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Abstract

CIPO (Chronic Intestinal Pseudo-Obstruction) is an uncommon heterogeneous clinical syndrome of variable severity, featured by
disordered GI (gastrointestinal) motility, and its presentations simulate those of recurrent partial or complete intestinal
obstruction in the form of radiologically dilated small or large intestine with air-fluid levels in the absence of any identifiable
mechanical cause. It results from a complex disordered interaction amongst the altered gut flora/microbiota, the enteric smooth
musculature (myopathies), the enteric nervous system (neuropathies), the intestinal endocrine system (endocrinopathies) and
mesenchymopathies, etc. It poses a definite challenge to the treating physicians, despite some improvement in diagnostic and
therapeutic strategies. Because of non-specific symptoms and the clinician’s lack of discretion, there is every possibility of
misdiagnosis. Commonly imaging, manometry and sometimes histopathological examination of biopsy specimens are undertaken
as diagnostic tools. With surgical advancements, small gut transplantation is an expected treatment option for advanced CIPO. In
general, the CIPO patients have increasingly worsening chronic symptoms, with poor prognosis, warranting nutritional and
surgical interventions. This review article explains the features of CIPO and the latest avantgarde management strategies, with a
view to upgrading clinicians' knowledge about CIPO, categorically summarizing the diagnostic tools and other issues to enlighten
the clinicians, resulting in easy, quick, accurate and exact diagnosis of this clinical syndrome for proper and adequate treatment
without delay, improving the patients’ quality of life, minimizing sufferings. This review, in addition further focuses to the
significance of continued research for more elaborately searching the etiology and the more effective management strategies of
CIPO patients.
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Introduction

CIPO (Chronic Intestinal Pseudo-Obstruction) is an uncommon
heterogeneous clinical syndromic process featured by recurrent
episodes simulating intestinal obstruction with imaging findings
of dilated small and/or large gut having air-fluid levels in the
absence of any mechanical or anatomical obstructive lesion/s.

motility disorder having substantial morbidity and mortality if
untreated.! Dudley HA in 1950 first reported the case of intesti-
nal pseudo-obstruction, describing it as a disorder of intestinal
peristalsis, simulating cases of intestinal obstruction, having no
distinct mechanical cause.? Christensen J in 1978 proposed the
phrase ‘chronic intestinal pseudo-obstruction’ (CIPO) for the

There is often a permanent irreversible process of changes in
neural, muscular, or mesenchymal components of the gut, or its
extraneous neural control, or chronically jeopardized tonic and
propagative motor functions in one or more segments of the gut.
It is an example of variably severe form of gastrointestinal

then said intestinal pseudo-obstruction lasting for more than 6
months. Owing to uncommonness, non-specific symptoms, lack
of knowledge and land of early suspicion by the attending
physicians, it is more commonly misdiagnosed. It is now known
to affect both pediatric and adult population. It may be primary,
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secondary or idiopathic. The histopathology may identify
variety of such lesions as neuropathy, myopathy, endocrinopa-
thy, mesenchymopathy or a combination of one or more of
these.>* Normally, gut motility is regulated by the ENS (Enteric
Nervous System). The ENS works in harmony with the EECs
(Entero-Endocrine Cells). The EECs secrete bioactive chemical
messengers or hormones to control multiple intestinal functions
that include the gut peristalsis, motility, and the monitoring of
the ecosystem of the gut. There are more thanl00 trillion
microbes living in harmonious mutualism in the gut. These gut
microbes interfere with the gastro-intestinal motility, physiolo-
gy, metabolism, nutrition and immune functions etc. Gut micro-
bial ecosystem have Bacteria, Eukaryotic archaea, Eukarya and
Viruses that are evolved together with the host over several
thousands of years from the pre-historic time immemorial,
establishing a complex symbiotic relationship. Comprehensive
reviewing the most recent medical literature on CIPO, we can
update our knowledge as regards to its etiology, diagnosis,
treatment, and prognosis about this disease.

Epidemiology

The exact incidence and prevalence of CIPO is unknown. It was
systematically studied in many countries of the world. The
pediatric CIPO may have an incidence of about 1 per 40,000
live births in accordance to Vargas JH (1988). About 100 infants
are said to be born with congenital pseudo-obstruction every
year in the United States (1999). In Japan, the prevalence may
be 3.7 (about 1 in male adult & 8 in female adult) per 10 lac
(2014), and out of that 56.5% of cases having a neonatal onset;
91.1% having no pathological abnormalities are described as
idiopathic, in accordance to different studies. In another study
in Japan, it has been found that in age groups of more thanl5
years as determined on clinical and radiological features, the
prevalence of CIPO was found to be 1.0 and 0.80 cases per 1 lac
in respective males and females. The cause of extraordinary
male preponderance is unknown.'

Etiology and Classification

On the basis of histopathological features, CIPO may be classi-
fied into different such varieties as neuropathic, myopathic,
mesenchymopathic or a combination of two or more. Common-
ly, more than one histopathological abnormalities are found in a
single CIPO patient. In other acceptable way, CIPO is classified
into: 1. Congenital (or primary); 2. Acquired (orsecondary), and
3. idiopathic varieties.* Primary ones are usually identified in
chilhood, that is further divided into two subtypes: a) sporadic
and b). familial. CIPO cases that are detected mostly in children
are said to be sporadic that don’t have definite positive family
history. Some CIPO cases in children having positive family
history are thought to possess such genetic features as autoso-
mal dominant, autosomal recessive, and sex chromosome
related inheritance etc. CIPO is a commonly identified in
several types of such mitochondrial myopathies as MNGIE
(Mitochondrial NeuroGastrolntestinal Encephalomyopathy),
that develops as a result of mutation in the TYMP (thymidine
phosphorylase) gene. MMIHS (Megacystis—Microcolon—Intes-
tinal Hypoperistalsis Syndrome) that develops following
mutation in the ACTG2 gene and CAIDS (Chronic Atrial and
Intestinal Dysrhythmia Syndrome) following mutations in the
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SGOLI gene -all these are belonging to this group of genetic
CIPO. Mitochondrial encephalopathy, lactic acidosis, and
stroke-like episodes syndrome or Alpers’ disease that develops
following POLG gene mutations are also found to be associat-
ed with CIPO. CIPO features have also been detected in
patients with hereditary degenerative smooth muscle (a familial
visceral myopathy) and hereditary enteric nervous system
diseases (familial neuropathies); but the incriminating genes
have not yet been detected.>”* Some congenital forms of CIPO
are SOX10/Waardenburg-Shah  syndrome (autosomal

dominant); ACTG2/Megacystis—microcolon—intestinal
hypoperistalsis syndrome (autosomal dominant);
SGOL1/Chronic atrial and intestinal dysrhythmia syndrome,
POLG/Alpers’ disease (autosomal recessive); TYMP,

