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Abstract

Purpose of Review The purpose of this review is to discuss current knowledge on pediatric intestinal pseudo-obstruction. We will
also review new mutations that have been identified through advancement in genetic testing, allowing for a better understanding
of the underlying mechanisms of intestinal dysmotility and potential etiologies.

Recent Findings With the advancements in genetic testing, new mutations have been identified in the diagnosis of megacystis-
microcolon-intestinal hypoperistalsis syndrome (MMIHS), a disorder leading to pediatric pseudo-obstruction. MYLK, LMODI,
MYL9, and MYHI1 encode for various proteins within smooth muscle cells; abnormalities within these proteins lead to
abnormal intestinal smooth muscle contractions.

Summary Chronic intestinal pseudo-obstruction (CIPO) is defined by symptoms of bowel obstruction in the absence of a lumen-
occluding lesion. CIPO is a heterogeneous group of disorders caused by abnormalities in the enteric neurons, intestinal smooth
muscle, and/or the interstitial cells of Cajal (ICC). Symptoms can be non-specific and etiologies include both primary and
secondary causes of CIPO that contribute to the delay in recognizing this condition and making the correct diagnosis. Chronic
intestinal pseudo-obstruction has been recognized in both adults and children with fundamental differences in the etiology,
symptom onset, clinical features and natural history of this disorder. For this reason, it has been considered a separate entity
referred to as pediatric intestinal pseudo-obstruction (PIPO).

Keywords Intestinal pseudo-obstruction - Gastrointestinal motility - Manometry

Abbreviations CREN Constant rate enteral nutrition

MMIHS Megacystis-microcolon-intestinal SIBO Small intestinal bacterial overgrowth
hypoperistalsis syndrome

CIPO Chronic intestinal pseudo-obstruction

PIPO Pediatric intestinal pseudo-obstruction .

ICC Interstitial cells of Cajal Introduction

ENS Enteric nervous system

Chronic intestinal pseudo-obstruction is heterogeneous group
of disorders characterized by symptoms of intestinal obstruc-
tion without evidence of a lumen-occluding lesion.
Abnormalities in the enteric neuromusculature in combination
or in isolation lead to enteric neuropathy (extrinsic or intrin-
sic), enteric myopathy, and/or mesenchymopathies (abnor-
malities in the interstitial cells of Cajal (ICC) network) causing

MMC Migrating motor complex
MNGIE Mitochondrial neurogastrointestinal
encephalomyopathy
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PIPO. We will review new mutations that have been identified
through advancement in genetic testing, which allow for a
better understanding of the underlying mechanisms of intesti-
nal dysmotility and potential etiologies. We will discuss the
etiologies, underlying mechanisms leading to abnormal mo-
tility, diagnosis, and possible treatments.

This condition was first described in adults in the mid-
twentieth century by Dudley and colleagues. In 1958, they
identified 13 patients who presented with symptoms mimick-
ing intestinal obstruction. They underwent exploratory lapa-
rotomy, but no lumen occluding lesion was found and they
applied the term intestinal pseudo-obstruction in adults [3].
Nearly 20 years later, in 1977, Byrnes and colleagues de-
scribed 11 pediatric patients with chronic idiopathic intestinal
pseudo-obstruction, their clinical characteristics, and progno-
sis [4]. At that time, a family pedigree was completed and an
autosomal dominant pattern of inheritance with variable pen-
etrance was suggested but no gene mutation was identified. It
was not until the twenty-first century that specific gene muta-
tions were identified as potential causes of gastrointestinal
dysmotility [5]. PIPO should be considered in a child who
has symptoms mimicking intestinal obstruction but without
evidence of a lumen-occluding lesion. The diagnosis of
PIPO requires 2 of the following 4 criteria: (1) objective mea-
surement of small bowel neuromuscular involvement with
manometry, histopathology or transit studies; (2) recurrent
and/or persistently dilated loops of small bowel with air fluid
levels; (3) genetic or metabolic abnormalities identified which
have previously been reported in PIPO; (4) inability to tolerate
oral feedings to maintain growth and development (requires
supplemental enteral or parenteral nutrition support) [2]. The
study of gastrointestinal motility disorders has gained signifi-
cant interest in the recent years. NAPSGHAN has identified
thirty-eight motility centers across North America in 20 states
and Canada offering manometry testing [6]

