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type I (NF-1) associated with IND-B who was bothered
by chronic episodic constipation and diarrhea [24]. This
patient was a 4-year and 8-month-old male from Taiwan.
Friedmacher and Puri described that ganglioneuroma is one
of the VHD, and most of these patients have MEN Type
II-associated disease [25, 26]. None of the four Japanese
cases showed any family history or evidence of MEN Type
II- or NF-1-related disease. Therefore, our cases were con-
sidered to be isolated IND-B.

Conservative treatment for at least 6 months has been
recommended for IND-B, with the next step generally
being myectomy or injection of botulinum toxin. Resec-
tions of the affected bowel and pull-through procedures
have rarely been indicated [12]. However, three out of the
four cases in Japan underwent bowel resection and pull-
through, and one case underwent the permanent colostomy.
Our Japanese cases with apparent hyperplasia of myenteric
plexus are considered to be “true” IND, which more fre-
quently requires bowel resection.

In conclusion, during a 10-year period in Japan, 13
cases matched the classical criteria for IND-B, and 45 %
(7/13) of these cases underwent surgical procedures. How-
ever, only four cases could be diagnosed with IND-B based
on the current criteria, and 75 % (3/4) of these required
intestinal resection and pull-through. Most of the cases
also required further conservative treatment. IND-B cases
matching the current criteria are considered to be quite
rare, and are associated with marked hyperplasia of myen-
teric plexus mimicking ganglioneuromatosis. Most of them
required surgical treatment and further medical treatment.
Therefore, “true” IND-B is suggested to be a rare and
intractable disease.
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Article history: Background/Purpose: A nationwide survey was conducted to identify the clinical presentation of pediatric chronic
Received 20 August 2014 intestinal pseudo-obstruction (CIPO) in Japan.

Accepted 5 September 2014 Methods: Data were collected via a questionnaire, ensuring patient anonymity, from facilities that treat pediatric
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Key words: ) Resuits: Ninety-two responses were collected from forty-seven facilities. Sixty-two patients (28 males, 34 fe-
g;}rgmc intestinal pseudo-obstruction males) met formal diagnostic criteria for CIPO. The estimated pediatric prevalence was 3.7 in 1 million individ-
Children uals. More than half the children (56.5%) developed CIPO in the neonatal period. Full-thickness intestinal
Nationwide survey specimens were available for histopathology assessment in forty-five patients (72.6%). Forty-one (91.1%) had
Idiopathic no pathological abnormalities and were considered to be idiopathic. Patients were treated according to the

local protocol of each facility. Forty-one patients (66.1%) had restricted oral intake of ordinary diets, and
twenty-nine (46.8%) depended on parenteral nutrition. No therapeutic intervention, including medication and
surgery, successfully improved oral food intake or obstructive symptoms. Only three patients (4.8%) died from
enteritis or sepsis.
Conclusions: In Japan, pediatric CIPO is a rare, serious, and intractable disease. The prognosis with respect to
survival is good, but unsatisfactory because of the need for prolonged parenteral nutrition and associated
potential for restricted quality of life.

© 2014 Elsevier Inc. All rights reserved.

Intestinal pseudo-obstruction was first described in 1958 [1].
Dudley et al. first reported patients with serious symptoms and signs
of intestinal obstruction, yet without frank mechanical obstruction.
The term chronic intestinal pseudo-obstruction (CIPO) was proposed by
Christensen et al. in 1978 [2]. In children, CIPO has been variously
termed, chronic intestinal pseudo-obstruction (CIP), chronic intestinal
pseudo-obstruction syndrome (CIPS or CIPOS), pseudo-Hirschsprung’s
disease, and chronic adynamic ileus [3-7].
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The diagnosis of CIPO is made by recognition of prolonged obstruc-
tive symptoms and exclusion of mechanical obstruction. New diagnostic
criteria and appropriate management strategies for adult CIPO have
been proposed for Japan [8,9]. However, review of diagnostic criteria
for pediatric CIPO is warranted. In addition, very little is known about
the epidemiological and clinical features of CIPO among children in
Japan. Therefore, a nationwide study was conducted to assess the
present status of the disease.