POLG/Mitochondrial neurogastrointestinal encephalomyopa-
thy (autosomal recessive); 8q23-q24: A new chromosomal
localization related to CIPO, plus Xq28: Filamin A and
L1CAM genes (X-linked recessive), etc.?
Acquired cases of CIPO are more commonly detected in adults,
and are often found secondary to a wide variety of such diseases
as connective tissue diseases, malignancy, or systemic neuro-
logical, endocrine disorders etc. These primary diseases and
disorders interfere with intestinal motility through a variety of
the following mechanisms: 1. autonomic neuropthies (as in
stroke, encephalitis, calcified basal ganglia, orthostatic
hypotension, diabetes mellitus); 2. intestinal wall neuropathies
[as in paraneoplastic syndromes, viral infections, iatrogenic (by
anthraquinones), diabetes mellitus, Hirschsprung’s disease,
Chagas’ disease, Von Recklinghausen’s disease]; 3. intestinal
wall myopathies (as in myotonic dystrophy, progressive
systemic sclerosis); 4. mixed involvement of enteric neuropa-
thies and intestinal wall myopathies (as in scleroderma, derma-
tomyositis, amyloidosis, Ehlers—Danlos syndrome, jejunal
diverticulosis, radiation enteritis); and 5. unknown mechanisms
(hypothyroidism, hypoparathyroidism, pheochromocytoma,
such drugs as clonidine, phenothiazines, antidepressants,
antiparkinsonians, antineoplastics, bronchodilators). Such
neurological diseases as Parkinson's disease and such metabolic
diseases as diabetes mellitus affect intestinal motility function
through the parasympathetic with or without involvement of the
sympathetic nervous system. Paraneoplastic syndromes may
result in inflammatory or immune infiltrates of submucosal and
myenteric ganglionic neurons by cellular infiltrates and
circulating antineuronal antibodies, resulting in intestinal
motility disorders.*!! Progressive systemic sclerosis or Myoton-
ic dystrophy principally affects the enteric myocytes. Collag-
enopathies, autoimmune disorders, radiation enteritis and
jejunal diverticulosis can affect enteric neurons and myocytes
and the ICCs (interstitial cells of Cajal), terminating in a
combined neuro-myopathy. Many different such neurotropic
viruses as cytomegalovirus, and Epstein—Barr virus, herpesvi-
ruses, polyomaviruses (JCV: John Cunningham virus) may act
in the pathogenesis of CIPO. Several diseases associated with
CIPO in adults include Congenital megacolon (Hirshsprung's
disease), MNGIE (Mitochondrial neurogastrointestinalenceph-
alomyopathy), Muscular dystrophies ( Duchenne, Myotonic),
Autonomic disorders/dysfunctions, Autonomic disorders/dys-
functions, Multisystem atrophy, Amyloidosis, Celiac disease,
SLE (Systemic lupus erithematosus), Anti-syntetase syndrome
(myositis, dematomyositis), SS (Systemic sclerosis), Borrelia
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burgdorferi (Lyme disease), Strongyloidesstercoralis, Tripano-
somacruzi (Chagas disease), Small cell lung carcinoma and
other cancers (paraneoplastic), Primary Sporadic autoim-
mune/inflammatory CIPO, genetic CIPO etc.*

Pathology

The CIPO is featured by abnormalities of gut anatomical
components, and degeneration or inflammation of the ENS with
or without enteric myopathy. Secondary CIPO is said to result
from a well-identified disease affecting the enteric muscles,
neurons and the ICCs (interstitial cell of Cajal) that accounts for
about 50% of the causes in adult patients. The idiopathic variety
of CIPO is defined when neither a primary nor secondary cause
is detected, that accounts for the maximal cases of childhood
CIPO cases. Both congenital and acquired CIPO may have
three histological features: myopathies, neuropathies, and
mesenchymopathies. Multiple pathologies may be present in
the same patient at a time. (A): Intestinal neuropathies include
neurodegeneration and dysplasia of the enteric nervous system.
Such neurodegenerative disorders as neuronal intranuclear
inclusion disease are featured by gradual and progressive
degeneration and disappearance of ganglion cells, resulting in a
gradual decline in neurons. In addition to CIPO symptoms,
these patients may have other such symptoms as ataxia of
neurological abnormalities.>'>!*  Aganglionosis in
Hirschsprung’s disease, diffuse intestinal ganglioneuromatosis,
intestinal hypoganglionosis, and neurogenic intestinal dyspla-
sia that involve abnormalities in intestinal nerve distribution,
development, and quantity causing principally dysplastic
disorders of the ENS (enteric nervous system), lead to CIPO.
Such other diseases as intestinal ganglionitis may show features
of CIPO. (B): intestinal myopathies (affecting the supernumer-
ary intestinal muscle coat), diffuse abnormalities in muscle
layering can also cause CIPO. Malformed regions of the intesti-
nal muscularis propria having broad smooth muscle fascicles
are found to be disposed obliquely or perpendicularly. Smooth
muscles get degenerated and lost, ultimately replaced by
fibrous connective tissue in degenerative leiomyopathy; CIPO
symptoms thence develop gradually. Such other adverse stimuli
as inflammation of the gut wall, or by drugs or ischemia, and
immune disorders may cause CIPO in gut myopathies .(C):
Mesenchymopathies principally cause abnormalities of the ICC
(interstitial cells of Cajal) and tendinous collagenous tissues of
the muscularis propria.®

Clinical features

Its features may be present antenatally in about 20% cases, and
during the first month of life in about 50%—70% cases. Clinical-
ly 80% patients may have features during infancy, and the rest
20% may have sporadic onset during the first two decades of
life. The median age of symptom onset is about 17 years in
adults.

CIPO presentations depend on age of onset, site and extent of
the affected segment of gastro-intestinal tract. It can affect any
segment of the GI tract. Oesophageal motility problems are
found in about 70% of CIPO patients.

All CIPO patients present with such nonspecific exacerbating
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and remitting symptoms as non-colicky, persistent abdominal
pain and abdominal distension/intestinal dilatation (80%),
nausea (75%) and vomiting (40-50%), constipation (40%) and
diarrhea (20-30%). The pain is most commonly situated in the
umbilical or upper abdominal regions and then subsequently
may spread all over the abdomen. The onset of CIPO is most
commonly insidious, may have first acute GI symptoms that
may get subsequently significantly worsened;or, may be lasting
for several hours. Or, the symptoms may simulate a sub-acute
intestinal obstruction. Or, the patients may remain asymptom-
atic in between acute episodes, or may simulate persistent GI
obstruction. Thus, there may occur unpredictable acute,
sub-acute or intermittent exaggerations at variable frequency
and severity, with no detectable cause, that can vary over a wide
spectrum. Viral or bacterial infections, sepsis, malnutrition,
psychic stress can trigger these symptoms. In severe CIPO
cases, the patients may develop intestinal failure. In addition,
intestinal dilatation and inadequate transit result in SIBO
(Small Intestinal Bacterial Overgrowth) in about 30% of cases,
inducing mucosal damage, malabsorption, diarrhea, steator-
rhea, vitamin deficiencies, weight loss and small gut damage
etc. If SIBO is treated with antibacterials, intractable constipa-
tion may develop. Oral intake of food usually deteriorates
symptoms. Malnutrition is frequently seen as a recurrent event.
The extra-intestinal involvement can cause bladder and ureteral
dilatation associated with a microcolon, a phenotype referred to
as Megacystis Microcolon Intestinal Hypoperistalsis syndrome
(MMIHS). MMIHS starts antenatally, and can be diagnosed by
ultrasonography prenatally in about 59% CIPO patients. Other
extra-intestinal manifestation may be depression during the
prolonged course of CIPO, having unsatisfactory treatment. In
old age, secondary CIPO is usual, presenting with the features
of the primary diseases. For example, MNGIE (Mitochondrial
neurogastrointestinal ~ encephalopathy) disease involves
multiple parts of the body, especially the GI system (simulating
intestinal obstruction) and the nervous system (in the form of
also progressive external ophthalmoplegia, ptosis, and periph-
eral polyneuropathy etc.) in the elderly. The features of MNGIE
may develop at anytime from infancy to adulthood, but they
most commonly start by the age of 20. All these often lead to a
poor QOL (Quality Of Life) and substantial morbidity and
mortality.>1416

Owing to the non-specific features of CIPO, even if the diagno-
sis of CIPO can be made clinically, there is every possibility to
confuse CIPO with other such ailments that have similar
features as functional constipation, cyclic vomiting syndrome,
hypothyroidism, gastroparesis, and drug reactions etc.

Diagnosis

As there is no unique diagnostic tool for CIPO patients, correct
diagnosis is more frequently made at an advanced stage of the
disease. The median interval is about 8§ years between symptom
onset and diagnosis,when the patients give of a long history of
recurring attacks of nausea, vomiting and abdominal distention,
associated with variable radiological evidences of gut obstruc-
tion (dilatation with air-fluid levels).

