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Abstract

Chronic intestinal pseudo-obstruction (CIPO) is a se-
vere digestive syndrome characterized by derangement
of gut propulsive motility which resembles mechanical
obstruction, in the absence of any obstructive process.
Although uncommon in clinical practice, this syndrome
represents one of the main causes of intestinal failure
and is characterized by high morbidity and mortality. It
may be idiopathic or secondary to a variety of diseases.
Most cases are sporadic, even though familial forms
with either dominant or recessive autosomal inheritance
have been described. Based on histological features in-
testinal pseudo-obstruction can be classified into three
main categories: neuropathies, mesenchymopathies, and
myopathies, according on the predominant involvement
of enteric neurones, interstitial cells of Cajal or smooth
muscle cells, respectively. Treatment of intestinal pseu-
do-obstruction involves nutritional, pharmacological and
surgical therapies, but it is often unsatisfactory and the
long-term outcome is generally poor in the majority of
cases.
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INTRODUCTION

Chronic intestinal pseudo-obstruction (CIPO) is a rare,
severe disease characterized by the failure of the intesti-
nal tract to propel its contents which results in a clinical
picture mimicking mechanical obstruction in the absence
of any lesion occluding the gut. CIPO is one of the most
important causes of chronic intestinal failure both in
pediatric (15%) and adult cases (20%)"7 since affected
individuals are often unable to maintain normal body
weight and/or normal oral nutrition. The severity of clini-
cal picture, generally characterized by disabling digestive
symptoms even between sub-occlusive episodes, contrib-
utes to deterioration of quality of life of the patients. Fur-
thermore, CIPO often passes unrecognized for long time,
so that patients almost invariably undergo repeated, useless
and potentially dangerous surgical procedures.

This article is aimed at reviewing the current knowledge
on pathophysiology, clinical features and management of
patients affected by CIPO.

ETIOLOGY AND PATHOPHYSIOLOGY

CIPO is idiopathic in the majority of cases. In our experi-
ence organic, systemic or metabolic causes of the disease
were identified in only 4 patients of 77 CIPO patients con-
secutively referred in our laboratory (5%)”. Nevertheless, it
is mandatory to investigate affected individuals by traditional
diagnostic procedures (radiology, endoscopy, lab tests, ez) in
order to exclude every possible cause of secondary CIPO.
The main secondary causes of CIPO are specified in Table 1.

In fact, every disease that affects one of the control
mechanisms of intestinal functioning, including intrinsic
and extrinsic neural supplies as well as muscle cells, can be
responsible for secondary and potentially curable forms
of CIPO. The extrinsic autonomic nervous system can
be affected both centrally (i.e. Parkinson syndrome, Shy-
Drager syndrome, stroke, encephalitis, neoplasm and any
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Underlying disease Main causes

Diseases of central autonomic and enteric

nervous systems

Immune-mediated and collagen diseases

Stroke, encephalitis, calcification of basal ganglia, orthostatic hypotension, Von Recklinghausen, Hirschsprung

Paraneoplastic (CNS neoplasms, lung microstoma, bronchial carcinoid, leyomyosarcomas), scleroderma,

dermatomyositis, amyloidosis, Ehlers-Danlos, LES

Endocrine and metabolic diseases
Other

Diabetes, hypothyroidism, hypoparathyroidism, phaeochromocytoma

Iatrogenic (radiation enteritis, clonidine, phenothiazines, antidepressants, antiparkinsonians, antineoplastics,

bronchodilators, anthraquinones) jejunal diverticulosis, chagas

other disease that could affect the encephalic autonomous
centres), and peripherally (i.e. diabetic neuropathy, or other
neuropathies potentially involving the enteric nervous
system including Hirschsprung, Chagas, Von Reckling-
hausen, as well as non-specific diseases, like paraneoplastic
syndromes, autoimmune diseases, viral infections). Enteric
smooth muscle cells can be markedly damaged in patients
affected by myotonic dystrophy or progressive systemic
sclerosis. Collagenosis, Ehlers-Danlos syndrome, jejunal
diverticulosis and radiation enteritis can be responsible for
both a neuronal and myogenic impairment.

Nonetheless, diseases like hypothyroidism, hypopar-
athyroidism, and celiac disease have been described to be
responsible for some cases of secondary CIPO, even if the
underlying mechanism remains undetermined',

CIIPO is generally sporadic, but familial forms have also
been described both with autosomal dominant, autosomal
recessive and X-linked transmission"*”. Some genes and
loci have been identified in syndromic forms of CIIPO,
including the transcription factor SOX70 on chromosome
22 (22p12), the DNA polymerase gamma gene (POLG) on
chromosome 21 (21q17) and a locus on chromosome 8",
In terms of X-linked transmission, recently Gargiulo e a/
have identified a 2-base pair deletion in exon 2 of the filamin
A gene (encoding for a large cytoskeletal protein involved
in the modulation of the cellular response to chemical and
mechanical environmental factors) that is present at the
heterozygous state in the carrier females of a family with
syndromic CIPO"". Familial cases are more frequent in
mitochondrial neurogastrointestinal encephalomyopathy
(MNGIE), which is characterized by subocclusive episodes
and lactic acidosis, skeletal muscle abnormalities (i.e. “ragged
red fiber”) and specific mitochondrial changes at the
ultrastructural level'"'?. Mutations of the gene encoding
the thymidine phosphorylase gene (TP or endothelial cell
growth factor-1, ECGFT), mapped to locus 22q13.32qter
have a pathogenic role and are responsible for MNGIE!™,
The biochemical dysfunctions underlying MNGIE consists
of decreased TP activity leading to accumulation of
thymidine (dThd) and deoxyuridine (dUrd) in blood and
tissues" ",

Toxic levels of dThd and dUrd induce nucleotide pool
imbalance that, in turn, leads to mitochondrial DNA ab-
normalities including point mutations, multiple deletions
and depletion” ',

Histopathology and putative pathogenic mechanisms
Examination of full-thickness biopsies of the intestinal
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wall may help in establishing a correct diagnosis, revealing
pathological abnormalities underlying the neuromuscular
impairment. Histolopathic features of CIPO include neu-
ropathic, mesenchymopathic and myopathic forms based
on abnormalities affecting the integrity of nerve pathways
supplying the gut (either intrinsic or extrinsic), interstitial
cells of Cajal ICC) and smooth muscle cells, respectively.
Neuropathic, mesenchymopathic and myopathic changes
may contribute to gut dysmotility either individually or in
combination (e.g. neuro-myopathies or neuro-ICC altera-

tions) (Table 2)!",

Enteric neuropathies and enteroglial cell abnormalities
Enteric neurodegenerative abnormalities and immune-
mediated changes may occur in gut specimens of patients
with neuropathic CIPO. Inflammatory neuropathies
are characterized by a dense inflammatory infiltrate
characterized by CD3 positive (composed of both CD4
and CDS8) lymphocytes almost invariably confined to the
myenteric plexus (hence the term of Amphocytic myenteric
ganglionitis)” """, The close apposition of CD3 lymphocytes
to myenteric neurons provides the basis to neuro-immune
interactions targeting and affecting ganglion cell structure
and survival®, Indeed, experimental evidence indicates
that inflammation/immune activation in the gastrointestinal
tract can profoundly affect both morphology and function
of the enteric nervous system (ENS).