Epidemiology

PIPO is a rare and complex disorder. In 2018, diagnostic criteria
were proposed by the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition with a goal to im-
prove diagnosis, management and treatment while decreasing
morbidity and mortality in these patients. Until recently, due to
a lack of conformity, few epidemiological studies reporting the
incidence and prevalence in the pediatric population have been
reported. Data from the American Pseudo-obstruction and
Hirschsprung Society (now part of the International
Foundation for Functional Gastrointestinal Disorders) suggest
that less than 100 infants are born every year in the USA with
primary PIPO [7]. In 2014, a nationwide Japanese survey re-
ported an estimated pediatric prevalence of 3.7 in 1 million
individuals less than 15 years of age. More than half of the
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children (56.5%) diagnosed with PIPO developed symptoms
in the neonatal period (< 1 month old), 19.4% within infancy
(1-12 months old), 14.5% in childhood (1-7 years of age), and
9.7% in school age or later (7—15 years of age) [§].

Etiology

PIPO can be divided into primary, secondary and idiopathic
etiologies. Primary disorders leading to PIPO are defined as
abnormalities within the development, degeneration, or in-
flammation of the enteric neuromusculature. These disorders
include sporadic or familial forms of myopathy, neuropathy,
mesenchymopathy (abnormal ICC network), mitochondrial
diseases, or neuropathy associated with multiple endocrine
neoplasia type IIB (Table 1) [9-14, 15¢¢, 16-24, 25¢].

Conditions leading to an inflammatory neuropathy such as
lymphocytic and eosinophilic ganglionitis or leiomyositis of
the neuromusculature can also affect gastrointestinal motility.
Though few of these conditions have been reported in the
literature, they are a very important category of disorders as
they are amendable to treatment.

Autoimmune enteric leiomyositis is characterized by the
histopathological finding of dense lymphocytic infiltrate of
the muscularis propria mainly consisting of cytotoxic T cells
on full-thickness biopsies of the small intestine. Patients typ-
ically present in infancy to early childhood with motility dis-
turbances of the small and large intestine with elevated auto-
antibodies on laboratory findings. Of the six pediatric cases
reported in the literature, two patients reached complete remis-
sion on immunosuppressive therapy [26, 27].

Eosinophilic myenteric ganglionitis is characterized by the
histopathological finding of eosinophilic infiltration within
the mucosa, submucosa, and myenteric plexus on full thick-
ness biopsies of the small intestine. Patients typically present
from neonatal period to childhood with progressive abdomi-
nal distension and obstruction. In contrast to autoimmune en-
teric leiomyositis, all four patients reported in the literature
responded well to dietary changes and immunosuppressive
therapy [28, 29].

Four types of anti-neuronal autoantibodies have been re-
ported in the literature: ANNA-1 (or Anti-Hu), anti-VGCC
(anti-voltage gated calcium channel) antibodies, anti-
ganglionic acetylcholine receptor antibodies, and anti-Yo an-
tibodies [30]. They are often associated with an underlying
disease (commonly a paraneoplastic syndrome) or idiopathic
forms of myenteric ganglionitis [31]. Auto-antibodies are
suspected to arise from an autoimmune response to a
paraneoplastic syndrome; however, anti-Hu antibodies have
been identified in cases without evidence of a neoplastic dis-
order. It has been postulated that these antibodies could arise
from parasitic infections, such as trypanosomiasis (Chagas
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Age of onset

Phenotype

Inheritance

Function

Syndrome

Table 1 (continued)

Gene

@ Springer

progressive gastrointestinal

dysmotility
Pseudo-obstruction,

1st-2nd decade of life

Autosomal recessive

Part of a cohesion complex that

Mungan syndrome

RAD21 [24]

megaduodenum, long segment

controls pairing and unpairing in

cell replication. Plays an

Barrett’s esophagus and cardiac

abnormalities

important role in epithelial and
neuronal survival and ABOP
regulation in the gastrointestinal

tract

Component of the cohesion pathway Autosomal recessive

1st to 4th decade of life

Accelerated cell cycle progression

Chronic atrial and intestinal

SGOLI[25¢]

and enhanced activation of

dysrhythmia (CAID)

TGF-B signaling leading to
changes in both the enteric

nervous system and smooth

muscle

disease), which could explain the neuronal degeneration lead-
ing to esophageal achalasia and megacolon [32, 33]

Secondary causes of PIPO may include a variety of condi-
tions affecting the intestinal smooth muscle, enteric neurons,
and/or the ICC network. Multiple systemic illnesses can have
an impact on the gastrointestinal tract including rheumatologi-
cal, endocrinological, and metabolic conditions [1, 2]. Other
conditions such as infections, toxins, and autonomic nervous
system abnormalities affect the enteric nervous system.
Idiopathic PIPO is defined when a primary or secondary etiol-
ogy has not been identified. It is imperative that when a child
presents with symptoms suggestive of PIPO, a thorough history
and physical exam is completed to rule out secondary causes of
PIPO that may have a potential treatment (Table 2) [1].

