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Abstract

In addition to regulating acid secretion, the gastric
antral hormone gastrin regulates several important
cellular processes in the gastric epithelium including
proliferation, apoptosis, migration, invasion, tissue
remodelling and angiogenesis. Elevated serum
concentrations of this hormone are caused by many
conditions, particularly hypochlorhydria (as a result of
autoimmune or Helicobacter pylori (H pylori)-induced
chronic atrophic gastritis or acid suppressing drugs)
and gastrin producing tumors (gastrinomas). There
is now accumulating evidence that altered local and
plasma concentrations of gastrin may play a role during
the development of various gastric tumors. In the
absence of H pylori infection, marked hypergastrinemia
frequently results in the development of gastric
enterochromaffin cell-like neuroendocrine tumors and
surgery to remove the cause of hypergastrinemia
may lead to tumor resolution in this condition. In
animal models such as transgenic INS-GAS mice,
hypergastrinemia has also been shown to act as a
cofactor with Helicobacter infection during gastric
adenocarcinoma development. However, it is currently
unclear as to what extent gastrin also modulates
human gastric adenocarcinoma development.
Therapeutic approaches targeting hypergastrinemia,

such as immunization with G17DT, have been
evaluated for the treatment of gastric adenocarcinoma,
with some promising results. Although the mild
hypergastrinemia associated with proton pump
inhibitor drug use has been shown to cause ECL-cell
hyperplasia and to increase A pylori-induced gastric
atrophy, there is currently no convincing evidence
that this class of agents contributes towards the
development of gastric neuroendocrine tumors or
gastric adenocarcinomas in human subjects.

© 2009 The WG Press and Baishideng. All rights reserved.

Key words: Helicobacter pylori; Hypergastrinemia;
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INTRODUCTION

Gastric epithelial malignancy represents a significant
burden of disease. The commonest lesion is gastric
adenocarcinoma, which is the fourth commonest
malignancy worldwide, and because it is associated
with a high mortality, this tumor remains the second
commonest cause of cancer-related death globally. The
distribution of gastric epithelial malignancies is not
uniform between different populations, with increased
prevalence being found in East Asia including Japan and
China (where 42% of cases occur), as well as in Eastern
Europe and South America”. This epidemiology raises
significant questions as to the predisposing factors for
gastric malignancy. Current data suggest that a number
of different variables affect an individual’s risk of gastric
carcinogenesis, amongst which are environmental
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factors such as infection with He/icobacter pylori (H
pylori), smoking and diet, as well as host factors such
as achlorhydria and specific cytokine polymorphisms.
Another important host factor which may play a role
during gastric carcinogenesis is the hormone gastrin.

As well as acting as a potential cofactor during gastric
adenocarcinoma development, gastrin is also known to
play a major role in the pathogenesis of other gastric
tumor types, particularly neuroendocrine (carcinoid)
tumors. There is therefore accumulating evidence that
gastrin not only influences tumor development, but
could also be a potential therapeutic target for various
gastric neoplasias. These issues will be the main focus of
this editorial.

GASTRIN BIOCHEMISTRY AND
PHYSIOLOGY

Synthesis and processing

The presence of a hormone that stimulated gastric acid
secretion in the pyloric mucosa was first demonstrated in
1906, Gastrin was subsequently shown to be secreted
from neuroendocrine G cells which are principally
located in the antrum of the stomach. The gastrin gene is
located on the long arm of chromosome 17 and encodes
a 101 amino acid polypeptide, preprogastrin. This gene
product is subjected to a series of post translational
modifications which result in the synthesis of a number
of biologically active peptides” (Figure 1). Immediately
after translation, preprogastrin is cleaved to form
progastrin, which is transported to the Golgi network,
where it is packaged into secretory vesicles. Further
post-translational modification occurs at this site, firstly
to form gastrin-34-Gly, the C-terminal glycine extended
form of gastrin-34. This peptide may then undergo
further cleavage into gastrin-17-Gly or amidation to
generate gastrin-34, which in turn may be cleaved to
form gastrin-17. Progastrin, glycine extended gastrins
and amidated gastrins are all biologically active and exert
different functions within gastric and other mucosae.
Progastrin and glycine extended gastrins act particularly

43 olycine extended

on the colonic mucosa as mitogens
and amidated gastrins have been shown to affect
the differentiation of gastric oxyntic mucosa, whilst
amidated gastrin promotes cell proliferation as well as
acid secretion in the stomach. In the human stomach,
the conditions for post-translational modification of
gastrin are such that there is almost complete amidation
of glycine extended forms of gastrin, hence the

predominant form of secreted gastrin is gastrin-17".

Cellular effects of gastrin

Acid secretion: Gastrin is secteted in response to a
number of luminal stimuli, including the presence of
amino acids and dietary amines (reviewed in™). Calcium
receptors on the surface of the G-cell also sense
luminal calcium and modulate the gastrin secretory
response’’, with increased calcium resulting in increased
gastrin secretion. Following secretion into the gastric
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Figure 1 Biosynthesis of gastrin.
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Figure 2 Mechanism by which gastrin regulates gastric acid secretion.

vasculature, gastrin binds to CCK-2 receptors, which are
expressed on the surface of gastric enterochromaffin-
like (ECL) cells and parietal cells' (Figure 2). The
predominant mode of secretagogue action is »ia ECL
cell secretion of histamine and this pathway effectively
amplifies the prosecretory signal. Continued gastrin
secretion is negatively regulated by the secretion of
somatostatin »iz D-cells, which are located in the oxyntic
mucosa. In physiological states, these mechanisms
maintain appropriate gastric pH.

Proliferation: Studies in dogs in 1972 provided the
first evidence of mucosal proliferation in response
to gastrin'® however these studies were triggered
by earlier clinical observations of increased gastric
mucosal proliferation in patients with Zollinger-Ellison
syndrome (ZES). Subsequently, increased fundic
mucosal proliferation was demonstrated in rodent
models including Mastomys following the administration
of an H2 receptor antagonist which rendered them
hypergastrinemic. These animals demonstrated gastric
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gland elongation and increased numbers of cells which
stained for Ki67, a marker of proliferationm. In normal
humans, the infusion of gastrin at supraphysiological
levels has also been shown to result in increased gastric
cell proliferation, as demonstrated by "H-thymidine
labelling studies'".

Endocrine cell proliferation in the stomachs of
patients with ZES was first reported in 1974"", Further
evidence that hypergastrinemia provides a proliferative
drive to ECL cells emerged from studies in which rats
were rendered hypergastrinemic by treatment with
either proton pump inhibitor (PPI) or H2 receptor
antagonist drugs. ECL cell hyperplasia was not observed
in control untreated animals or in rats that had been
antrectomized prior to treatment with high-dose PPI"?.,
These observations in rats have to some extent been
corroborated in other species, as ECL cell hyperplasia
has now also been demonstrated following PPI
treatment of chickens, hamsters and guinea pigsm’m.
ECL cell hyperplasia of this magnitude does not
however appear to occur in mice or humans treated with
acid suppressant drugs.

To investigate the molecular mechanisms by which
gastrin promotes proliferation, a number of gastric
cancer cell lines that express the CCK-2 receptor have
been employed. It has recently been shown that the
proliferation of MKN-45 cells, which are derived from
a poorly differentiated gastric carcinoma and which have
been reported to express the CCK-2 receptor, decreased
when treated with the CCK-2 receptor antagonist AG-
041R™. Several cell lines which have independently been
stably transfected with the CCK-2 receptor (but using
different expression vectors) have been generated from
AGS gastric cancer cells (which do not constitutively
express the CCK-2 receptor). The AGS-B cell line
(transfected with human full-length CCK-2 receptor
using the pcDNA [ vector and neomycin selection)
was found to proliferate more rapidly in the presence
of gastrin, a process that was associated with the
upregulation of cyclin D1". In contrast, the effects of
gastrin on the proliferation of AGS-Gr cells (transfected
with the human full length CCK-2 receptor driven by the
EFla promoter under puromycin selection) were more
complex. When cultured in the presence of gastrin-17,
AGS-Gr cells showed a reduced rate of proliferation, an
effect that was abrogated by the addition of a CCK-2
receptor antagonist. However, when AGS-Gr cells were
co-cultured with AGS cells that had been transfected
with a green fluorescent protein producing construct
(AGS-GFP cells) in the presence of serum-free medium,
gastrin exposure caused an increase in the proliferation
of the AGS-GFP cells. This suggests that gastrin
treatment of AGS-Gr cells results in the secretion of
growth factors that are capable of acting in a paracrine
manner to stimulate the proliferation of AGS-GFP cells.
Further analysis of the undetlying mechanisms showed
that epidermal growth factor ligands, particularly heparin
binding epidermal growth factor (HB-EGF) were
involved"”.

HB-EGF promotes cell cycling and is overexpressed

by a number of cancer cell lines, including some gastric
cancer cell lines and is of particular relevance to this
article as it provides a potential molecular link between
H pyloré infection, gastrin and increased cell proliferation'"”,
H pylori infection of gastric cancer cell lines has been
shown to significantly increase HB-EGF levels and this
effect is dependent upon the presence of the CCK-2
receptor. The most likely explanation is that H pylori
induces cells to secrete gastrin, which in turn binds to
and activates the CCK-2 receptor, resulting in HB-EGF
secretion. This hypothesis is supported by evidence from
animal models, as INS-GAS hypergastrinemic mice also
overexpress HB-EGF in the premalignant lesions which
develop following Helicobacter felis (H felis) infection”,
This may partly explain the observed synergy between
hypergastrinemia and Helicobacter infection during gastric
carcinogenesis in this animal model.

Apoptosis: Apoptosis is a fundamental cellular process
which is often dysregulated during the development
of malignancy. There is accumulating evidence that
gastrin modulates the apoptosis of both normal and
transformed gastric epithelial cells and these mechanisms
may contribute towards tumor development.

Several models of carcinogenesis are based upon the
somatic mutation hypothesis proposed by Vogelstein
in relation to colon cancer™. This hypothesis suggests
that sequential defects are acquired by a tissue stem cell,
eventually leading to the development of dysplastic and
malignant phenotypes. This hypothesis suggests that an
catly failure in targeting mutated stem cells for apoptosis
allows them to survive and generate mutated clones
which progress to cancer. In the stomach however, an
alternative mechanism of adenocarcinoma development
has recently been proposed, as the gastric cancers which
arise in H felis infected mice appear to develop in tissue
that was originally derived from bone marrow stem cells.
Houghton, Wang and colleagues studied C57BL/6 mice
which had undergone bone marrow transplantation
from GFP producing mouse strains or ROSA26 mice,
thus allowing tissues that originated from the bone
marrow rather than preexisting mucosal stem cells to be
observed”". Following H felis infection, gastric cancers
developed in these mice at a similar rate to other H felis-
infected C57BL/6 mice, however, the tumors arose in
glands which produced GFP, indicating that the tissue
was Initially derived from the bone marrow transplant.
The authors propose that gastric stem cells undergo
apoptosis as a result of Helicobacter infection, and that
the stem cell niche is replaced by pluripotent stem
cells which were originally located in the bone marrow.
These cells may be more susceptible to malignant
transformation than the previously incumbent gastric
epithelial stem cells.

Gastrin signalling »ia the CCK-2 receptor appears
to increase the susceptibility of normal gastric
epithelial cells iz vivo to undergo apoptosis. In Mastomys
treated with H2 antagonist drugs, a two-fold increase
in apoptosis was observed in hypergastrinemic
animals relative to controls”. In addition, when
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mice were subjected to 12 Gy gamma irradiation or
Helicobacter infection, increased numbers of apoptotic
cells were observed in the gastric corpus mucosa of

22,23 ..
221 Tncreased radiation-

hypergastrinemic animals
induced apoptosis was demonstrated both in transgenic
INS-GAS mice and also in a model of drug-induced
hypergastrinemia involving FVB/N mice treated
with omeprazole. Treatment with a CCK-2 receptor
antagonist abolished the observed increases in gastric
epithelial apoptosis in both cases, suggesting that this
response is both gastrin and CCK-2 receptor dependent.
In gastric biopsy samples obtained from humans with
both H pylori infection and hypergastrinemia, similar
observations of increased apoptosis were also made™.
These results suggest that hypergastrinemia may increase
the susceptibility of gastric epithelial stem cells to
undergo apoptosis, thus permitting the engraftment of
bone marrow derived cells as suggested by Houghton
and Wang[zﬂ.

Antiapoptotic effects of gastrin have however also
been described, particularly in transformed cell types.
For example, amidated gastrin inhibits the apoptosis of
rat pancreatic acinar cancer cells (AR42]), by signalling
through a CCK-2 receptor and an AKT-mediated
mechanism™**. Similarly, the human gastric cancer cell
line MKN-45 has been shown to be more susceptible
to apoptosis when treated with a CCK-2 receptor
antagonist and this was associated with upregulation
of Bax and downregulation of Bcl-2"”. More recently,
gastrin has also been shown to inhibit AGS-Gr cell
apoptosis in a manner dependent upon the expression
of the anti-apoptotic protein mcl-1. Increased mcl-1
expression was also observed in the type 1 gastric
neuroendocrine tumors of hypergastrinemic patientsm.

The effects of gastrin on gastric apoptosis therefore
appear to depend upon the underlying physiological
and pathological conditions. There are thus a number
of important questions which still need to be answered,
not only regarding the effects of gastrin on apoptosis in
differing circumstances, but also regarding the role of
apoptosis during the development of gastric carcinoma
and other gastric malignancies.

Angiogenesis: Angiogenesis is an essential feature
required for tumor survival. In a number of GI
malignancies, cyclooxygenase (COX)-2, an important
rate-limiting step in the prostaglandin synthesis pathway,
has been implicated in enhancing angiogenesis. For
example, in human studies, COX-2 expression has
been associated with the development of a more dense
microvasculature around gastric tumors””. Gastrin has
been shown to enhance COX-2 secretion in AGS-E cells
(which have been stably transfected with the full-length
human CCK-2 receptor on a EFla promoter, but by
a different research group from those who produced
AGS-Gr cells) via an Akt-dependent mechanism™.
Studies of patients with atrophic gastritis secondary to
chronic Helicobacter infection have shown that, in addition
to elevated levels of gastrin, these patients also have
significantly higher levels of COX-2 mRNA compared

to unaffected controls, a phenomenon that is reversed
after H pylori eradication™. The mechanisms mediating
increased COX-2 transcription in this setting have not
been fully investigated to date, and it is not clear whether
this effect is solely related to hypergastrinemia associated
with Helicobacter infection and gastric atrophy or whether
additional independent factors also influence COX-2
production.

Case control studies of patients taking aspirin
and other COX inhibiting drugs have demonstrated a
reduction in relative risk not only of gastric cancer, but
also of colon cancer. Aspirin now has an established role
in colon cancer prevention, however, its role in preventing
diseases of the gastric epithelium is less convincing, due
in part to the increased risk of GI bleeding associated
with its use. Selective COX-2 inhibitors may have some
potential as gastric cancer chemopreventive agents,
however the serious cardiovascular side effects associated
with the long-term use of the current generation of
these drugs makes it unlikely that they will be adopted
for this purpose.

