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Abstract

Objectives To compare hydrocolonic sonography with histopathology for diagnosing children with symptoms highly sug-
gestive of Hirschsprung disease (HD).

Methods In this prospective study, patients presenting refractory constipation highly suggestive of HD underwent hydro-
colonic sonography with retrograde infusion of saline into the colon. The dilated segments, narrowed segments, luminal
diameter ratio, transition zone (TZ), thickening, and blood perfusion of the upstream bowel were evaluated. The sensitivity
and specificity of combined and single parameters were determined in comparison with biopsy.

Results One hundred and three children were included in this study; 49 were confirmed to have HD. The luminal diameter
ratio showed superiority over other parameters. An area under the curve (AUC) of 0.969 (95% confidence interval [CI]:
0.936-1.000) and a cutoff value of 1.51 were established by receiver operating characteristic (ROC) curve analysis of the
luminal diameter ratio (sensitivity: 89.8%; specificity: 96.3%). By combining the luminal diameter ratio as the major crite-
rion with two minor criteria, hydrocolonic sonography showed the same sensitivity (91.8%) and better specificity (96.3%
vs 87%) than contrast enema, but this difference was not statistically significant (p =0.063). Consistency analysis showed
a kappa value of 0.825 (p <0.001), indicating excellent agreement between hydrocolonic sonography and contrast enema.
Conclusions Hydrocolonic sonography is a valuable diagnostic tool with both high sensitivity and specificity for HD diag-
nosis, allowing morphological and vascular assessments of the colon, and correlates well with contrast enema. In the
appropriate setting, hydrocolonic sonography may be an alternative screening method for HD in a large group of children
with constipation.

Key Points

e Hydrocolonic sonography is a simple, well-tolerated diagnostic tool with both high sensitivity and specificity for HD
diagnosis.

e Hydrocolonic sonography allows morphological and vascular assessments of the colon, and correlates well with contrast
enema.

e Hydrocolonic sonography is a possible alternative modality for paediatric patients highly suggestive of HD.
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Abbreviations

HD  Hirschsprung disease

HSP Henoch-Schonlein purpura
RSI  Rectosigmoid index

TZ  Transition zone

Introduction

Hirschsprung disease (HD) is a common congenital disorder
with a global incidence of approximately 1 in 5000 in new-
borns [1-4]. HD is characterised by an absence of ganglion
cells of the submucosa and myenteric nerve plexus in the
distal bowel (usually localised to the rectosigmoid region),
which causes the affected bowel to lose its peristaltic abil-
ity and leads to dilation of the upstream colon, resulting in
refractory constipation. HD is classified according to the
length of the aganglionic section into short-segment (con-
fined to the rectosigmoid region), long-segment (extending
beyond the rectosigmoid region), total colonic (entire colon
and terminal ileum), and total intestinal (most of the intes-
tines are involved) HD [5]. An operation is recommended
once the diagnosis has been established [6].

The diagnosis is based on symptoms, contrast enema,
rectal suction biopsy, and full-thickness rectal biopsy. Con-
trast enema is the imaging modality of choice for HD, with
sensitivity ranging from 76 to 88.9% and specificity from
84.2 to 98% [7-9]. With regard to contrast enema, patients
are exposed to radiation; therefore, parents may have safety
concerns. Rectal biopsy, despite being radiation-free, is
invasive, sometimes requires anaesthesia, and is not widely
accepted by parents. Over 80% of patients who undergo
biopsies have normal ganglionic biopsies [10, 11]. In our
centre, the negative biopsy rate is 74%. Therefore, there is a
clear need for a noninvasive, safe, and highly sensitive diag-
nostic method to increase the positive rate of rectal biopsy.
Ultrasound (US), although noninvasive and radiation-free,
has limitations for the evaluation of HD: diffuse intralumi-
nal gas precludes the detailed evaluation of the colon wall.
Second, the rectosigmoid region is the most commonly
involved region in HD, and identification of this region by
trans-abdominal US is challenging due to its deep location.
Third, colonic dilatation is an essential clue for HD diag-
nosis, and this pathology may be overlooked after laxative
therapy or enema, which are commonly used therapies for
HD. Some common drawbacks of US include a limited field
of view and operator dependence. Since the late 1980s [12],
retrograde instillation of water or other contrast agents into
the colon, also known as hydrocolonic sonography, has been
proposed as an alternative to contrast enema and colonos-
copy for diagnosing colonic tumours, polyps, and inflamma-
tory diseases [13]. It overcomes the drawbacks mentioned
above by replacing gas, distending the intestinal lumen, and
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facilitating visualisation of the entire colon and rectum. This
made us wonder if it would be possible to use this method in
the evaluation of HD. To our knowledge, there have been no
reports in the literature regarding the accuracy of hydroco-
lonic sonography for HD diagnosis. In this context, the aim
of our study was to prospectively evaluate the sonographic
features of HD by hydrocolonic sonography and to com-
pare these features with contrast enema and histopathologic
findings.