Pathology

PIPO can be further classified into neuropathy, myopathy,
mesenchymopathy and mixed (combined neuropathy, myop-
athy, and mesenchymopathy) based on where the abnormali-
ties are found within the gastrointestinal tract, enteric neurons,
intestinal smooth muscle, the ICC network or combined en-
teric neurons, smooth muscle, and ICC network, respectively.
Pathologic abnormalities of the enteric neuromusculature
have been under investigation for the past 70 years [34]. The
diagnosis of these conditions requires special care and stan-
dardization in addition to consideration of the age of the pa-
tient, durations of symptoms, and other underlying or associ-
ated abnormalities [35]. In 2009, the Gastro International
Working Group presented guidelines for histological tech-
niques and reporting, along with a classification of gastroin-
testinal neuromuscular pathology at the World Congress of
Gastroenterology in London, UK. The goal of this project
was to create diagnostic standardization of gastrointestinal
neuromuscular disorders and their underlying histopathologi-
cal abnormalities to improve diagnosis and provide better
prognostic and therapeutic information to families [36]. In
2018, the ESPGHAN-led expert group recommended
obtaining full-thickness intestinal biopsies for histopathologi-
cal analysis if a patient were to undergo surgery to improve
symptoms and potentially reduce the number of acute pseudo-
obstructive events [2]. Although previous studies report a
higher incidence of post-operative ileus and adhesion forma-
tion in patients undergoing surgery with PIPO, new literature
suggests that patients with PIPO can undergo full-thickness
intestinal biopsies safely using modern laparoscopic tech-
niques for diagnostic purposes alone [37, 38]. In 2008,
Knowles et al. completed a prospective study performing
124 laparoscopic-assisted full thickness intestinal biopsies in
adult patients with clinico-physiological diagnoses of chronic
intestinal pseudo-obstruction, enteric dysmotility, and severe
irritable bowel syndrome. Eight percent of patients
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Table 2 Secondary

cause of PIPO Conditions affecting the smooth muscle

Rheumatology
Dermatomyositis/polymyositis
Scleroderma
Systemic lupus erythematous

Connective tissue and skeletal muscle
disorders
Duchenne muscular dystrophy
Myotonic dystrophy
Ehlers Danlos syndrome

Conditions affecting the enteric nervous

system

Neurofibromatosis

Familial dysautonomia

Primary dysfunction of the autonomic
nervous system

Diabetes neuropathy

Fetal alcohol syndrome

Post-viral related inflammatory neuropathy
Cytomegalovirus
Epstein-Barr virus
Varicella Zoster virus
JC virus
Herpes simplex virus
Chagas disease

Endocrine
Diabetes
Thyroid dysfunction
Hypoparathyroidism
Pheochromocytoma
Metabolic
Porphyria
Electrolyte imbalances (potassium,
magnesium, calcium)
Drugs
Antidepressants
Perinatal zidovudine
Vinca alkaloids
Calcium channel blockers
Cyclopentolate/phenylephrine eye drops
Miscellaneous
Post-neonatal necrotizing enterocolitis
neuropathy
Gastroschisis
Celiac disease
Crohn’s disease
Radiation injury
Kawasaki disease
Major trauma/surgery
Paraneoplastic syndrome

Adapted from, “Rudolph, Colin D. et al.
Diagnosis and treatment of chronic intesti-
nal pseudo-obstruction in children: report
of consensus workshop. Journal of
Pediatric Gastroenterology and Nutrition
1997.” [1]

experienced obstructive symptoms but minimal other morbid-
ity and no mortality. Overall, specific diagnostic yield for
adult patients with PIPO was 81%, being high for jejunal
biopsies (89%) but low for ileal and colonic biopsies.
Laparoscopic assisted full-thickness intestinal biopsies ap-
pears to be a safe and effective procedure to achieve additional
diagnostic information with jejunal biopsies achieving the
highest diagnostic yield [39].