The initial step to arrive at diagnosis is the cautious exclusion of
mechanical occlusion. Abdominal MRI (magnetic resonance
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imaging) or CT (computed tomography) scan is required to
exclude obstrucive agent/s. Endoscopic evaluation of the site of
“pseudo-obstruction” distal to the dilated gut segment is
required to exclude atresia, stenosis, obstructive membrane/s.
Such drugs that jeopardize GI motility as anticholinergics,
ganglionic  blockers, opioids, tricyclic antidepressants,
clonidine, and phenothiazines are to be stopped as these induce
bad effects in CIPO.

The early concrete diagnosis of CIPO is often very difficult,
because: 1. The diagnosis depends on clinical experiences, as it
doesn’t have any biomarkers; 2. Clinically it mimics intestinal
mechanical sub-occlusive crisis, and may have such clinical
complexities as by the presence of comorbidities (e.g., urinary
bladder abnormalities or any of its syndromic forms); 3. The
mechanism of broad heterogeneous spectrum that results in
CIPO and related clinical features are additional causes of
difficulties in diagnosis. Thus the diagnosis of CIPO may only
be made following multiple explorations to obviate mechanical
intestinal obstruction. It may need to have final diagnosis on an
average of about 8 years or more delay, and 88% patients may
be submitted to three non-therapeutic operative proce-
dures.>!718

CT and plain abdominal x-rays exhibit features of non-specific
small gut obstruction. Traditional contrast imaging study using
barium can eliminate mechanical obstruction, but there remain
the risks of contrast retention and development of fecal stones,
causing exaggeration of obstruction. HRCT and MRI can
eliminate the need of traditional barium studies. In addition to
delineating obstruction, HRCT can give such additional
information as bands and adhesions. Cine-MRI can identify
subtle contractile gut motility disorders.

GI manometry can efficiently assess and evaluate the intensity
and the coordination or non-coordination of GI tract contrac-
tion, as an important diagnostic tool. Oesophageal manometry
can detect abnormal pressure that occurs in about 50% cases.
Evaluating gastro-duodenal, jejunal, ileal and colonic pressures
is also helpful. Sometimes, there may be no relation amongst
the findings of GI manometry and the pathological variants of
CIPO, or there may have no correlation amongst the manomet-
ric patterns and the variants and the severity of symptoms. Still
GI manometry is now being widely used to diagnose CIPO, in
centers where this facility is available. An abnormal GI manom-
etry, if clinical and radiological features of dilated gut supports
is almost confirmatory for CIPO diagnosis.>!

GI endoscopy is often helpful to diagnose mechanical obstruc-
tion (as by SOLs-Space Occupying Lesions and stenosis/stric-
tures in the GI tract). Colonoscopy has an additional therapeutic
value in GI decompression. Potential risky capsule endoscopy
can give more information. The capsule endoscopy is not now
routinely recommended for diagnosis of CIPO.

Genetic investigations are required for quick and correct
diagnosis and screening of genetic diseases (e.g. POLG/Alpers’

disease, TYMP  mutation, SOX10/Waardenburg—Shah
syndrome, ACTG2/MMIHS,SGOL1/CAID, andPOLG/MN-
GIE) linked with CIPO.
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Histopathological interpretation of the nerves and muscle coats
of gut wall relating to CIPO is often very difficult. Discernible
abnormalities despite thorough microscopic examinations of
full-thickness gut biopsies are not commonly seen in children
with CIPO. Thus the full-thickness biopsies of the small
intestine, colon and gastric antrum have enormous limitations,
and are not routinely practiced.

Thence the diagnosis of CIPO is to be made principally on
clinical grounds, as well as on findings of extensive small gut
dilatation and multiple gas-fluid levels, imaging and manome-
try investigations, along with exclusion of mechanical obstruc-
tion.ZO‘ZI

As CIPO is regarded as the most severe phenotypic expression
of gut dysmotility, it must be differentiated from such other GI
disease processes as enteric dysmotility where intestinal motili-
ty is also seriously jeopardized.Thus the principal way of
diagnosis of CIPO relies on the radiological finding of chron-
ically dilated small or large gut, contrariwise the diagnosis of
intestinal dysmotility depends on the finding of small gut
dysmotility as evidenced by small-gut manometry or by other
such reliable ways as wireless motility capsule (sometimes) or
cine-MRI. These two clinical processes must be identified
clearly and separately, because CIPO possesses a very poorer
prognosis with the variable possibilities of underlying associat-
ed disease processes. CIPO is also quite different from acute
intestinal pseudo-obstruction (Ogilvie syndrome, where the
neuromuscular architecture of the intestinal wall is found
preserved (i.e., intact), but having a temporary and reversible
dysequilibrium between excitatory and inhibitory neurotrans-
mitters that causes acute dilation of the colon with or without
involving the small gut.

Once the diagnosis of CIPO has been done, the next step is to
consider whether it is associated with diseases having defined
treatment and prognosis. A cautious history taking and
elaborate physical examination, including neurological assess-
ment and evaluation, are essential to identify these diseases and
to avoid the unnecessary diagnostic investigations. It is to be
kept in mind that this CIPO may be the initial presentation of
these previously undiagnosed diseases.**** Some diagnostic
tests and investigations in adult CIPO include anorectal
manometry, extramucosal rectal biopsy for Hirschsprung's
disease (Congenital megacolon), serum CPK, LDH, lactate,
brain MRI, TYMP, POLG genes for mitochondrial neurogastro-
intestinal encephalomyopathy, CPK, DMPK, CNBP, DMD
genes for Muscular dystrophies (Myotonic, Duchenne),
autonomic function tests; anti-gAChR for Autonomic dysfunc-
tions and CIPO, autonomic function tests for multisystem
atrophy and CIPO, Autonomic function tests and Congo Red on
gastric, rectal, or skin fat biopsies, APOA1, FGA, LYZ genes
for amyloidosis and CIPO, immunoglobulin A, anti-transgluta-
minase antibodies for Celiac disease and CIPO, ANA for
Systemic lupus erythematosus and CIPO, CPK. Anti -PL-7,
anti-EJ antibodies for antisynthetase syndrome (myositis,
dermatomyositis) and CIPO, Capillaroscopy, SCL70 antibodies
for Systemic sclerosis and CIPO, Anti-Borrelia antibodies for
Borrelia burgdorferi (Lyme disease), Anti-Strongyloides
antibodies for Strongyloides stercoralis, Anti-Trypanosoma
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cruzi antibodies for Trypanosoma cruzi (Chagas disease),
Anti-Hu antibodies for Paraneoplastic CIPO, Anti-Hu antibod-
ies, anti-GAD antibodies, ASMA, anti-gAChR, Full-thickness
biopsies for sporadic autoimmune inflammatory CIPO,
Sequencing for ACTG2, FLNA, SGO1, RAD21, MYLH,
MYHI11 for genetic CIPO, etc.*

Sporadic CIPO may be a manifestation of an abnormal autoim-
mune response directed against gut neurons or muscles, even if
there is no pre-existing autoimmune, infective, or paraneoplas-
tic disease. Then detection of these antibodies (e.g., anti-Hu,
anti-gAChR, anti-GAD, anti-smooth muscle), albeit nonspecif-
ic, is required for diagnosis.