Materials and methods

This was a prospective study from February 2019 to May
2020 at a tertiary centre. The study was approved by the
Institutional Review Board of our hospital. Information
regarding the procedures, risks and benefits related to hydro-
colonic sonography, contrast enema, and rectal biopsy was
given to the guardians of each child and written informed
consent was obtained.

Inclusion and exclusion criteria

Inclusion criteria: (a) patients aged 1 month to 18 years;
(b) children who presented with severe constipation (vol-
untary bowel movement less than twice per week) refrac-
tory to dietary modifications and medical management in
1 to 3 months, which was highly suggestive of HD, with or
without a history of delayed passage of meconium. Exclu-
sion criteria: (a) individuals who previously underwent a
contrast enema or a biopsy; (b) patients with mechanical
factors inducing constipation such as anorectal malforma-
tion and post-necrotising enterocolitis stenosis; (c) patients
who had a history of bowel surgery; and (d) individuals with
serious concomitant disease.

US and enema examination

Hydrocolonic sonography was performed before contrast
enema and biopsy. The US study was conducted on an
EPIQ 5 system (Philips Healthcare) equipped with curved
(1-5 MHz) and linear (3—12 MHz) probes and a Logiq E9
system (GE Healthcare) equipped with curved (1-5 MHz)
and linear (6-9 MHz) probes. All US examinations were
performed on either prepared or unprepared colons by a
paediatric radiologist (Y.M.) with 8 years of paediatric US
experience. The patients were placed in the supine posi-
tion. After routine examination of the abdomen by conven-
tional US (including scans of the stomach, duodenum, small
intestine, and colorectum), retrograde instillation of warm
saline (35-37 °C, 50-500 mL) was injected by a small cali-
bre catheter (diameter: 6.7 mm) placed in the rectum with
its tip 5—10 cm from the anus. Continuous trans-abdominal
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scanning from the rectum to the caecum started immediately
at the time of saline instillation (Fig. 1). If narrowing or dila-
tation of the bowel loops was detected, saline was injected
until the upstream normal bowel was identified. If there was
no dilatation or narrowing, the saline needed to reach the
caecum. The catheter was withdrawn after trans-abdominal
scanning. The transducer was then placed longitudinally on
the perineum with the patients in the lithotomy position to
provide a midsagittal image of the rectum (Fig. 1).

Image analysis

US images were initially interpreted by the same radiologist
(Y.M.) during the scanning process. After the US scanning,
another radiologist (Z.J.Z., with 6 years of paediatric US
experience), who was blinded to the results of the former
radiologist, reviewed the images and video recordings. In
case of discrepancy, images were jointly reviewed by both
radiologists and a consensus was reached. The US signs
of HD were evaluated, including the following items: (a)
dilated segment, which was defined as a lumen diameter
greater than that of other sections of the colon; (b) nar-
rowed segment, which was defined as relative bowel loop
narrowing compared with other sections of the colon; (c)
the luminal diameter ratio was calculated using the diameter
of the most dilated bowel divided by the diameter of the
narrowed segment or the adjacent downstream segment (if
the narrowed segment was not identified); measurements
were taken three times on longitudinal sections for each
patient, and the data are expressed as the mean values; (d)
TZ, which was identified as an abrupt calibre change from
a dilated bowel to a narrowed or relatively normal segment;
(e) thickening of the upstream bowel, considered present
when the TZ and/or dilated proximal bowel wall measured
1.9 mm or more [14]; (f) hypervascularity in the upstream

Sy
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Fig. 1 US scanning of the
colon. Continuous trans-abdom-
inal scanning from the rectum
to caecum in an anticlockwise
direction. After withdrawing the
catheter from the rectum, the
transducer is placed longitudi-
nally on the perineum with the
patient in the lithotomy position
to provide a midsagittal image
of the rectum

bowel, defined as an increased vascular signal of the TZ and/
or dilated proximal bowel based on the Limberg semiquan-
titative method for Crohn’s disease [15, 16]. The measure-
ment of the calibre change and US signs of HD are shown
in Figs. 2 and 3.