In addition to the potential indirect role of gastrin
upon angiogenesis vza COX-2 expression, gastrin has also
been suggested to have direct effects upon angiogenesis
using an 7 vitro system. When human umbilical vein
endothelial cells (HUVECS) were seeded onto fibroblast
monolayers, they formed vascular structures in response
to various angiogenic stimuli, including both amidated
and glycine extended forms of gastrin. This response
was associated with increased production of HB-EGF
and with elevated levels of matrix metalloproteinase

(MMP)2, MMP3 and MMP9"".

Migration and invasion: Other fundamental cellular
processes which are involved in promoting carcinogenesis
and that are modulated by hypergastrinemia are tissue
remodeling and invasion. Gastric cancer development
involves extensive remodeling of the gastric mucosa
during a hypergastrinemic premalignant phase (atrophic
gastritis), in order to institute the conditions required
for gastric carcinogenesis. Similar mechanisms are
thought to be responsible for the local invasion and
metastasis that occur in frankly malignant lesions. These
processes are complex and are controlled by numerous
different mechanisms, however, gastrin does appear to
play a regulatory role. For example, gastrin has been
shown to increase levels of MMP-9 viz an MAPK AP-1
dependent pathway in human patients with gastric
cancers and gastric neuroendocrine tumors, resulting
in tissue remodelling and invasion”". Serum levels of
MMP-7 have also been found to be elevated in patients
who were hypergastrinemic as a result of either MEN-1
or pernicious anemia, and similar observations have
been made both in transgenic hypergastrinemic INS-
GAS mice and in gastrin-knockout mice treated with
exogenous gastrinm].

AGS-Gr cells have again been used to investigate the
mechanisms responsible for the effects of gastrin upon
cellular migration and invasion. In response to gastrin
stimulation, AGS-Gr cells undergo a morphological
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change, with the induction of a branched phenotype,
coupled with extensive remodelling of the cell’s actin
cytoskeleton. These effects were abrogated by treatment
with a CCK-2 receptor antagonist and the alteration in
morphology was not seen when the parent AGS cell line
was exposed to gastrin. In addition to the morphological
changes observed in this cell line, there was also evidence
of a change in migration which was again mediated
via a CCK-2 receptor-dependent pathway. AGS-Gr
cells, but not AGS cells showed increased migration
when cultured in the presence of amidated gastrin and
experiments involving the co-culture of AGS-Gr and
AGS-GFP cells demonstrated that the effects of gastrin
on cell migration were at least in part due to paracrine
signalling[33].

INSIGHTS FROM TRANSGENIC ANIMAL
MODELS

Generation of a number of transgenic mouse strains
over the last 15 years has greatly facilitated understanding
of the mechanisms by which members of the gastrin
family of peptides regulate the processes involved in
gastric epithelial carcinogenesis (summarised in Table 1).

Hypergastrinemic mouse models

HGAS: hGas mice transgenically overexpress a
complete human gastrin mini gene including the
gastrin promoter region in some liver cells. Because the
enzymes required for the post-translational processing
of preprogastrin are not present in this tissue, hGas
mice selectively overexpress human progastrin”., These
mice show increased colonic proliferation and increased
susceptibility to colonic carcinogenesisw. However, in
contrast to the INS-GAS mice described below, thete
is no overt gastric phenotype, and no alterations were
observed in gastric proliferation” or radiation-induced
apoptosism] in comparison to wild-type. This suggests
that the effects of the gastrin family of peptides on
gastric mucosa are predominantly due to amidated forms

of the hormone!".

INS-GAS: In contrast to the liver, neuroendocrine cells,
including those present in pancreatic islets, possess the
appropriate enzymatic machinery to allow processing of
progastrin into glycine extended and amidated forms of
the hormone. Transgenic INS-GAS mice were created
by expressing a human gastrin minigene spliced onto
the insulin promoter and this resulted in expression of
the gene in the pancreatic islets of adult animals. INS-
GAS mice therefore have elevated serum concentrations
of amidated gastrinmj. At a young age, these mice have
a two-fold increase in plasma gastrin levels compared to
wild-type, show increased numbers of gastric parietal
cells and ECL cells and secrete up to twice the amount
of acid”. Beyond 5 mo of age however, there are
progressive changes in gastric histology and physiology
in these animals, with a reduction in acid secretion,
such that at 12 mo they secrete less acid than wild-type

controls, and by 20 mo they ate essentially achlorhydric.
This is associated with a progressive loss of gastric
parietal cells and ECL cells over the same time period.
Concomitant with these changes in the oxyntic mucosa,
there is macroscopic evidence of hypertrophy in the
gastric fundus and histological evidence of intestinal
type metaplasia, a histological entity that is widely
recognized as being premalignant. By 20 mo of age,
there is evidence of gastric dysplasia in 100% and frank
malignancy in 75% of mice. In comparison, wild-type
FVB/N mice maintained under similar conditions did
not develop metaplasia, dysplasia or gastric carcinoma!”.

Whilst INS-GAS mice developed gastric malignancies
spontaneously over 2 years, it was also shown that this
process was accelerated significantly by H fe/is infection.
After 6 mo, there was significantly more gastric atrophy
in all H felis-infected INS-GAS mice relative to both
uninfected INS-GAS and H fe/is-infected FVB/N
mice. In addition, there was also evidence of malignant
progression, with 85% of infected INS-GAS mice being
reported as showing at least intramucosal carcinoma
after 6 mo of infection, in comparison to 12.5% of the
uninfected INS-GAS group and none of the FVB/N
groupsm]. Subsequent investigations have demonstrated
that H pylori as well as H felis can induce gastric cancer in
these mice, however there was a significant difference in
susceptibility between male and female INS-GAS mice.
After 7 mo of infection, four of 12 infected males were
found to have gastric adenocarcinoma, whilst none of
the other groups developed malignancies. In this study,
progression to metaplasia and dysplasia was observed in
all groups, but more severe changes were present in male
than female animals™.

The H felis-infected INS-GAS model has also been
used to investigate the effects of administering the
CCK-2 receptor inhibitor YF476. When this drug, in
conjunction with the H2 receptor antagonist loxtidine,
was given to INS-GAS mice infected with H fe/is,
it significantly inhibited the development of gastric
atrophy, dysplasia, and adenocarcinoma™,

MTI/G-Gly and INS-GAS/MTI/G-gly: A third
type of transgenic mouse that produces glycine
extended gastrin has also been created by inserting
two stop codons into the human gastrin gene after
glycine-72. This transgene was spliced with the mouse
metallothionein promoter to create transgenic animals
that express the transgene in all tested tissue types and
which constitutively overexpress glycine extended forms
of gastrinm. This mouse model does not demonstrate
a gastric phenotype histologically, and gastric tumors
are not seen in the mice at 1 year of agem. In order to
investigate whether glycine extended forms of gastrin
modulated the effects of amidated gastrin upon the
stomach, INS-GAS and MTI/G-Gly mice were crossed
to generate doubly transgenic INS-GAS/MTI/G-Gly
mice. These mice demonstrated less mucosal atrophy
than INS-GAS mice and there was evidence of
acid hypersecretion rather than the hypochlorhydria
observed in INS-GAS mice. The altered phenotype of

www.wjgnet.com



6  ISSN 1007-9327

CN 14-1219/R

World ] Gastroenterol

January 7, 2009

Volume 15 Number 1

Transgenic Transgenic abnormality Gastric phenotype Susceptibility to gastric Other relevant phenotype

strain carcinoma

hGASY Human gastrin minigene No known gastric phenotype Not altered Increased colonic mucosal
expressed in liver- proliferation®" and susceptibility
resulting in elevated serum to azoxymethane-induced colon
levels of human progastrin cancer

MTI/G-Gly®  Human gastrin gene with No known gastric phenotype Not altered Increased colonic mucosal
two stop codons after proliferation’
glycine-72, spliced with
MTI promoter. Transgenic
animals have elevated serum
levels of glycine extended
gastrin

INS-GAS™ Human gastrin minigene Initial gastric mucosal Increased (spontaneous Increased colonic mucosal proliferation
spliced with insulin hypertrophy and excess gastric ~ tumors at 20 mo and in proximal and distal colon but not
promoter expressed in acid secretion. By 5 mo, gastric ~ H Felis-induced tumors rectum initially observed in 1-year-old
pancreatic islets-resulting atrophy and hypochlorhydria. at 6 mo) animals®, but no difference in
in elevated serum levels of Increased gastric proliferation apoptotic or mitotic rates seen in
amidated gastrin and increased susceptibility to 10-12-wk-old mice™ and no increase

apoptosis in AOM-induced cancers"*!

INS-GAS/ MTI/G-Gly mice crossed Hyperchlorhydric at birth but Increased

MTI/G-Gly®  with INS-Gas mice to result  unlike INS-GAS, no mucosal
in a “double” transgenic atrophy at older ages. Reduced
mouse that expresses both apoptosis compared to INS-
increased amidated and GAS with similar levels of
glycine extended forms of proliferation. Overall rates
gastrin of malignant progression

comparable to INS-GAS

GAS-KO™ Gastrin knockout mice Achlorhydric with reduced Increased Increased susceptibility to
generated by targeted gene parietal cell numbers (gastric azoxymethane-induced colon
disruption atrophy), clustering of ECL cells carcinogenesis'” (despite normal

at gland bases and increased untreated proliferation indices"™)
TFF2-positive cells (spasmolytic

polypeptide expressing

metaplasia)

CCK-B-null*!  Gastrin receptor knockout Marked gastric atrophy and Not reported Increased sensitivity to dopamine!
mice generated by targeted achlorhydria. Morphologically and altered behaviour in response to
gene disruption abnormal ECL cells with loss of alcohol™”"® and other stimuli""*""

normal secretory vesicles and

replacement with dense core

granules and microvesicles
INS-GAS/MTI/G-Gly mice appeared to result from animals™,

reduced gastric epithelial apoptosis rather than due to
any changes in proliferation”". However, these changes
in atrophy did not result in a reduction in malignant
susceptibility, as at 18 mo all INS/GAS and all INS-GAS/
MTI/G-Gly mice had developed gastric malignzmcieswJ

Gastrin-deficient mice

The consequences of gastrin deficiency ix vivo have
been investigated by a number of groups by generating
gastrin knockout mice. Under normal animal house
conditions, these animals develop gastric atrophy, with
thinner gastric mucosae, fewer H /K" ATPase-positive
parietal cells and impaired acid secretion””””. In addition,
the oxyntic mucosa contains fewer chromogranin A
immunopositive ECL cells and increased numbers of
TFF-2-expressing cells, indicative of spasmolytic peptide
expressing metaplasia (SPEM)™. Also, ECL cells appear
to be clustered towards the bottom of the gastric gland
of gastrin knockout mice and there is a reduced rate of
parietal cell migration to the base of the gland in these

The gastric phenotype of gastrin knockout'”

mice predisposes these animals to colonisation of the
stomach with bacteria™, resulting in inflammation and
an initial increase in patietal and G-cell numbers™. The
long term effect of this chronic inflammatory state may
be to promote malignant transformation, and in some
laboratories gastric tumors have been found in gastrin
knockout mice by 1 year of age[42’45]. When the specific
effects of infection with H pylori strain 119/95 (a CagA
positive, VacA positive strain previously shown to cause
gastritis acutely™, and gastric epithelial lymphomas with
chronic infection in C57Bl/6 mice[m) were investigated
in these mice, there was an alteration in acid secretion,
thought to be stimulated through a vagal response
mechanism, but no increased risk of tumor development
was observed at 6 mo!™.

Transgenic mice resistant to gastrin
CCK-2 receptor null mice have also been produced
independently by two groups. These mice demonstrate
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Acidic gastric pH Elevated gastric pH

Gastrinoma Chronic atrophic gastritis

Antral predominant H pylori infection Autoimmune
Pyloric obstruction

Renal failure

H pylori infection
Acid-suppressing medication
Retained gastric antrum following Vagotomy

Billroth I gastrectomy

marked gastric atrophy and reduced acid secretion as
predicted™". There is also evidence of morphological
changes in ECL cells, resulting in cells with loss
of normal secretory vesicles and replacement with
microvesicles and dense core granules™. As far as we are
aware, there are no reports of increased susceptibility to
gastric carcinogenesis in CCK-2 null animals.

CAUSES OF HYPERGASTRINEMIA

Persistent hypergastrinemia can occur as a consequence
of a number of different pathological states. These
can broadly be divided into conditions which cause
uncontrolled excess gastrin secretion such as gastrin-
secreting tumors, and the normal physiological response
to suppressed gastric acid secretion (Table 2). There is
evidence that hypergastrinemia, particularly that which
results from gastrinomas and chronic atrophic gastritis,
may be associated with the development of gastric
malignancies.

ZES

Neuroendocrine tumors of the pancreas and duodenum
are rare, and are either functional, secreting one of a
variety of neuropeptides, or non functioning, where
elevated levels of neuropeptides are not detected. Of
the functional tumors, the commonest hormone to be
secreted is gastrin, accounting for up to 30% of such
neoplasms. Gastrinomas have an incidence of 0.5-3 per
million population per year™ and were first described,
along with a syndrome of gastric hypersecretion, in 1955
by Zollinger and Ellison. The majority of gastrinomas
are sporadic, however, approximately 12% are associated
with the multiple endocrine neoplasia syndrome type
1 (MEN1)™, in association with functional adenomas
of the parathyroid (90%), pituitary [e.g. prolactinomas
(17%)] and pancreas [e.g. insulinomas (10%)]"".

Unlike the first report by Zollinger and Ellison, in
which one patient had radical surgery, but continued
to secrete gastric acid and eventually died, and another
required a total gastrectomy to control the adverse
effects of gastric acid hypersecretion, today the
prognosis for patients with gastrinoma is relatively good.
The most important prognostic factor is the presence
or absence of hepatic metastases. Patients without
hepatic metastases at presentation (more than 75% of
cases) have a 90%-100% 10-year survival, whilst those
with metastatic disease have only a 10%-20% 10-year
survival™. The advent of H2 receptor antagonists

and subsequently PPIs has enabled control of gastric
acid hypersectetion in the majority of patients, thereby
reducing the risk of peptic ulceration. These therapies
have made a significant impact upon the effects
of ZES, however they target the consequences of
hypergastrinemia rather than the underlying hormone
production. Thus, surgery to remove the primary
gastrinoma remains the only potentially curative option.
This is feasible in at least 20%-45% of patients with
sporadic ZES, but in far fewer patients with MEN1/
ZES, as they are more likely to have multiple or diffuse
tumors that are not amenable to surgery™ .

Helicobacter infection

H pylori infection is an important independent risk
factor for gastric carcinogenesis and gastric atrophy.
Observational data suggest that H pylori infection
directly causes mild degrees of hypergastrinemia.
For example, asymptomatic patients with H pylori
colonisation have been shown to have elevated serum
gastrin concentrations relative to a control population,
despite similar gastric acid outputm, while Levi e a/™®
demonstrated that following H pylori eradication, there
was a reduction in fasting serum gastrin concentration.
It has also been demonstrated that following eradication
of H pylori, there was an increase in somatostatin mRNA
and a concomitant decrease in gastrin mRNA in patients
with duodenal ulcers. This was associated with increased
numbers of D-cells in the gastric corpus™, suggesting
that the hypergastrinemia caused by H pylori infection
may result from a loss of somatostatin control over
gastrin secretion.