The evidence that patients with inflammatory
neuropathy have circulating anti-neuronal auto-antibodies
(e.g anti-Hu anti-neuronal antibodies) also suggests the role
of the immune system in neuronal dysfunction'”. Previous
results indicated that these autoantibodies alter ascending
reflex pathway of peristalsis in 7 vitro preparationsm] and
elicit neuronal hyperexcitability as demonstrated by Ca”'-
imaging techniquem]. In addition, anti-HuD neuronal
antibodies evoked activation of caspase-3 and apaf-1 along
with apoptosis when incubated with primary culture of
myenteric neurons”’. Taken together, these experimental
data suggest that anti-Hu antibodies may exert either a
direct pathogenic role or contribute in association with the
lymphocytic infiltrate in ENS dysfunction in patients with
CIPO related to an inflammatory neuropathy. Although
the etiology of inflammatory neuropathies remains
undetermined, the demonstration showing herpes virus
DNA in the myenteric plexus of patients with crro™
raises the exciting possibility that infectious agents can be
involved in the pathogenic cascade leading to inflammatory
damage of the ENS.



Antonucci A et a/. Pseudo-obstruction

2955

Markers Cell targets and sites

Description

PGP9.5, NSE, MAP-2, NFs, tubulins, Hu C/D Neurons: Membrane/Cytoplasmic

B-S-100, GFAP Glial cells: Cytoplasmic

Identification of the general structure of the ENS

Detection of enteroglial cells

Kit Interstitial cells of Cajal: Membrane/Cytoplasmic Different ICC networks

SP, VIP, PACAP, CGRP, NPY, Galanin, 5-HT, Subclasses of enteric neurons; interstitial
NOS, ChAT, somatostatin, Calbindin, NeuN, cells of Cajal: Membrane/Cytoplasmic

NK1, NK2 and NK3

Bcl-2, TUNEL, Caspase-3, Caspase-8, Apaf-1 ~ Apoptosis and related mechanisms:

Nuclear/Cytoplasmic
Actin, myosin, desmin, smoothelin
CD3, CD4, CD8, CD79a, CD68;

MIP-1a, TNF-a, IFN-y Membrane/ Cytoplasmic

Smooth muscle cells: Cytoplasmic

Immune cells, chemokines and cytokines:

Characterization of neurochemical coding and enteric
neuron subclasses; subsets of interstitial cells of Cajal

Assessment of apoptosis and related pathways

Assessment of smooth muscle integrity

Evaluation of B (CD79a) and T-lymphocytes (CD3),
T-helper (CD4), T-suppressor (CD8), macrophages (CD68)
in enteric ganglionitis; MIP-1a is a chemokine; TNF-a and
IFN-y are inflammatory cytokines

Bcl-2: B cell lymphoma-2 protein; ChAT: Choline acetyltransferase; CGRP: Calcitonin gene-related peptide; ENS: Enteric nervous system; GFAP: Glial fibrillary
acidic protein; Hu C/D: Hu C/D molecular antigen; IFN-y: Interferon y; MAP-2: Microtubule associated protein-2; MIP1-o: Macrophage inflammatory protein-lo;
NeuN: Neuronal-specific nuclear protein; NFs: Neurofilaments; NK1, NK2, NK3: Neurokininl, neurokinin2, neurokinin3; NOS: Nitric oxide synthase;
NPY: Neuropeptide Y; NSE: Neuron-specific enolase; PACAP: Pituitary adenylate cyclase activating polypeptide; PGP9.5: Protein gene product 9.5; 5-HT:
5-hydroxytryptamine (serotonin); SP: Substance P; TNF-o: Tumor necrosis factor o; Tubulins: Cytoskeletal proteins; TUNEL: Terminal deoxynucleotidyl
transferase-mediated deoxyuridine triphosphate nick-end labeling; VIP: Vasoactive intestinal polypeptide.

Further to lymphocytic ganglionitis, Schappi ef a/ have
reported on eosinophilic ganglionitis characterized by
eosinophils infiltrating the myenteric plexus of pediatric
patients with CIPO™
eosinophilic ganglionitis does not appear to evoke neu-

. In contrast to lymphocytic, the

ronal degeneration and loss and, therefore, gut dysmotil-
ity may be interpreted as a functional impairment of the
ENS due to the infiltrate per se or humoral messengers
released by cosinophils. Recently, mast cell predominant
ganglionitis has been described in patients with severe gut
dysmotility (including CIPO)?". The mast cells detected
within myenteric ganglia in these patients were associated
with markedly reduced neuronal nitric oxide synthase ex-
pression identified at molecular and immunohistochemical
level. These findings suggest an impaired enteric inhibitory
innervation in these peculiar subsets of CIPO.
Degenerative (or non inflammatory) neuropathies
may be regarded as the end result of several putative
pathogenic mechanisms, such as altered calcium signaling,
mitochondrial dysfunction and production of free
radicals, leading to degeneration and loss of the intrinsic
neurons of the gutm]. Degenerative neuropathies can
be familial (related to a genetic background-see above)
or sporadic and classified into primary (idiopathic) or
secondary forms to a vatiety of causes, such as radiations,
vinka alkaloids, myxedema, diabetes mellitus, muscular
dystrophy and amyloidosis. Typical neuropathological
findings reported in neurodegenerative CIPO include
various qualitative (neuronal swelling, intranuclear
inclusions, axonal degeneration and other lesions) and
quantitative (especially hypoganglionosis) abnormalities
of the ENS. Sporadic cases of visceral neuropathies are
associated with two major patterns of alterations: (1) A
marked reduction of intramural (especially myenteric)
neural cells mainly associated with swollen neural cell
bodies and processes, fragmentation and loss of axons
and proliferation of glial cells; (2) A loss of the normal
staining in subsets of enteric neurons, in the absence of

1620211 "Since no

dendritic swelling or glial proliferation
reliable models of degenerative neuropathies exist, the
mechanisms through which exogenous noxae or other
triggering factors initiate degenerative processes in enteric
neurons remain obscure. Enteric neurons of patients with
severe forms of idiopathic intrinsic neuropathy display a
dectreased expression of the protein encoded by Be/-2, a
gene related to one of the intracellular pathways leading to
programmed cell death™ Indeed, this finding has been
associated with an increased number of neurons displaying
TUNEL, a marker of apoptosis”.