1. Materials and methods

In February 2012, a survey was sent to facilities represented by
members of the Japanese Society of Pediatric Surgeons; the Japanese
Society for Pediatric Gastroenterology, Hepatology and Nutrition; and
the Japanese Study Group of Pediatric Constipation. [nformation on
patient demographics, clinical features, examination findings, drug
treatments and surgical treatments were solicited (see Table 1).
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Table 1 Survey responses were compiled into a database, ensuring anonym-
Main questionnaires in the nationwide survey on pediatric CIPO in Japan. ity of the respondents, and subsequently analyzed. We divided the re-
Basic informations ported patients into the following 2 groups: those who developed
Day of birth _  (Gvyvmmdd CIPO during the neonatal period and those who developed CIPO after
Gender OMale DFemale the neonatal period. In our analysis, we adopted the definition of pedi-
Gestation —w d atric CIPO mentioned by Rudolph et al. in 1997 [3}: “pseudo-obstruction
Birth weight - = denotes signs and symptoms resembling a physical obstruction to
Onset DINeonatal (<30 &) Dllnfancy (1 to 12 m) luminal flow, including radiographic documentation of dilated bowel
DOiChildhood (1y to <7y) - DISchoal age ox later with air fluid levels, in the absence of a true mechanical obstruction.”
Familial incidence OFresant ) DlAbsent The disease is considered to be “chronic” if pseudo-obstruction occurs
. o " during the neonatal period and persists for the first 2 months of life or
Initial symptom CJAbdominal distension OVomiting e . .
. ) ) . if it occurs after the neonatal period and persists for >6 months.
(multiple answers allowed) IDelayed meconium excretion (>24 h after birth) Obtaining an abdominal radiograph in the upright position during the
(JChronic constipation ~[JAbdominal pain . . . . L .
OiEnteritis CiDiarrhea neonatal period is sometimes difficult, depending on the patient’s con-
CiMegacystis dition. As an exception, confirmation of air fluid levels on radiographs
ClPrenatally diagnosed abnormality Gf any ) was not necessarily required in the neonatal period.
Cl0thers (free statement ) Fisher’s exact test was used for the analysis of categorical data.
Student’s t test was used for the analysis of numerical data. A p value
Affected lesions OiStomach ODuodenum of <0.05 was considered statistically significant. Ekuseru-Toukei 2010
(multiple answers allowed) OJejunum Olleum (Social Survey Research Information Co., Ltd., Tokyo) software was
ClAppendix OCecum used to complete the statistical analysis.
TlAscending colon OTransverse colon This study was performed in accordance with the Ethical Guidelines
CDescending colon CISigmoid colon for Clinical Research published by the Ministry of Health, Labor, and
ORectum UAnus Welfare of Japan on July 30, 2003. This study was approved by the
DCUnknown ethical committee for clinical research of Kyushu University Hospital
(approval No. 24-163).
Associated malformation CPresent ( )
2. Results
Examinations
Abdominal Xray DiDilatation 2.1. Demographic information
(multiple answers allowed) [JAir fluid levels [IPneumoperitoneum
Contrast onoma ggiﬁ:; OMicrosolon A total of 92 responses (43 males, 49 females) were collected
P Alowed) TMegacolon OlCaliber change from 47 pediatric facilities. The mean age of the patients was 14.4 years
Thpe answers atow # ¢ (median, 11 years, range, 0—44 years) at the time of the survey.
Anorectal reflex Eg;::‘:n Ei::;:: ally positive On the basis of the aforerpentioned _indjcations and exceptions of the
CINegagive patients in the neonatal period, 62 patients who matched the inclusion
Rectal suction biopsy ~ CJNormal criteria for pediatric CIPO were further analyzed (Onset during the
(AChE staining)  [Proliferation of AchE-positive fibers neonatal period; n = 35, 1 to 12 months after birth; n = 12, 1 year
[iGiantganglia to <7 years after birth; n = 9, >7 years after birth; n = 6). All the
[JEctopic ganglia reported disorders were limited to the hollow viscera. Responses on
the remaining 30 patients were insufficient to diagnose as CIPO (Fig. 1).
Medication drugs used for [IProbioties ( ; effective / ineffective )
treatments OKampo ( s effective/ ineffective) 2.2. Clinical features
[Laxatives ( ; effective / ineffective)
DProkinetic drugs More than half the patients developed CIPO during the neonatal peri-
( ; effective / ineffective) od (Fig. 2). There were no statistically significant differences in sex (male-
to-female ratio; p = 0.25) and gestational period (preterm delivery-to-
Surgical treatments DGastroenterostomy term delivery ratio; p = 0.62) between the patients with neonatal
[INo decompression surgery onset and those with postneonatal onset. In addition, no statistically sig-
DIStoma closure . nificant difference in birth weight distribution was observed between
gfjﬁo‘:‘:ﬂ transplantation the 2 groups (mean = SD, 2867.8 + 794.0 g vs. 2052.8 + 623.3 g respec-
tively; p = 0.67). Familial accumulation was found for 2 patients. A total
Fins] paticlogieal fndings ONormal of 4 fema.le patients (6.5%) had a familial incidence. Twins, pom with
from cxcised or O Abnormal (ndings: ) megacystis, developed CIPO during the neonatal period, while sisters,