Atrophic gastritis

Gastric atrophy is defined as the loss of parietal
cell mass, leading to decreased acid secretion and
consequent increased luminal pH. This interrupts the
somatostatin negative feedback mechanism and results in
hypergastrinemia. The most important causes of gastric
atrophy are autoimmune (associated with pernicious
anemia) and chronic H pylori infection. Both types of
atrophic gastritis are associated with hypergastrinemia,
although the fasting serum gastrin concentration is
usually more markedly elevated in the autoimmune type,
due to the more profound loss of parietal cells.

Autoimmune atrophic gastritis: The epidemiology
of autoimmune atrophic gastritis is similar to that
of other autoimmune diseases, with a female to male
predominance approaching 2:1 and with individuals in
their 7th decade or later being typically affected™. This
condition is characterised by vitamin B12 deficiency
as a result of loss of intrinsic factor and is associated
with autoantibodies towards gastric parietal cells and/or
intrinsic factor. These autoantibodies are found in the
sera of 70% and 55% of patients with pernicious anemia
respectively and at least one autoantibody is present in
85% of patients. Although it has been demonstrated
that these antibodies can be cytotoxic i »itrd" it is less
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Type Associated diseases Proportion of gastric NETs Typical endoscopic findings Plasma gastrin Gastric juice pH  Prognosis

I Chronic autoimmune 80% Multiple <1 cm polyps High ~7 Good
atrophic gastritis

il ZES and MEN1 5% Multiple <1 cm polyps High <2 Variable

I None 15% Single 2-5 cm polyp Unchanged 1-2 Poor

clear whether they are the responsible for causing gastric
atrophy 7 vivo.

H pylori-associated atrophic gastritis: The second
important cause of gastric atrophy is chronic H pylori
infection. Most commonly, primary infection occurs
in childhood, hence many patients have long-term
colonization of the stomach. This can have a number
of consequences, ranging from increased gastric acid
secretion and associated peptic ulcer disease to gastric
atrophy with resultant increased luminal pH. The latter
is associated with an increased risk of gastric cancer.
The factors that influence the clinical outcomes of
H pylori infection in individual patients remain poorly
understood. The site of colonization within the stomach
appears to be important however, with antral infections
being particularly associated with peptic ulcer disease,
whereas gastric corpus colonization is more likely to lead
to gastric atrophy.

H pylori occupies a niche in the mucus layer of
the gastric mucosa and produces urease enzymes
which allow the pH of the immediate environment
to be raised to physiological levels, thus facilitating
prolonged colonization. Various bacterial, host and
environmental factors have been suggested to influence
the response to H pylori infection. For example, mouse
models have demonstrated that polarization of the
immunological response towards a Thl type increases
the risk of developing gastric atrophy and subsequent
gastric cancer™; while genetic studies have suggested
that polymorphisms in immune-response genes may
also influence the consequences of infection in human
subjectsm.

H pylori is associated with gastric autoimmunity,
although the specific mechanisms involved are not yet
fully understood. Presotto ez a/*" demonstrated that
58% of 79 asymptomatic patients with detectable anti-
parietal cell antibodies had serological or histological
evidence of H pylori infection compared to 39% of a
control population (P = 0.03). It has also been proposed
that early gastric autoimmunity may be reversible
when concomitant H pylori infection is treated™. The
precise interactions between H pylori infection and the
development of autoimmune gastritis therefore warrant
further investigation.

GASTRIC TUMORS ASSOCIATED WITH
HYPERGASTRINEMIA

The hypergastrinemia which results from the causes
described above is associated with increased risks of

developing various different gastric tumors.
Hypergastrinemia in the absence of H pylori infection
is most strongly associated with the development
of gastric neuroendocrine tumors. In contrast, the
hypergastrinemia associated with chronic H pylori
infection may act as a co-factor during the development
of gastric adenocarcinoma. In the following section,
we will discuss the role of gastrin in the pathogenesis,
diagnosis, and treatment of these specific gastric tumor

types.

Gastric neuroendocrine tumors

Pathogenesis: Gastric neuroendocrine (carcinoid)
tumors are the classical example of gastrin-induced
malignancies. These neoplasms are derived from ECL
cells, which are the most abundant neuroendocrine cell
type in the oxyntic mucosa. Hypergastrinemia alone
appears to be sufficient to induce ECL cell hyperplasia,
howevet, for macroscopic neuroendocrine tumor
formation, additional triggers are required. For example,
lifelong therapy of rats with PPIs resulted in the
development of ECL cell tumors™ whereas the same
has not been observed in humans despite induction
of hypergastrinemia ¥, This suggests that additional
host or environmental factors are required for tumor
development.

The typical conditions in which ECL tumors develop
are either gastric atrophy associated with pernicious
anemia (type 1 gastric neuroendocrine tumors), or the
presence of prolonged hypergastrinemia and mutation
of the MENT1 gene in ZES associated with MEN
type I (type I gastric neuroendocrine tumors)'®’
(Table 3). The latter condition provides further evidence
that hypergastrinemia alone may be insufficient to cause
gastric neuroendocrine tumors, as the relative risk for
developing such neoplasms is at least 70 fold lower in
patients with sporadic ZES compared with those who
have ZES associated with MEN1",

In pernicious anemia, there is a reduction in
the number of gastric parietal cells and subsequent
achlorhydria. This affects the somatostatin feedback
loop that controls gastrin secretion, thereby rendering
the patient hypergastrinemic. Hypergastrinemia then
provides a proliferative drive to ECL cells (Figure 3). The
achlorhydric environment also provides opportunities
for further microenvironmental changes, including the
provision of a niche for bacterial colonization. Interest
in this aspect of gastric carcinogenensis has been present
since the 1980s, when numerous studies demonstrated
increased levels of N-nitroso compounds (potential
carcinogens that are metabolised by intra gastric bacteria
from nitrosamines) in the gastric lumens of patients
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The major risk factor in addition to hypergastrinemia
that promotes the development of type II gastric
neuroendocrine tumors is mutation of the MENT
gene. Gastric neuroendocrine tumors are seen in less
than 1% of patients with sporadic ZES, whilst in those
with ZES associated with MEN type I, the prevalence
is 13%-43%"". A recent prospective study of 57
consecutive hypergastrinemic MEN1 patients reported
that 100% had abnormal ECL cell distribution and 23%
had gastric neuroendocrine tumors.

The MENT gene encodes a 610-amino-acid protein,
menin. Menin is expressed in many diverse tissue
types and is localized in the nucleus. It binds directly
to DNA in a sequence-independent manner and is
also capable of binding several other nuclear factors
including transcription factors and DNA repair proteins.
The physiological function of menin is as a tumor
suppressor, although the specific mechanism of action is
less clear. The mutations seen in the MENT gene result
in either reduced expression of menin or in some cases
complete absence of menin®™,

Interestingly, local rather than somatic mutations of
menin may also be of significance in the pathogenesis of
type I gastric carcinoids and two studies have assessed
loss of heterozygosity (LOH) of 11q13, the locus for
the MENT gene, in this tumor type. The smaller study

assessed three gastric neuroendocrine cell tumors and
demonstrated LOH at this locus in two patients and
a localized mutation of MENT in one!". The larger
study investigated 17 type I gastric neuroendocrine
tumors, four type Il gastric neuroendocrine tumors and
two histologically defined neuroendocrine carcinomas.
47.1% of type I neuroendocrine tumors had LOH at
11q13 compared to 25% of the type Il neuroendocrine
tumors, while both neuroendocrine carcinomas showed

substantial deletions at this locus'”.

Diagnosis: Clearly, measurement of fasting serum
gastrin concentration is an important component
in the diagnostic pathway for patients with gastric
neuroendocrine tumors. Once a histological diagnosis
of gastric neuroendocrine tumor has been made, it is
imperative to ascertain the type of tumor, as well as its
stage, as this will influence treatment. Defining the type
of tumor can be achieved in most cases by measuring
the fasting serum gastrin concentration along with the
pH of gastric juice (Figure 4). In the presence of a
normal or low fasting serum gastrin concentration, a
diagnosis of sporadic or type Il gastric neuroendocrine
tumor is most likely. In the context of an elevated serum
gastrin concentration, the gastric juice pH determines
whether a type I lesion (neutral pH) or type Il lesion
(acidic pH) is present. This simple algorithm provides
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Figure 5 Pathway of development of gastric adenocarcinoma.

the initial data that inform future investigations. Many
of these lesions are still gastrin sensitive at the time of
diagnosis, and in such cases, removal of the source of
hypergastrinemia by antrectomy (type 1) or gastrinoma
resection (type II) should result in tumor regression.
To investigate whether a type I gastric neuroendocrine
tumor is gastrin sensitive, it may be useful to perform
an octreotide suppression test. This involves biopsying
the gastric corpus mucosa and neuroendocrine tumors
pre and post octreotide infusion and assessing whether
there is a reduction in mRNA abundance for the
secretory components of ECL cells, such as histidine
decarboxylase, following octreotide administration.
This surrogate is then used as a marker for gastrin

P &)
sens1t1v1ty[7 l

Treatment: Those type I and II gastric neuroendocrine
tumors that retain gastrin sensitivity may be amenable
to treatment by methods which reduce elevated serum
gastrin concentrations. This may involve locating and
excising a primary gastrinoma in the case of a type Il
gastric neuroendoctine tumor, or surgical antrectomy
in a patient with pernicious anemia and autoimmune
chronic atrophic gastritis. Very occasionally, large
type I gastric carcinoids grow autonomously and
are no longer gastrin-sensitive, and such tumors may
require gastrectomy. Future treatments for types 1 and 2
neuroendocrine tumors may include the use of CCK-2
receptor antagonists to inhibit the effects of elevated
serum gastrin concentrations.

Gastric Adenocarcinoma

Pathogenesis: Gastric adenocarcinoma accounts for the
greatest mortality and morbidity associated with primary
malignancies of the gastric mucosa. It develops through
a stereotypical pathological sequencem characterized
by progression from chronic active gastritis to atrophic
gastritis, and »ia metaplastic lesions to dysplasia and
malignancy (Figure 5). As described above, gastrin

Inflammation

Proliferation
Apoptosis

Stromal
remodelling

Endogenous factors

secretion is altered following He/icobacter infection. There
is accumulating evidence, particularly from the INS-GAS
animal model described above, that hypergastrinemia
may contribute towards the development of gastric
atrophy and remodelling of the gastric mucosa. However,
it is currently not clear to what extent inferences about
human gastric carcinogenesis can be made from the
observations in these transgenic mice.

Diagnosis: Measurement of fasting serum gastrin
concentration is reasonably simple and therefore several
groups have investigated whether such assessment
assists in the diagnosis or helps to determine the
management of gastric cancer. Although a statistically
significant elevation in serum gastrin concentration
has been demonstrated in patients with gastric cancer
compared to controls’™", the clinical usefulness of
such assessment is currently limited. Attempts to use
fasting serum gastrin concentration either as a marker of
prognosis and resectability’” or as a part of a panel of
surrogate markers for initial diagnosis'™ have also been
unsuccessful, and such approaches have largely been
superceded by advancements in endoscopy and imaging
techniques.

More recently, assessment of serum gastrin
concentration has been evaluated as part of a panel
of potential biomarkers for determining the presence
and location of gastric atrophy. A Swedish population
of 1000 individuals between the ages of 20-80 years
underwent gastroscopy with biopsies taken from the
antrum, corpus and fundus to assess for the presence of
atrophy and at the same time had blood taken for analysis
of gastrin-17, H pylori 1gG antibody, pepsinogen I and
II. This panel had a relatively high false positive result
of 31%, although the authors defended this finding
by emphasizing the potential pitfalls of sampling
error when relying on histological assessment of small
mucosal biopsies. Indeed, they asserted that the finding
of serological markers in keeping with atrophy in
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4.9% of patients with histological evidence of H pylori-
associated non-atrophic gastritis, compared to just 0.8%
of H pylori-negative patients who had no histological
evidence of atrophy, potentially demonstrates the
strength of serology as a global marker of atrophy rather
than being limited to samples obtained from a small
geographic area. Taking histology as the gold standard,
these biomarkers diagnosed corpus atrophy with a
positive predictive value of 69% (CI 95%: 66-72%) and
a negative predictive value of 98% (95% CI: 97-99%) in
this populationm

Hansen ef a/*" recently investigated a cohort of
101601 patients from whom serum samples were
collected in Sweden in the 1970s. They compared 230
patients who developed gastric cancer by 1992 with
controls from the same cohort, and demonstrated a
significant correlation between elevated serum gastrin
concentration and low serum pepsinogen [ /Il ratios,
and increased risk of developing non-cardia gastric
cancet. They also demonstrated that most cases of
gastric cardia cancer were not associated with Helicobacter
infection, and did not show an association with markers
of gastric atrophy; however, a minority of cases had
serological evidence of past or present Helicobacter
infection and an association with markers of gastric
atrophy. This suggests that gastric cardia cancers
develop most commonly through a Helicobacter/ gastrin-
independent mechanism, with a small subset having a
similar etiology to non-cardia cancers.

The same panel of biomarkers have also been
assessed in other cohorts, including a pediatric
population, but in this case, they were found to be
insufficiently sensitive to diagnose Helicobacter infection
or the low incidence of atrophy that is present in this
population[gll. Endoscopic evaluation of the upper
GI tract therefore remains the accepted gold standard
for the assessment of mucosal lesions of the GI tract;
however, there may be a role, which needs further
investigation, for a panel of biomarkers such as those
described above in identifying adults at particularly high
risk of gastric atrophy.

Treatment: Various groups have assessed whether
immunohistochemical analysis of gastric carcinoma
tissue for the presence of gastrin and/or the CCK-2
receptor is useful for predicting prognosis. Normal
gastric mucosa expresses the CCK-2 receptor on ECL
cells and parietal cells. Immunohistochemical studies
using archival samples have shown that as the Correa
sequence progresses, with development of gastric
atrophy and parietal cell loss, an increased percentage
of cells in the gastric corpus express the CCK-2
receptor[82
immunopositive cells are not detectable; however,

| In normal gastric corpus mucosa, gastrin

with progression down the Correa sequence, increased
expression of gastrin and its precursors have been
observed™. An immunohistochemical study based on
a tissue array of 304 gastric cancer resection specimens
from Korea demonstrated that 56.5% expressed CCK-2
receptors within the malignant tissue and that gastrin was

detectable within the tumor mass in 47.7%". A Welsh
study has also demonstrated adverse survival in patients
whose gastric tumors stained positively for gastrin[w.
These observations suggest that gastrin may represent
a potential therapeutic target for the prevention or
treatment of gastric carcinoma. Initial attempts at
targeting gastrin to improve survival in gastric cancer
used proglumide, a weak CCK-2 receptor inhibitor,
and a randomized controlled trial demonstrated
no survival benefit following treatment with this
drug[sﬂ. Subsequent developments have included the
development of G17DT, an immunogenic mimic of
gastrin 17 that causes the production of anti-gastrin
antibodies™. ITmmunization with this agent improved
the survival of severe combined immune deficient
(SCID) mice xenografted with the human gastric cancer
cell line, MGLVAlasc, and this effect was equivalent to
combination chemotherapy with 5-FU and leucovorin.
Moreover, the use of 5-FU in conjunction with G17DT
appeared to have an additive effect™. G17DT was well
tolerated in phase II clinical trials™, hence a multicenter
phase II trial of G17DT in conjunction with 5-FU and
cisplatin in advanced gastric cancer has recently been
performed. 60% of G17DT treated patients successfully
developed anti-gastrin-17 antibodies and this subgroup
showed significantly improved survival®.

