the normal gan-
glionic colon by biopsy, and anastomosed the colon
with the distal anus.

Bowel management

During the preoperative period, we used a glycerin
enema to control constipation. In patients with relatively
long aganglionic colons in whom constipation could not
be controlled with only a glycerin enema, we inserted a
long transanal drainage tube to irrigate the bowel instead
of creating a stoma.

Postoperatively, we prescribed laxatives to manage
constipation, and we prescribed loperamide to manage
fecal incontinence. In the infant or toddler patients, we
often prescribed a glycerin enema to control either con-
stipation or fecal incontinence.

Data collection

We collected data on clinical characteristics including
age, sex, birth weight, gestational age, comorbidities,
operative management, and postoperative complica-
tions. We used the Krickenbeck classification to eval-
uate postoperative anorectal function [12]. We did
not perform a manometry during the postoperative
follow-up. We used 3D-EAUS (type 8838, BK Medi-
cal, Herlev, Denmark) to measure the DBAI (Fig. 1).
The patient was placed in the supine position, then
leg up or legs flexed position (similar to a lithotomy
position), and the probe was introduced into the anal
canal. The endoprobe was covered by a hard cone
(outer diameter, 16.4 mm) with a built-in linear array
that rotated 360° inside the transducer at a frequency
range of 6-12 MHz, allowing a computer-controlled,
automatic acquisition of the images in approximately
30 s without any external movement of the probe.
The series of closely spaced two-dimensional images
were combined to create a 3D volume shown as a
cube. Because the IAS was shown as hypoechoic and
the EAS as hyperechoic through the 3D-EAUS [9], we
can find the intersphincteric groove clearly. Therefore,
we could measure the DBAI (Fig. 1). The examination
was performed without sedation (except in instances
where the patient was undergoing other examinations
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Fig. 1 A Schema of the coronal view. a Internal anal sphincter muscle (IAS). b External anal sphincter muscle (EAS). ¢ Smooth muscle of the

pull-through bowel. (d) The edge of the residual rectal muscular cuff. e Anorectal line. f The anastomosis. g The dentate line. h The intersphincteric
groove. i Distance between the anastomosis and intersphincteric groove (DBAI). B Coronal view of 3D-EAUS (a) IAS and (c) smooth muscles are low
echoic, and (b) EAS is high echoic. The distal edge of the (c) smooth muscle is the anastomosis (arrowhead) and the boundary between (a) IAS and
(b) EAS is the intersphincteric groove (arrow). C Sagittal view of 3D-EAUS. The distal edge of the (c) smooth muscle is the anastomosis (arrowhead)

and the boundary between (a) IAS and (b) EAS is the intersphincteric groove (arrow). D Axial view of 3D-EAUS between (d) and (f). Double low
echoic circle are shown as a target sign because both (a) IAS and (c) smooth muscle are low echoic and (b) EAS is high echoic. E Axial view of
3D-EAUS between (f) and (h). Because there is no smooth muscle of the pull-through bowel, low echoic circle, (a) IAS, is single. F Axial view of
3D-EAUS below (h). Because there is no IAS, only high echoic circle, (b) EAS, is shown

requiring sedation, such as magnetic resonance imag-
ing or computed tomography). The acquired images
were read by a pediatric surgeon (KH) and confirmed
by a proctologist (TT).

Statistical methods

The primary endpoint was the relationship between
the DBAI and anal function according to Krickenbeck
classification, regarding constipation and fecal inconti-
nence (soiling).

Categorical variables were presented as percentages
(%) and continuous variables presented as medians
(range). Univariate analyses were performed using a
non-parametric analysis (Mann-Whitney U test) for
continuous variables and Fisher’s exact test for cat-
egorical variables. Statistical analyses were performed
using EZR software (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphi-
cal user interface for R version 3.3.1 (The R Founda-
tion for Statistical Computing, Vienna, Austria) [13].