For CIPO diagnosis, full thickness biopsies of gut are not
usually required and recommended. Histopathologic confirma-
tion of inflammatory gut neuropathy or myopathy is mandatory
before administration of long-term immunotherapies with
indefinite unpredictable efficacy and potentially dangerous
adverse effects. But full thickness gut biopsies are recommend-
ed in suspected CIPO cases if all other diagnostic workups are
negative.+*

Genetic mutations causing changes in muscle, neural, or
mesenchymal anatomy and physiology, are more commonly
identified in pediatric than in adult CIPO patients. Some genes
involved in CIPO and other associated phenotypes identified in
humans include ACTG2: Actin gamma 2 (smooth muscle)
located at 2p13.1 in Megacystis-microcolon-intestinal hypope-
ristalsis syndrome 5 (autosomal dominant), RAD21: Cohesin
complexes contain SCC1 located at 8q24.11 in visceral myopa-
thy 1 (autosomal dominant, Mungan syndrome (autosomal
recessive), Cornelia de Lange syndrome 4 (autosomal
dominant), FG syndrome 2 (X-linked), Cardiac valvular
dysplasia (X-linked), Congenital short bowel syndrome
(X-linked recessive), Frontometaphyseal dysplasia 1 (X-linked
recessive),  Periventricular heterotopia type 1 (X-linked
dominant), Neuronal intestinal pseudo-obstruction (X-linked
recessive), FLNA: Filamin A located at Xq28 in Melnick-Nee-
dles syndrome (X-linked dominant), Otopalatodigital
syndrome, types I and II (X-linked dominant), Terminal
osseous dysplasia (X-linked dominant), TYMP: Thymidine
phosphorylase located at 22q13.33 in Mitochondrial DNA
depletion syndrome 1 (MNGIE type, autosomal recessive),
POLG Mitochondrial DNA polymerase gamma located at
15q26.1 in Mitochondrial DNA depletion syndrome 4A (Alpers
type, autosomal recessive), Mitochondrial DNA depletion
syndrome 4B (MNGIE type, autosomal recessive), Mitochon-
drial recessive ataxia syndrome (SANDO and SCAE, autoso-
mal recessive), Progressive external ophthalmoplegia (autoso-
mal dominant/autosomal recessive), SGO1: Shugoshin 1
located at 3p24.3 in Chronic atrial and intestinal dysrhythmia
(autosomal recessive), MYLK: Myosin light chain kinase
located at 3q21.1 in Aortic aneurysm, familial thoracic 7
(autosomal  dominant), = Megacystis-microcolon-intestinal
hypoperistalsis syndrome 1 (autosimal recessive), MYHI11:
Myosin heavy-chain (smooth muscle) located at 16p13.11 in
Aortic aneurysm, familial thoracic 4 (autosomal dominant),
Megacystis-microcolon-intestinal hypoperistalsis syndrome 2
(autosomal recessive), Visceral myopathy 2 (autosomal
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dominant), etc.*>

Treatment of CIPO

CIPO patients need to be managed by MDA (multidisciplinary
approach) with MDT (multidisciplinary team), that entails
nutritionists, gastroenterologists, psychotherapists, and general
surgeons, geneticists, and occasionally experienced transplant
surgeons. Most of the CIPO patients, accounting to about 89%,
(in contrast to a small group of about 11%) have progressively
worsening symptoms, who need careful medical treatment and
nutritional support, with a view to relieving distressing
symptoms, enhancing GI motility, revamping nutritional states,
and sustenance of the stable internal environment (milieu
interior). Multivitamins and micronutrients are to be supple-
mented to prevent vitamin and trace elements deficiencies.
Monitoring for prevention of metabolic bone diseases is also
required. Intestinal motility and tone stimulant drugs may be
useful only in a small group of patients. No surgery has yet been
proved to be curative for CIPO. Surgery is required only in
selected cases for symptomatic relief by decompression, and to
provide enteral feeding. In the worst cases, patients may
become dependent upon artificial nutrition via parenteral
nutrition, or may choose to have an intestinal transplant. It is
noteworthy that the overall results of CIPO treatment are not
that much satisfactory, and as the disease follows a prolonged
course, the patients are highly susceptible to depression and
other psychic ailments. Thus, chronically debilitating CIPO
patients often need psychological and/or psychiatric counsel-
ing, and treatment. In severe cases, patients’ QOL is seriously
compromised. Genetic counseling is required in cases of
genetic CIPO to provide psychological support. Specific gene
therapies for genetic CIPOs are not yet available, but ongoing
research is there for it.>+2627

Initial considerations (general measures and initial treatment:
Dietary, analgesics, antiemetics and prokinetics etc.)

Initial treatment of CIPO consists of dietary adjustment, analge-
sic, antiemetic and prokinetic drugs when indicated. Patients
having incessant symptoms, pharmacotherapy with analgesics,
anti-emetics and prokinetic drugs is often necessitated. Early
nutritional intervention is essential, especially for patients with
recurrent vomiting or inadequate oral intake. The CIPO patients
are encouraged to take small and soft frequent meals, according
to his or her tolerance. Small meals made by liquids or homoge-
nized (simplified uniform blended mixture) standard foods are
better accepted than solid foods. CIPO patients often need
supplemented nutritional support. Hyper-caloric liquid prepara-
tions should be given to CIPO patients suffering from low
calorie intake. Enteral nutrition is ideal in CIPO patients with
neuropathy/neuropathies and in patients where there is
localized motility disorder in the duodenum and/or stomach.
Parenteral nutrition may be required by patients where there are
severe motility disorder/disorders, most commonly in myopath-
ic CIPO. A single pharmacological agent is not usually
effective to relieve distressing symptoms. And, thence several
tools are required. In some cases, CIPO may only be managed
with symptomatic treatment aimed at reducing symptom severi-
ty, preventing unnecessary operative procedures, and improv-
ing the nutritional status of the patients by ensuring sufficient
calorie intake orally, promoting gut motility and managing
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SIBO. Chronic visceral pain is due to inhibition of GI peristal-
sis that needs treatment by low-dose tricyclic antidepressants
and gabapentin as analgesic agents, and not by opioids. In cases
of progressive disease, about 25% of patients may sequentially
increase their tolerance to analgesic medications, when pain
specialists and psychotherapists can help a lot. Such drugs as
neostigmine and pyridostigmine can reduce intestinal dilata-
tion, and prucalopride (serotonin receptor agonist) can improve
gut peristalsis. Colonoscope may be used to decompress an
overtly distended colon immediately. Ostomies (like percuta-
neous endoscopic gastrostomy or jejunostomy) are often safe
and effective to treat symptomatic segmental gut distention and
to provide enteral nutrition.>#2%%

Nutritional assessment and support

About 65% to 70% CIPO patients have inadequate nutritional
intake, who may present with remarkable weight loss. Thence,
rigid nutritional assessment and evaluation for identifying,
selecting and providing appropriate nutritional supports are
essential and mandatory to revamp patients' QOL and long-term
prognosis.

Nutritional assessment and evaluation

A systematic and rigid nutritional assessment and evaluation of
CIPO patients should be undertaken by experienced nutrition-
ist/nutritionists. Macro measurements such as BW (body
weight), BMI (body mass index), and eating patterns, and such
laboratory investigations as serum prealbumin, albumin,
C-reactive protein, lymphocyte count, and sometimes serum
calcium, iron, vitamin B12, thiamine, Vitamin D, and niacina-
mide, folic acid, fat-soluble vitamins are to be done. However,
the laboratory findings need to be corrected, as there may be
insufficient intake and/or absorption obstacles or malabsorption
in some patients.