Gastric mucosa-associated lymphoid tissue (MALT)
lymphomas

MALT lymphomas are marginal zone lymphomas
derived from the mucosa-associated lymphoid tissue of
the stomach. They occur in patients with gastric atrophy
and are strongly associated with H pylori infection. MALT
lymphomas are associated with both hypergastrinemia
and overexpression of the CCK-2 receptor in the
gastric mucosa. The presence of hypergastrinemia is not
surprising in view of the association with gastric atrophy,
but the overexpression of CCK-2 receptor suggests a
potential mechanism through which gastrin may exert a
trophic effect in this tumor type™”!.,

Fundic cystic gland polyps

These lesions are found in the oxyntic mucosa and
are described by the World Health Organization as a
proliferation of surface foveolar cells lining elongated,
distorted pits that extend deep into the stroma. They show
hyperplasia of mucous neck cells and variable amounts
of cystic dilatation™. Although they are not intrinsically
dysplastic, progression to gastric malignancy has been
reported, particularly when there is underlying familial
adenomatous polyposis or juvenile polyposis. Patients
with these conditions have fundic cystic gland polyps on
endoscopy in up to 90%"” of cases and of these polyps,
up to 40%-50%""" have associated dysplasia.

Patients without inherited polyposis syndromes,
however, account for the vast majority of those with
fundic cystic gland polyps. In this group, the association
between polyps and dysplasia is far less clear cut.
Although dysplasia and cancers have been reported

in patients who have these lesions””", it is not clear
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whether the incidence of malignancy is significantly
higher than that of the normal population.

The association between fundic gland polyps and
gastrin is derived from the recognition that these lesions
occur more commonly in patients who are taking long-
term PPIs. However, PPI-induced fundic cystic gland
polyps probably have a different etiology compared to
the sporadic polyps that occur in patients who are not
taking PPIs (which are associated with somatic mutations
2% and the polyps associated with FAP
or juvenile polyposis, where there are known molecular
aberrations. It has been suggested that PPI-induced
fundic cystic gland polyps arise as a result of impaired

in B-catenin

glandular flow after hypergastrinemia-induced parietal
cell hyperplasia has caused a mechanical obstruction to
the gland[%l. However, this does not appear to be related
to the severity of hypergastrinemia, as a small Norwegian
study has shown equivalent degrees of hypergastrinemia
in patients taking PPIs with and without fundic gland

In the context of PPI usage, the risk of malignant
transformation is extremely low and there is at present no
recommendation either for endoscopic removal of lesions
or for any form of endoscopic surveillance in patients
with fundic cystic gland polyps who are taking PPIs,

unless they also have a familial polyposis syndrome"”,

DISCUSSION

Evidence therefore suggests that gastrin may affect
the risk of developing various epithelial and possibly
lymphoid gastric malignancies by altering key cellular
pathways including proliferation, apoptosis, migration,
tissue remodelling and possibly angiogenesis. Gastrin is
also a potential therapeutic target for the treatment of
various gastric tumors. For example, surgical approaches
to correct hypergastrinemia may be employed for
some gastric neuroendocrine tumors, while agents
such as G17DT have shown some promise in phase II
clinical trials in advanced gastric adenocarcinoma'™.
Such approaches may also have future uses in the
prevention of malignancy, for example in patients who
have precursor lesions such as ECL cell hyperplasia or
gastric atrophy. If such therapies prove effective, there
may additionally be a need to reconsider the role of
endoscopic surveillance for gastric atrophy, an approach
that has lost favor recently.

In population terms, more people are hypergastrinemic
than ever before as a result of continued increases in the
prescription rates of PPI drugs. In comparison to the
numbers of individuals prescribed these drugs, gastrin-
associated malignancies are undoubtedly rare, however,
there is an ongoing debate about the safety profile of
these agentsf98’1m102].

Animal studies have shown that ECL cell hyperplasia
can occur in response to hypergastrinemia induced by
chronic proton pump inhibition'"”. In rats that were
rendered achlorhydric for their entire lifespan, ECL-
cell-derived neuroendocrine tumors also developed”.
However, there is no convincing evidence that PPIs

cause ECL cell malignancies in humans, possibly because
PPIs do not usually induce complete achlorhydria!",
Although no tumors have been found, there is evidence
of diffuse and linear patterns of ECL cell hyperplasia in
patients treated for a decade with PPLs .

There has also been concern about whether PPI
treatment modulates the consequences of chronic
H pylori infection. Recent studies have compared patients
treated with anti-reflux surgery and those treated
with PPIs. In patients who were H pylori-negative,
treatment for 7 years with a PPI made no difference to
mucosal inflammation or atrophy. However, patients
who were H pylori-positive over the same 7-year
period showed increased progression towards mucosal
atrophy and increased inflammation if treated with a
PPI, in comparison to those treated with surgery“M.
Although this suggests that H pylori infection should
be eradicated before initiating chronic acid suppression
therapy, the observed changes were modest and to date
there has been no evidence of progression beyond
mucosal atrophy. The studies were not designed to
assess whether there was any associated increase in the
incidence of gastric cancer, and much larger cohorts
would be required to investigate this. Epidemiological
database studies have been cited as demonstrating that
PPI prescription is associated with an increased risk of
gastric cancer””. However these data remain unpublished
and this type of retrospective analysis cannot reliably
distinguish patients who have been prescribed PPIs for
the presenting symptoms of gastric cancer from any
increase in the incidence of gastric carcinoma as a result
of PPI use.

Current evidence therefore suggests that the relatively
modest hypergastrinemia induced by PPI drugs is not
associated with malignant transformation in the human
stomach. When considering the overall safety profile
of this class of drugs, gastrin-independent adverse
effects such as malabsorption of vitamin B12"" and
iron""", susceptibility to bacterial infection"™""" and
osteoporosis[m’m] should also be considered. Although
CCK-2 receptor inhibition or combined PPI and CCK-2
receptor inhibition have been suggested as potential ways
of reducing the gastrin-mediated side effects of PPls,
it seems unlikely that this approach will be clinically
useful whilst PPIs have such a good safety profile, and
especially as some of the adverse effects are probably
related to hypochlorhydria rather than hypergastrinemia.

Our understanding of the importance of gastrin
in gastric tumorigenesis has therefore increased
significantly over recent years and the generation of
transgenic animal models has greatly facilitated our
understanding of the mechanisms involved. Issues that
still need clarification include the precise role of gastrin
in the pathogenesis of human gastric adenocarcinoma,
whether pharmacological targeting of gastrin or
its receptor is beneficial for the treatment and/or
prevention of various gastric tumors and whether PPI-
induced hypergastrinemia has any long term clinically
important consequences, particularly in the context of
chronic H pylori infection.
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Abstract

Eosinophilic esophagitis is increasingly recognized
in adults. The diagnosis is based on the presence
of both typical symptoms and pathologic findings
on esophageal biopsy. Patients usually present
with dysphagia, food impaction and/or reflux-like
symptoms, and biopsy of the esophagus shows more
than 15 eosinophils per high-power field. In addition,
it is essential to exclude the presence of known causes
of tissue eosinophilia such as gastroesophageal reflux
disease, infections, malignancy, collagen vascular
diseases, hypersensitivity, and inflammatory bowel
disease. There are no standardized protocols for
the therapy of eosinophilic esophagitis. A variety of
therapeutic approaches including acid suppression,
dietary modifications, topical corticosteroids
and endoscopic dilation can be used alone or in
combination.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Eosinophilic esophagitis (EE) in adults is a disease with
the following clinicopathological characteristics: (1)
symptoms including but not restricted to food impaction
and dysphagia; (2) biopsy specimen showing more than
15 eosinophils/high-power field (HPF); and (3) other
disorders associated with similar clinical, histological,
or endoscopic features have been excluded". EE is
increasingly being recognized in adult and pediatric
populations, either as a separate entity or as a part of the
spectrum of eosinophilic gastroenteritis”. Tt was initially
described in the 1970s" but subsequently most research
focused on gastroesophageal reflux disease (GERD) as
being the primary cause of esophageal eosinophilia. It
was not until the 1990s that EE came to be regarded as a
separate entity”. Later on, an allergic component to EE
was observed as patients suspected of having EE had
improvement of symptoms on either elemental diet™” or
on corticosteroids'”. These features, along with normal
pH study results and the relative lack of effectiveness of
acid suppression therapy, resulted in EE being regarded
as a clinical condition different from GERD.

EE has recently been explored in much detail within
various forums. This article aims to review that literature
looking at the epidemiological and clinicopathological
aspects of EE, with special emphasis on diagnostic
approaches and treatment options.

EPIDEMIOLOGY, ETIOLOGY AND
PATHOGENESIS

EE has been studied most extensively in pediatric
populations and only recently has further data been
compiled in adults. EE can present in the third and
fourth decades of life and various studies implicate it
to be more predominant in men™. Among different
races and ethnic groups, EE has been seen to be more
prevalent in the white population[m]. Geographic
distribution is wide, with cases now being reported
not only in the United States but also Europe, Canada,
Brazil, Japan and Australia". The preponderance of
EE in developed nations has unclear etiology and could
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cither be secondary to the increased prevalence of
atopic diseases like asthma? or simply because of better
reporting and data collection. To probe this further,
Cherian e a/™ conducted a blind retrospective study of
western Australian children investigated for esophageal
disease in 1995, 1999 and 2004 and found the prevalence
of EE to be indeed increased by 18-fold during this time
period. The most recent US study in 74 162 patients used
a national pathology database of subjects undergoing
upper endoscopy with biopsy. The data confirmed that
EE is a male-predominant disorder (74%) and that it can
occur at any age. Over the study period (2002-2000), an
increasing prevalence was noted. Whether this reflects a
true increase in prevalence or increased recognition due
to heightened awareness among physicians remains to be
determined"”.

Furthermore, because of the past difficulty in
diagnosing EE correctly in populations with dysphagia,
food impactions or GERD, studies were subsequently
conducted in various nations that later found EE to be
the primary cause of these symptoms'™"*. Markowitz
et al” found that 15% of patients initially suspected of
having GERD were actually discovered to have EE.
They used strict diagnostic criteria for EE such as >
20 eosinophils/HPF in esophageal biopsies, normal
esophageal pH monitoring and a lack of response to
proton pump inhibitor (PPI) therapy. These findings
may watrant changing our diagnostic approach to having
an early esophagogastroduodenoscopy (EGD) with
subsequent esophageal biopsies if clinical reflux-like
symptoms and lack of response to medical treatment
continue to be an issue.

Allergens play an important role in the etiology of
EE. Kelly e a/”’ first showed the association of food
allergens with EE when they fed an elemental diet to 10
children with unremitting reflux symptoms and found
symptomatic and histological improvement. This was
later supported in different studies with successful use
of either an elemental or a six-food elimination diet"".
Aero-allergens form another potential cause of EE.
Mishra ¢ /' used a murine model to demonstrate an
etiological role for inhaled allergens and cosinophils in
gastrointestinal inflammation. A high degree of atopy
and polysensitization to several environmental allergens
was recently documented in patients with EE, suggesting
that sensitization may partly be a response to inhaled
allergens"”. However multiple etiological factors are not
mutually exclusive, as was presented by Plaza-Martin
et al”” who found evidence of poly-sensitization to aero-
allergens and food allergens in their study population of
patients who had EE. A familial pattern of inheritance
has also been suggested to play a role in the development
of EE™,

The esophagus is normally devoid of eosinophils,
however the rest of the gastrointestinal tract is populated
with eosinophils beginning from the embryonal
stage. Mishra ez a/*'" showed that the peptide eotaxin
regulates eosinophil homing to the gastrointestinal
(GI) tract during embryonal development. They also
showed a connection between allergic hypersensitivity

response in lung and esophagus regulated by eotaxin
and interleukin (IL)-5""*, Tt was subsequently shown
that IL.-13 plays a fundamental role in EE®. Once
eosinophils have migrated to the esophagus, they release
chemoattractants 11.-3, IL-5 and granulocyte monocyte-
colony stimulating factor (GM-CSF)*Y, Straumann ¢z a/™
further confirmed the allergic nature of EE when they
showed that a TH2 response, 1L.-5 and IgE mediated the
pathogenesis of EE. However, there are inconsistencies
in determining the exact nature and influence of an
aero-allergic etiopathogenesis of EE. Balatsinou ez al®
observed EE in two patients with anticonvulsant
hypersensitivity syndrome, wherein they saw reversal of
endoscopic appearance after stopping carbamazepine,
suggesting that oral agents could also play a role in the
pathogenesis. An association with pollen has also been
noted previouslym.

Dysphagia predominantly seen in EE has been
attributed to both organic and non-organic (i.e. motility)
disorders. Stevoff ef a/™”, in one of the first case reports
on EE in octogenarians, showed circumferential but
asymmetric thickening of the muscularis propria or
a functional constriction related to myenteric plexus
infiltration. Various other factors have been implicated
in the development of dysphagia. Non-anatomic causes
for dysphagia could be related to dysmotility. Nurko
et al” reviewed the different causes of dysmotility that
had been proposed in earlier papers, and these included
eosinophil-mediated increased contraction of fibroblasts,
axonal necrosis or cholinergic pathway interference, all
of which contributed to esophageal dysmotility. A caveat
to some of these studies is that they were either based
on non-allergic models of esophagus or from studies in

organ systems other than the esophaguslzgj.

CLINICAL FEATURES

EE usually presents with a multitude of symptoms, in
part because it is a chronic disease and partly because of
the gradual inflammatory involvement of the mucosa
and submucosa before symptoms developm. It can,
however, present acutely as seen in food impactionsm
The most common presenting symptom is dysphagiap“’m
but other symptoms such as nausea, vomiting, heartburn,
chest pain or abdominal pain can also occut. Symptoms
suggestive of esophageal dysmotility may indicate
involvement of the muscular layers of the esophagusm].
Occasionally, presentation of EE has been seen to be
more subtle as patients adapt their chewing habits, eating
food more slowly and washing down solid food with
liquids, thereby decreasing the symptom incidence and
leading to a delay in diagnosis[y’]. Remedios ¢ a/™" found
an association of esophageal symptoms with exposure
to certain foods even without actual consumption. Not
infrequently, patients may also have additional symptoms
of asthma', allergies or atopic dermatitis. Dauer ez al™
and Orenstein ¢f @/ have reported nasal symptoms and
rhinosinusitis in about a quarter of patients that have
EE. Laryngeal symptoms include hoarseness, cough,
croup and sleep-disordered breathing[?’é]. Ferguson and
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Gastrointestinal symptoms Other symptoms

Endoscopic features Histologic features

Dysphagia Chest pain

Food impaction Rhinitis

Nausea and vomiting Asthma
Heartburn Allergies
Abdominal pain Atopic dermatitis
Feeding disorders (pediatric) Hoarseness

Failure to thrive (pediatric) Croup, cough

Sleep disordered breathing

Foxx-Orenstein divided the clinical manifestations
according to age groups. Thus feeding disorders and
failure to thrive were primarily seen in children below
2 years of age; vomiting, abdominal pain and reflux
were seen in pediatric populations up to the age of 12;
whereas adults usually present with dysphagia and food
impactions”” (Table 1).