Results

Eighteen patients underwent 3D-EAUS during the study
period. Seven patients were excluded from the study:
two patients underwent an operation in another hospi-
tal, and five patients were below 3 years of age at the time
of examination. All patients’ data are listed in Table 1.
All patients were males; the median age at the time of
evaluation was 7 (3—-14) years. Incision information for
the operation was quoted from the operation record. In
particular, incisions in patients 1, 4—8, and 11 were com-
menced above the dentate line; however, the detailed
distances were not described. Four (36.4%), four (36.4%),
and three (27.3%) patients had no soiling, grade 1 soiling,
and grade 3 soiling, respectively. Four (36.4%) and seven
(63.6%) patients had no constipation and grade 3 consti-
pation, respectively.

The patients’ characteristics and anal function are sum-
marized in Table 2. The median ages at the time of evalu-
ation were 8, 6, and 6 years old in the no soiling, grade 1,
and grade 3 soiling groups, respectively. The median ages
were 8 and 6 years old in the no constipation and grade
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Table 2 Patient characteristics and anal function results
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Soiling Constipation
No soiling Grade 1 Grade 3 No constipation Grade 3
n=4 n=4 n=3 n=4 n=7
Age at evaluation 8 [8-14] 6 [3-7] 6 [4-10] 8 [8-14] 6 [3-10]
(years)
Male (%) 4 (100) 4(100) 3(100) 4(100) 7 (100)
Gestational age 36w6d [33w2d- 39w1d [38w6d- 40w3d [38w4d- 36w6d [33w2d- 39w3d [38w4d-41w0d]
40w0d] 40w0d] 41w0d] 40w0d]

Birth weight (g) 2743 [1763-3310] 3036 [2756-3236]

Comorbidity (%)
None 4(100) 3(75.0)
Jejunoileal atresia 0(0.0) 0(0.0)
Intestinal malrotation 0 (0.0) 1(25.0)
Waardenburg syn- 0(0.0) 0(0.0)

drome and develop-

mental delay

Age at operation 2[1-5] 3 [0-59]

(months)

Colostomy (%) 0(0.0) 0(0.0)

The part of the colon anastomosed with the anus (%)

Sigmoid 3(75.0) 2(50.0)
Descending 1(25.0) 2 (50.0)
Bowel management at examination

None (%) 4 (100) (0.0)

Osmotic laxatives 0(0.0) (0.0)
(%)°

Stimulant laxatives 0(0.0) 1(25.0)
(%)°

Probiotics 0(0.0) 2 (50.0)

Glycerin enema (%) 4(100)

Other stool 1(25.0)
softeners®

Transanal irrigation 0(0.0) 0(0.0)
(%)

Loperamide 0(0.0) 1(25.0)
Postoperative complications

Wound dehiscence 0 (0.0) 0(0.0)
(%)

Anastomotic stric- 0(0.0) 1(25.0) t

ture (%)

3152 [3140-3336]

2743 [1763-3310]

3152 [2756-3336]

1(333) 4(100) 4(57.1)
1(333) 0(00) 1(14.3)
0(0.0) 0(0.0) 1(14.3)
1(333) 0(0.0) 1(14.3)
4[4-5) 2[1-5] 4[0-59]
0(0.0) 0(0.0) 0(0.0)
2(66.7) 3(75.0) 4(57.1)
1(33.3) 1(25.0) 3(42.9)
(0.0) 4(100) (0.0)
0.0) 0(0.0) (0.0)
0(0.0) 0(0.0) 1(143)
1(33.3) (0.0) 3(42.9)
3(100) 0.0) 7 (100)
0(0.0) 0.0) 1(143)
0(0.0) 0(0.0) 0(0.0)
1(33.3) 0(0.0) 2(286)
1(333) 0(0.0) 1(14.3)
0(0.0) 0(0.0) 1(14.3)

Values are presented as median [range] or number (%)

AP anterior-posterior position

@ Magnesium oxide

b Sodium picosulfate and sennosides

Malt extract

“This patient required strictureplasty later

3 constipation groups, respectively. One patient had
Waardenburg syndrome and developmental delay.

The sigmoid/descending colon ratios (which is the
part of colon anastomosed with the anus) were 3/1, 2/2,
and 2/1 in the no soiling, grade 1 soiling, and grade 3

soiling groups, respectively. The ratios were 3/1 and 4/3
in the no constipation and grade 3 constipation groups,
respectively.