Other clinical information

Contrast enema was performed after the saline had been
expelled (within 7 days after hydrocolonic sonography). A
radiologist (Y.C.Y., with 17 years of paediatric radiology
experience) and a surgeon (Q.L., with 14 years of clini-
cal and research experience in HD), both of whom had no
knowledge of the results of the US, assessed the images
independently. Diagnoses were considered positive for HD
when the TZ (an abrupt calibre change as defined above) or

Dilated segment

+————— Transition zone

+—— Narrowed segment

Fig.2 Illustration of the measurement of the calibre change in HD
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Fig.3 Signs of HD on hydroco-
lonic sonography. a Longitudi-
nal sonogram of a 3-month-old
infant shows a dilated sigmoid
colon (crosses) and a TZ in the
rectosigmoid colon (arrows),
regarded as the site of abrupt
calibre change from the dilated
bowel to a nondilated seg-
ment. b Longitudinal US
section of the sigmoid colon

in a 3-month-old infant shows
the narrowed and rigid distal
sigmoid (arrows) and dilated
upstream colon (arrowheads).
¢ The image on the left shows
the longitudinal plane of the
rectum on perineal ultrasound
in a 3-month-old infant. The
rectum was relatively narrow
in comparison with the dilated
sigmoid colon on the right
side. d Longitudinal sonogram
of a 2-month-old infant shows
the funnel-shaped TZ in the
rectosigmoid junction (arrows).
Note that thickening of the
bowel wall (crosses) is demon-
strated. e Longitudinal colour
Doppler ultrasound image of a
2-year-old boy depicts increased
vascularity within the thickened
TZ bowel wall

abnormal rectosigmoid index (RSI) (calculated using the
widest diameter of the rectum divided by the widest diameter
of the sigmoid, normal RSI> 1) was identified by both the
radiologist and the surgeon, and disagreement was resolved
by consensus. All the patients underwent rectal biopsy for
histologic examination of the presence or absence of gangli-
onic cells after both US and contrast enema evaluation. Suc-
tion biopsy was recommended for patients aged 6 months or
younger, and full-thickness biopsy under general anaesthesia
was recommended for patients older than 6 months based
on the clinical routine of our centre. If the contrast enema
was negative and the biopsy was positive, a second biopsy
was performed in case of false-positive results of the first
biopsy. An operation was performed if no ganglionic cells
were found. Non-HD patients were offered conservative
therapies, including anal dilation, enemas, and laxatives.

@ Springer

Statistical analysis

Statistical analysis was performed using IBM SPSS sta-
tistics 20 (IBM). To test differences between groups, Stu-
dent’s ¢ test or the Mann—Whitney U test was used for
continuous variables, and the chi-squared test was used for
categorical variables. A receiver operating characteristic
(ROC) curve was constructed to determine the cutoff value
of the luminal diameter ratio with the best sensitivity and
specificity to predict HD. The sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive value
(NPV) of each US parameter were determined. Agreement
between contrast enema and hydrocolonic sonography was
calculated using Cohen’s kappa. A p value of less than
0.05 was considered to indicate a statistically significant
difference.
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Results
Patient’s characteristics

Between February 2019 and May 2020, 139 consecutive
children met the inclusion criteria; however, 33 patients
were subsequently excluded for contrast enema performed
at another hospital, 2 were excluded because of final diag-
noses of post-necrotising enterocolitis stenosis, and 1 was
excluded for a final diagnosis of the Currarino syndrome.
The final analysis was performed on 103 patients (median
age, 6 months; interquartile range, 3—20 months). There
were 41 (39.8%) girls and 62 (60.2%) boys.

According to the rectal biopsy, the absence of ganglion
cells was found in 49 patients. In 4 of these, no abnormal
findings of HD were observed on contrast enema (two of
them had abnormal hydrocolonic sonography); therefore,
a repeat biopsy was subsequently performed, with agan-
glionosis confirmed in all 4 cases. Thus, 49 patients were
diagnosed with HD (43 cases were short-segment disease
and 6 were long-segment disease) and 54 cases were ruled
out (Fig. 4). There was no significant difference regarding
age in the HD and non-HD groups (Mann—Whitney test;
U=276.000; p=0.756). The HD group had a greater pro-
portion of males (73.5% vs 48.1%, p=0.009).