Abnormalities of enteric glia may also contribute to
intrinsic neuropathy either attracting immune cells to the
ENS or resulting in insufficient support/trophism to
enteric neurons and thus eliciting neurodegenerative events
in the absence of inflammation"”.

Enteric mesenchymopathies

Abnormalities to ICCs have been detected in gut tissues of
patients with CIPO. These include decreased ICC density,
loss of processes and damaged intracellular cytoskeleton
and organelles as revealed by immunohistochemical
analysis and electron rnicroscopym’m. As a result, it
has been proposed that the impairment of the major
functional subclasses of ICC (i.e. those involved in pace-
maker activity and neurotransmission to smooth muscle)
may contribute to enteric motility abnormalities detectable
in patients with CIPO.

Enteric myopathies

Histopathological analysis of the enteric muscle layer
may reveal the existence of muscular abnormalities (i.e.
smooth muscle fibrosis and vacuolization) of the circular
and longitudinal layers in patients with primary visceral
rnyopathym’”]. A controlled multinational study conducted
by Knowles ¢z a/ has proposed that a selective decrease
or even absence of g-actin in the circular muscle of the
small bowel wall can be regarded as biological matkers of
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CIPO™. Although exciting, the possibility that a defective
expression/localization of a-actin may be a biomarker
of a heterogeneous disease such as CIPO awaits solid
confirmatory evidence.

The histopathological details concerning other segments
of the gut as well as extra-digestive systems (i.e. urinary
tract, gall-bladder) is pootly characterized and further studies
are awaited to elucidate this important aspect.

CLINICAL FEATURES

Subocclusive episodes can strike in apparently healthy
people, but the onset of CIPO is generally insidious, with
gastrointestinal symptoms which precede the first acute
episode.

The typical clinical manifestation of CIPO is
characterized by recurrent episodes of abdominal pain,
abdominal distension and inability to defecate (flatus may
not be completely suppressed), with or without vomiting,
mimicking a mechanical sub-occlusion. During acute
episodes radiological evidence of distended bowel loops
and air-fluid levels in the upright position is an important
diagnostic marker of this pathological condition. Acute
episodes can last only a few hours, but in the most severe
cases intestinal loops are chronically distended and air-
fluid levels ate invariably detected. Due to this misleading
clinical manifestation, a history of multiple, useless
surgeries are typical of the syndrome. Thus, many patients
have abdominal adhesions and the concomitant presence
of functional and mechanical (secondary to adhesions)
obstruction is often impossible to rule out despite extensive
investigations.

Between subocclusive episodes patients are very rarely
asymptomatic, and almost invariably complain of severe
digestive symptoms'? suggestive of delayed transit in
the proximal and/or distal portions of the alimentary
canal. Nausea, vomiting and weight loss are predominant
symptoms when the functional derangement primarily
affects the upper gastrointestinal tract, while diffuse
abdominal pain, abdominal distension and constipation
are suggestive of a more distal involvement of the gut.
Dysphagia is present in a low proportion of CIIPO patients
although it is relatively frequent in forms secondary to
progressive systemic sclerosis.

Diarrhea and steatorthoea often occur as a consequence
to small bowel bacterial overgrowth.

This pathologically accelerated transit is often well
accepted by patients since it is associated with partial
relief of other digestive symptoms, but it contributes
to determine intestinal malabsorption and deteriorate
nutritional conditions. Indeed, many patients are afflicted by
inability to maintain a normal body weight, despite dietary
manipulations, both because of the deranged digestive
functions and because food ingestion often exacerbates
digestive symptoms and consequently patients tend to avoid
a normal oral nutrition.

Urinary symptoms, generally associated with evidence
of urinary tract distension, are also frequent.

Depzression or other psychological disturbances are
often secondary to the disabling digestive problems and
the disappointing quality of healthcare received.
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DIAGNOSTIC PROCEDURES

The diagnosis of CIPO is mainly clinical, supported by
radiographic documentation of dilated bowel with air-
fluid level, after exclusion of organic lesions occluding the
gut lumen, as detected by radiologic and/or endoscopic
investigations. Thus, diagnostic tests in patients with
suspected CIPO are necessary to exclude mechanical
occlusion, identify possible causes of secondary forms,
explore underlying pathophysiological mechanisms and
disclose possible complications.

Radiology

Radiology is one of the most important examinations in
the diagnosis of CIPO. Plain abdominal films identify typi-
cal signs of intestinal occlusion such as distended bowel
loops with air-fluid levels, the latter obtained with the pa-
tients in the upright position (as specified above). Contrast
studies ate necessary to exclude the presence of organic le-
sions responsible for the occlusion. Entero-CT scan allows
simultaneous internal and external views of the gut wall,
abdominal CT and MR scans are important in investigating
possible causes of gut compression, while MR angiography
may non-invasively identify congenital or acquired vascular
abnormalities. Excretory urograms should be performed
in patients with urinary symptoms.

Symptoms suggestive of a subocclusive state in the
absence of dilated bowel with air fluid levels at radiology
have been defined by some authors as a “mild forms of
CIPO”™ Nonetheless, this definition has been criticized.
In fact, preliminary studies suggest that patients with ex-
tremely severe digestive symptoms and malnutrition, but
no radiological evidence of intestinal occlusion, have a
significantly reduced probability of undergoing abdominal

surgery and present less severe motility disorders!*™.

Endoscopy

The main indication of upper gastrointestinal endoscopy
is exclusion of mechanical occlusions in the gastro-jejunal
and ileo-colonic regions. It allows to exclusion of false
positive radiologic diagnoses of mechanical occlusion
in the duodenum and proximal small bowel, as in many
cases of the so-called “aorto-mesenteric compression
syndrome”™, Mucosal biopsies of the small bowel should
be taken to rule out celiac disease. Colonoscopy also
has a therapeutic potential, since it can be used to try to

decompress the large bowel ™,

Laboratory tests

Laboratory tests are useful to identify the presence of
potentially curable diseases responsible for secondary forms,
but also to monitor hydro-electrolyte balance and circulating
levels of essential elements in patients on parenteral
nutrition or, in general, with a severe malnutrition.