Enteric Neuropathy

The gastrointestinal tract consists of an extensive intrinsic ner-
vous system called the enteric nervous system (ENS). The
ENS is composed of two major ganglionated plexuses,
myenteric (Auerbach’s) and submucosal (Meissner’s), which
are connected through reflex circuits and can function inde-
pendently of the central nervous system, but is not autono-
mous [40]. The ENS is a highly-integrated system interacting
with the enteric reflex circuits in addition to reflexes that pass
from the gut through the central nervous system and back and
reflexes that pass through the sympathetic ganglia [41]. The
ENS is viewed as a “mini-brain” with a library of preset motor
patterns in the small and large intestine that are seen during
fasting, the post-prandial period and emesis and can be iden-
tified by antroduodenal manometry studies. In normal physi-
ology, the motor activity of the antrum and small intestine is
characterized by patterns of organized muscular contractions
during the fasting and post-prandial periods. This motor activ-
ity during fasting is composed of three phases that together
make up the inter-digestive migrating motor complex (MMC).
The purpose of the MMC is to clear debris, secretions, and
microbes preventing bacterial overgrowth. The MMC cycles
throughout the day and usually lasts for 50-180 min (Fig. 1)
[42]. The presence of a normal MMC during fasting and the
change to a fed pattern after ingestion of a test meal indicates
intact enteric neuromuscular function. The ENS also controls
other gut functions including secretion, absorption, and vas-
cular tone via interactions with the endocrine system. Due to
the significant impact the ENS has on gastrointestinal func-
tion, abnormalities can lead to a variety of digestive problems
and decreased quality of life.

Neuropathic PIPO is typically caused by a loss of enteric
neurons or due to an inflammatory neuropathy within the en-
teric ganglia and/or neuronal connections. Other conditions
affecting the extrinsic nervous system can also influence the
ENS leading to abnormal gastrointestinal functioning. Enteric
neuropathies are classified into primary and secondary neu-
ropathies (Table 3) [43]. Long-term outcomes and prognosis
for neuropathic PIPO are better than for myopathic PIPO [37].

Enteric Myopathy

Normal intestinal peristalsis requires an intact smooth muscle
layer called the muscularis propria. The smooth muscle is
composed of two distinct layers. The inner layer is composed
of circular muscle, with thick bundles of smooth muscle cells
oriented parallel to the intestinal wall. The outer layer is com-
posed of longitudinal muscle characterized by stroma of col-
lagen and elastin fibers containing thin bundles of smooth
muscle cells perpendicular to the intestinal wall. Contraction
of the circular musculature and relaxation of the longitudinal
musculature allow for peristalsis of the digestive tract. The
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Fig. 1 Phases I-III are depicted in
the tracing. Phase I is quiescent o
followed by phase II which has
increased phasic contractions and
finally phase III which is an
organized motor pattern with
antegrade propagation.
Abnormalities within the MMC
indicate abnormal enteric
neuromusculature. This figure
was taken from Dr. Soods
personal library
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myenteric plexus is located between these two layers of
smooth muscle. Most of the motor neurons that innervate
the circular and longitudinal smooth muscle layers reside
within this myenteric plexus [44]. Abnormalities within the
smooth muscle layer can be found within the distribution and
morphology of smooth muscle cells. Enteric myopathies can
be further classified into primary and secondary enteric my-
opathies (Table 4) [43].

Enteric myopathies differ from enteric neuropathies for the
following reasons. (1) They typically present in infants and
children and are congenital and/or genetic in the majority of
cases. (2) They present with severe visceral dilatation and
often with other organ involvement. (3) Long-term outcomes
and prognosis are poor [37, 45].

Mesenchymopathies
Mesenchymopathies are abnormalities within the ICC

network. ICC are found throughout the gastrointestinal
track from the esophagus to the internal anal sphincter.

Table 3  Classification of enteric neuropathies
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They are found as distinct networks or interspersed be-
tween muscle cells in various regions from the submu-
cosa to the subserosa. There appear to be three distinct
types of ICC identifiable on electron microscopy by the
expression of surface CD117 (c-Kit) protein which is a
membrane receptor with tyrosine kinase activity. They
have variable characteristics including the presence of
intermediate filaments, mitochondria, gap junctions, ca-
veolae, and basal lamina that seem to determine the
specific function of each type of cell. At least four
separate functions of ICC have been identified. (1)
ICC are electrically active cells coupled to smooth mus-
cle cells which conduct a slow wave that is thought to
be responsible for the pacemaker activity of the intesti-
nal smooth muscle cells. (2) They mediate cholinergic
and nitrergic neurotransmission. (3) They determine
smooth muscle membrane potential and gradient. (4)
They appear to be involved in mechanotransduction
[46, 47]. Abnormalities within the number of ICC or
the integrity of the ICC networks can lead to PIPO in
infants and children [48-51].