Four and three patients in the grade 1 soiling and grade
3 soiling groups, respectively, required a glycerin enema.
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Zero and seven patients in the no constipation and grade
3 constipation groups, respectively, received a glycerin
enema. However, the reason to initiate a glycerin enema
in all seven patients was to manage soiling at first, and the
glycerin enema was still used at the time of examination.

One patient in both the grade 3 soiling and grade 3
constipation groups suffered from wound dehiscence,
which was treated conservatively. Anastomotic stricture
occurred in one grade 1 soiling and one grade 3 con-
stipation patient, who required surgical strictureplasty
later. Regarding anal function, all four patients with
no soiling had no constipation. On the other hand, all
patients with either grade 1 or grade 3 soiling had grade
3 constipation.

The primary endpoints are summarized in Table 3. The
median DBAI values were 7.0 mm, 8.4 mm, and 5.6 mm
in the no soiling, grade 1, and 3 soiling groups, respec-
tively. The DBAI values were 7.0 mm and 6.6 mm in the
no constipation and grade 3 constipation groups, respec-
tively, which were not significantly different. The DBAI
of the patients with no soiling and grade 1 soiling was
relatively longer than that of the patients with grade 3
soiling (Fig. 2).

Discussion

Summary and interpretation of the results

In the present study, we evaluated the postoperative
anal anatomy in patients with Hirschsprung disease
precisely via 3D-EAUS, especially the DBAI. We could
clearly visualize the structures. In addition, we retro-
spectively reviewed the postoperative data regarding
the relationship of anal function and the DBAI. Regard-
ing the primary endpoint, the DBAI was shorter in
patients with grade 3 soiling than in patients with no
soiling or grade 1 soiling.

Three-dimensional transanal ultrasound

Although 3D-EAUS cannot visualize the dentate line that
many surgeons use as landmarks, it can clearly show the
IAS and EAS, and the boundary between the IAS and
EAS, and the intersphincteric groove. There are some

Table 3 Primary endpoints
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reports investigating transanal ultrasound in children with
Hirschsprung disease [14]. However, all of them were two-
dimensional and only assessed the injury of the IAS and
the EAS, not distance. We utilized 3D-EAUS, which ena-
bled us to measure the sagittal and coronal distances with
precision.

We performed this examination without sedation,
which is useful for an imaging study in children. Moreo-
ver, because the image could be analyzed retrospectively,
we were able to shorten the examination time [7]. Thus,
3D-EAUS is an effective instrument for the assessment of
anorectal disease in children.

Relationship between fecal incontinence and DBAI

Since the inception of laparoscopic-assisted, pure transanal
endorectal pull-thorough surgeries, various initial incisions
have been described. De la Torre et al. started the muco-
sectomy with an incision 10 mm above the dentate line
[3], and Langer et al. started 5 mm above the dentate line
[4]. Although the procedure is not a mucosectomy, Pena
et al. advocated an incision 20 mm above the dentate line
to avoid sensory damage to the anal canal [6]. Few studies
have tried to evaluate this optimal distance. Yamataka et al.
[5] and Miyano et al. [15] showed that commencing the
incision at the anorectal line (which is 12—-15 mm above the
dentate line) produced better postoperative bowel function
in comparison to starting at the dentate line. Obata et al.
[16] showed that patients with less than 5 mm between the
incision and the dentate line have significantly more rectal
mucosal prolapses within the month after the operation.
This study did not, however, describe how the length was
measured or any long-term bowel function.

In our study, the DBAI was measured objectively via
3D-EAUS and summarized with mid- to long-term out-
comes. Our results showed that patients with grade 3
soiling had relatively short DBAI. Although we could
not know details about injury of anal canal that is one
of the main causes of fecal incontinence [17, 18], our
results showed that a short distance may be related to
fecal incontinence may be compatible with these previ-
ous studies. To measure how these distances changed
after surgery, it would be better to measure the distance

Soiling Constipation
No soiling Grade 1 Grade 3 No constipation Grade 3
n=4 n=4 n=3 n=4 n=7
Primary endpoints
DBAI (mm)? 7.0 [5.9-7.5] 84 [5.4-14.0] 5.6 [3.8-6.6] 7.0[5.9-7.5] 6.6 (3.8-14.0]