Ultrasound and contrast enema findings

No significant side effects were noted during or after the
hydrocolonic sonography procedure. The US characteristics

Fig.4 Rectal biopsy results of
the 103 patients

of HD are summarised in Table 1. The subjective judge-
ment of the dilated segment achieved the highest sensitivity
(95.9%) and moderate specificity (83.3%). The ROC curve
for the luminal diameter ratio is shown in Fig. 5. The area
under the curve (AUC) was 0.969 (95% CI: 0.936-1.000),
indicating a high diagnostic accuracy. A cutoff value of 1.51
was established by ROC analysis, yielding a sensitivity of
89.8%, a specificity of 96.3%, a PPV of 95.7%, and an NPV
0f 91.2%. The TZ, narrowed segment, and thickening of the
upstream bowel achieved high specificity (96.3%, 98.1%,
and 98.1%) with moderate sensitivity (81.6%, 71.4%, and
69.4%). Hypervascularity of the upstream bowel had the best
specificity of 100% but a poor sensitivity of 38.8%. The US
characteristics of HD are shown in Fig. 6.

We included the luminal diameter ratio as the major
criterion and the other four parameters (TZ, narrowed
segment, thickening of the upstream bowel, and hyper-
vascularity of the upstream bowel) as minor criteria with
the intention of elevating the sensitivity. Ultrasound
findings were considered positive for HD if the luminal
diameter ratio was larger than 1.51 or at least 2 of these
minor criteria were present. Then, we obtained a sensi-
tivity of 91.8% and a specificity of 96.3%. When com-
pared with contrast enema, the combined method of US
had the same sensitivity (91.8%) and better specificity
(96.3% vs 87%), but this difference was not statistically
significant (p =0.063). Consistency analysis showed a
kappa value of 0.825 (p <0.001), indicating excellent
agreement between hydrocolonic sonography and contrast
enema. Contrast enema findings of HD are summarised
in Table 2. The comparison of diagnostic performances

103 cases

Suction rectal biopsy (€6 months)

Full-thickness rectal biopsy (>6 months)

55 cases 48 cases
Negative Positive Negative Positive
29 cases 26 cases 25 cases 23 cases
Non-HD HD
54 cases 49 cases
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Table 1 The hydrocolonic sonography characteristics of HD. Data in parentheses are 95% confidence intervals, and data in brackets are numera-
tors and denominators. 7Z, transitional zone; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval

Specificity %

PPV %

NPV %

83.3 (70.2-91.6)
[45/54]

98.1 (88.8-99.9)
[53/54]

96.3 (86.2-99.4)
[52/54]

96.3 (86.2-99.4)
[52/54]

98.1 (88.8-99.9)
[53/54]

100.0 (91.7-100.0)
[54/54]

96.3 (86.2-99.4)

83.9 (71.2-91.9)
[47/56]

97.2 (83.8-99.9)
[35/36]

95.7 (84.0-99.2)
[44/46]

95.2 (82.6-99.2)
[40/42]

97.1 (83.4-99.9)
[34/35]

100.0 (79.1-100.0)
[19/19]

95.7 (84.3-99.3)

95.7 (84.3-99.3)
[45/47)

79.1 (67.1-87.7)
[53/67]

91.2 (80.0-96.7)
[52/57]

85.2 (73.3-92.6)
[52/61]

77.9 (65.9-86.7)
[53/68]

64.3 (53.0-74.2)
[54/84]

92.9 (81.9-97.7)

[52/54] [45/47] [52/56]

Y pvalue Kappa Sensitivity %
Dilatation 65.04  <0.001 0.787 95.9 (84.9-99.3)
[47/49]
Narrowing 54.7 <0.001 0.704 71.4 (56.5-83.0)
[35/49]
Luminal diameter ratio 77.04 <0.001 0.863 89.8 (77.0-96.2)
[44/49]
TZ 64.6 <0.001 0.784 81.6 (67.5-90.8)
[40/49]
Thickening of the 52.23 <0.001 0.684 69.4 (54.4-81.3)
upstream bowel [34/49]
Hypervascularity of 25.68 <0.001 0.399 38.8 (25.5-53.8)
the upstream bowel [19/49]
Combined method 80.43 <0.001 0.883 91.8 (79.5-97.4)
of hydrocolonic [45/49]
sonography
1.0
0.8
2 0.6
2
=
"
c
)
P 54
0.2
00 T T T T
00 02 04 06 08 10
1 - Specificity

Fig.5 Receiver operating characteristic (ROC) curve analysis of the
luminal diameter ratio for predicting HD

between hydrocolonic sonography and contrast enema is
shown in Table 3. Inversion of the RSI was detected only
in 2/6 of the long-segment HDs, while all 6 cases had an
abnormal luminal diameter ratio; the TZ was also detected
by both US and contrast enema in all of them.