Table 4  Classification of enteric myopathies

Primary neuropathies
Abnormal developmental phenotypes
Degenerative neuropathies
Neuropathies with inflammation
Inclusion body neuropathies
Other neuronal findings

Secondary neuropathies
Systemic disorders
Local disorders

Primary myopathies
Abnormal developmental (morphogenic) phenotypes
Myopathies with vacuolation, atrophy and fibrosis
Myopathies with inflammation
Inclusion body myopathies
Other smooth muscle findings
Secondary myopathies
Systemic disorders
Local disorders

@ Springer
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Mixed Neuropathy, Myopathy
and Mesenchymopathies

Due to the heterogeneous nature of PIPO, there can be more
than one type of pathology found on histological examination.
In mitochondrial neurogastrointestinal encephalomyopathy
(MNGIE), evaluation of intestinal tissues often reveal enteric
myopathy, mainly atrophy and fibrosis of the external layer of
the muscularis propria of the small intestine, and enteric neu-
rogenic changes that involve the myenteric plexus and gangli-
on cells. Changes in mitochondrial morphology, including
abnormally shaped and large mitochondria in the smooth mus-
cle cells of the small intestine, and ganglion cells of the entire
GI tract have been reported. In addition to enteric myogenic
and neurogenic changes, recent studies report absent ICC net-
works in MNGIE [52].

Clinical Features

The presentation of PIPO can vary based on the involvement
of the gastrointestinal track. The most common presenting
symptoms include abdominal distension followed by consti-
pation, vomiting, and malnutrition. [8, 37, 53—-55]. Recurrent
and/or worsening episodes of pseudo-obstruction can be trig-
gered by an inter-current illness, central line sepsis, general
anesthesia, and psychological stress [37]. The majority of pe-
diatric patients present during the neonatal period with a pri-
mary form of PIPO. In 2002, Mousa et al. reported a higher
incidence (~ 60%) of enteric neuropathies compared to enteric
myopathies in their cohort of 85 pediatric patients. Myopathic
forms of PIPO have more frequent bladder involvement and
significant morbidity compared to neuropathic forms.
Additional predictors of poor outcome include < 1 years old
at onset, intestinal midgut malrotation, short gut syndrome,
inability to tolerate enteral feeds, and dependence on parenter-
al nutrition [37, 53]. The risk of mortality is approximately
20% of cases [53].

Signs and symptoms of malabsorption and malnutrition are
frequent as enteral feeds exacerbate symptoms making oral
feedings challenging. As a result of the intestinal stasis, small
intestinal bacterial overgrowth (SIBO) is a common compli-
cation of PIPO and associated with worsening abdominal dis-
tention and pain. Nutritional complications can develop due to
malabsorption and micronutrient deficiencies if the diagnosis
is delayed and parenteral nutrition is not initiated.

Because of the non-specific nature of the symptoms asso-
ciated with PIPO, the condition may go unrecognized for a
long time and can be confused with other functional gastroin-
testinal disorders. Patients may be wrongly diagnosed with
Munchausen’s syndrome-by-proxy (also known as factitious
disorder), or on the other hand, Munchausen’s syndrome-by-
proxy can mimic PIPO [56].

Diagnosis

PIPO should be suspected in patients who presents with symp-
toms of intestinal obstruction such as abdominal distension,
vomiting, constipation, and malnutrition. The age at onset and
a thorough history and physical exam are very important as
these will direct the diagnostic work up for primary and sec-
ondary causes of PIPO. More than 50% of pediatric patients
will present during the first month of life and up to 80% by the
first year of life [37, 53-55]. Megacystis-microcolon-
intestinal hypoperistalsis (MMIH) syndrome can be detected
on antenatal ultrasound by an enlarged bladder in 88% of
cases, with gastrointestinal symptoms presenting several
months postnatal [57]. It is imperative to exclude a lumen-
occluding lesion or malrotation in the differential diagnosis
as this could be a potential surgical emergency. An upright
abdominal radiograph is a simple and inexpensive first screen-
ing test to identify dilated loops of small bowel and air fluid
levels which may suggest an obstruction [8]. Contrast studies
play in important role in the initial work up for PIPO as they
rule out the presence of a lumen-occluding lesion or intestinal
malrotation. Water-soluble contrast is recommended in order
to avoid possible concrete formation in the colon from the
delayed passage of barium. In patients who cannot tolerate
ingesting a large amount of contrast, or where an extra-
luminal lesion is suspected, a computed tomography (CT) or
magnetic resonance imaging (MRI) can also identify causes of
intestinal obstruction.