Nutritional support

Dietary advice and support: Patients and their care givers
should get nutritional education, and create his or her individu-
alized diet plans with the help of nutritionist/nutritionists. Truly
speaking, oral intake is the most desired route, and small,
frequent meals (e.g., five to six times daily) are the most fruitful
ways of nutritional support. The best and the most ideal diet is
a liquid preparation having protein and high fat. High fiber
containing diets should have restrictions, or even excluded.
Serum levels of lipo-phobic water-soluble vitamins, minerals,
and electrolytes should be regularly and routinely monitored,
and supplemented when required. If bacterial overgrowth
occurs, the serum levels of lipo-philic hydrophobic vitamins
and vitamin B12 should be investigated. When required, all
fundamental diets and medium-chain triglyceride-rich dietary
supplements are to be provided.**°

Enteral nutrition

Enteral nutrition is indicated if oral feeding cannot satisfy the
needs. Non-elemental standard enteral nutrition can usually
meet the needs of most CIPO patients. NGTs (nasogastric
tubes) or GTs (gastrostomy tubes) are used here for sustained
small-dose feeding, when required. A NJ (Nasojejunostomy) or
a jejunostomy tube is warranted when there is gastroparesis.
Continuous, low-dose, or periodic feeding is more easily
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suitable when compared with one-time high-dose alimentation.
Parenteral nutrition: Different grades of parenteral nutritional
support are sometimes given to about 60%—-80% CIPO patients,
and about 20 % CIPO patients may be managed with home
parenteral nutrition. At least one third CIPO affected children
needs parenteral nutrition (total or partial) for adequate energy
intake. If CIPO patients exclusively need TPN (total parenteral
nutrition), total energy intake is estimated by about 25 kcal/kg/-
day, and about 30% of total parenteral calorie should come from
lipids, along with 1.0-1.5 g/kg/day of protein and the remaining
calories being from glucose. It has been observed that parenter-
al nutrition can successfully maintain patients’ BW (body
weight), relieving CIPO symptoms, with acceptable survival
rates. But about 90% of deaths of CIPO patients may be linked
to parenteral nutrition-related complications. The mortality of
CIPO affected children may range from about 4.7% to 15.29%.
Metabolic bone disease, electrolyte imbalances, dehydration,
and intestinal failure-associated liver disease are some metabol-
ic complications of parenteral nutrition. Catheter-related sepsis
is not uncommon. Catheter breaks, catheter occlusions, catheter
dislocation, thrombosis, especially DVT (deep vein thrombo-
sis), SVC (superior vena cava) syndrome, and air embolism are
also seen. Thence, maximizing maximal oral intake in CIPO
patients is advised to minimize or evade the untoward compli-
cations of the parenteral nutrition.*3!-3

Gut motility, ENS, IES and Neurotransmitters, gut microbi-
ota therapy:

There is yet no evidence to recommend GI motility drugs. Still,
some prokinetic drugs are prescribed that can entrust improve-
ment in GI motility disorders. Erythromycin ((a macrolide
antibiotic) may promote gastric motility. Octreotide (a nonspe-
cific somatostatin analogue acting on receptors 2 and 5
subtypes) and amoxicillin-clavulanic acid may promote intesti-
nal motility. These (erythromycin and octreotide) are useful
prokinetic agents that can induce antrum-duodenal phase III of
the migrating motor complex, resulting in acceleration of the
small gut transit. In adults, intravenous neostigmine 8 mg/d,
and oral pyridostigmine 20 mg/d as acetylcholinesterase inhibi-
tors (AChEIs) have been used to revamp gastrointestinal motili-
ty, even in cases refractory to standard treatment, as these drugs
can improve at least some symptoms of CIPO. Prucalopride (a
5-HT4 receptor agonist) can induce prokinetic effect in increas-
ing gastric emptying and small gut transit. Long-term use of
metoclopramide can cause tardive dyskinesia, and thus should
be avoided. Value of domperidone in CIPO patients has not yet
been documented clearly.**

Gut motility is a coordinated function among the CNS (central
nervous system) that implicates an interplay among the 600
million neurons of the ENS (enteric nervous system), the gut
smooth muscle cell contractile function, the pacemaker intersti-
tial cells of Cajal (ICCs) and the afferent and efferent nerve
fibers. Six hundred million neurons of the ENS within gut wall
are connected by microcircuits, along with the interneurons and
the IPANS (intrinsic primary afferent neurons), that are capable
of initiating reflexes. There is always a well integrated interac-
tion between the CNS and the ENS, as the CNS (brain and
spinal cord) interacts with autonomic activities of the GI tract
and vice versa. The ENS intimately controls the peristalsis of
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the gut. Any interruption or damage to any of the pathways or
machineries interferes with the gut motility resulting in motility
disorders. The ENS works in association with the IES (intesti-
nal endocrine system). The IES is located in the wall of GI tract.
The IES consists of EECs (enteric enterochromaffin cells or
enteroendocrine cells) located in the enteric mucosa including
the crypts and villi. These EECs elaborate bioactive chemical
messengers (local hormones) to control variable intestinal such
physiological activities as motility and monitoring the gut
ecosystems. The ENS & IES jointly controls the GI motility,
through secretions of such neurotransmitters as acetylcholine,
serotonin (5-HT) and dopamine. These neurotransmitters have
varied roles in signal detection, behavior and conditions, e.g.,
learning, memory and attention. Acetylcholine is the principal
neurotransmitter of peripheral neurons, and it principally
causes contraction of smooth muscles, increases secretions,
dilates blood vessels and slows heart rate. Dopamine is a
precursor of such catecholamines as norepinephrine (NE)/nor-
adrenaline and epinephrine/adrenaline. The neurotransmitter
dopamine affects human behavior. Norepinephrine is associat-
ed with excitation, vigilance, cognition, memory, learning and
attention. Bacteria can produce catecholamines, and respond to
them. The growth rate of Escherichia coli O157:H7 (EHEC) is
augmented in presence of dopamine, norepinephrine. Norepi-
nephrine increases its motility, biofilm development and
virulence. Moreover, Norepinephrine, probably owing to iron
acquisition augments the growth rate of Klebsiella pneumoniae,
Pseudomonas aeruginosa, Staphylococcus aureus, Shigella
sonnei and Enterobacter cloacae.*>3*

Serotonin controls several physiological processes that include
peristalsis, GI excretion, secretion, vasoconstriction, respira-
tion, neurological function and behavior. The gut microbiota
controls the functions and anatomy of the ENS through
serotonin release and the activation of its 5-HT4 receptor.
Drugs that interfere with the acetylcholine, S-HT (serotonin)
and GABA mediators support the significance of these
neurotransmitters in CIPO pathology. E.g., cisapride (a
serotonin agonist) and a 5-HT3 antagonist, having prokinetic
activities, get attached to the serotonin receptors in the gut
nerve plexus, causing acetylcholine release and the gut muscle
contractions, leading to augmented post-prandial duodenal
contractions in these patients. But, though tegaserod (a
serotonin agonist) and cisapride are good prokinetc agents, they
are banned because of causation of fatal arrhythmias by them.
Moreover, highly selective 5-hydroxytryptamine-4-receptor
agonist prucalopride (' having no cardiotoxicity), provides good
enterokinetic actions, expediting liberation of acetylcholine,
causing stimulation of cholinergic neurotransmission, speeding
up gastric, small gut and colonic transit.* 3% 3¢

Here gut microbes may influence gene expression, synthesis
and/or function of these neurotransmitter chemicals. The
enterochromaffin cells (ECs) are a subset of EECs (Enteroendo-
crine cells). They release the amine serotonin (5-hydroxytrypt-
amine) when stimulated by mechanical, chemical or neural
means. This serotonin acts when bound to specific serotonin
receptors (e.g., 5-HT4), thus causing reflexes for increased
peristalsis and transit. Majority of the endogenous 5-HT is
produced by EECs of the GI mucosa through the enzymatic

action of the enzyme tryptophan hydroxylase-1. A very small
amount of serotonin is produced in the ENS through the action
of the Tryptophan hydroxylase 2 (TPH2). Serotonin is a
pleiotropic amine that is known for its interactions with many
gut functions, that means single locus is going to affect two or
more distinct phenotypic traits. Conventional functions of
serotonin in the gut include its intrinsic reflexes that causes
excitation of gut propulsive and segmentation motility, epitheli-
al/endocrine secretions, and vasodilations. Within the gut,
serotonin also asserts non-conventional actions that involve
serving as a pro-inflammatory signaling molecule, and as a
trophic agent promotes the growth and sustenance of the
neurons and the interstitial cells of Cajal. The serotonin synthe-
sis is influenced by 1. variations in luminal glucose levels, 2.
increases in luminal short-chain fatty acids (SCFAs) of bacterial
origin, 3. neuro-modulating agents of the CNS and/or the ENS.
The most current classification of serotonin receptors (seroto-
nergic), as suggested by [IUPHAR (International Union of Basic
and Clinical Pharmacology) in 1998 include: 5-HT1, 5-HT2, 5-
HT3, 5-HT4, 5-HT5, 5-HT6 and 5-HT7. Out of these, the
5-HT3 and the 5-HT4 are principally found in the GI tract. They
are able to improve peristalsis and provoke cholecystokinin
release. On basis of successful treatments with serotonin
antagonists, it is presumed that the gut dysmotility might have
linkage with serotonergic pathway malfunction. The intestine is
thought affect the development of the ENS and CNS and such
pathologies as NDDs (neurodegenerative diseases), CVAs
(cerebrovascular accidents) and behavioral, neuroimmune-me-
diated disorders or motility disorders. This “gut—brain axis”
includes the pathways dictated by the the immune system, the
vagus nerve or the variation of neuroactive microbial composi-
tion. Altered GABA (an inhibitory neurotransmitter of the
CNS) levels are associated with plenty of disorders involving
the CNS, host behavior, pain, sleep, ENS, gastric emptying,
acid secretion, gut motility.>?