Endoscopically, a normal-appearing esophagus is
usually incompatible with a diagnosis of EE, although
the findings can be subtle". Typical findings on an EGD
that imply the presence of EE include attenuation of
subepithelial vascular patternpsj, linear furrowing1391 that
may extend along the whole length of the esophagus,
surface exudates composed of eosinophils or abscesses
or strictures”. Presence of mucosal changes suggestive
of ulcerations usually implies peptic injury by itself or
in association with EE™. Schatzki ring has also been
previously associated with EE™ but one of the most
characteristic and frequently quoted patterns is that

#0150 called

of stacked circular rings or felinization
because of their presence in the cat esophagus. This
has been postulated to be due to lamina propria and
dermal papillary fibrosis caused by either the mediators
that stimulate eosinophils or through the effect of
eosinophils themselves. Previously, Vasilopoulos and
Shaker described a small caliber esophagus as a major
cause of dysphagia in patients with EE"™, The esophagus
was seen to have a smooth, diffusely narrow lumen
shown on barium esophogram or esophagoscopy. Food
impactions are also relatively frequent in patients with
EE. Fox ¢ al*” have attributed these food impactions to
either the strictures themselves or to decreased peristalsis
secondary to underlying inflammation. Therefore, in
patients with food impaction, it is worthwhile to follow
EGD with biopsies for early diagnosis and treatment
of this disorder. Airway endoscopy findings in patients
with recurrent croup and EE include diffuse laryngeal
edema, vocal fold nodules and laryngeal ventricular
obliteration”™ (Table 2).

Histopathologically, EE is characterized by the
presence of a thick epithelium with a large number
of intraepithelial eosinophils lined near the surface,
abnormally long papillae and a fibrotic lamina propria
containing eosinophilsm]. Cheung ef a™ in their
retrospective study of 42 children with dysphagia,
described the presence of extracellular eosinophilic
granules in patients with EE. Major basic protein (MBP)
is a byproduct of eosinophil degranulation, and as such,

Diminished vascular pattern
Mucosal furrows

Thick epithelium with eosinophilia
Abnormally long papillae

Thick mucosa Fibrotic lamina propria

Exudates Microabscesses
Strictures Extracellular Eosinophilic granules
Rings Increased extracellular major basic

protein (MBP)
Laryngeal edema, vocal cord
nodules, laryngeal ventricular
obliteration

increased deposition of MBP has been observed in
pediatric and adult patients with EE®*,

Complications arising from EE can either be
attributed to the clinical manifestations of the disease
itself or to diagnostic and therapeutic interventions.
Acute food impaction is one of the main reasons
patients present as emergencies to the hospital. In
one study, 57% of patients with EE had strictures
that were successfully treated with dilatation, with
subsequent resolution of symptomsm. More severe
disease could lead to long segment narrowing which
has been postulated to be in two forms™”. The first
form is referred to as trachealization™) corrugated
esophagus®* or feline esophagus™. The second
form is the small-caliber esophagus mentioned by
Vasilopoulos ¢ a/*), who found a diffusely narrow
esophagus in three out of the five patients referred to
them for chronic dysphagia. EE may also predispose
to fungal and viral infections in the absence of steroid
treatment or immunosuppressionm. Straumann ¢ a/”
conducted a chart review of 251 cases of esophagitis
and found a case of Boerhaave’s syndrome (spontaneous
esophageal rupture). In their report, they recommend
that all Boerhaave’s cases be evaluated for EE. Chronic
inflammation in EE may also lead to dysfunction of the
lower esophageal sphincter and cause secondary reflux
disease, as was reported by Remedios ez al™,

The risk of esophageal perforation is significantly
increased during diagnostic or therapeutic endoscopic
evaluation in a patient with EE". 1n their chart and
pathology review, Kaplan ez al™ found that more than
half of their patients with EE had mucosal rents after
simple passage of the endoscope, with one patient
developing a perforation. Therefore, intense retrosternal
pain after endoscopic evaluation in a patient suspected
to have EE should particularly raise the suspicion of
perforation and appropriate diagnostic evaluation should
be undertaken™. The esophageal mucosa in EE is
very fragile and inelastic, which Straumann ez a/*" have
termed “crepe paper mucosa” as it totre easily even with
minor trauma. Consequently therapeutic interventions
such as food bolus removal, dilation or biopsy can pose
an even higher risk of perforation[‘sz’ss’s{)]. Kaplan ez al™
recommend about 8 wk of medical therapy before
considering dilation in patients diagnosed with EE
because of the high risk of perforation and the good
response to medical therapy (Table 3).
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Complications of therapeutic
interventions

Complications of EE

Mucosal rents/tears
Perforation

Acute food impactions

Long and short segment narrowing
Stenosis Infections-due to chronic use
of steroids

GERD Nutritional deficiencies
Boerhaave’s syndrome

Nutritional deficiencies

DIAGNOSIS

EE should always be considered in the following
circumstances: (1) history of food impaction; (2)
persistent dysphagia especially in young individuals
and in patients having a history of atopy; or (3)
GERD refractory to medical therapy. Other causes of
eosinophilia such as parasitic infestations, malignancy,
drug hypersensitivity, collagen vascular diseases and
inflammatory bowel disease need to be ruled out™”. EE
is primarily a clinicopathological condition and hence
both symptoms and pathological diagnosis form an
integral part of the diagnosis. The First International
Gastrointestinal Eosinophilic Research Symposium
(FIGERS) came up with comprehensive guidelines
regarding the diagnostic criteria for EE. Accordingly,
an cosinophil count of = 15/HPF, along with normal
gastric and duodenal biopsies, can substantiate the
diagnosis of EE. Moreover, patients must have biopsies
after 6-8 wk of twice daily acid suppression with PPI or
have a negative pH study result’ in order to correctly
diagnose EE. At least five such biopsies must be
obtained and preferably from both the proximal and
the distal esophagus to account for the heterogeneous
nature of the tissue eosinophilia®™** (Table 4).

Prasad ¢z a/”" did a prospective study of 376 patients
and found that mid-esophageal biopsies had a yield
rate of about 10%. They thus recommend taking mid-
esophageal biopsies in patients with unexplained food
dysphagia. However, EE is patchy and hence increasing
the number of biopsy specimens would theoretically
yield a higher sensitivity and specificity in diagnosing
EE". Gonsalves conducted a chart review of 76
patients and found that sensitivity increased from 55%
to 100% if the number of biopsies were increased from
one to about five™, No statistically significant difference
was found between the biopsies obtained from either the
proximal or the distal esophagus. Thus, Collins in her
article has recommended obtaining at least three pieces
from two different sites in the esophagus including
the distal and either mid or proximal esophagus’. If
there is a high suspicion of the presence of EE, then
biopsies should be obtained even if the esophagus
endoscopically appears normal. Liacouras ez @/ found
in their chart review that about one third of the patients
with severe EE had a visually normal esophagus and
they recommended that one should not rely only on the
endoscopic appearance and rather aim to get biopsies

Eosinophilic esophagitis

Symptoms (adults) GERD refractory to medical therapy
Dysphagia
Food Impaction

Retrosternal chest pain

Endoscopy Mucosal furrows
Exudates
Esophageal lumen narrowing
Rings
Histology Esophageal biopsies 215 eosinophils/HPF

Biopsies obtained after 6-8 wk of bid PPI
therapy or patients must have a documented
negative pH study

Normal biopsies in the rest of the GI tract

for histological analysis if there is suspicion for EE.

EE is thought to be primarily a TH2 inflammatory
process[z‘;’()lJ together with a possible allergic association,
and as such, diagnosis also focuses on interleukins,
eotaxin and eosinophils with their degranulation
products. Research is ongoing regarding the development
of non-invasive markers for EE. Gupta[bZJ reviewed
some biomarkers that could correlate with disease
presence, remission, severity and response to therapy.
These include serum IgE, CD23, eotaxins, I1L-5, MBP,
eosinophil cationic protein (ECP), eosinophil peroxidase
(EPO) and cosinophil-derived neurotoxin (EDN).
Baxi ¢ a/*" found the presence of peripheral blood
eosinophilia in 67% of EE patients. However, many of
these tests are not readily available, are expensive, time
consuming and, as yet, have not been recommended
for routine diagnosis of EE. More research thus needs
to be done to correlate these tests with disease severity
and patient demographics and to establish accurate and
precise laboratory investigative methods and normal
values before they become part of the mainstream
diagnostic tool scenario.

TREATMENT

Treatment modalities for patients with EE include
pharmacological, endoscopic or dietary interventions
used either singly or in combination. Endpoints of
treatment are still not clear regarding whether relief
of symptoms or esophageal inflaimmation need to be
resolved. Clinicopathologically, EE involves esophageal
eosinophilia and other causes of esophageal eosinophilia
such as inflammatory bowel disease, parasitic infestation
and GERD need to be ruled out®.

Acid suppression

The association between GERD and EE is as yet
unclear. Persistent reflux disease may cause esophageal
eosinophilia, or EE may lead to secondary GERD"" or
simply, they may co-exist’. Acid suppression with PPIs
helps to exclude GERD because EE is defined by a lack
of response to PPI therapym. There is some controversy
as to this definition since Molina-Infante e a/* showed
that clinical response to PPIs does not completely rule
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out quiescent EE. Furthermore, pathological diagnosis
of EE should be done after a patient has been on PPI
therapy for at least 4 wk. An important role of the use
of PPl in patients with EE is symptomatic relief because
of the multilayer involvement of the esophagus and the
possibility of secondary GERD'*,

Systemic steroids

Systemic steroids are effective in managing EE.
Liacouras ez a/*" conducted a 10-year retrospective study
of 381 patients diagnosed with EE and found that
systemic corticosteroids significantly improved clinical
symptoms and esophageal histology. Unfortunately EE
recurred after withdrawal of steroids. Thus, side effects
and recurrence after withdrawal limit their usage in
management of EE.

Topical steroids

Arora et al evaluated 21 patients with dysphagia and
treated them with swallowed fluticasone. Relief of
dysphagia occurred in all and symptom relief lasted at
least 4 mo. Schaefer e a/*” compared oral prednisone
and swallowed fluticasone and found no clinical
advantage of prednisone over fluticasone. Symptom
relief and histological improvement were observed
in both treatment groups. Symptom relapse was seen
in both groups upon discontinuation of therapy, thus
necessitating the need for long-term maintenance
protocols. Because of the higher risk of systemic side
effects and the need for maintenance therapy, topical
therapy may actually turn out to be a better option.
Currently, there are no steroids developed specifically
for EE. Aceves e a/*”" described a case seties of two
children who benefited from treatment with a viscous
suspension of budesonide but not with fluticasone.
However, studies to determine the efficacy of different
topical steroids, methods of preparation and long-term
maintenance need to be performed to recommend any
one steroid over another.

Leukotriene inhibitors

Leukotrienes are eosinophil chemoattractants and
hence one would expect that blocking leukotrienes
may decrease eosinophilic migration and accumulation.
Attwood et a/* studied 12 patients who hitherto had
been untresponsive to conventional therapy and started
eight of them on montelukast. Six of these patients
reported complete subjective improvement. Preceding
this, there had been reports of an association between
zafirlukast, another leukotriene inhibitor, and Churg-
Strauss syndrome!™”. This association has not yet been
seen with montelukast, but further studies are needed
to determine the risks and benefits of using leukotriene
inhibitors in patients with EE.

Biologics

IL-5 is a cytokine that plays a role in eosinophil
regulation'”"!, and as such, inhibiting IT.-5 could play a role
in decreasing eosinophil-mediated inflammation. Garrett
et al™ performed an open label trial of mepolizumab, a
humanized blocking monoclonal antibody against 1L-5,

in four patients with hypereosinophilic syndrome, and
found it to be effective and safe with steroid-sparin
properties. This was later corroborated by Stein e al™”
and anti-IL-5 seems to be a promising new therapy in
patients with EE.

Immunomodulators

Netzer ¢t al’™ evaluated three patients with corticosteroid-
dependant EE and found that azathioprine and
6-mercaptopurine induced clinical and histological
remission in all of them. More studies are indicated in this
area, especially since treatment with immunomodulators
can potentially help in decreasing the side effects
associated with chronic steroid use.

Elemental and elimination diet

Infiltration of the esophagus with eosinophils forms
the hallmark of EE. Because of the close association of
EE with other allergic disorders, avoidance of presumed
allergens provides a rationale for the use of an elimination
diet in patients with EE. An elemental diet is one in
which all solid foods are replaced with a nutritionally
complete elemental formula and the protein source is
comprised entirely of synthetic amino acids”, whereas
an elimination diet attempts to avoid including possible
food allergens in a person’s daily diet. Kelly ez a/’
studied 10 children with GERD refractory to standard
medications and fed them elemental diet followed by
repeat endoscopy and food challenges. Symptomatic
improvement with a decrease in eosinophils was seen
in all patients. Symptoms relapsed after these patients
were exposed to food challenges. This pioneering work
formed the basis for many follow-up trials, which
reported success with elimination diets. Markowitz e# al”
found that patients responded symptomatically and
histologically to an elemental diet. Further confirmation
of the success of an elemental diet was also confirmed
using more formal evaluation with skin prick and atopy
patch testingw()’m. Sugnanam et al™ then analyzed
prospectively the sensitization profile of food and
inhalant allergens in their cohort of patients with EE,
by petforming skin prick and patch testing. They found
that younger patients showed more IgE and patch
sensitization to food allergens. Spergel 7 al” in their
retrospective study analyzing the relation between skin
prick and atopy patch testing and food elimination diet
in patients with EE, found that a large number of their
patient population had normalization of biopsy results
on elimination and reoccutrrence on reintroduction.
Kagalwalla ¢z a/'” used a six-food elimination diet rather
than the conventional elemental diet and found it to be
associated with good clinical and histological response.
The major problem with an elemental diet is the lack of
palatability and thus a six-food elimination diet offers
the advantage of better acceptability and compliance[m]
Elemental formulae do not contain fiber, and other
nutrients may not be available based on the formula
used in any particular patient. In these situations, fiber
supplementation may be useful, especially in children or
those who are prone to constipation, and other nutrients
may be provided by other foods". Tt is also beneficial
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to have a registered dietician or a nutritionist involved
because elimination diets may have a significant impact
on the whole family who will need to be educated on
the type of food that the patient can safely eat and
on balancing the daily nutritional requirements of the
individual. Food reintroduction forms an important
aspect of management. Spergel and Shuker, in their
article on nutritional management of EE, advocate
reintroducing the least allergic foods followed by the
most allergic ones. Periodic endoscopies are performed
to assure symptomatic and histological improvement.
If symptoms reappear, then that food is avoided,
but by using this approach, patients can go back to
an appropriate diet acceptable to the patient and the
family'”,

Endoscopic dilatation

EE is characterized by eosinophilic infiltration that
may extend into deeper layers of the esophagusm
and by subsequent chronic inflammation causing
tissue remodeling including subepithelial fibrosis!*.
Endoscopically, this may present as luminal narrowing,
stricture formation or decreased tissue compliance™’,
wherein, patients typically present with chronic dysphagia
ot foreign-body impaction. Food impaction is one of the
commonest causes of dysphagia, and is considered an
alarm symptom warranting immediate evaluation. The
push technique has previously been advocated in acute
esophageal food impaction[79’80]. Recent reports have
suggested a prevalence of EE in at least 50% of patients
with esophageal food impaction[m’w. EE therefore is
now increasingly being considered in patients presenting
with the above symptoms. However, Kaplan ez al™”
reported that tearing of the esophagus can occur even
with routine passage of the endoscope, and because
of this, dilatation was recommended after careful
consideration only in those patients non-responsive to
medical therapy and having rings obstructing the lumen.
Fox in his article reported that longitudinal tearing or
splitting of the mucosa is occasionally appreciated only
during withdrawal of the endoscopem], thus extreme
care is warranted is selecting patients for endoscopic
evaluation and dilatation. In a recent article, Straumann
cautions against food bolus removal with rigid endoscopy
in patients suspected of having EE, because of the high
rate of perforation™. Other reports, however, suggest
endoscopic dilatation to be a relatively safe procedure.
Croese e al” found that 87% of their patients with
EE had tears but none had serious complications, thus
indicating dilation to be a safe intervention in patients
with strictures. It will be worthwhile to conduct trials to
evaluate whether the frequency of endoscopic dilations
or the risk of complications with endoscopic maneuvers
decrease if patients have prior medical treatment.