Manometry

Small bowel manometry is invariably abnormal in CIPO
patients[2’3’45]; however, the test is not of diagnostic value
due to its low specificity. At best, it can play a supportive
role in defining the diagnosis, since it can contribute to
differentiate mechanical from functional obstruction and
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to recognize the underlying pathophysiological mecha-
njsm[zﬁ,él:—)].

Describing in detail small bowel manometric abnozt-
malities of CIPO goes beyond the scope of the present
review. They can be summarized as follows: uncoordinated
bursts of powerful contractions with variable duration are
suggestive of an underlying intrinsic neuropathy[1'4’45’48‘
conversely, normally coordinated motor patterns with low
amplitude have been reported in patients with a myogenic
disorder™**. Nonetheless, low amplitude contractions
may merely reflect the inability of the manometric tech-
nique to record non-occlusive contractions, such as in the
case of dilated bowel loops! ™***,

Unlike what is observed in pseudo-obstruction, the
manometric pattern of mechanical occlusion is character-
ized by giant contractions (prolonged contractions lasting
at least 10 s and can be either propagated or non propa-
gated) or clustered contractions (3-10 regular contractions,
occurring 1 per 5 s preceded and followed by = 1 min of
absent motor activity lasting at least 20 min and can be ei-
ther propagated or non propagated)“’{%’w].

Esophageal manometry generally adds very little to the
diagnostic work-up of CIPO, but it plays an important di-
agnostic and prognostic role if the disease is secondary to
scleroderma. Ano-rectal manometry is important to rule
out Hirschsprung’s disease, particularly in patients with in-
tractable constipation and a marked distension of the large
intestine.

Biopsy and pathologic examination

Full thickness biopsies should be obtained from dilated
and nor dilated tracts of the alimentary canal in all
patients with suspected CIPO who undergo surgery
for unexplained occlusive episodes. Biopsies should be
processed for in depth pathological evaluation by both
traditional staining and immunohistochemistry techniques
in dedicated laboratories with a specific interest in this
area, as specified above.

NATURAL HISTORY

Even if clinical experience shows that CIPO is a
progressive disease that often leads to death, only few
studies have precisely described the natural history of this
pathology and its symptoms prognostic values, especially
in the adult age. Children generally present the first
manifestations of CIPO at birth or during the first years
of age[sofsﬂ.The pediatric expression of the disease is often
characterized by a particulatly severe course, with mortality
rates extremely high within the first year of age, mainly
due to surgical and parenteral nutrition complications[sz’53].
Several predictors of poor outcome have been identified
in children including myopathic forms, malrotation, short
bowel syndrome, and urinary tract involvement™".

In the adult population, the first sub-occlusive episode
is often preceded by a long history of non-specific,
progressively more severe digestive symptoms. An acute
onset of the disease occuts in only one-fourth of the
cases”.

After diagnosis is established the frequency of sub-

occlusive episodes and, consequently, also of surgical
procedures tend to decrease. Nevertheless, the clinical
course of CIPO is almost invariably severe!"***" with
progressive deterioration of bowel function and digestive
symptoms. In order to control both the body weight and
the abdominal pain most patients progressively limit oral
nutrition and end up on long-term parenteral nutrition.

The main causes of death are TPN-related complications,
surgery-related complications, and post-transplantation
complication, together with septic shock of GI origin. A
variety of clinical, histological and manomettic parameters
have been found to be predictive of a poor clinical outcome
in adult patients, including myopathy and decreased
contractile activity™****>* . MNGIE has a particularly
poor prognosis with slowly progressive evolution and death
around 40 years of age!

THERAPY

The treatment of CIPO is difficult and often provides
unsatisfactory results. Of course, treatment of the
underlying disease is mandatory in secondary forms
whenever available®™.

Treatment of the acute phase

During acute phases patients should be treated as those
with acute mechanical obstruction. Fluid and electrolytes
balance should be maintained »iz 117 infusions; abdominal
decompression should be attempted by positioning
of nasogastric and rectal tubes. The former generally
prevents vomiting and ab ingestis while the latter is
generally ineffective and colonic decompression can be
attempted by colonoscopy or cecostomy (see below).
In case of prolonged subocclusive episodes systemic or
poortly absorbable antibiotics are necessary to prevent
bacterial overgrowth. Appropriate caloric support must be
provided by I1” infusion. Erythromycin, somatostatin and
neostigmine can be used to promote transit and decrease

the duration of acute episodes[m'{)‘ﬂ.

Nutritional support

The nutritional status of patients with CIPO is generally
poor. Frequent small meals with liquid or homogenized
foods, with or without oral nutritional supplements, may
help patients with sufficient residual digestive functions.
Enteral nutrition is an option for patients whose motility
disorder is mainly localized in the stomach and duodenum.
It presents fewer complications than parenteral nutrition,
but clinical experience suggests that enteral feeding is
rarely tolerated by patients. In the most severe cases,
when small bowel function is diffusely affected, parenteral
nutrition is necessary to satisfy nutritional requirements.
The main limitations of this nutritional support include
liver insufficiency, pancreatitis, glomerulonephritis and
catheter-related complications (i.e. thrombosis and
septicemia)[sg’sg].