Treatment of SIBO and FMT

Antibacterial medication

The most common complication of long standing gut dilatation
is SIBO (Small Intestinal Bacterial Overgrowth). Here the
Colony-Forming Units indicative of bacterial concentrations
are commonly more than 103 to 105 CFU/mL. Such oral
antibacterial treatments, as amoxicillin-clavulanic acid (625
mg, thrice daily), ciprofloxacin (500 mg, twice daily), doxycy-
cline (100 mg, twice daily), metronidazole (250 mg, thrice
daily), neomycin (500 mg, twice daily), rifaximin (550 mg,
twice daily), and tetracycline (250 mg, 6 hourly) for 7 to 10
days every month are usually effective, switching over to
another one/ones each month for 5-6 months.

The GI tract is the largest area of colonization by microbes in
the human body. These gut microbes powerfully influence gut
homeostasis and diseases including CIPO. Gut constitutes a
second genome to regulate human health and disease. With over
one hundred trillion of microbial cells in symbiotic relationship
with the host (and the gut), they modulates GI physiology,
nutrition and immune function, metabolism, thus affecting the
overall health and diseases of the human body. GI microbial
composition, metabolic activity and diversity get changed in
such GI disorders as IBD (inflammatory bowel disease), CD
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(celiac disease), IBS (irritable bowel syndrome), CIPO, weight
loss and overweight etc. Exacerbations of CIPO are detected
following bacterial or viral infections, psychic stresses or
malnutrition -all these being assumed to be related to intestinal
microbes. Moreover, SIBO is invariably seen in gut dilatation
and slow peristaltic movement of CIPO patients. A changed gut
flora can lead to gut epithelial barrier malfunctions, immune
disorders, and dysmotility. FMT (Fecal Microbial Transplant) is
now used as diagnostic and therapeutic tools, where fecal
material from a healthy subject is administered to dysbiotic
patients to restore gut microbiota. After about eight weeks of
FMT, a symptomatic relief from pain and bloating is being seen
in CIPO patients.**?

An important vital aspect of CIPO management is to treat and
inhibit SIBO principally by antibiotics. GI fermentation can be
halted or lessened by provision of a diet low in lactose and fiber,
and courses of antimicrobials to control microbial overgrowth.
The most commonly used antimicrobials are those that are
either not absorbed or very poorly absorbed ones, e.g.,
rifaximin and aminoglycosides (e.g., neomycin, and streptomy-
cin), as well as metronidazole, doxycycline, and norfloxacin,
amoxicillin clavulanate, etc. Fluoroquinolones (e.g., ciproflox-
acin), nitroimidazole antimicrobials (e.g., metronidazole),
amoxicillin-clavulanate and tetracyclines (e.g., doxycycline)
etc., are the agents most often employed to improve distressing
abdominal pain and distension. However, the most current
approved agent is rifaximin (a semisythetic rifamycin based
nonsystemic broad spectrum gut sterilizer), that causes non-tra-
ditional effects on the gut microbes in addition to its bactericid-
al and bacteriostatic activity, resulting in reduced microbial
resistance than the previously used traditional agents. Rifaxi-
min causes a positive modulation of intestinal microbes, that
favors the beneficial bacterial growth without hampering
overall microbial composition. Rifaximin revamps SIBO-relat-
ed symptoms and the breath test findings. Finally, not of least
significane, FMT has currently been suggested as a new
therapeutic option. FMT is being found to cause substantial
improvement in relieving pain and bloating symptoms plus
curing of SIBO in about 71% of patients by two weeks.>*+ 2
Fecal bacterial transplantation (FBT) /Fecal Microbiota Trans-
plant (FMT) / Fecal transplantation/Bacteriotherapy.

It is collecting feces (stool/poop), from healthy donors and
transferring them into a patient’s GI tract, either by colonosco-
py, endoscopy, sigmoidoscopy, or enema etc, both in children
and adults. The procedure can control Clostridium difficile
infection called (CDI) by adding healthy bacteria into the
recipient’s intestines. This restores healthy bacteria (normal gut
flora) in the lower intestine, restoring the balance of the gut
microbiome, that aids in controlling C. difficile infection, and
even preventing its re-infection. It is found to be more effective
than antibacterials for controlling and preventing C. difficile.
Thence, it may be regarded as a super-antibacterial or super-an-
tibiotic therapy. C. difficile infection (CDI) can cause serious
lethal bacterial infection/superinfection (pseudomembranous
colitis) in the colon. FMT substantially alleviates patients’
abdominal pain and distention, increasing the tolerance for
enteral nutrition, and preventing and treating SIBO, emphasiz-
ing as a new direction in CIPO treatment. **

Surgery for CIPO

Excepting for some selected cases, surgery should be avoided,
as surgery increases adhesions and can lessen the absorbent
surface area of the gut, and it is quite unsuccessful to resolve the
pathology. Nutritional support needs to be ensured without
delay in undernourished and malnourished patients and in those
who are losing weight and not getting sufficient nutrition with
only oral food. Enteral nutrition is the initial step of choice.
Initially naso-enteric feeding is attempted before a permanent
enteric feeding tube placement. An optimal composition and
rate of the formula are determined. If small gut function is
severely jeopardized, parenteral nutrition need to be instituted.
In selected cases, intestinal transplantation may be performed,
when 5-year mortality rate is about 30%.%>3¢

Treatment of acute intestinal obstruction

It is highly important to assess, evaluate and sustain the stability
of the milieu interior. Surgical intervention needs to be
minimized, since surgery can interfere with gut motility, and
even causing gut failure. However, CIPO patients associated
with Hirschsprung's colonic aganglionosis as are at risk of
developing colonic volvulus needs timely surgical treatment.>>

Gastrointestinal decompression

Enemas (by polyethylene glycol, glycerin), NG (nasogastric)
aspiration, SI (small intestinal) tube aspiration, alimentary
endoscopies, and intended operative fistulation are optional
decompressive treatment strategies. Colonoscopic decompres-
sion is found successful in the preoperative treatment of CIPO
affected pregnant women. Percutaneous endoscopic gastrojeju-
nostomy can completely relieve pressure, and can cause
abdominal pain relief. It is also used for good nutritional
support in CIPO patients. Still, there is some controversy as
regards to the timing of decompression by enterostomies in
CIPO patients.>*

Small gut/multi-visceral transplantation

Small gut transplantation for CIPO constitues about 9% of all
small gut transplantations. The survival rates of small gut
transplantation is not unsatisfactory. Moreover, the infection
and opportunistic complication rates are almost similar in CIPO
and non-CIPO small gut transplantation. It is now accepted that
for CIPO patients with small gut failure and for potential lethal
complications of TPN, small gut transplantation is a better
treatment option that can revamp long-term survival and
prognosis. If other organs for transplantation are involved, such
multi-visceral transplantation as stomach—duodenum-—pancre-
as—small intestine transplantation, or combined liver and
intestine transplantation is advised. As, this type of operation is
very difficult and much traumatic, and needs more complicated
postoperative management, this sort of treatment is approved
only in experienced transplantation team in designated
centers.>