In four of the HD patients, there was a false impression of
a normal hydrocolonic sonograph. All of them were less than
1 year of age (2 to 7 months). Two of them were detected by
contrast enema, and the other two were also negative on con-
trast enema. Two subjects with increased luminal diameter
ratios of 1.60 and 1.67, respectively, both presenting TZ on
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US and both of whom had a positive RSI and TZ on contrast
enema, were erroneously considered to have HD. The fol-
lowing biopsy demonstrated the presence of ganglion cells,
and conservative therapies were recommended.

Clinical outcomes

Forty-nine patients underwent the laparoscopic-assisted
endorectal pull-through procedures. These non-HD cases
showed improvement with conventional conservative ther-
apy during follow-up of 1-6 months except one 6-year-old
girl who did not show any improvement after 6 months, dur-
ing which recurrent faecal impaction occurred. Repeated
rectal biopsy showed the presence of ganglion cell as before.
This patient received laparoscopic-assisted endorectal pull-
through procedure considering possible negative influences
of constipation on both quality of life and physical develop-
ment, and no constipation developed after surgery.

Discussion

Our analysis of 103 patients with suspected HD provided
a new method to detect the morphological changes associ-
ated with HD. As identification of the distal rectum (the
site commonly involved in HD) by trans-abdominal US is
challenging due to its deep location, we used a transper-
ineal approach to obtain sonographic images of this region.
This is the second novel aspect of our study. By combin-
ing the luminal diameter ratio and two minor criteria, we
obtained high sensitivity and specificity of 91.8% and 96.3%,
respectively.

Hydrocolonic sonography has been reported to be effec-
tive in the detection of neoplastic lesions and inflammatory
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Fig.6 A 3-year-old boy with
refractory constipation. a This
conventional US image shows
a bright reflective surface
(arrows) created by intraluminal
gas in the rectosigmoid region
that obscures the underlying
anatomy. b A funnel-shaped
TZ is clearly depicted in the
longitudinal sonogram of

the rectosigmoid region on
hydrocolonic sonography.
Retained faecal particles can
be detected because bowel
preparation was not mandatory
in our study. ¢ The bowel wall
thickness (arrows) is shown

in the lower part of the TZ

on longitudinal sonogram. d
This longitudinal colour Dop-
pler ultrasound image depicts
increased vascularity within the
thickened bowel wall. e True
lateral projection on contrast
enema shows the TZ in the
rectosigmoid colon and dilated
upstream bowel. f The dilated
colon, narrowed segment, and
intervening TZ were observed
in the operative photograph

Table2 The contrast enema characteristics of HD. Data in parenthe-
ses are 95% confidence intervals, and data in brackets are numerators
and denominators. RSI, rectosigmoid index; 7Z, transitional zone;

PPV, positive predictive value; NPV, negative predictive value; CI,
confidence interval

7 p value Kappa  Sensitivity % Specificity % PPV % NPV %

RSI 54.5 <0.001 0.727 83.7 (69.8-92.2) 88.9 (76.7-95.4) 87.2 (73.6-94.7) 85.7 (73.2-93.2)
[41/49] [48/54] [41/47] [48/56]

TZ 67.1 <0.001 0.805 85.7 (72.1-93.6) 94.4 (83.7-98.6)  93.3 (80.7-98.3) 87.9 (76.1-94.6)
[42/49] [51/54] [42/45] [51/58]

Final results of contrast 63.930 <0.001 0.787 91.8 (79.5-97.4) 87.0 (74.5-94.2) 86.5 (73.6-94.0) 92.2 (80.3-97.5)
enema [45/49] [47/54] [45/52] [47/51]

diseases. One prospective study performed in 90 subjects
showed that hydrocolonic sonography had 100% sensi-
tivity and 81.8% specificity for identifying patients with

active inflammatory bowel disease [17]. For the detection
of colonic neoplastic lesions in adults, although a high
specificity of 98 to 100% has been observed, the sensitivity

@ Springer
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Table 3 Comparison of diagnostic performances between hydroco-
lonic sonography and contrast enema in HD. Data in parentheses are
95% confidence intervals, and data in brackets are numerators and

denominators. RS/, rectosigmoid index; 7Z, transitional zone; PPV,
positive predictive value; NPV, negative predictive value; CI, confi-
dence interval