CONCLUSION

Eosinophilic esophagitis is increasingly being recognized
in the adult population. It can present with a variety of
symptoms including dysphagia and food impaction, along

with other nasal and trachea-bronchial symptoms. Long-
term sequelac of EE may include secondary malnutrition,
weight loss, and acute esophageal perforations.
Diagnosis of EE involves clinicopathological criteria
and endoscopic biopsies. Because of the absence of
a single known factor involved in the pathogenesis of
EE, treatment options are multiple and include acid
suppression, steroids, leukotriene inhibitors, elemental
and elimination diets, and endoscopic dilations. Careful
selection of patients must be done before the initiation
of therapy because of the inherent risks and acceptability
involved in each of them.
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Abstract

Gastroparesis refers to abnormal gastric motility
characterized by delayed gastric emptying in the
absence of mechanical obstruction. The most common
etiologies include diabetes, post-surgical and idiopathic.
The most common symptoms are nausea, vomiting
and epigastric pain. Gastroparesis is estimated to affect
4% of the population and symptomatology may range
from little effect on daily activity to severe disability
and frequent hospitalizations. The gold standard of
diagnosis is solid meal gastric scintigraphy. Treatment
is multimodal and includes dietary modification,
prokinetic and anti-emetic medications, and surgical
interventions. New advances in drug therapy, and
gastric electrical stimulation techniques have been
introduced and might provide new hope to patients
with refractory gastroparesis. In this comprehensive
review, we discuss gastroparesis with emphasis on
the latest developments; from the perspective of the
practicing clinician.
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INTRODUCTION

Gastroparesis is a condition of abnormal gastric
motility characterized by delayed gastric emptying in
the absence of mechanical outlet obstruction. The true
prevalence of gastroparesis is unknown; however, it has
been estimated that up to 4% of the adult population
experiences symptomatic manifestations of this
condition. A large study on long-term outcomes of
gastroparetic adults revealed that 82% of patients were
female"l. Gastroparesis has a higher prevalence in the
patient population of tertiary medical centers than in the
community hospital setting. Moreover, a widely available
diagnostic test that could be applied in a standard
fashion is currently lacking in the primary care setting.

PATHOPHYSIOLOGY

Gastric motility results from the integration of tonic
contractions of the fundus, phasic contractions of the
antrum, and inhibitory forces of pyloric and duodenal
contractions?. These contractions requite a complex
interaction between gastric smooth muscle, the enteric
nervous system and specialized pacemaker cells, the
interstitial cells of Cajal (ICC)P. Motor dysfunction of
the stomach may result from autonomic neuropathy,
enteric neuropathy, abnormalities of 1CCs, fluctuations
in blood glucose and psychosomatic factors**.

The etiology of gastroparesis is multifactorial
(Table 1). The three most common etiologies are
diabetes, idiopathic, and post-surgical, especially if
the vagus nerve is damaged. Other causes include
medication, Parkinson’s disease, collagen vascular
disotrders, thyroid dysfunction, liver disease, chronic
renal insufficiency, intestinal pseudo-obstruction and
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Causes

Classification

Idiopathic

Surgical causes

Infections

Central nervous
system disorders

Peripheral nervous
system disorders

Neuropsychiatric
disorders
Rheumatologic
disease

Endocrine and
metabolism diseases

Medications: opiates, anticholinergics,

B-adrenergics, Ca-channel blockers, glucagon,

THC, alcohol, tobacco, etc
Vagotomy and gastric resection/drainage
Fundoplication, esophagectomy
Gastric bypass surgery

Whipple procedure

Heart/lung transplant
Viruses-EBV, varicella, parvovirus-like
Chagas disease

Clostridium Botulinum
Cerebrovascular accidents/trauma
Tumors

Labyrinthine disorders

Seizures

Parkinson's disease

Guillain-Barre

Multiple sclerosis

Dysautonomias

Anorexia nervosa/bulimia
Rumination syndrome
Scleroderma

Systemic lupus erythematosus
Polymyositis/ dermatomyositis
Diabetes

Hypothyroidism

Parathyroid disease
Electrolyte disorders
Renal failure

Pregnancy
Neoplastic(para)-breast, small cell lung,
pancreas
Misc. neuromuscular  Amyloidosis
diseases Chronic intestinal pseudoobstruction
Myotonic dystrophy
miscellaneous! ",

Originating in the region of ICCs, electrical activity
in the form of gastric slow waves sweeps across the
stomach toward the pylorus. However, these slow
waves do not directly result in contraction of the gastric
smooth muscle, but instead cause a simultaneous
release of neurotransmitters from the enteric nerve
endings, leading to smooth muscle contraction.
Although neurohumoral control of gastric emptying
is incompletely understood, both motilin and ghrelin
are peptides secreted by the gastrointestinal endocrine
cells that have been shown to increase gastric motor
function®l,

In general, several factors affect gastric motility.
These include motor dysfunction i.e. hypomotility
and pyloric spasm, sensory dysfunction (such as
impaired fundic relaxation, accommodation and
abnormal sensation), electrical dysfunction (such as
gastric arrhythmias and abnormal propagation), CNS
effects resulting in nausea and vomiting, and others
such as bacterial overgrowth, visceral hyperalgesia and
gastrointestinal hormones.

SYMPTOMS AND EVALUATION

Gastroparesis is diagnosed by the presence of delayed

Grade 1: Mild
gastroparesis

Symptoms relatively easily controlled

Able to maintain weight and nutrition on a
regular diet or minor dietary modifications
Moderate symptoms with partial control
with pharmacological agents

Able to maintain nutrition with dietary and

Grade 2: Compensated
gastroparesis

lifestyle adjustments
Rare hospital admissions
Grade 3: Severe Refractory symptoms despite medical
gastroparesis therapy
Inability to maintain nutrition via oral route
Frequent emergency room visits or

hospitalizations

gastric emptying in a symptomatic patient after other
potential etiologies such as ulcer disease, mechanical
obstruction, gastric cancer or other malignancies are
excluded!""'". Symptoms of gastroparesis include
nausea, vomiting, early satiety, bloating, post-prandial
fullness, abdominal pain, weight loss and/or weight
gain. These symptoms are non-specific and may mimic
other disorders!"”. A simple severity grading scale
has been proposed for stratification of symptoms!*?
(Table 2). Also, a patient-based symptom instrument,
the gastroparesis cardinal symptom index (GCSI) has
been developed to assess severity of gastroparesis!'.
The GCSI total scores are based on three subscales of
nausea/vomiting, post-prandial fullness/early satiety,
and bloating. The GCSI scale is used to rate symptom
change by either physicians or by the patient’s own self-
evaluations. In 146 patients with gastroparesis, nausea
was present in 92%, vomiting in 84%, abdominal
bloating in 75%, and eatly satiety in 60%. Abdominal
pain or discomfort was present in 46%-89% of patients
but was not the predominant symptom!'. Abdominal
pain in gastropatesis responds pootly to treatment!¥.
Constipation may also be associated with gastroparesis.
Treatment of constipation with an osmotic laxative
has shown to improve dyspeptic symptoms as well as
gastric emptying delay!™. Complications of gastroparesis
include esophagitis, Mallory-Weiss tear from chronic
nausea/vomiting, malnutrition, volume depletion with
acute renal failure (secondarily), electrolyte disturbances

and bezoar formation!'®'".

DIAGNOSTIC TESTS

Radiographic tests

Gastric scintigraphy: Gastric emptying scintigraphy
of a radiolabeled solid meal is the gold standard for
the diagnosis of gastroparesis. This test provides a
physiological, non-invasive and quantitative measure of
gastric emptying. Measurement of emptying of solids is
more sensitive by scintigraphy. This is due to the fact that
liquid emptying may remain normal despite advanced
disease. A variety of foods including chicken, liver, eggs,
egg whites, oatmeal, or pancakes are used as meals.
The content of the meal is one of the most important
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variables in gastric emptying. Solids versus liquids,
indigestible residue, fat content, calories and volume
of the test meal, can all alter gastric emptying time.
Consensus recommendations for a standardized gastric
emptying procedure have recommended a universally
acceptable 99-m technetium sulfur-colloid labeled low
fat, cgg-white meal". Medications that alter gastric
emptying may be discontinued 48-72 h in advance, blood
glucose in diabetics should be < 275 mg/dL on the day
of the test and scinti-scanning at a minimum of 1, 2 and
4 h after test meal ingestion is performed in the upright
position. This periodic measurement of radiolabeled
solid meal has a specificity of 62% and a sensitivity of
93% when compared to continuous scinti-scanning!l.
Emptying of solids exhibits a lag phase followed by a
prolonged linear emptying phase. The results of this test
can be reported in two ways. The simplest approach is to
report percent retention at defined times (minimum 1, 2,
and 4 h). Half-times (T}, values) may also be calculated
but may potentially be less accurate, particularly in
patients with very long emptying for whom extrapolation
is needed to calculate the half-time if it was not actually
reached during the test. Retention of over 10% of the
solid meal after 4 h is abnormal. A grading of severity
based on 4 h values might be used: grade 1 (mild),
11%-20% retention at 4 h; grade 2 (moderate), 21%-35%
retention at 4 h; grade 3 (severe), 36%-50% retention
at 4 h; and grade 4 (very severe), > 50% retention at
4 h!", Prokinetics may also be administered intravenously
after the last measurement (l.e. 4 h) to evaluate if the
patient is a “respondet” or “non-responder” to the
agent. Again, percent retained or extrapolated T, times
can be calculated to assess the response. The drawbacks
of the test include lack of standardization in different
academic institutions, despite the current consensus
recommendations, and radiation exposure, which is
equivalent to about 1/3 of the average annual radiation
exposure in the US from natural sources.

Radiopaque markers: After ingestion of indigestible
markers, i.e. 10 small pieces of nasogastric tubing,
none of the markers should temain in the stomach on
an X-ray taken 6 h after ingestion with a meal™. This
simple test correlates with clinical gastroparesis and is
readily available and inexpensive. The drawbacks of the
test include lack of standardization of the meal and size
of markers and difficultly of determining if the markers
are located in the stomach or other regions that overlap
with the stomach (e.g. proximal small bowel, transverse
colon).

Ultrasonography: Transabdominal ultrasound has
been used to measure emptying of a liquid meal
by serially evaluating cross-sectional changes in the
volume remaining in the gastric antrum over timeP' .
Emptying is considered complete when the antral area/
volume returns to the fasting baseline. Some studies
have revealed gastric emptying measurements similar
4, Three-dimensional
ultrasound is a newly-developed technique that has

to those seen with scintigraphy

recently been reported to be useful in determining
stomach function®”% and duplex sonography can
quantify transpyloric flow of liquid gastric contents.
These techniques may be preferred over scintigraphy in
patients such as pregnant women or children, in order
to minimize radiation exposure. Drawbacks of the test
include the fact that it is somewhat operator dependent,
has proven reliable only for measurements of liquid
emptying rates]) and is less reliable when the patient is
obese or when excessive gastric air is present. Moreover,
liquid emptying is rarely impaired in patients with severe
gastroparesis.

Magnetic resonance imaging: MRI using gadolinium
has been found to accurately measure semi-solid gastric
emptying and accommodation using sequential transaxial
abdominal scans®’. MRI provides excellent special
resolution with a high sensitivity. It is also non-invasive
and radiation free. Antral propagation waves can be
observed and their velocity calculated. In gastroparesis,
a significant reduction is seen in the velocity of these
waves®. MRI can also differentiate gastric meal volume
and total gastric volume, allowing gastric secretory rates
to be calculated. New rapid techniques allow careful
measurements of wall motion in both the proximal
and distal stomach during emptying, and solid markers
now permit measurement of solid meal emptying®-.
The drawback of this test is the expense and lack of
availability.

Single-photon emission CT: This technique uses
intravenously administered 99-Tc pertechnetate that
accumulates within the gastric wall rather than the
lumen and provides a three-dimensional outline of the
stomachP"l. Measurement of regional gastric volumes in
real-time to assess fundic accommodation and intragastric
distribution can be made. The drawback of this test is the
need of large radiation doses, and wide unavailability.

Stable isotope breath tests

The non-invasive 13-C-labeled octanoate breath test is
an indirect means of measuring gastric emptying. It is a
medium chain triglyceride which is bound to a solid meal
such as a muffin. After ingestion and stomach emptying,
13-C octanoate is rapidly absorbed in the small intestine
and metabolized to 13 CO, which is expelled from
the lungs during expiration. The rate limiting step for
the signal appearing in the breath is the rate of gastric
emptying. Compared to detailed scintigraphy done over
a period of 4 h, the breath test has a specificity of 80%
and sensitivity of 86%P?. The test assumes normal
small bowel, pancreas, liver and pulmonary functions.
Some studies have demonstrated a strong correlation
between the carbon-labeled breath test and gastric
scintigraphy®*. The drawback of this test is the need
for normal small intestinal absorption, liver metabolism,
and pulmonary excretion to validate the test results.

Swallowed capsule telemetry
The ingestible “SmartPill® (VA Boston Healthcare
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System, MA, USA), or telemetry capsule, offers a
promising new non-radioactive method for assessing
gastric emptying. This capsule measures pH, pressure
and temperature using miniaturized wireless sensor
technology. This has been developed for ambulatory
assessment of GI transit. The time taken for the pill
to be expelled from the stomach into the duodenum is
measured by monitoring the time point at which the acid
readings of the stomach are replaced by the dramatic
increase in pH as the capsule enters the duodenum. It
has been shown that gastric transit time calculated using
the SmartPill correlates well with gastric scintigraphy
with good sensitivity (82%) and specificity (83%)". The
frequencies and amplitudes of antral contractions can be
used to calculate motility indices. A cutrent drawback is
the cost of the pill and lack of widespread availability.