Specific treatment for autoimmune inflammatory CIPO
IV methylprednisolone or immunoglobulins needs to be used as
the first-line treatment followed by azathioprine, cyclosporine,
or rituximab as second-line treatments in patients with autoim-
mune/inflammatory CIPO. Immunosuppressive agents can
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inhibit the inflammatory and immune reactions in the myenteric
ganglion or neuromuscular tract, thus may be used in neuro-
pathic/myopathic CIPO. However, owing to absence of
evidence-based data, this type of treatment nedds to be
employed cautiously.**

Treatment of secondary CIPO

Like all other diseases, treatment needs essentially to be
addressed to the underlying aetiology and pathogenesis. E.g.,
enzyme replacement ttherapy can relieve GI features of
x-linked genetic CIPO subjects of Anderson—Fabry disease (a
group of lysosomal storage diseases). Thus, the main and
specific treatment is directed to the underlying pathology.That
is the primary disease of the secondary CIPO needs to be
actively addressed and treated. Several such diseases as
Hirschsprung's disease, mitochondrial neuro-gastro-intestinal
encephalomyopathy (MNGIE), or some paraneoplastic
syndromes have been found to be associated with CIPO. In
these situations, the management and prognosis are clearly and
strongly linked with those of the associated primary disease
processes. In the rest cases, CIPO seems “primary” or
“idiopathic,” but two subgroups as found among these “prima-
ry” or “idiopathic,” are: (a). Sporadic autoimmune inflammato-
ry CIPO that results from a sporadic abnormal autoimmune
inflammatory response in neural or muscular structures of the
gut, and, (b). Genetic CIPO where an inherited or de novo
mutation causes the faulty functions of the gut muscle, neural,
or any other cell. The early diagnosis of these two subgroups of
primary CIPO is very much essential, because autoimmune
inflammatory CIPOs are expected to get benefitted from
immunosuppressive therapy, and genetic CIPOs are expected to
get benefitted from a more elaborate exact explanation of the
causative pathogenesis, genetic counseling, and expectedly, in
coming days from gene therapy.’*%°

Allogeneic hematopoietic stem cell transplantation

This allogeneic hematopoietic stem cell transplantation
treatment causes substantial improvement of CIPO symptoms
having prolonged mitochondrial neurogastrointestinal encepha-
lomyopathy, but it is not effective in patients of CIPO with
intestinal failure.**

Prognosis

Despite its rareness, CIPO is a serious health issue, because of
severe and almost permanent impairment of QOL and many of
the sufferers need lifelong parenteral nutrition and, in serious
cases, intestinal transplantation. There are often a delayed
diagnosis and a high mortality for these patients. The long-term
prognosis of CIPO patients is not good. Small gut myopathies,
esophageal implication, insufficient response to nutritional
therapy, intestinal malrotation, urinary retention , and gut motor
instability during fasting are poor prognostic indicators. About
10%-25% CIPO affected children may die before attainment of
adulthood. Oral feeding and parenteral nutrition in combination
can expectedly revamp survival rates. Successful oral feeding
per se is an independent and isolated indictor of long-term
survival.'?!

Conclusion

Though CIPO is an uncommon clinical syndrome affecting
especially the small gut function featured by abnormal gut
motility and peristalsis, simulating intestinal obstruction, it is
essential to exclude a mechanical gut obstruction. The
incidence of misdiagnosis is rampant, despite meticulous
inquiry into the history and cautious physical examinations.
Clinician’s lack of judgement is an important cause of high
incidence of misdiagnosis. Once the organic etiology is exclud-
ed, the probability of CIPO should be contemplated. The princi-
pal stages for diagnosis of CIPO include (1) identification of
primary causative diseases to provide benefit from specific
treatment; (2) detection of sporadic inflammatory CIPOs to
provide benefit from immunosuppressive treatment; and (3)
detection of genetic CIPOs to provide benefit from genetic
counseling and, expectedly, in the future from gene therapy.
Greater vigilance and awareness, avoidance unwanted surger-
ies, and full thickness biopsies at an early and potentially
curable stage of the disease are advised. Now, it is well known
that the symbiotic and mutualistic composition of gut microbes
has a significant role in the pathogenesis of gut motility
disorders. Despite much research-work, there are limited data
regarding gut microbes, ENS, IES and ECCs in CIPO patients.
Aberrations in neurotransmitter signaling pathways, that are
integrated by change of gut microbes or their products, are
strongly thought to cause gut motility disorders in CIPO
patients. Further studies aiming at evaluating any probable
interaction between gut microbes and factors linked to intesti-
nal motility can help physicians to better realization of the
CIPO pathology, explaining the CIPO microbial biomarkers, as
well as innovating new therapeutic aims, and revamping the
management and treatment strategies for these patients.>*%

Recommendations

More and more researches are recommended to evaluate the
diagnostic field, with special attention to the indications for full
thickness gut biopsies for idiopathic CIPOs. Genetic tests
would definitely be worthwhile for better characterization of
the motor disorders in cases of genetic CIPOs. Genetic tests can
unfold a vista to have new tools for earlier diagnosis and to
provide targeted genetic therapy for this rare heterogeneous
clinical syndrome.’

Acknowledgements

We are much grateful to Professor Md Zulfikar Ali of the
department of medicine of Khwaja Yunus Ali Medical College,
Enayetpur, Sirajgonj for his continued inspiration for writing
and publishing this review article entitled ‘Chronic Intestinal
Pseudo-Obstruction’.

References

1. Chang-Zhen Zhu, Hong-Wei Zhao, Hong-Wei Lin, Feng
Wang, and Yuan-Xin Li. Latest developments in chronic
intestinal pseudo-obstruction. World J Clin Cases. 2020
Dec 6; 8(23): 5852-5865.

102



KYAMC Journal

Vol. 15, No. 02, July 2024

Dudley HA, Sinclair IS, Mclaren IF, Mcnair TJ, Newsam
JE. Intestinal pseudo-obstruction. J R Coll Surg Edinb.
1958;3:206-217.

Giulia Radocchia, Bruna Neroni, Massimiliano Marazzato,
Elena Capuzzo, Simone Zuccari, Fabrizio Pantanella,
Letizia Zenzeri, Melania Evangelisti, Francesca Vassallo,
Pasquale Parisi, Giovanni Di Nardo, and Serena Schippa.
Chronic Intestinal Pseudo-Obstruction: Is There a Connec-
tion with Gut Microbiota? Microorganisms. 2021 Dec;
9(12): 2549.

4. Guido Basilisco, Margherita Marchi, Marina Coletta; Chron-

ic intestinal pseudo-obstruction in adults: A practical guide
to identify patient subgroups that are suitable for more
specific treatments. 22 November 2023(First published):
https://doi.org/10.1111/nmo.14715

Giulia Radocchia, Bruna Neroni, Massimiliano Marazzato,
Elena Capuzzo, Simone Zuccari, Fabrizio Pantanella,
Letizia Zenzeri, Melania Evangelisti, Francesca Vassallo,
Pasquale Parisi, Giovanni Di Nardo, and Serena Schippa.
Chronic intestinal pseudo-obstruction: associations with
gut microbiota and genes expression of intestinal serotoner-
gic pathway. Published online: 02 February 2024. BMC
MicrobiologyArticle number: 48: 24(1):48.

Di Nardo G, et al. Pharmacological and nutritional therapy
of children and adults with chronic intestinal pseudo-ob-
struction.  Expert ~ Rev  Gastroenterol ~ Hepatol.
2023;17:325-341.

Guzel T, Mirowska-Guzel D. The role of serotonin neuro-
transmission in gastrointestinal tract and pharmacotherapy.
Molecules. 2022;27:1680.