Pharmacological therapy

The pharmacological treatment of CIPO is aimed at
controlling symptoms and avoiding complications. Co-
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prescription of antiemetics, antisecretory, antispasmodics,
laxatives or antidiarrheal and analgesic drugs is often
necessary. Prokinetics are often prescribed, with the
intention to improve gastrointestinal motility and to
control visceral sensitivity™*",

Some prokinetics seem to be more effective than
others: metoclopramide, domperidone, bethanechol
or neostigmine are often used, but with only limited
success, while cisapride, that is currently available only
in some parts of the world, has been reported to exert
positive effects”*"*. Two controlled trials including
CIPO patients described positive effects of cisapride
in accelerating gastric emptying!™! and improving
symptoms'®. Erythromycin is a macrolide antibiotic
with a specific agonist action on the motilin receptors
of the proximal gastrointestinal tract. It increases antral
contraction and promotes gastric emptying, while its
effects on colonic motility are controversial: at low doses it
stimulates intestinal contractions, but doses normally used
to enhance gastric emptying decrease motility of the small
intestine. Octreotide is a long-acting somatostatin analog
which increases intestinal motor activity and decreases
bacterial overgrowth!”. Co-prescription of erythromycin
and octreotide can be useful to control both the gastric
emptying and the intestinal motility™. Anticholinesterase
drugs have been described as effective in autoimmune
gastrointestinal motor disorders'”. Tegaserod, a more
recent 5-HT4 agonist, was also recommended for the
treatment of subocclusive episodes in CIPO, but the drug
has been withdrawn from the market”". A preliminary
open study describes encouraging results exerted gastric
electrical stimulation on nausea and vomiting in a small
number of CIPO patients’ ",

Opioids are required in patients with intractable
pain, but their constipating effect can further deteriorate
digestive functions™",

Antibiotics are often useful to contrast bacterial over-
growth. Poortly absorbable antibiotics such as paramomi-
cine and rifaximine should be preferred, but alternating
cycles with metronidazole and tetracycline are necessary to
limit resistances' .

Steroids or other immunosuppressive treatments are
recommended when CIPO is related to an underlying in-
flammatory neuropathy. These cases have to be selected
through tissue analysis or at least suspected by the identifi-
cation of circulating anti-neuronal antibodies'”. Treatment
of MNGIE is largely supportive, being based on parenteral
nutrition and/or supplementation with coenzyme Q, tibo-
flavin and other vitamins (vitamin C, vitamin K3, carnitine).
Prompt treatment of fever and infections and avoidance
of extremes in temperature, over exercise, drugs known to
interfere with mitochondrial functions (phenytoin, chloram-
phenicol, tetracycline, macrolides, and aminoglycosides), are
also recommended. Infusion platelets to reduce thymidine
level have been reported to exert some positive effect in
preliminary study in MNGIE patients',

Surgical therapy

Even if CIPO patients often undergo surgical procedures,
this kind of approach has only a limited role in the
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management of the disease and has to be considered only
in some carefully selected patients. Specifically, since CIPO
generally involves the whole alimentary canal, only rare
cases can benefit from surgical resections. Indeed surgery
can precipitate deterioration of the clinical conditions
and should be performed only if strictly necessary. Full
thickness biopsies should be obtained whenever possible
for pathological examination as stated above. In particular,
surgery can be considered in patients having what appears
to be localized involvement of the gastrointestinal tract,
but CIPO is often a progressive disease and the benefit is
likely temporary"’™.,

Gastrostomies and enterostomies can effectively
decrease retching, vomiting and abdominal distension and
represent a possible option in patients who can be fed by
enteral nutrition. Furthermore, decompression of distended
bowel loops can exert a positive effect on the transport
capacities of the alimentary canal which, in turn, results in
a dectreased frequency of further hospital admissions and
surgeries.

Small bowel or, when needed, multivisceral
transplantation is available only in a few highly specialized
centers. The general outcome of this surgical procedure has
markedly improved with the use of the immunosuppressive
agent tacrolimus associated with steroid and together
a number of induction agents such as alemtuzumab,
antithymocyte globulins and daclizumab”. However, the
need for long-term parenteral nutrition, re-laparotomies,
organ rejection and, especially, bacterial infections are
frequent complications and the procedure still have
mortality rates approaching 50% at 5 years. Predictors
of post-transplant complications are: concomitant
neuromuscular disorders of the urinary tract, chronic use
of opioids and technical problems determined by previous
multiple laparotomies and/or the need of gastrectomy
for gastroparesis. Nonetheless, transplantation should be
considered when all other therapeutic options have failed
according to the following indications: chronic intestinal
failure with a high risk of mortality, life-threatening
complications of parenteral nutrition, lack of venous access,
disease-related poor quality of life despite optimal parenteral
nutrition” .

CONCLUSION

CIPO is a rare and often misdiagnosed pathological
condition. Even if the acute phases can be hardly
differentiated by mechanical occlusions and the inter-crisis
digestive symptoms can mimic other severe functional
digestive syndromes, the syndrome should be recognized
based on the typical combination of clinical features, natural
course and radiological signs. The diagnostic suspicion
should be then confirmed by more accurate examinations,
in order to identify possible causes of secondary forms and
underlying pathophysiological mechanisms.

Management of CIPO remains extremely challenging
and often disappointing;

A greater awareness of the clinical features of CIPO
would help to limit surgical procedures to a minimum and,
even more importantly, to collect full-thickness biopsies
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for analysis of the gut neuromuscular layer at an eatly and
potentially curable stage of the disease.

REFERENCES

1 Stanghellini V, Camilleri M, Malagelada JR. Chronic
idiopathic intestinal pseudo-obstruction: clinical and intestinal
manometric findings. Gut 1987; 28: 5-12

2 Stanghellini V, Cogliandro RF, De Giorgio R, Barbara G,
Morselli-Labate AM, Cogliandro L, Corinaldesi R. Natural
history of chronic idiopathic intestinal pseudo-obstruction in
adults: a single center study. Clin Gastroenterol Hepatol 2005; 3:
449-458

3 Cogliandro RF, De Giorgio R, Barbara G, Cogliandro L,
Concordia A, Corinaldesi R, Stanghellini V. Chronic intestinal
pseudo-obstruction. Best Pract Res Clin Gastroenterol 2007; 21:
657-669

4  Stanghellini V, Cogliandro RF, de Giorgio R, Barbara
G, Salvioli B, Corinaldesi R. Chronic intestinal pseudo-
obstruction: manifestations, natural history and management.
Neurogastroenterol Motil 2007; 19: 440-452

5 Di Lorenzo C. Pseudo-obstruction: current approaches.
Gastroenterology 1999; 116: 980-987

6  De Giorgio R, Camilleri M. Human enteric neuropathies:
morphology and molecular pathology. Neurogastroenterol Motil
2004; 16: 515-531

7 De Giorgio R, Sarnelli G, Corinaldesi R, Stanghellini V.
Advances in our understanding of the pathology of chronic
intestinal pseudo-obstruction. Gut 2004; 53: 1549-1552

8 De Giorgio R, Seri M, Cogliandro R, Cusano R, Fava M, Caroli
F, Panetta D, Forabosco P, Barbara G, Ravazzolo R, Ceccherini
I, Corinaldesi R, Stanghellini V. Analysis of candidate genes
for intrinsic neuropathy in a family with chronic idiopathic
intestinal pseudo-obstruction. Clin Genet 2001; 59: 131-133