Antroduodenal manometry

In antroduodenal manometry, a water-perfused or solid-
state manometric catheter is passed from the nares or
mouth and placed fluoroscopically into the stomach
and small bowel to measure actual gastroduodenal
contractile activity. The frequency and amplitude of
fasting, interdigestive and post-prandial contractions can
be recorded, and the response to prokinetic agents can
be assessed. Distinct patterns characterize the fasting
and fed phases. During the fasting period, three cyclical
phases known as migrating motor complex (MMC)
recur approximately every 2 h: Phase I, Phase II and
Phase II. Phase I is a period of motor quiescence
followed by Phase II, a period of intermittent phasic
contractions. Phase III, considered the “intestinal
housekeeper”, consists of an integrated peristaltic wave,
initiated in the antrum, that sweeps indigestible solids
from the stomach into the duodenum and beyond.
Feeding disrupts the MMC and replaces it with a fed
motor pattern of more regular antral contractions of
variable amplitude that are either segmental or propulsive
in charactet.

Gastroparesis is characterized by loss of normal
fasting MMC’s and reduced postprandial antral
contractions and, in some cases pylorospasm®. Small
intestinal motor dysfunction is detected in 17%-85%
of patients with gastropatesis®”. Manometry can also
distinguish between myopathic and neuropathic small
intestinal dysmotilities. However only in approximately
20%-25% of patients diagnosed with dysmotility
syndromes by antroduodenal manometry, is clinical
management influenced”. Antroduodenal manometry is
usually reserved for the refractory gastroparesis patient
evaluated at tertiary referral centers with the benefit
of provocative testing to assess manometric response
to treatment™). Drawbacks are that it is an invasive
procedure, it needs motility expertise to perform and
interpret the results, giving rise to problems with over
interpretation in the unskilled hands.

Electrogastrography (EGG)
EGG measures gastric slow-wave myoelectrical activity
via serosal, mucosal or cutaneous electrodes. It is most

conveniently recorded with cutaneous electrodes
positioned along the long axis of the stomach. Initially
a pre-prandial recording for 45-60 min is captured.
Patients are given a 500 kcal cheese or turkey sandwich
and an equivalent postprandial recording is captured.
The recorded signals are amplified and filtered to exclude
contamination by noise from cardiorespiratory activity
and patient movement. Computer analysis converts raw
EGG signals to a three-dimensional plot. In healthy
persons, EGG recordings exhibit uniform waveforms of
3 cycles/min, which increase in amplitude after ingestion
of a meal. Abnormality of EGG is defined by rhythm
disruption of more than 30% of the recording time
including tachygastria (frequency of > 4 cycles/min)
and bradygastria (< 2 cycles/min) and a lack of signal
amplitude with eating”. EGG abnormalities ate
present in 75% of patients with gastropatesis™. EGG
is considered by some authors as more of an adjunct
to gastric emptying measurement for a comprehensive
evaluation of patients with refractory symptoms!*l.
Drawbacks are the little documented utility of EGG
in the management of patients with suspected gastric
dysmotility and movement artifacts that make recordings
difficult to interpret.

Other tests

The gastric barostat test consists of a high compliance
balloon device placed into the stomach to measure
pressure-volume relationships and visceral sensation'.
The drawback of this test is that it is invasive and is used
therefore only as a research tool in a few tertiary centers.

The satiety test involves ingestion of water or a liquid
nutrient until the patient reports maximal fullness. This
test is not frequently performed and its main drawback
is that results are subjective.

A common misconception is the use of barium upper
gastrointestinal testing in the diagnosis of gastroparesis.
Although this test can be used to evaluate anatomic
abnormalities such as gastric outlet obstruction, it is not
a functional study for the diagnosis of gastroparesis and
other lesions such as malignancy may still be missed.

TREATMENT

The general principles of treatment of symptomatic
gastroparesis are to: (1) correct fluid, electrolyte, and
nutritional deficiencies; (2) identify and rectify the
underlying cause of gastroparesis if possible; and (3)
teduce symptoms!'>*.

In addition, patient education and explanation of the
condition is an integral part of treatment. The disabling
chronic symptoms of gastroparesis impact profoundly
on the patient’s sense of wellbeing, mental state,
behavior and social life. Sensitive caring from the clinical
team and professional counseling might be necessary to
help the patient cope with the disability. Patients should
be informed that a number of drugs might be tried in an
attempt to discover the optimal therapeutic regimen and
that the aim of treatment is to control rather than cure
the disorder!®.
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The patient’s drug list should be reviewed to
eliminate drugs that can cause gastric dysmotility.
Management can be tailored to the severity of the
gastroparesis. For grade 1 (mild) gastroparesis, dietary
modifications should be tried. Low doses of antiemetic
or prokinetic medications can be taken on an as-needed
basis. Grade 2 (compensated) gastroparesis is treated by
combination of antiemetic and prokinetic medications
given at scheduled regular intervals. These agents relieve
the more chronic symptoms of nausea, vomiting, early
satiety and bloating. They frequently have no effect on
abdominal pain. In grade 3 (severe) gastroparesis or
gastric failure, more aggressive treatments including
hospitalizations for i.v. hydration and medications,
enteral or parenteral nutritional support and endoscopic
ot sutgical therapy may be needed!"?.

Dietary manipulation

Dietary recommendations rely on measures that promote
gastric emptying or, at least theoretically, do not retard
gastric emptying. At the outset, it is advisable to introduce
an experienced dietician who can discuss and explore the
patient’s tolerance of solids, semi-solids and liquids, as
well as dietary balance, meal size and timing of meals. Fats
and fiber tend to retard emptying, thus their intake should
be minimized. This should be stressed as many of these
patients who often concomitantly also have constipation,
have been told to take fiber supplementation for treatment
of their constipation. Multiple small low fat meals about
four or five times each day should be recommended.
Carbonated liquids should be avoided to limit gastric
distention. Patients are instructed to take fluids
throughout the course of the meal and to sit or walk for
1-2 h after meals. If the above measures are ineffective,
the patient may be advised to consume the bulk of their
calories as liquid since liquid emptying is often preserved
in patients with gastroparesis. Poor tolerance of a liquid
diet is predictive of a future poor success!'”.

Correction of glycemic control

Patients with diabetes should be counseled to achieve
optimal glycemic control. Hyperglycemia itself delays
gastric emptying, even in the absence of neuropathy
or myopathy, which is likely to be mediated by reduced
phasic antral contractility and induction of pyloric
pressure waves. Hyperglycemia can inhibit the accelerating
effects of prokinetic agents*. Measures more likely to be
effective include more aggressive glucose monitoring, with
frequent dosing of short acting insulin preparations to
prevent post-prandial hyperglycemia. Prevention of wide
fluctuations of hyperglycemia may be more important
than maintenance of a given steady-state blood glucose
level™.. Improvement of glucose control increases antral
contractility, corrects gastric dysthythmias and accelerates

emptying.

Pharmacological therapy

The pharmacotherapy of gastroparesis is stepwise,
incremental and long term. The most commonly
used drug classes include pro-motility and anti-emetic

agents. There has been little in the way of randomized
controlled investigations directly comparing the different
agents. Consequently, a selection of drugs is used by trial
and error.

Prokinetic agents: Prokinetic medications enhance
the contractility of the GI tract, correct gastric
dysrhythmias, and promote the movement of luminal
contents in the antegrade direction. Prokinetics may
improve predominantly symptoms of nausea, vomiting
and bloating. They do not seem to relieve abdominal
pain and early satiety associated with gastroparesis.
They should be administered 30 min before meals
to elicit maximal clinical effects. Bedtime doses are
often added to facilitate nocturnal gastric emptying of
indigestible solids. The response to treatment is usually
judged clinically rather than with serial gastric emptying
tests because symptom improvements correlate poorly
M1 A meta-
analysis assessing benefits of four different drugs in 514
patients in 36 clinical trials reported that the macrolide
antibiotic erythromycin is the most potent stimulant of

with the acceleration of gastric emptying

gastric emptying, while erythromycin and the dopamine
receptor antagonist, domperidone, are best at reducing
symptoms of gastroparesis!’l. Several factors must be
considered when choosing a prokinetic drug for patients
with gastroparesis, including efficacy, toxicity, regional
availability and cost.

(1) Erythromycin. Erythromycin is a macrolide
antibiotic that is also a motilin receptor agonist*®. The
intravenous form is the most potent stimulant of solid
and liquid gasttic emptying™~l. Motilin is a polypeptide
hormone present in the distal stomach and duodenum
that increases lower esophageal sphincter pressure and is
responsible for initiating the MMC in the antrum of the
stomachP"?. Erythromycin binds to motilin receptors
and hence increases the amplitude of antral peristalsis,
triggers premature MMC phase III activity, and stimulates
gastric emptying™. Interestingly, erythromycin has also
been shown to accelerate emptying in post-vagotomy
and antrectomy patientsP. This may be due to its
stimulatory effects on the fundus.

Erythromycin should be started at a low dose (200 mg
per 5 mL) and is most rapidly absorbed when
administered as a suspension®. Howevet, tachyphylaxis
develops in patients on chronic erythromycin therapy,
due to down-regulation of motilin receptors which
can develop as carly as a few days of initiating
therapy®. If tachyphylaxis develops, erythromycin
can be discontinued for 2 wk and then restarted
again. Intravenous erythromycin is used occasionally
for inpatients with severe refractory gastroparesis®.
Common side effects include skin rashes, nausea,
cramping and abdominal pain. A large cohort reported
that erythromycin increases the risk of sudden cardiac
arrest by 2.01 times when compared to control
population?. The tisk for death was further increased
in those patients who also were on CYP3A (cytochrome
P-450 3A) inhibitors such as selected antipsychotics,
cardiac antiarrythmics, antifungals, calcium antagonists,
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antidepressants, and anti-emetics. Therefore, prior to
initiating EES therapy for treatment of gastroparesis, all
these factors need to be considered. Although this has
not undergone formal testing, in our institution, a QTc
of 450 ms in men and 460 ms in women has been used
as the cut-off value over which EES is not administered
due to risk of QT prolongation.

(II') Metoclopramide. Metoclopramide is a substituted
benzamide with several prokinetic actions, which
include combined serotonin 5-hydroxytryptamine
(HT) 4 receptor agonism, dopamine D2 receptor
antagonism, and direct stimulation of gut smooth
muscle contraction. The drug also has anti-emetic
effects via brainstem D2 receptor antagonism, vagal and
brainstem 5-HT3 receptor antagonism. The prokinetic
properties of metoclopramide are limited to the
proximal gut. Metoclopramide increases esophageal,
fundic and antral contractile amplitudes, elevates
lower esophageal sphincter pressure, and improves
antropyloroduodenal coordination. Metoclopramide
is administered orally in pill or liquid suspension
form. Intravenous forms commonly are reserved
for inpatients that cannot retain oral medications.
Subcutaneous administration has also been reported
to provide symptom control®”. At least five controlled
trails and four open label series have studied the
efficacy of metoclopramide in gastropatesis!'”. In these
nine trials, symptoms improved in seven studies, but
improvement in gastric emptying was noted in only
five. Patients may develop tolerance to the prokinetic
action of metoclopramide over time; however, its
>, Metoclopramide is
effective for the short-term treatment of gastroparesis
91 The long-term utility of
metoclopramide has not been proven!®. Side effects
of metoclopramide occur in up to 30% of patients and
result from antidopaminergic effects on the CNS. Acute
dystonic reactions such as facial spasm, oculogyric crisis,
trismus, and torticollis occur in 0.2%-6% of patients
and are often observed in patients less than 30 years of
age and within 48 h of initiating therapy®. Drowsiness,
fatigue, and lassitude are reported by 10% of patients.
Metoclopramide can worsen depression. Other side

antiemetic effects are sustained!

for up to several weeks!

effects include restlessness, agitation, irritability, akathisia
and hyperprolactinemic effects. Prolonged treatment
with metoclopramide can produce extrapyramidal
symptoms. These symptoms usually subside with 2-3 mo
of discontinuation of the drug. Irreversible tardive
dyskinesia is a catastrophic consequence that occurs
in 1% to 10% of cases when metoclopramide is taken
for more than 3 mol®. This condition is disabling and
can develop without warning, therefore, it should be
discussed in detail with the patients or their families with
documentation of the discussion in their medical record.
The current standard has been to sign an informed
consent to document communicating the risks of
metoclopramide.

(II) Domperidone. Domperidone, a benzimidazole
derivative, is a peripheral dopamine D2 receptor
antagonist with benefits similar to those of

metoclopramide. Domperidone does not cross the
blood-brain barrier and consequently it has fewer central
side effects. Brainstem structures regulating vomiting are
outside the blood-brain barrier, therefore, domperidone
has potent central anti-emetic action. At least five
controlled trials and four open case series have assessed
domperidone in patients with gastroparesis and diabetic
gastropathy™®. Symptoms improved in all studies, but
accelerated gastric emptying was not uniformly observed.
Domperidone may show tachphylaxis on repeated
administration®. Adverse reactions to domperidone
are commonly related to hyperprolectinemia due
to the porous blood-brain barrier in the anterior
pituitaryl®.
breast engorgement, and galactorrhea. An intravenous
formulation of domperidone was removed in 1980 due
to generation of cardiac arrhythmias®®). Domperidone is
not approved by the FDA for prescription in the United
States, although it can be obtained in Canada, Mexico,
New Zealand, Europe, and Japan. It is available in the
US with approval of local institutional review boards,

These include menstrual irregularities,

through an FDA investigational new drug application
(IND) to patients with gastroparesis refractory to other
therapies.

(IV) Tegaserod. This is a 5-HT4 receptor partial agonist
used in the treatment of constipation predominant
irritable bowel syndrome. In healthy volunteers, the drug
stimulates small-intestinal motility and post-prandial antral
and intestinal motility. Tegaserod has been shown to
accelerate gasttic emptying in some” but not all studies
of healthy volunteers!®®. Tegaserod was completely
withdrawn form the US market in April 2008 due to a
reported increase in the risk of cardiovascular adverse
effects.

(V) Cisapride. Cisapride is a 5-HT4 receptor agonist
with weak 5-HT3 antagonist properties that once was
widely used for gastroparesis. This drug was withdrawn
from the market in the United States in 2000 because
of numerous reports of sudden death from cardiac
arrhythmias!®). Although the drug is still available
overseas in numerous counttries and obtainable from
overseas websites, a recent consensus document did not
recommend its use in gastropatesis('?.

(VI) Bethanechol. Bethanechol is an approved
smooth muscle muscarinic agonist that increases lower
esophageal sphincter pressure and evokes fundoantral
contractions but does not induce propulsive contractions
ot accelerate gastric emptying!™. Rarely, the drug may
be used as an adjunct with other prokinetic medications
in patients refractory to standard treatment with
prokinetics and anti-emetic drugs. Prominent adverse
effects include abdominal cramps, skin flushing,
diaphoresis, lacrimation, salivation, nausea, vomiting,
bronchoconstriction, urinary urgency, and miosis.
Dangerous cardiovascular effects include abrupt
decreases in blood pressure in hypertensive patients and
atrial fibrillation in patients with hyperthyroidism.