Muto M, Matsufuji H, Tomomasa T, Nakajima A, Kawaha-
ra H, Ida S, Ushijima K, Kubota A, Mushiake S, Taguchi T.
Pediatric chronic intestinal pseudo-obstruction is a rare,
serious, and intractable disease: a report of a nationwide
survey in Japan. J Pediatr Surg. 2014;49:1799-1803.

lida H, Ohkubo H, Inamori M, Nakajima A, Sato H. Epide-
miology and clinical experience of chronic intestinal
pseudo-obstruction in Japan: a nationwide epidemiologic
survey. J Epidemiol. 2013;23:288-294.

10. Thorson W, Diaz-Horta O, Foster J 2nd, Spiliopoulos M,

11.

Quintero R, Farooq A, Blanton S, Tekin M. De novo
ACTG2 mutations cause congenital distended bladder,
microcolon, and intestinal hypoperistalsis. Hum Genet.
2014;133:737-742.

Chetaille P, Preuss C, Burkhard S, Coété JM, Houde C,
Castilloux J, Piché J, Gosset N, Leclerc S, Wiinnemann F,
Thibeault M, Gagnon C, Galli A, Tuck E, Hickson GR, El
Amine N, Boufaied I, Lemyre E, de Santa Barbara P, Faure
S, Jonzon A, Cameron M, Dietz HC, Gallo-McFarlane E,
Benson DW, Moreau C, Labuda D FORGE Canada
Consortium, Zhan SH, Shen Y, Jomphe M, Jones SJ,

Bakkers J, Andelfinger G. Mutations in SGOL1 cause a novel

12.

13.

14.

16.

17.

19.

20.

21.

22.

23.

103

cohesinopathy affecting heart and gut rhythm. Nat Genet.
2014;46:1245-1249.

Pavone S, Sforna M, Gialletti R, Prato S, Marenzoni ML,
Mandara MT. Extensive myenteric ganglionitis in a case of
equine chronic intestinal pseudo-obstruction associated
with EHV-1 infection. J Comp Pathol. 2013;148:289-293.

Diamanti A, Fusaro F, Caldaro T, Capriati T, Candusso M,
Nobili V, Borrelli O. Pediatric Intestinal Pseudo-obstruc-
tion: Impact of Neonatal and Later Onset on Clinical and
Nutritional Outcomes. J Pediatr Gastroenterol Nutr.
2019;69:212-217.

El-Chammas K, Sood MR. Chronic Intestinal Pseudo-ob-
struction. Clin Colon Rectal Surg. 2018;31:99-107.

. Zenzeri L, Tambucci R, Quitadamo P, Giorgio V, De

Giorgio R, Di Nardo G. Update on chronic intestinal
pseudo-obstruction. Curr Opin Gastroenterol.
2020;36:230-237.

Yeung AK, Di Lorenzo C. Primary gastrointestinal motility
disorders in childhood. Minerva Pediatr. 2012;64:567—-584.

Pironi L, Sasdelli AS. Management of the Patient with
Chronic Intestinal Pseudo-Obstruction and Intestinal
Failure. Gastroenterol Clin North Am. 2019;48:513-524.

. Fuyuki A, Ohkubo H, Higurashi T, lida H, Inoh Y, Inamori

M, Nakajima A. Clinical importance of cine-MRI assess-
ment of small bowel motility in patients with chronic
intestinal pseudo-obstruction: a retrospective study of 33
patients. J Gastroenterol. 2017;52:577-584.

Del Colle A, Israclyan N, Gross Margolis K. Novel aspects
of enteric serotonergic signaling in health and brain-gut
disease. Am ] PhysiolGastrointest Liver Physiol.
2020;318:G130-143.

Mathew S., Smatti M.K., Al Ansari K., Nasrallah G.K., Al
Thani A.A., Yassine H.M. Mixed Viral-Bacterial Infections
and Their Effects on Gut Microbiota and Clinical Illnesses
in Children. Sci. Rep. 2019;9:865.

Radocchia G, et al. Chronic intestinal pseudo-obstruction:
is there a connection with gut microbiota? Microorganisms.
2021;9:2549.

Giuftr¢ M, Campigotto M, Campisciano G, Comar M,
Croce¢ LS. A story of liver and gut microbes: how does the
intestinal flora affect liver disease? A review of the
literature. Am J Physiology-Gastrointestinal Liver Physiol.
2020;318:G889-G906.

Das NK, et al. Microbial metabolite signaling is required
for systemic iron homeostasis. Cell = Metab.
2020;31:115-130¢6.



KYAMC Journal

Vol. 15, No. 02, July 2024

24.

25.

26.

27.

28.

29.

Gu L, Ding C, Tian H, Yang B, Zhang X, Hua Y, Zhu Y,
Gong J, Zhu W, Li J, Li N. Serial Frozen Fecal Microbiota
Transplantation in the Treatment of Chronic Intestinal
Pseudo-obstruction: A Preliminary Study. J Neurogastroen-
terol Motil. 2017;23:289-297.

Fragulidis G, Pantiora E, Michalaki V, Kontis E, Primetis
E, Vezakis A, Polydorou A. Immune-related intestinal
pseudo-obstruction associated with nivolumab treatment in
a lung cancer patient. J Oncol Pharm Pract.
2019;25:487-491.

Giuffr¢ M., Moretti R., Campisciano G., da Silveira
A.B.M., Monda V.M., Comar M., Di Bella S., Antonello
R.M., Luzzati R., Croce L.S. You Talking to Me? Says the
Enteric Nervous System (ENS) to the Microbe. How
Intestinal Microbes Interact with the ENS. J. Clin. Med.
2020;9:3705.

Yang M, et al. Duodenal and rectal mucosal microbiota
related to small intestinal bacterial overgrowth in
diarrhea-predominant irritable bowel syndrome. J Gastro-
enterol Hepatol. 2020;35:795-805.

Kirby DF, Raheem SA, Corrigan ML. Nutritional Interven-
tions in Chronic Intestinal Pseudoobstruction. Gastroenter-
ol Clin North Am. 2018;47:209-218.

Giuffr¢ M., Campigotto M., Campisciano G., Comar M.,
Croce L.S. A Story of Liver and Gut Microbes: How Does
the Intestinal Flora Affect Liver Disease? A Review of the
Literature. Am. J. Physiol. Gastrointest. Liver Physiol.
2020;318:G889-G906.

30.

31.

32.

33.

34.

35.

36.

104

Lehmann S, Ferrie S, Carey S. Nutrition Management in
Patients With Chronic Gastrointestinal Motility Disorders:
A Systematic Literature Review. Nutr Clin Pract.
2020;35:219-230.

Vasant DH, Pironi L, Barbara G, Bozzetti F, Cuerda C, Joly
F, Mundi M, Paine P, Staun M, Szczepanek K, Van Gossum
A, Wanten G, Lal S. An international survey on clinicians'
perspectives on the diagnosis and management of chronic
intestinal pseudo-obstruction and enteric dysmotility.
Neurogastroenterol Motil. 2020:e13937.

Krasaelap A, Kovacic K, Goday PS. Nutrition Management
in Pediatric Gastrointestinal Motility Disorders. Nutr Clin
Pract. 2020;35:265-272.

Zenzeri L., Tambucci R., Quitadamo P., Giorgio V., De
Giorgio R., Di Nardo G. Update on Chronic Intestinal
Pseudo-Obstruction. Curr. Opin. Gastroenterol.
2020;36:230-237.

Zenzeri L, et al. Update on chronic intestinal pseudo-ob-
struction. Curr Opin Gastroenterol. 2020;36:230-237.

BoybeyiTiirer O, Soyer T, Ozen H, Arslan UE, Karnak 1,
Tanyel FC. Challenges in management and prognosis of
pediatric intestinal pseudo-obstruction. Turk J Gastroenter-
ol. 2020;31:596-602.

Daniel N, Lécuyer E, Chassaing B. Host/microbiota
interactions in health and diseases-time for mucosal micro-
biology! Mucosal Immunol. 2021;14:1006-1016.