Values are presented as median [range] or number (%)
2 DBAI distance between the anastomosis and intersphincteric groove
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Distance between the anastomosis
and intersphincteric groove (mm)

4 - i

T T T
Gradel Grade3

No soiling - .
Soiling Soiling

relationship was found regarding constipation

Fig. 2 The relationship between the distance from intersphincteric groove to the anastomosis and anal function. A Soiling and B constipation.
The distance between the anastomosis and the intersphincteric groove is shorter in patients with grade 3 soiling than in the other groups. No

T T
Grade3

No constipation atie
constipation

by 3D-EAUS during surgery, but the diameter of the
3D-EAUS is not small enough to be used during surgery
without any concern about the anastomosis. It would be
best to wait until the 3D-EAUS becomes thin enough to
be used during surgery.

As the patients aged after the operation for
Hirschsprung disease, anal function is said to be
improved significantly, with which our results are con-
sistent. Various symptoms are usually said to resolve after
5 years of age [19]. We suspect that age may become a
contributing factor because the anal canal increases
in length as the patient gets older. However, the mean
lengths of the anal canal at rest in adults are 16 mm (6-26
mm) in women and 22 mm (10-38 mm) in men [20]. On
the other hand, the anal canal lengths are 16.7 £+ 3.4 mm
in neonates, 18.6 &= 6.0 mm in infants, and 30.3 &= 5.2 mm
in children [21]. Therefore, the age of our participants
may not have influenced the outcomes depending on the
length of the anal canal. Further follow-up is warranted
to investigate whether our young patients with grades 1
and 3 soiling will attain improved anal function.

Patients with a longer DBAI were thought to be con-
cerned about constipation. However, unfortunately, we
could not evaluate well regarding constipation because
we could not eliminate the impact of bowel management
medication. In seven patients judged as having grade
3 constipation prescribed a glycerin enema, the enema
was usually used to manage fecal incontinence at first
and is often continued until the patients grow up in our

institute. We know anal function tests should be per-
formed without any bowel management medication, but
this was beyond our control owing to the retrospective
nature of the study. Further investigation may be needed.

Moreover, since this was a retrospective descriptive
study, we could not clearly conclude the optimal site of
the incision. However, we believe that this study could
suggest a novel evaluation technique for measuring the
distance using 3D-EAUS and provide a rationale for fur-
ther studies.

Limitations

This study had several limitations. Firstly, the Kricken-
beck classification used to assess anal function should be
performed without any bowel management medication.
Unfortunately, contributing factors such as age and bowel
management medication were affected owing to the ret-
rospective nature of the study. In addition, we applied
Krickenbeck classification, which is originally proposed
to anorectal malformation patients in our Hirschsprung
patients [12]. Second, this was a small sample size ret-
rospective study in a single center. Since our patients
received almost identical treatments, the distribution of
DBAI was limited. Therefore, a larger sample size would
better define the clinical differences. In addition, this
study might be better performed as a prospective study
with standardization of all confounding factors in terms
of age, duration following surgery, or bowel management;
however, since few previous studies have used endoanal
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ultrasound in pediatric patients, this remains a challenge.
Therefore, we summarized our experience of endoa-
nal ultrasound in patients after Hirschsprung disease
surgery, and this study did provide some rationales for
future studies. Third, the use of EAUS may stretch and
alter the distance. We believe that the change is small,
but we cannot measure the degree of change. Fourth,
because only one pediatric surgeon (KH) who has expe-
rienced 3D-EAUS in adult surgery can read the 3D-EAUS
because this endoanal ultrasound is popular among adult
proctologists but not among pediatric surgeons, we could
not measure interrater agreement. Instead, to make the
best effort to have the interpretation reliable, the inter-
pretation was confirmed by an adult proctologist (TT)
who could read the 3D-EAUS but was not used to see
patients with Hirschsprung disease.

Conclusions

3D-EAUS enabled visualization of the precise anal anat-
omy and evaluation of the anastomosis. Because 3D-EAUS
requires no sedation, it is quite useful for children. The
DBAI measured via 3D-EAUS was relatively shorter in
patients with grade 3 soiling than in patients with no soil-
ing or grade 1 soiling. Further evaluation is warranted.
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