Sensitivity % p value Specificity %

p value PPV % p value NPV % p value

Ratio

Luminal diameter 89.8 (77.0-96.2) 0.51 96.3 (86.2-99.4)
ratio [44/49] [52/54]

RSI 83.7 (69.8-92.2) 88.9 (76.7-95.4)

[41/49] [48/54]

TZ

TZ on hydrocolonic  81.6 (67.5-90.8) 0.77 96.3 (86.2-99.4)
sonography [40/49] [52/54]

TZ on contrast 85.7 (72.1-93.6) 94.4 (83.7-98.6)
enema [42/49] [51/54]

Final results
Combined method

of hydrocolonic
sonography

91.8 (79.5-97.4) 1.00
[45/49]

96.3 (86.2-99.4)
[52/54]

91.8 (79.5-97.4)
[45/49]

87.0 (74.5-94.2)
[47/54]

Final results of
contrast enema

0.13 95.7 (84.0-99.2)  0.28 91.2(80.0-96.7)  0.36

[44/46] [52/57]
87.2 (73.6-94.7) 85.7 (73.2-93.2)
[41/47] [48/56]

1.00 95.2 (82.6-99.2) 1.00 85.2 (73.3-92.6) 0.67

[40/42] [52/61]
93.3 (80.7-98.3) 87.9 (76.1-94.6)
[42/45] [51/58]

0.06 95.7 (84.3-99.3) 0.22
[45/47]

92.9 (81.9-97.7) 1.00
[52/56]

86.5 (73.6-94.0)
[45/52]

92.2 (80.3-97.5)
[47/51]

of hydrocolonic sonography varied from 24.2 to 97.5%,
depending on the study design, disease stage, site, and size
of the lesion [13, 18-20]. On the other hand, in children
with rectal bleeding, hydrocolonic sonography exhibited
better performance for the detection of colorectal polyps,
with increased sensitivity from 37% by conventional US to
89% [21], although the sensitivity of conventional US in this
study was lower than that in a previous report (47%) [22].
Assessing the pathological changes of HD by hydrocolonic
sonography is not that challenging compared with assess-
ing neoplastic and inflammatory disease. Bowel preparation,
such as fasting or laxative intake, was not mandatory in our
study because retained stool, which could mask polyps and
tumours of the colon, would not influence the depiction of
morphological features in HD, such as luminal dilation and
narrowing.

In HD patients, the qualitative assessment of colonic
dilatation by hydrocolonic sonography based on personal
experience is ill-defined. Furthermore, there was a clear
relationship between age, height, and the rectal diameter,
and no generally accepted definition for colonic dilation
is currently available. Thus, we used the ratio instead
of absolute values to standardise colonic size for age
and height. The results indicated that the luminal diam-
eter ratio achieved the highest diagnostic value. It had
an increased specificity of 96.3% compared with 83.3%
for the subjective assessment but a slightly decreased
sensitivity (from 95.9 to 89.8%). Notably, the luminal
diameter ratio differs from the widely used radiographic
parameter RSI. RSI has a reported sensitivity of 75-90%
and specificity of 83.3-95% [9, 23, 24]. RSI achieved
a sensitivity of 83.7% and specificity of 88.9% in the
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present study, which were in keeping with previously
published data. Radiographic RSI is an effective tool for
evaluating rectosigmoid HD but is not a reliable item
used in long-segment disease [23, 25]. One study showed
that RSI was negative in all 3 long-segment HDs [23]. In
our study, RSI inversion was detected in only 2/6 of the
long-segment HDs, while all 6 cases had an abnormal
luminal diameter ratio and TZ (on hydrocolonic sonog-
raphy and contrast enema). The luminal diameter ratio
provided information on both the distended proximal
colon and the aganglionic segment, which may enhance
the diagnostic potential of hydrocolonic sonography for
both rectosigmoid and long-segment HD.

An abundant vascular network could be seen on the
outer surface of the TZ and/or dilated segment during sur-
gery. Pathologically, the proliferation of blood vessels is a
common finding as well. We supposed that increased vas-
cularity might be detected on US. However, it appeared in
only 38.8% of them, probably due to the technical limi-
tations of US. Intravenous contrast-enhanced ultrasound
might have the potential to assist in the visualisation of
blood flow and improve the sensitivity. Hypervascularity
was uniquely detected in the HD group, which means that
the presence of hypervascularity of the upstream bowel
may lead to a diagnosis of HD, whereas the absence of
this sign does not reliably rule out HD. US allows the
assessment of intestinal wall thickness and stratifica-
tion—similar to hypervascularity such information cannot
be provided by contrast enema. Assessment of upstream
bowel wall thickening is an essential component of the
examination in HD because colonic wall hypertrophy
might reflect severe chronic obstruction and probably
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results in aggressive resection of the proximal dilated seg-
ment. In the initial stage of the disease, the bowel wall
thickness might be too subtle to be detected by ultrasound
in the current form. This may partly explain the relatively
low sensitivity (69.4%) of this sign.