Laboratory testing can be directed towards secondary causes
of PIPO related to systemic diseases. These forms of PIPO are
potentially reversible with treatment targeted at the underlying
cause. Patients who are on parenteral nutrition due to malnutri-
tion should also have frequent laboratory evaluations to monitor
for electrolyte and micronutrient abnormalities. For patients
presenting in the neonatal period, genetic testing may uncover
a familial or sporadic gene mutation that can provide prognostic
and therapeutic information to families (Table 5).

Manometry studies are used to evaluate the motor function
and coordination of the esophagus, small intestine, colon, and
anorectrum by measuring pressure changes within the lumen
of the corresponding organ. They are particularly helpful in
evaluation of the small intestine in the work up for PIPO
because the small intestine is nearly always affected [53].
This can be challenging as the findings on antroduodenal ma-
nometry can be difficult to interpret and requires experience
and training. In expert hands, manometry can be a useful
adjunct tool to radiographic studies and provide detailed in-
formation regarding the strength and coordination of contrac-
tions in the gastrointestinal tract [45].

Antroduodenal manometry studies can aid in characteriz-
ing different types of PIPO. Enteric myopathies have low-
amplitude and organized contractions, whereas enteric neu-
ropathies have normal amplitude contractions and
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Table 5 Laboratory
work up Screening evaluation
Complete blood cell count
Electrolytes
Liver enzymes
Albumin
Inflammatory markers (C-reactive
protein and erythrocyte sedimentation
rate)
Thyroid function test
Fasting cortisol
Exclude secondary causes of PIPO

Diabetes mellitus-serum glucose,
hemoglobin-A1C

Celiac disease-anti-tissue
transglutaminase IgA and total
immunoglobulin A

Connective tissue and skeletal muscle
disorders—anti-nuclear antibody,
anti-double-stranded DNA, SCL-70,
aldolase and creatine phosphokinase

Pheochromocytoma-urine
catecholamines

Autoimmune conditions—anti-Hu and
typel anti-neuronal nuclear antibodies

Erythropoietic protoporphyria-urinary
porphyrins

Infectious—serology for Chagas disease,
EBV, CMV, JC virus, HSV and
rotavirus

Metabolic—thymidine phosphorylase
activity and serum lactic acid

Drugs or toxins—urine toxicology
screen

Genetic screening should be completed in
all patients with suspected PIPO and other
congenital abnormalities or syndromic
forms of the condition

unorganized or absent phase III of the MMC [53, 58].
Differentiating PIPO into neuropathic and myopathic etiolo-
gies based on manometry findings can be challenging. Careful
interpretation is required as dilated loops of intestine can pro-
duce low amplitude contractions due to the inability of the
catheter to register adequate pressures in the intestinal lumen.
Subtle abnormalities during antroduodenal manometry studies
can be difficult to interpret. Abnormal contraction patterns
have been reported in partial and complete bowel obstruction
which may be missed on imaging studies [59]. A normal
antroduodenal manometry study and the absence of dilated
loops of bowel essentially exclude the diagnosis of PIPO [60].

Additional studies, including esophageal, colonic, and
anorectal manometries, can be utilized based on the presenting
symptoms to determine which parts of the gastrointestinal
tract are involved. In patients presenting with dysphagia, ab-
normal esophageal manometry may suggest foregut

@ Springer

involvement [4, 55]. Chronic constipation has been reported
in up to 70% of patients diagnosed with PIPO; therefore, co-
lonic manometry can aid in determining the involvement of
the colon and is required prior to consideration for isolated or
multi-visceral transplantation for the most severe cases [54,
61]. Abnormalities found on colonic manometry include lack
of a gastrocolic reflex and absence of high amplitude propa-
gating contractions after administration of bisacodyl. This
may be difficult to assess in the presence of colonic dilatation
that can also show low amplitude or simultaneous contrac-
tions. Finally, the presence of a rectal inhibitory reflex found
on anorectal manometry can rule out Hirschsprung disease in
the setting of chronic constipation and a dilated colon.

Although manometry can be helpful to investigating the
integrity of the enteric neuromusculature, it has several pit-
falls. While inter-observer agreement for identifying phase
[T of the MMC on antroduodenal manometry has been report-
ed as excellent, the inter-observer agreement varied for other
subtle motor abnormalities [62]. Movement artifact in an un-
cooperative and crying child can make interpretation difficult.
The ideal timing for manometry studies should be when the
child has no acute illness and medications known to affect
motility have been held.