both with galactosemia, developed CIPO while school age.

Most of the patients presented with abdominal distension.

The affected lesions were distributed widely throughout the
intestinal tracts. Anorectal reflex evaluation (36/62), rectal suction
biopsy, and pathological evaluation (36/62) were performed in up to
60% of the patients, followed by contrast enema examination performed
Clinical outcome DAlive / [ODied (yyyy.mm.dd) in more than 80% (51/62) patients (Table 2).

(cause of death: )

biopsy specimens

Current nutritional OUsual diet [JSemidigested diet
management OFormula diet OParenteral nutrition

(multiple answers allowed)

2.3. Treatments

The patients were treated according to the local protocol of each
facility. No treatment modality clearly effective in relieving symptoms.
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A total of 92 responses were collected from 47 pediatric facilities

(48 were male and 49 were female, with a mean age of 14.4 years (median, 11 years))

——> 30 cases were not matched inclusion eriteria of pediatric CIPO
Although the episodes of functional ileus were persisted {or a certain long time,
- 12 cases had insufficient responses on abnormal bowel distension
on the initial plain X-ray films

- 8 cases developed after the neonatal period had insufficient responses

\ 2

on air fluid levels on the initial plain X-ray films
- 10 cases had insufficient responses both on abnormal bowel distension

and on air fluid levels on the initial plain X-ray films

62 cases were investigated

(28 were male and 34 were female, with a mean age of 13.2 years (median, 10 years))

Fig. 1. Flowchart summarizing the reasons for exclusion of patients. CIPO, chronic intestinal pseudo-obstruction.

Lactobacillus preparations (38/62) and Dai-kenchu-to (herbal medi-
cine) (37/62) were frequently administered. Subjective evaluations
revealed that the Lactobacillus preparations were effective in 31.6%
(12/38) of the patients, ineffective in 28.9% (11/38), and undetermined
or indistinct in 39.5% (15/38). Among the 37 patients treated with Dai-
kenchu-to, the treatment outcome was assessed as effective in 32.4%
(12/37), ineffective in 29.7% (11/37), and undetermined or indistinct
in 37.8% (14/37). Similar trends were observed for other probiotic
agents, herbal medicines, laxatives, and peristalsis-promoting drugs.
Several drugs were used in combination, but no specific medical
treatment for CIPO could be identified. Decompression of the dilated
tracts was performed in 46 patients (74.2%), 32 (69.6%) of whom had
permanent enterostomas. The proportion of patients who underwent
decompressive surgery was statistically equal (p = 0.572) between
the neonatal-onset group and postneonatal-onset group. In addition,
there was no statistical difference (p = 0.798) in the proportion of
patients who required permanent enterostomas between the 2 groups.
One patient underwent small bowel transplantation (Table 2).

Onset after the
neonatal period

n=27

Male : Female =14 : 13
Preterm:Term=4:11

2.4. Histopathological findings

Final pathological evaluations from excised or biopsied full-thickness in-
testinal specimens were performed for 72.6% (45/62) patients. The frequen-
cy of full-thickness histopathological examination was significantly higher
in patients in the neonatal-onset group (85.7%; 30/35) than in patients in
the postneonatal-onset group (55.6%; 15/27; p = 0.011). Abnormal gangli-
on cells were found in 4 patients (8.9%): 2 showed immaturity, 1 showed
hypertrophy, and 1 showed hypotrophy. Maturation of the ganglion cells
was confirmed later in the 2 patients who initially exhibited immaturity.
More than 90% (41/45) of the patients were pathologically assessed as
having normal findings using hematoxylin and eosin (H-E) staining (Fig. 3).