Comprehensive assessment of four minor criteria with the
luminal diameter ratio provided information on the lumen,
wall morphology, and blood perfusion of HD, and thereby
increased the diagnostic accuracy to levels higher than
those obtained by using each indicator alone. The diagnos-
tic performance of this combined method was comparable
to that of contrast enema, and the specificity was numeri-
cally higher than that of contrast enema, although without
statistical significance. Hydrocolonic sonography failed to
identify 4 cases of HD. All of these patients were less than
1 year old. In young infants, the pathological change is more
difficult to demonstrate, and a rectal biopsy is mandatory in
such circumstances.

Limitations of this study should be discussed. Because
of safety considerations, neonates were not included in
our study. The presentation and diagnosis of HD in the
neonatal period are very different from those in older
children [26, 27]. The false-negative rate of radiological
studies is relatively high in the newborn period [23]. Fur-
ther investigation is needed to determine the diagnostic
performance of hydrocolonic sonography in neonates.
Second, bowel wall hypertrophy and hyperaemia have
also been described in many other conditions, includ-
ing inflammatory bowel diseases and gastrointestinal
involvement of Henoch-Schonlein purpura (HSP). We
did not include such patients, and the role of hydroco-
lonic sonography in differentiating those conditions was
not addressed, as this was not the aim of our study. Third,
although the second reader reviewed the US images and
video recordings, hydrocolonic sonography examination
was performed by only one person, and observer bias
cannot be avoided.

In conclusion, in our analysis of 103 patients with HD, we
first introduced five sonographic parameters based on hydro-
colonic sonography to assess the structural and vascularity
changes caused by HD. The combination of those criteria
showed good performance in differentiating HD from other
causes of chronic constipation and had excellent congruence
with contrast enema. In the appropriate setting, hydrocolonic
sonography may be an alternative screening method for HD
in a large group of children with constipation.

Funding This study has received funding by the Beijing Municipal
Administration of Hospitals Incubating Program (PX2020054).

Declarations

Guarantor The scientific guarantor of this publication is Qi Li.

Conflict of interest The authors of this manuscript declare no relation-
ships with any companies whose products or services may be related
to the subject matter of the article.

Statistics and biometry No complex statistical methods were neces-
sary for this paper.

Informed consent Written informed consent was obtained from the
guardians of each patient (child) in this study.

Ethical approval Institutional Review Board approval was obtained.

Methodology e prospective

e diagnostic or prognostic study
e performed at one institution

References

1. Goldberg EL (1984) An epidemiological study of Hirschsprung’s
disease. Int J Epidemiol 13(4):479-485

2. Suita S, Taguchi T, Ieiri S, Nakatsuji T (2005) Hirschsprung’s
disease in Japan: analysis of 3852 patients based on a nationwide
survey in 30 years. J Pediatr Surg 40(1):197-201 (discussion
201-202)

3. Chia ST, Chen SC, Lu CL, Sheu SM, Kuo HC (2016) Epide-
miology of Hirschsprung’s disease in Taiwanese children: a
13-year nationwide population-based study. Pediatr Neonatol
57(3):201-206

4. Anderson JE, Vanover MA, Saadai P, Stark RA, Stephenson JT,
Hirose S (2018) Epidemiology of Hirschsprung disease in Cali-
fornia from 1995 to 2013. Pediatr Surg Int 34(12):1299-1303

5. Haricharan RN, Georgeson KE (2008) Hirschsprung disease.
Semin Pediatr 17(4):266-275

6. Bandi AS, Bradshaw CJ, Giuliani S (2016) Advances in mini-
mally invasive neonatal colorectal surgery. World J Gastrointest
Surg 8(10):670-678

7. De Lorijn F, Reitsma JB, Voskuijl WP et al (2005) Diagnosis
of Hirschsprung’s disease: a prospective, comparative accuracy
study of common tests. J Pediatr 146(6):787-792

8. Alehossein M, Roohi A, Pourgholami M, Mollaeian M, Salamati
P (2015) Diagnostic accuracy of radiologic scoring system for
evaluation of suspicious Hirschsprung disease in children. Iran
J Radiol 12(2):e12451