9 Deglincerti A, De Giorgio R, Cefle K, Devoto M, Pippucci T,
Castegnaro G, Panza E, Barbara G, Cogliandro RF, Mungan
Z, Palanduz S, Corinaldesi R, Romeo G, Seri M, Stanghellini
V. A novel locus for syndromic chronic idiopathic intestinal
pseudo-obstruction maps to chromosome 8q23-q24. Eur | Hum
Genet 2007; 15: 889-897

10 Gargiulo A, Auricchio R, Barone MV, Cotugno G, Reardon
W, Milla PJ, Ballabio A, Ciccodicola A, Auricchio A. Filamin
A is mutated in X-linked chronic idiopathic intestinal pseudo-
obstruction with central nervous system involvement. Am |
Hum Genet 2007; 80: 751-758

11 Finsterer J. Mitochondriopathies. Eur ] Neurol 2004; 11: 163-186

12  Hirano M, Silvestri G, Blake DM, Lombes A, Minetti C, Bonilla
E, Hays AP, Lovelace RE, Butler I, Bertorini TE. Mitochondrial
neurogastrointestinal encephalomyopathy (MNGIE): clinical,
biochemical, and genetic features of an autosomal recessive
mitochondrial disorder. Neurology 1994; 44: 721-727

13 Nishino I, Spinazzola A, Papadimitriou A, Hammans S, Steiner
I, Hahn CD, Connolly AM, Verloes A, Guimaraes J, Maillard I,
Hamano H, Donati MA, Semrad CE, Russell JA, Andreu AL,
Hadjigeorgiou GM, Vu TH, Tadesse S, Nygaard TG, Nonaka
I, Hirano I, Bonilla E, Rowland LP, DiMauro S, Hirano M.
Mitochondrial neurogastrointestinal encephalomyopathy: an
autosomal recessive disorder due to thymidine phosphorylase
mutations. Ann Neurol 2000; 47: 792-800

14 Gillis L, Kaye E. Diagnosis and management of mitochondrial
diseases. Pediatr Clin North Am 2002; 49: 203-219

15 Marti R, Spinazzola A, Tadesse S, Nishino I, Nishigaki
Y, Hirano M. Definitive diagnosis of mitochondrial
neurogastrointestinal encephalomyopathy by biochemical
assays. Clin Chem 2004; 50: 120-124

16 Spinazzola A, Marti R, Nishino I, Andreu AL, Naini A,
Tadesse S, Pela I, Zammarchi E, Donati MA, Oliver JA, Hirano
M. Altered thymidine metabolism due to defects of thymidine
phosphorylase. | Biol Chem 2002; 277: 4128-4133

17  Valentino ML, Marti R, Tadesse S, Lopez LC, Manes JL, Lyzak
J, Hahn A, Carelli V, Hirano M. Thymidine and deoxyuridine

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

accumulate in tissues of patients with mitochondrial
neurogastrointestinal encephalomyopathy (MNGIE). FEBS
Lett 2007; 581: 3410-3414

Nishigaki Y, Marti R, Hirano M. ND?5 is a hot-spot for multiple
atypical mitochondrial DNA deletions in mitochondrial
neurogastrointestinal encephalomyopathy. Hum Mol Genet
2004; 13: 91-101

King PH, Redden D, Palmgren JS, Nabors LB, Lennon
VA. Hu antigen specificities of ANNA-I autoantibodies in
paraneoplastic neurological disease. | Autoimmun 1999; 13:
435-443

Krishnamurthy S, Schuffler MD. Pathology of neuromuscular
disorders of the small intestine and colon. Gastroenterology
1987; 93: 610-639

De Giorgio R, Guerrini S, Barbara G, Cremon C, Stanghellini V,
Corinaldesi R. New insights into human enteric neuropathies.
Neurogastroenterol Motil 2004; 16 Suppl 1: 143-147

Caras SD, McCallum HR, Brashear HR, Smith TK. The
effect of human antineuronal antibodies on the ascending
excitatory reflex and peristalsis in isolated guinea pig ileum:
“Is the paraneoplastc syndrome a motor neuron disorder?”.
Gastroenterology 1996; 110: A643

Talamonti L, Li Q, Beyak M, Trevisani M, Michel K, Campi B,
Barbara G, Stanghellini V, Corinaldesi R, Geppetti P, Grundy D,
Schemann M, De Giorgio R. Sensory. motor abnormalities in
severe gut dysmotility: role of anti-HuD neuronal antibodies.
Neurogastroenterol Motil 2006; 18: 669

De Giorgio R, Bovara M, Barbara G, Canossa M, Sarnelli G,
De Ponti F, Stanghellini V, Tonini M, Cappello S, Pagnotta E,
Nobile-Orazio E, Corinaldesi R. Anti-HuD-induced neuronal
apoptosis underlying paraneoplastic gut dysmotility.
Gastroenterology 2003; 125: 70-79

Debinski HS, Kamm MA, Talbot IC, Khan G, Kangro HO,
Jeffries DJ. DNA viruses in the pathogenesis of sporadic
chronic idiopathic intestinal pseudo-obstruction. Gut 1997; 41:
100-106

Schappi MG, Smith VV, Milla PJ, Lindley KJ. Eosinophilic
myenteric ganglionitis is associated with functional intestinal
obstruction. Gut 2003; 52: 752-755

Accarino A, Colucci R, Barbara G, Malagelada C, Gori A,
Vera G, Cogliandro RF, Ghisu N, Bernardini N, Blandizzi
C, Stanghellini V, Corinaldesi R, Azpiroz F, Del Tacca M,
Malagelada JR, De Giorgio R. Mast cell neuromuscular
involvement in patients with severe gastrointestinal motility
disorders. Gut 2007; 39: A18

Hall KE, Wiley JW. Neural injury, repair and adaptation in
the GI tract. I. New insights into neuronal injury: a cautionary
tale. Am | Physiol 1998; 274: G978-G983

Hockenbery D, Nunez G, Milliman C, Schreiber RD,
Korsmeyer SJ. Bcl-2 is an inner mitochondrial membrane
protein that blocks programmed cell death. Nature 1990; 348:
334-336

De Giorgio R, Barbara G, Stanghellini V, De Ponti F, Guerrini S,
Cogliandro L, Ceccarelli C, Salvioli B, Adamo C, Cogliandro R,
Tonini M, Corinaldesi R. Reduced bcl-2 expression in
the enteric nervous system (ENS) as a marker for neural
degeneration in patients with gastrointestinal motor disorders
(GIMD). Gastroenterology 2000; 118: A867