2.5. Prognosis

Only 4.8% (3/62) of the patients died from enteritis or sepsis. There
was no statistically significant difference in survival rate between the
neonatal-onset and postneonatal-onset groups (p = 0.077). Overall,

Onset during the
neonatal period

n=35

Male : Female =14 : 21
Preterm : Term =9 : 25

Fig. 2. Disease onset. The onset period is shown. More than haif of the patients developed CIPO in the neonatal period. Here, neonatal period is defined as the period within 30 days
after birth, infancy as the period 1 to 12 months after birth, childhood as the period 1 year to <7 years after birth, and school age or later as the period >7 years after birth. Preterm:

<37 gestational weeks, Term: >37 weeks to <43 weeks.
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Table 2
Clinical features of pediatric CIPO in Japan.

Onset after
neonatal period

Onsetin
neonatal period

n = 35 cases, n = 27 cases,
n (%) n (%)
Initial symptoms and signs*

Abdominal distension 30(85.7) 25(92.6)

Vomiting 21(60.0) 12 (44.4)

Chronic constipation 1(2.9) 8 (29.6)

Delayed meconium excretion 6(17.1) 0

Abdominal pain 0 3(11.1)

Enteritis 0 2(74)

Diarrhea 0 2(74)

Megacystis M 6(17.1) 5(18.5)

Affected intestine

Stomach 2 8

Duodenum 1 5

Jejunum 14 13

Ileum 20 15

Appendix 7 2

Cecum 12 11

Ascending colon 14 13

Transverse colon 16 15

Descending colon 13 13

Sigmoid colon 14 14

Rectum 12 7

Anus 6 4

Examinations "

Plain abdominal radiography 35 (100) 27 (100)
Dilatation of intestinal tract 35 27
Air-fluid levels 2027
Pneumoperitoneum, 0 0

Contrast enema study 31 (88.6) 23 (85.2)
Normal 12 9
Microcolon 7 2
Megacolon 6 10
Caliber change 3 1
Malrotation 2 2
Poor peristalsis 1 0

Anorectal reflex 19 (54.8) 17 (63.0)
Positive 16 11
Atypically positive 1 3
Negative 1 3

Rectal suction biopsy 20 (57.1) 16 (59.3)
Normal 17 16
AchE-positive fibers augmentation 2 0

Giant ganglia 1 o}

Frequently used drugs for treatment
Lactobacillus (probiotics) 25(71.4) 13 (48.1)
Dai-kenchu-to (Kampo) 23(65.7) 14 (51.8)
Surgical treatment

Enterostomy 27 (77.1) 19 (70.4)
Permanent enterostoma 19 (54.2) 13 (48.1)

No decompression 6(17.1) 6(22.2)

Small bowel transplantation 0 1(3.7)

Prognosis

Alive 35 (100} 24 (88.9)

Died 0 3(11.1)
Enteritis 1
Sepsis 2

No statistically significant differences were found between the two groups, except in the

following items: chronic constipation (p = 0.008), delayed meconium excretion

(Ek = 0.031), stomach (p = 0.016). CIPO, chronic intestinal pseudo-obstruction.
Multiple answers allowed.

the prognosis of patients was good (Table 2); however, approximately
10% of the patients (6/62) were dependent on total parenteral nutrition
(TPN). There was no significant difference (p = 0.390) in the propor-
tion of patients who required TPN between the neonatal-onset and
postneonatal-onset groups. Only a third (18/62) of the patients had nor-
mal diets independent of any nutritional supplements. There was no
significant difference (p = 0.579) in the proportion of patients with a
normal diet between the 2 groups (Fig. 4).
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p=0.011

Onset after the
neonatal period

Onset during the
neonatal period

(% n=15
100 -

80

60 -

40 -

20 -

n=0

No abnormalities
on ganglion plexus

Abnormal findings
with ganglion plexus

Fig. 3. Full-thickness pathological examinations performed for 45 patients. Only 4 patients
in the neonatal-onset CIPO group showed abnormal findings in the ganglion cells
(immaturity in 2, hypertrophy in 1, and hypotrophy in 1).