9. Putnam LR, John SD, Greenfield SA et al (2015) The utility of
the contrast enema in neonates with suspected Hirschsprung
disease. J Pediatr Surg 50(6):963-966

10. Phillips LAF, Darwish AA, Surana R (2019) Too many biopsies
performed to rule out Hirschsprung’s disease: but it is worth
doing them. Eur J Pediatr Surg 29(1):97-101

11. Muise ED, Cowles RA (2016) Rectal biopsy for Hirschsprung’s
disease: a review of techniques, pathology, and complications.
World J Pediatr 12(2):135-141

12. Limberg B (1987) Diagnosis of inflammatory and neoplas-
tic colonic disease by sonography. J Clin Gastroenterol
9(5):607-611

@ Springer



2098

European Radiology (2022) 32:2089-2098

13.

14.

15.

16.

17.

18.

19.

20.

21.

Maconi G, Radice E, Bareggi E, Porro GB (2009) Hydro-
sonography of the gastrointestinal tract. AJR Am J Roentgenol
193(3):700-708

van Wassenaer EA, de Voogd FAE, van Rijn RR et al (2020)
Bowel ultrasound measurements in healthy children - systematic
review and meta-analysis. Pediatr Radiol 50(4):501-508
Limberg B (1999) Diagnosis of chronic inflammatory bowel
disease by ultrasonography. Z Gastroenterol 37(6):495-508
Sasaki T, Kunisaki R, Kinoshita H et al (2014) Use of color Dop-
pler ultrasonography for evaluating vascularity of small intestinal
lesions in Crohn’s disease: correlation with endoscopic and surgi-
cal macroscopic findings. Scand J Gastroenterol 49(3):295-301
Bru C, Sans M, Defelitto MM et al (2001) Hydrocolonic sonogra-
phy for evaluating inflammatory bowel disease. AJR Am J Roent-
genol 177(1):99-105

Siripongsakun S, Charoenvisal L, Pantongrag-Brown L, Dusi-
tanond N, Siripongpreeda B (2013) Hydrocolonic sonography: a
complete colorectal evaluation technique with preliminary results.
J Clin Ultrasound 41(7):402-407

Caldeira A, Pereira E, Baldaque-Silva F et al (2011) Role of hydr-
ocolonic sonography in the detection of colonic neoplastic lesions.
J Diagn Med Sonogr 27(4):160-166

Chung HW, Chung JB, Park SW, Song SY, Kang JK, Park CI
(2004) Comparison of hydrocolonic sonography accuracy in
preoperative staging between colon and rectal cancer. World J
Gastroenterol 10(8):1157-1161

Alamdaran A, Kianifar HR, Adelkhah A (2006) Diagnosis of colo-
rectal polyps by hydrocolonic sonography in children with rectal
bleeding. Iran J Radiol 3(4):e78984

@ Springer

22.

23.

24.

25.

26.

217.

Hosokawa T, Hosokawa M, Tanami Y et al (2019) Diagnostic
performance of ultrasound without any colon preparation for
detecting colorectal polyps in pediatric patients. Pediatr Radiol
49(10):1306-1312

Garcia R, Arcement C, Hormaza L et al (2007) Use of the recto-
sigmoid index to diagnose Hirschsprung’s disease. Clin Pediatr
(Phila) 46(1):59-63

Vlok SSC, Moore SW, Schubert PT, Pitcher RD (2020) Accuracy
of colonic mucosal patterns at contrast enema for diagnosis of
Hirschsprung disease. Pediatr Radiol 50(6):810-816

Yan J, Sun J, Wu R et al (2020) Barium enema findings in total
colonic aganglionosis: a single-center, retrospective study. BMC
Pediatr 20(1):499

More K, Rao S, McMichael J, Minutillo C (2014) Growth and
developmental outcomes of infants with Hirschsprung disease
presenting in the neonatal period: a retrospective study. J Pediatr
165(1):73-77

Martucciello G (2008) Hirschsprung’s disease, one of the most
difficult diagnoses in pediatric surgery: a review of the prob-
lems from clinical practice to the bench. Eur J Pediatr Surg
18(3):140-149

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Diagnosis of Hirschsprung disease by hydrocolonic sonography in children
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Inclusion and exclusion criteria
	US and enema examination
	Image analysis
	Other clinical information
	Statistical analysis

	Results
	Patient’s characteristics
	Ultrasound and contrast enema findings
	Clinical outcomes

	Discussion
	References