Sarnelli G, Stanghellini V, Barbara G, Pasquinelli G, Di
Nardo G, Cremon C, Cogliandro RF, Salvioli B, Gori A,
Cuomo R, Corinaldesi R, De Giorgio R. Reduced Bcl-2
expression and increased myenteric neuron apoptosis in
patients with idiopathic enteric neuropathy. Gastroenterology
2005; 128: A23

Ruhl A. Glial cells in the gut. Neurogastroenterol Motil 2005; 17:
777-790

Boeckxstaens GE, Rumessen JJ, de Wit L, Tytgat GN,
Vanderwinden JM. Abnormal distribution of the interstitial
cells of cajal in an adult patient with pseudo-obstruction and
megaduodenum. Am | Gastroenterol 2002; 97: 2120-2126
Isozaki K, Hirota S, Miyagawa ], Taniguchi M, Shinomura
Y, Matsuzawa Y. Deficiency of c-kit+ cells in patients with

www.wjgnet.com



2960 ISSN 1007-9327

CN 14-1219/R  World J Gastroenterol

May 21, 2008  Volume 14 Number 19

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

a myopathic form of chronic idiopathic intestinal pseudo-
obstruction. Am | Gastroenterol 1997; 92: 332-334

Huizinga JD, Thuneberg L, Vanderwinden JM, Rumessen
J]. Interstitial cells of Cajal as targets for pharmacological
intervention in gastrointestinal motor disorders. Trends
Pharmacol Sci 1997; 18: 393-403

Feldstein AE, Miller SM, El-Youssef M, Rodeberg D, Lindor
NM, Burgart L], Szurszewski JH, Farrugia G. Chronic
intestinal pseudoobstruction associated with altered interstitial
cells of cajal networks. | Pediatr Gastroenterol Nutr 2003; 36:
492-497

Sanders KM, Ordog T, Ward SM. Physiology and
pathophysiology of the interstitial cells of Cajal: from bench
to bedside. IV. Genetic and animal models of GI motility
disorders caused by loss of interstitial cells of Cajal. Am |
Physiol Gastrointest Liver Physiol 2002; 282: G747-G756

De Giorgio R, Guerrini S, Barbara G, Stanghellini V, De
Ponti F, Corinaldesi R, Moses PL, Sharkey KA, Mawe GM.
Inflammatory neuropathies of the enteric nervous system.
Gastroenterology 2004; 126: 1872-1883

Smith VV, Gregson N, Foggensteiner L, Neale G, Milla
PJ. Acquired intestinal aganglionosis and circulating
autoantibodies without neoplasia or other neural involvement.
Gastroenterology 1997; 112: 1366-1371

Knowles CH, Silk DB, Darzi A, Veress B, Feakins R, Raimundo
AH, Crompton T, Browning EC, Lindberg G, Martin JE.
Deranged smooth muscle alpha-actin as a biomarker of
intestinal pseudo-obstruction: a controlled multinational case
series. Gut 2004; 53: 1583-1589

Murr MM, Sarr MG, Camilleri M. The surgeon’s role in
the treatment of chronic intestinal pseudoobstruction. Am |
Gastroenterol 1995; 90: 2147-2151

Cogliandro R, Stanghellini V, Cogliandro L, Guidi M, Bini L,
Barbara G, De Giorgio R, Morselli Labate AM, Corinaldesi R.
Small Bowel manometric findings in different forms of severe
digestive syndromes. Neurogastroenterol Motil 2004; 16: A838
Malagelada JR, Stanghellini V. Manometric evaluation of
functional upper gut symptoms. Gastroenterology 1985; 88:
1223-1231

Attar A, Kuoch V, Ducreux M, Benamouzig R, Malka D.
Simultaneous decompression colonoscopy and radiologic
G-tube insertion in a patient with megacolon because of
chronic colonic pseudo-obstruction. Gastrointest Endosc 2005;
62: 975-976; discussion 976

Kellow JE. Small intestine: normal function and clinical
disorders. Manometry. In: Schuster MM, Crowell MD, Koch
KL, editors. Schuster atlas of gastrointestinal motility in health
and disease. Hamilton-London: BC Decker, 2002: 219-236
Hyman PE, McDiarmid SV, Napolitano J, Abrams CE,
Tomomasa T. Antroduodenal motility in children with chronic
intestinal pseudo-obstruction. | Pediatr 1988; 112: 899-905
Boige N, Faure C, Cargill G, Mashako LM, Cordeiro-Ferreira
G, Viarme F, Cezard JP, Navarro J. Manometrical evaluation
in visceral neuropathies in children. | Pediatr Gastroenterol Nutr
1994;19: 71-77

Cucchiara S, Annese V, Minella R, Franco MT, Iervolino C,
Emiliano M, Auricchio S. Antroduodenojejunal manometry in
the diagnosis of chronic idiopathic intestinal pseudoobstruction
in children. | Pediatr Gastroenterol Nutr 1994; 18: 294-305
Camilleri M. Jejunal manometry in distal subacute mechanical
obstruction: significance of prolonged simultaneous
contractions. Gut 1989; 30: 468-475

Fell JM, Smith VV, Milla PJ]. Infantile chronic idiopathic
intestinal pseudo-obstruction: the role of small intestinal
manometry as a diagnostic tool and prognostic indicator. Gut
1996; 39: 306-311

Heneyke S, Smith VV, Spitz L, Milla PJ. Chronic intestinal
pseudo-obstruction: treatment and long term follow up of 44
patients. Arch Dis Child 1999; 81: 21-27

Mousa H, Hyman PE, Cocjin ], Flores AF, Di Lorenzo C. Long-
term outcome of congenital intestinal pseudoobstruction. Dig
Dis Sci 2002; 47: 2298-2305

www.wjgnet.com

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Faure C, Goulet O, Ategbo S, Breton A, Tounian P, Ginies
JL, Roquelaure B, Despres C, Scaillon M, Maurage C, Paquot
I, Hermier M, De Napoli S, Dabadie A, Huet F, Baudon ]JJ,
Larchet M. Chronic intestinal pseudoobstruction syndrome:
clinical analysis, outcome, and prognosis in 105 children.
French-Speaking Group of Pediatric Gastroenterology. Dig Dis
Sci 1999; 44: 953-959

Mann SD, Debinski HS, Kamm MA. Clinical characteristics of
chronic idiopathic intestinal pseudo-obstruction in adults. Gut
1997; 41: 675-681