Histopathologic evaluation is beneficial in the diagnosis and
prognosis of patients with suspected PIPO. Guidelines for his-
topathological techniques and reporting for gastrointestinal
neuromuscular pathology was proposed by the 2009 Gastro
International working group in order to improve diagnoses
and provide families with prognostic and therapeutic informa-
tion [43]. Since PIPO can potentially affect the entire gastroin-
testinal tract full thickness biopsies of the gastric antrum, small
intestine and colon should be obtained to identify histological
abnormalities of the gastrointestinal neuromusculature. This is
particularly important in conditions amendable to treatment
with immunomodulation [26-29]. Recent studies in both adults
and pediatrics, utilizing modern laparoscopic techniques, have
proven safe and efficacious in obtaining adequate tissue sam-
ples for histological evaluation [63].

Treatment

The goal for treatment in PIPO is to optimize nutrition and
growth while improving quality of life by minimizing surgical
interventions and preserving any remaining intestinal motor
function. Providing adequate nutrition can be challenging in
these patients and often requires a combination of oral feed-
ings with parenteral and enteral nutrition. Mousa et al. evalu-
ated the long-term outcomes of 85 children with congenital
intestinal pseudo-obstruction and showed that 53 (62%) pa-
tients were dependent on partial or total parenteral nutrition.
Thirteen of those patients died from parenteral nutrition-
related complications. The mortality rate for patients
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diagnosed with PIPO is high ranging between 10 and 25%
based on the age of presentation [37, 53, 54]. Parenteral
nutrition-related complications account for a large percentage
of deaths in these patients. Electrolytes and micronutrients
should be monitored closely in patients on parenteral nutrition
to avoid complications. Patients are particularly at risk during
episodes of acute pseudo-obstructive events due to increased
fluid losses via vomiting and gastric and/or ileostomy drain-
age. Optimizing enteral nutrition therapy and prioritizing dis-
continuation of parental nutrition is key to survival. Bolus or
constant rate enteral nutrition (CREN) can provide enteral
nutrition if patients do not tolerate bolus feeds through a na-
sogastric tube or gastrostomy tube. Children who have in-
volvement of the stomach and small bowel can be fed by
CREN directly into the proximal small bowel via a
gastrojejunal or jejunostomy tube. The gastrostomy tube can
also be a useful tool to vent the stomach and decompress the
small bowel during episodes of severe pseudo-obstruction.
Complete assessment of gastrointestinal function is important
to potentially salvage small intestinal motor function and to
determine appropriate surgical interventions. In patients with
total colonic dysmotility on manometric studies, an ileostomy
creation is beneficial to potentially delay or prevent further
small intestinal dysmotility. For patients who have partial co-
lonic dysmotility that does not respond to medical therapy,
cecostomy formation for antegrade enemas has been shown
to be helpful [64].

The main goal for using pharmacotherapy is to improve
gastrointestinal motility, thereby improving oral feedings, lim-
iting small intestinal bacterial overgrowth, and alleviating
symptoms. Few medications have proven to significantly im-
prove outcomes in children with PIPO, as the majority of these
medications require an intact enteric nervous system to func-
tion. Erythromycin is a motilin receptor agonist that has been
shown to stimulate antral contractions and induce phase III of
the MMC in children who had an MMC during the fasting
period [65]. Octreotide is a somatostatin analogue that has
been shown to improve enteral feeding tolerance in children
by stimulating phase III of the MMC on antroduodenal ma-
nometry studies [66, 67]. Amoxicillin-clavulanic acid was
shown to induce duodenal phase Ill-like contractions of the
MMC after administration directly into the small intestine
[68]. Cisapride is a SHT3 antagonist and SHT4 agonist; it
binds to the serotonin receptors in the myenteric plexus
resulting in acetylcholine release and smooth muscle contrac-
tions. Cisapride has been shown to improve gastrointestinal
motility in patients with PIPO by increasing post-prandial du-
odenal contractions [69, 70]. It is no longer available in the
USA due to concerns of rare fatal cardiac arrhythmias, and its
use requires an Investigational New Drug application from the
Food and Drug Administration [71]. Pyridostigmine is an ace-
tylcholinesterase inhibitor that improves gastrointestinal mo-
tility by increasing the availability of acetylcholine at the

neuromuscular junctions of the myenteric plexus. In 2018,
Manini et al. published a case series using oral
Pyridostigmine in 4 patients with gastrointestinal motility dis-
orders which was effective in all cases improving abdominal
distension, bowel movement frequency, and enteral feeding
tolerance [72].