3. Discussion

This is the first report of a nationwide survey for pediatric CIPO from
Japan. In all, 62 (67.4% of patients reported by respondents) satisfied the
criteria for CIPO diagnosis [3]. In Japan, among the population of chil-
dren younger than 15 years old, which is 16.7 million, the estimated
prevalence of pediatric CIPO is therefore 3.7 in 1 million children.
Pediatric CIPO is an extremely rare disease. It has been reported that
the number of Japanese adult patients with CIPO reaches a peak in the
40s [9]. In the pediatric population, CIPO may be developed during the
neonatal period in more than half of the patients, and the number of
cases may decrease as age increase. However, no difference was found
in disease severity between patients with neonatal onset versus post-
neonatal onset. No therapeutic intervention, including both medication
and surgery, was clearly shown to improve outcome. Oral intake was
restricted in two-thirds of the patients and nearly half were dependent
on parenteral nutrition. In addition, more than half of the patients
required intestinal decompression with permanent enterostomas.
These findings confirm that pediatric CIPO is a serious and intractable
disease, likely to significantly impact patient quality of life.

Interestingly, full-thickness histopathological examinations of the
affected intestine have been performed much more frequently in pedi-
atric patients than in adult patients in Japan [10]. One reason for this is
that histopathology is thought to be sufficient for determining initial
management, particularly in neonates exploratory laparotomy is forced
to rule out the congenital disorders such as long segment aganglionosis
or intestinal atresia. Accordingly, full-thickness pathological examina-
tions were performed for 85.7% of the patients with neonatal-onset
CIPO. Although histopathological evaluation is not strictly required for
the diagnosis of CIPO, emerging research suggests that histopathology
may well become essential for elucidating the CIPO pathogenesis and
developing optimal treatment modalities in the future [11,12]. Some
investigators are attempting to classify the CIPO limited to the hollow
viscera as neurogenic, myogenic, or mesenchymopathic (arising from
dysfunction of the interstitial cells of Cajal) using the electro-
microscope, histochemichal staining, or enzyme immuno-assay, et al.
[11-14]. However, at this time when conventional histological exami-
nation such as H-E staining failed to show the meaningful pathology,
it is described as idiopathic [3,15]. In our study, of the 45 patients who
underwent histopathological examination, 41 (91.1%) exhibited no ab-
normalities in the ganglion plexus of the affected intestine. The disease
in these patients was retrospectively considered to be idiopathic. Most
of the Japanese children with CIPO were therefore presumed to be idio-
pathic. However, further consideration of technical issues is required.
Goulet et al. [16] suggest that full-thickness examinations are necessary
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Fig. 4. Nutritional management. Only a third (18/62) of the patients had a normal oral diet independent of any nutritional supplements. Almost half (46.8%; 29/62) the patients depended
on parenteral nutritional support and nearly 10% (6/62) depended on total parenteral nutritional support. No statistically significant differences in any category were found between the

neonatal-onset and postneonatal-onset groups. PN, parenteral nutrition.

at different levels of the intestine. Furthermore, the appropriate sample
site, amount of each specimen and suitable staining methods need to be
defined to clarify the nature of CIPO.

Previous reports indicated that 10%-25% children with CIPO died
before adulthood in the past quarter century [4,5]. Advances in the man-
agement of intestinal failure, including optimal nutrition support and
improvements in the management of sepsis may prolong the survival
of patients. Only 4.8% (3/62) children in our review died from enteritis
or sepsis. The prognosis was relatively good; therefore, the number of
cases transitioning to adulthood is presumed to increase in the future.
Pseudo-obstructive symptoms in children requiring medical care after
childhood were reported that tend to worsen with time [3,4]. We recog-
nized that construction of a seamless medical support scheme for CIPO
patients transitioning from childhood to adulthood is urgently required.
Further discussion on the management of the disease is required to
establish more reliable medical supports, including treatments and
medical security, in Japan.

4. Conclusion

Pediatric CIPO is considered to be a rare, serious, and intractable
disease. More than half of the patients develop the disease in the neonatal
period. The condition can be classified as idiopathic on the basis of full-
thickness histopathological examinations in most patients. Prognosis
with respect to survival is good, but may be unsatisfactory given restricted
long term quality of daily life in Japanese children with CIPO.
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