Hyman PE, Di Lorenzo C, McAdams L, Flores AF, Tomomasa
T, Garvey TQ 3rd. Predicting the clinical response to cisapride
in children with chronic intestinal pseudo-obstruction. Am |
Gastroenterol 1993; 88: 832-836

Di Lorenzo C, Flores AF, Buie T, Hyman PE. Intestinal
motility and jejunal feeding in children with chronic intestinal
pseudo-obstruction. Gastroenterology 1995; 108: 1379-1385
Stanghellini V, Corinaldesi R, Ghidini C, Ricci Maccarini
M, De Giorgio R, Biasco G, Brillanti S, Paparo GF, Barbara L.
Reversibility of gastrointestinal motor abnormalities in chronic
intestinal pseudo-obstruction. Hepatogastroenterology 1992; 39:
34-38

Pironi L, Spinucci G, Paganelli F, Merli C, Masetti M, Miglioli
M, Pinna AD. Italian guidelines for intestinal transplantation:
potential candidates among the adult patients managed by a
medical referral center for chronic intestinal failure. Transplant
Proc 2004; 36: 659-661

Guglielmi FW, Boggio-Bertinet D, Federico A, Forte GB,
Guglielmi A, Loguercio C, Mazzuoli S, Merli M, Palmo A,
Panella C, Pironi L, Francavilla A. Total parenteral nutrition-
related gastroenterological complications. Dig Liver Dis 2006;
38: 623-642

Camilleri M, Malagelada JR, Abell TL, Brown ML, Hench
V, Zinsmeister AR. Effect of six weeks of treatment with
cisapride in gastroparesis and intestinal pseudoobstruction.
Gastroenterology 1989; 96: 704-712

Emmanuel AV, Shand AG, Kamm MA. Erythromycin for the
treatment of chronic intestinal pseudo-obstruction: description
of six cases with a positive response. Aliment Pharmacol Ther
2004; 19: 687-694

Soudah HC, Hasler WL, Owyang C. Effect of octreotide on
intestinal motility and bacterial overgrowth in scleroderma. N
Engl | Med 1991; 325: 1461-1467

De Giorgio R, Barbara G, Stanghellini V, Tonini M, Vasina
V, Cola B, Corinaldesi R, Biagi G, De Ponti F. Review article:
the pharmacological treatment of acute colonic pseudo-
obstruction. Aliment Pharmacol Ther 2001; 15: 1717-1727

Di Lorenzo C, Reddy SN, Villanueva-Meyer ], Mena I, Martin
S, Hyman PE. Cisapride in children with chronic intestinal
pseudoobstruction. An acute, double-blind, crossover, placebo-
controlled trial. Gastroenterology 1991; 101: 1564-1570

Camilleri M, Balm RK, Zinsmeister AR. Determinants of
response to a prokinetic agent in neuropathic chronic intestinal
motility disorder. Gastroenterology 1994; 106: 916-923
Camilleri M, Balm RK, Zinsmeister AR. Symptomatic
improvement with one-year cisapride treatment in neuropathic
chronic intestinal dysmotility. Aliment Pharmacol Ther 1996; 10:
403-409

Cogliandro R, Stanghellini V, Cogliandro L, Tosetti C, Salvioli
B, Zamboni PF, Barbara G, De Giorgio R, Corinaldesi R.
Symptomatic response to short-term treatment with cisapride
but not small bowel manometry predicts a positive outcome
in adult patients with chronic idiopathic intestinal pseudo-
obstruction (CIIP). Gastroenterology 1999; 116: A1087

Verne GN, Eaker EY, Hardy E, Sninsky CA. Effect of
octreotide and erythromycin on idiopathic and scleroderma-
associated intestinal pseudoobstruction. Dig Dis Sci 1995; 40:
1892-1901

Pasha SF, Lunsford TN, Lennon VA. Autoimmune
gastrointestinal dysmotility treated successfully with
pyridostigmine. Gastroenterology 2006; 131: 1592-1596

Lyford G, Foxx-Orenstein A. Chronic Intestinal Pseudoo-



Antonucci A et a/. Pseudo-obstruction

2961

71

72

73

bstruction. Curr Treat Options Gastroenterol 2004; 7: 317-325
Andersson S, Lonroth H, Simren M, Ringstrom G, Elfvin A,
Abrahamsson H. Gastric electrical stimulation for intractable
vomiting in patients with chronic intestinal pseudoobstruction.
Neurogastroenterol Motil 2006; 18: 823-830

Zimmerman DM, Gidda JS, Cantrell BE, Schoepp DD,
Johnson BG, Leander JD. Discovery of a potent, peripherally
selective trans-3,4-dimethyl-4-(3-hydroxyphenyl)piperidine
opioid antagonist for the treatment of gastrointestinal motility
disorders. ] Med Chem 1994; 37: 2262-2265

Wolff BG, Michelassi F, Gerkin TM, Techner L, Gabriel K,
Du W, Wallin BA. Alvimopan, a novel, peripherally acting
mu opioid antagonist: results of a multicenter, randomized,
double-blind, placebo-controlled, phase III trial of major
abdominal surgery and postoperative ileus. Ann Surg 2004;
240: 728-734; discussion 734-735

74

75

76

77

Barbara G, Stanghellini V, Brandi G, Cremon C, Di Nardo G,
De Giorgio R, Corinaldesi R. Interactions between commensal
bacteria and gut sensorimotor function in health and disease.
Am | Gastroenterol 2005; 100: 2560-2568

Lara MC, Weiss B, Illa I, Madoz P, Massuet L, Andreu AL,
Valentino ML, Anikster Y, Hirano M, Marti R. Infusion of
platelets transiently reduces nucleoside overload in MNGIE.
Neurology 2006; 67: 1461-1463

Kim HY, Kim JH, Jung SE, Lee SC, Park KW, Kim WK.
Surgical treatment and prognosis of chronic intestinal pseudo-
obstruction in children. | Pediatr Surg 2005; 40: 1753-1759
Masetti M, Di Benedetto F, Cautero N, Stanghellini V, De
Giorgio R, Lauro A, Begliomini B, Siniscalchi A, Pironi L,
Cogliandro R, Pinna AD. Intestinal transplantation for chronic
intestinal pseudo-obstruction in adult patients. Am | Transplant
2004; 4: 826-829

S- Editor Li DL L- Editor Rippe RA E- Editor Ma WH

www.wjgnet.com