SIBO is a common complication of in PIPO due to stasis of
the small bowel that can lead to mucosal damage, malabsorp-
tion, increased fluid secretions, and gas production. It has been
associated with steatorrhea, iron, fat-soluble vitamin (A, D, E,
and K), and vitamin B12 deficiency [73]. Careful use of oral
antibiotics is recommended and can help improve abdominal
distension and pain. Commonly used antibiotics include
amoxicillin-clavulanic acid, metronidazole, trimethoprim-sul-
famethoxazole, and aminoglycosides. Rifaximin has minimal
systemic absorption, and adult studies have shown clinical
efficacy at improving hydrogen breath test results and symp-
toms of SIBO [74]. Repeated and prolonged use of oral anti-
biotics is associated with risk of emergence of antibiotic resis-
tant organisms as well as yeast overgrowth. A recent study
from China showed that mycotic infections were associated
with increased mortality in children with PIPO; therefore, a
combination of an anti-fungal compound and oral antibiotics
should be considered [75].

Chronic abdominal pain caused by PIPO can be debilitating
and decrease the quality in life for many children. The pain is
characterized primarily by visceral pain due to mechanical
stretching and distension of the gastrointestinal tract, thereby
stimulating visceral nociceptors. Visceral pain is often poorly
localized and felt at the midline [76]. The medications used in
pediatrics for chronic pain are limited. Tricyclic antidepressants
and serotonin-norepinephrine reuptake inhibitors have been
shown to be effective in treating neuropathic pain in pediatric
patients. Due to significant side effects, they should be started at
a low dose and slowly titrated up until pain relief is established
[77]. Gabapentin has been found to be effective in relieving
pain in pediatric patients as an adjunct therapy or monotherapy
[78]. Opioids should be avoided for the use of chronic pain in
patients with PIPO due to their additive nature and adverse side
effects of decreased intestinal motility. Children, with PIPO, are
at risk of developing colonic volvulus due to significant colon
dilatation. Prompt diagnosis and surgical intervention can be
lifesaving in this situation. Differentiating colonic volvulus
from an acute pseudo-obstruction crisis can be difficult as clin-
ical symptoms and signs are similar [79].Collaboration with a
chronic pain team is recommended and should include mental
health specialists. Adjunct therapies for pain relief should be
incorporated into the care of these children including cognitive
behavioral therapy, acupuncture, hypnosis, relaxation, yoga,
and massage therapy.

Allogeneic hematopoietic stem cell transplantation has
been shown to restore thymidine phosphorylase enzyme func-
tion in patients with MNGIE; however, long-term outcomes

@ Springer



70 Page 10 of 12

Curr Gastroenterol Rep (2019) 21: 70

and improvement in clinical symptoms in a larger cohort is
needed [80]. A role for immunomodulation has been proven
effective for patients diagnosed with inflammatory neuropa-
thy or myopathy.

Children with PIPO should be considered for either isolat-
ed of multi-visceral transplant for the following reasons: (1) if
they suffer a poor quality of life due to recurrent episodes of
acute pseudo-obstruction leading to increased morbidity and
mortality and (2) if they have developed severe parenteral
nutrition associated complications such as intestinal failure
associated liver disease, recurrent episodes of central line sep-
sis, and/or loss of central line access [2]. Based on the report
from the United Network for Organ Sharing intestinal trans-
plant database from January 1, 1991 to May 16, 2008, PIPO
was the 3rd most common diagnosis (16%) to receive an in-
testinal transplant with gastroschisis (24%) and short gut syn-
drome (20%) being more common. The 1-year and 5-year
survival rates after intestinal transplant were reported as 75%
and 57%, respectively [81].

PIPO is associated with significant morbidity and mortality
usually due to the treatments these patients receive. Children
with PIPO were found to have less pain free days and increased
anxiety and depression compared to healthy children. The in-
creased time and effort to care for them also places a burden on
their families [82]. Efforts need to be made to improve their
quality of life and reduce the emotional stress on their families.
We have made significant strides in better understanding the
pathophysiology of PIPO during the neonatal period with ad-
vancements in genetic testing. This has allowed for better dis-
cussions regarding patient diagnosis and prognosis and may
potentially lead to additional treatments in the future.
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