(V) Drugs in research. (1) Motilin receptor agonists.
(a) Azithromycin is a macrolide antibiotic similar to
erythromycin. It has been postulated that azithromycin
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is also a motilin receptor agonist. In preliminary
studies, intravenous administration of azithromycin
improves antroduodenal contractions as measured by
manometryl. However, there are no data available
revealing an improvement in gastric emptying rates or
patient symptoms after the administration of i.v. or oral
azithromycin. The potential benefit of azithromycin is
the longer half-life (68 h) as compated to erythromycin
(1.5-2 h) and thus the less frequent dosing may help
improve compliance with the medication (once a day
versus four times a day). Furthermore, azithromycin is
not metabolized, and elimination is largely in the feces,
following excretion into the bile, with less than 10%
excreted in the urine. Thus, it does not utilize the P-450
pathway in the liver and has less adverse effects due
to drug interactions. It also appears that azithromycin
has lower pro-arrhythmic potential compare with
erythromycin but nevertheless cardiac adverse events
have been reported™ . From that prospective, it seems
prudent to check the length of the QTc interval prior to
initiating azithromycin therapy as well. (b) Mitemcinal is
also a macrolide derived motilin receptor agonist with
prokinetic properties. It does not have any antimicrobial
actions. It produced symptom benefit in patients with
diabetic gastropathy who had a body mass index of
< 35 kg/m? and with hemoglobin A1C values <
10%!™. In addition, tachyphylaxis was not observed
during the study period. (c) Atilmotin is another motilin
receptor agonist, which, when given i.v., has been
shown to accelerate gastric emptying of liquids and
solids in healthy subjects™
atilmotin has significant effects on symptoms in patients

1. It is not known whether

with gastroparesis. (d) Ghrelin is a neurohumoral
transmitter secreted by the stomach and is believed to
play a physiological role as a stimulant of food intake
and is also structurally related to motilin. Ghrelin has
prokinetic properties, and has been shown to accelerate
gastric emptying of a test meal in diabetic patients with
slow gastric emptying!””
emptying and decreased meal-related symptoms in
patients with idiopathic gastropatesis™. (2) Dopamine
antagonists and serotonin agonists. (a) Itopride is a new

, as well as improve gastric

D2 antagonist with anti-acetylcholinesterase effects. This
drug showed prokinetic properties in animal models
as well as promising effects in functional dyspepsia™.
However, in healthy subjects, itopride had no effect on
gastric emptying™\. (b) Sulpitide is a dopamine blocker
used for psychiatric disorders. Initial studies have shown
81 and

may be as effective as cisapride in relieving nausea and

that oral levosulpiride is superior to placebo[

vomiting in patients with gastroparesis®*®. Although
this drug is not new, further studies are of interest to
see whether it deserves a more established position
for these gastrointestinal indications. (c) Mosapride
1s a 5-HT4 receptor agonist that accelerates gastric
emptying in healthy volunteers and patients with diabetic
gastroparesis®™. In contrast to cisaptide, mosapride has
little effect on potassium-channel activity and seems to
exhibit a significantly lower cardiac dysrhythmogenic
potential®™l. (d) Renzapride is a combined 5-HT4

receptor agonist and 5-HT3-receptor antagonist.
Future studies are needed to determine if renzapride
exhibits efficacy in gastropatesis!'. (3) Miscellanecous. (a)
Physiostigmine and neostigmine are muscarinic receptor
activators that stimulate gut motor activity by increasing
acetylcholine levels. These drugs increase gastric
contractions but have limited action in accelerate gastric
emptying. However, pyridostigmine has been recently
noted to reduce symptoms in a patient with gastroparesis
secondary to undetlying autoimmune disease®. (b)
Nizatidine is a H2-receptor antagonist which exhibits
anticholinesterase activity and stimulates gastric emptying
but its efficacy in long-term treatment of gastroparesis
is unknown®. (c) Cholecystokinin receptor antagonists
such as loxiglumide and dexloxiglumide accelerate gastric
emptying in some studies. The utility of such agents in
gastroparesis remains to be determined®™. (d) Sildenafil
is a phosphodiesterase 5 inhibitor which has been shown
to restore gastric emptying of liquids in an animal model
of diabetes®. Sildenafil also reduced the dysrhythmias
of the stomach induced experimentally by hyperglycemia
in humans®. On the other hand, a thorough study of
the effects of sildenafil on human gastric sensimotor
functions showed that the drug significantly increases
postprandial gastric volume and slows liquid (though not
solid) emptying rateP!l. Sildenafil has also been found to
inhibit interdigestive motor activity of the antrum and
duodenum®?. Clinical trials are clearly needed before
this medication can be considered for the treatment of
gastroparesis.

Anti-emetic medications: It is likely that a component
of the clinical benefits observed with some of the
available prokinetic drugs, such as metoclopramide and
domperidone, stem from their anti-emetic actions on
brain-stem nuclei. Nausea and vomiting are the most
disabling symptom of gastroparesis and anti-emetic
agents without stimulatory activity are often used alone
or in concert with prokinetic drugs to treat gastroparesis.
Antiemetic medications act on a broad range of distinct
receptors subtypes in the peripheral and central nervous
systems. Like prokinetics, the choice of antiemetic is
empirical and it is reasonable to try the less expensive
therapies initially.

(1) Phenothiazines. These are the most commonly
prescribed traditional antiemetics which include
prochlorperazine and tiethyperazine. These drugs are
both dopamine and cholinergic receptor antagonists
acting on the area postrema (chemoreceptor trigger
zone) in the brainstem. Prochlorperazine can be
administered in the tablet form, liquid suspension,
suppository and by injection. Side effects include
sedation and extra-pyramidal effects such as drowsiness,
dry mouth, constipation, skin rashes and Parkinsonian-
like tardive dyskinesia.

(II') Serotonin 5-HT3 receptor antagonist. These
medications include ondansetron, granisetron,
and dolasetron and are useful for prophylaxis of
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chemotherapy induced nausea and vomiting, as well as
symptoms occurring post operatively or during radiation
therapy. These drugs may act on the chemoreceptor
trigger zone as well as on peripheral afferent nerve fibers
within the vagus nervel*. Ondansetron has no effect on
gastric emptying in healthy volunteers and patients with
gastroparesis and moreover can cause constipation”*".
This class of drugs maybe helpful when all other drugs
have failed to provide symptom relief and are best given
on an as-needed basis.

(IT) Anti-histamines. Antihistamines acting on H1
receptors exhibit central antiemetic effects™. Commonly
prescribed antiemetics include diphenhydramine,
dimenhydrinate and meclizine. These agents are most
useful to treat symptoms related to motion sickness.
The mechanism of action is pootly understood but is
likely to involve both labyrinthine and chemoreceptor
trigger zones. Side effects include drowsiness, dry
mouth, blurred vision, difficulty urinating, constipation,
palpitations, dizziness, insomnia and tremor.

(IV) Low-dose tricyclic antidepressants. Tricyclic
antidepressants (TCAs) impair gastrointestinal motility
through their anticholinergic activity but have been
shown to relieve nausea, vomiting and pain in functional
dyspepsial”®l. In a recent publication, 88% of diabetic
patients with nausea and vomiting reported benefits
with TCAsP™, of which one third had delayed gastric
emptying, suggesting that these agents may have
utility in gastroparesis. However, formal prospective
trials of these antidepressants for the treatment of
gastroparesis have not been performed, thus their use
is still considered off-label. Side effects of low-dose
TCAs are uncommon, excessive sedation and dry mouth
occasionally limits use.

(V) Other antiemetics. (1) Cannabinoids. Cannabinoid
drugs such as dronabinol have been studied for
improvement of gastrointestinal symptoms from
chemotherapy and appear to have potency similar
to standard antidopaminergics. Their benefit for
gastroparesis has not been evaluated and they may also
delay gastric emptying. (2) Benzodiazepines. These
are useful for anticipatory nausea and vomiting before
chemotherapy, but their efficacy in gastroparesis is
unknown. These drugs maybe useful for their sedating
effects in those patients with associated anxiety. (3)
Neurokinin NK1-receptor antagonists. These are
new antiemetics which treat both acute and delayed
chemotherapy-induced nausea and vomiting™®), but
their actions on gastric motor activity and symptoms
in gastropatesis are uninvestigated. (4) Corticosteriods.
Corticosteriods are employed as antiemetics in
the postoperative setting or in the prevention of
chemotherapy-induced emesis. One individual with
idiopathic myenteric ganglionitis exhibited improvement
with corticosteroid therapy, confirming the inflammatory

basis of some cases of upper gut dysmotility!*.

Complementary and alternative therapies: Ginger,
a traditional Chinese antiemetic agent, has weak 5-HT3
receptor antagonist properties and has gastric slow
wave antidysrhythmic effects in humans!'", These
therapies are often given for treatment of nausea and
vomiting of diverse etiologies. Acupressure and electrical
acustimulation on the P6 acupuncture point reduce
nausea postoperatively, after chemotherapy, and during
nausea of pregnancy. One group observed benefits with
acupuncture in 35 diabetic gastroparesis patients!'?.

Medications for control of symptoms other than
nausea and vomiting: (1) Early satiety. Early satiety
has been related to defects in fundic accommodation
in patients with functional dyspepsial'™. Nitrates,
buspirone, sumitriptan, and selective serotonin
reuptake inhibitors promote fundic relaxation in
this condition!'"™!"l. The use of fundic relaxants in
managing early satiety in gastroparesis has not been
investigated; (2) Abdominal pain. Epigastric pain is
disabling in some individuals with gastroparesis and can
result in excessive utilization of healthcare resources.
The pathogenesis of pain is poorly understood and
treatments for this symptom are largely unsatisfactory.
Pain in gastroparesis has been postulated to be due to
sensory rather than motor dysfunction, and therapies
to reduce afferent dysfunction may be more effective
for this symptom!"”’l. However, this hypothesis
has not been tested. Although, non-steroidal anti-
inflammatory drugs (NSAID’s) have been shown to
ameliorate gastric slow wave dysrhythmias in several
healthy subjects!"™, their adverse effects including renal
dysfunction and ulcerogenic properties, limit their
usage on a chronic basis. Antidepressant medications
may help with gastroparesis associated neuropathic
pain®.. These include low dose tricyclic antidepressants
(TCA), selective serotonin reuptake inhibitors (SSRlIs),
selective noradrenaline reuptake inhibitors (SNRIs)
and combined serotonin/noradrenaline reuptake
inhibitors. Paroxetine, an SSRI, may selectively accelerate
small intestinal transit!"'®"". Opiates, including milder
agents such as tramadol, should be avoided because
of their inhibitory effects on motility as well as risk of
addiction. (3) Nutritional support, enteral and parenteral.
Some patients with refractory gastroparesis benefit
from enteral or parenteral nutrition intermittently for
symptom flares or for permanent support. Patients
with chronic symptoms of gastroparesis may develop
dehydration, electrolyte abnormalities and/or extreme
malnutrition. The choice of nutritional support and its
administration route depends on the severity of disease.
The indications for supplementation of enteral nutrition
include unintentional loss of 10% or mote of the usual
body weight during a period of 3 to 6 mo, inability to
achieve the recommended weight by the oral route,
repeated hospitalizations for refractory symptoms,
interference with delivery of nutrients and medications,
need for nasogastric intubation to relieve symptoms, and
nausea and vomiting resulting in poor quality of lifel*?.
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Except in cases of profound malnutrition or electrolyte
disturbance, enteral feeding are preferable to chronic
parenteral nutrition because of the significant risks of
infection and liver disease in the latter treatment. On
the other hand, short-term total parenteral nutrition
(TPN) can reverse rapid weight decline and ensure
adequate fluid delivery. Home intravenous TPN
may be needed for individuals who cannot tolerate
enteral feeding. Several options for enteral access and
feeding are available and no data exists favoring one
approach over the other. However, nasogastric tubes
and gastrostomy tubes are not encouraged due to
the possibility of worsening gastroparesis and risk of
pulmonary aspiration. Jejunostomy tubes are preferred
in order to bypass the gastroparetic stomach except
if the patient has small bowel dysmotility. Short-term
nasojejunal feeding is often used to help determine if
the patient will tolerate chronic small bowel feeding
through a permanent enteral access. Formulas that are
low in osmolarity (e.g. Peptamen, Isocal) and with a
caloric density of 1.0-1.5 cal/mL are recommended. A
dietician should be consulted eatly on. Initially, infusion
rates should be low and then advanced every 4-12 h as
tolerated to meet caloric needs. Eventually, infusions can
be converted to nocturnal feedings to free up daytime h
for optional oral intake and to participate in normal daily
activities.

Endoscopic treatment

Therapeutic endoscopy with pyloric injection of
botulinum toxin A may provide benefit in some patient
with gastroparesis. Botulinum toxin A is a bacterial
toxin that inhibits acetylcholine release, causing muscle
paralysis. Manometric studies in patients with diabetic
gastroparesis have shown evidence of prolonged
pylorospasm producing a functional outlet obstruction.
Several uncontrolled case series have reported reduced
symptoms and acceleration of gastric emptying after
botulinum toxin treatment!"">'". The largest series
reported 63 highly selected patients with primary
idiopathic gastroparesis, 43% of whom responded
symptomatically with mean response duration of
5 mol'"®, A double-blind controlled trial found no
efficacy of botulinum toxin over placebo!"'®l. However,
this report was underpowered to detect the effect
of the drug. Another recent double-blind placebo-
controlled trial revealed that intrapyloric injection of
botulinum toxin improved gastric emptying in patients
with gastroparesis, although this benefit was not
superior to placebo at one month. Also, in comparison
to placebo, symptoms did not improve significantly
after 1 mo of injection”. The use of botulinum toxin
for gastroparesis is considered off-label and should be
considered when other accepted therapies have failed or
produced unacceptable side effects. To date, few adverse
effects have been reported with botulinum toxin therapy.

Surgical treatment
Surgical intervention is increasingly used to treat
medically refractory/severe gastroparesis. Limited

data are available concerning surgical treatment of
gastropatesis!'™®l. The most common procedure is gastric
electrical stimulation (GES). Other procedures offered
include venting/feeding gastrostomy and jejunostomy
tubes, surgical pyloroplasy, gastrectomy and surgical
drainage procedures and pancreatic transplantation in
diabetic patients. Apart from GES and feeding tubes,
other surgical procedures are performed as a last resort
in carefully evaluated patients with profound gastric
stasis.

GES: Over the past decade, GES has been used for
treatment of medically refractory gastroparesis!'™'>'"l,
Paced GES using an implantable stimulator (Enterra
therapy, by Medtronic Inc.) has been approved by
the FDA through a humanitarian device exemption.
Electrical stimulation is delivered by two electrodes
usually placed laproscopically on to the serosal surface
of the stomach overlying the pacemaker area in the body
of the stomach. Leads from the electrodes connect to
a pulse generator that resembles a cardiac pacemaker
that is implanted in a subcutanecous pocket of the
anterior abdominal wall. The pulse generator delivers
low energy 0.1-s trains of pulses at a frequency of
12 cycles/min. Within each pulse train, individual pulses
oscillate at a frequency of 14 cycles/s"?. Although the
exact mechanism of action of the GES is unknown,
the clinical effect is believed to be mediated by local
neurostimulation. The stimulation impulses used are
able to excite nerves but are too weak to excite gastric
smooth muscles. Furthermore, poor correlation is
observed between patients’ symptoms and gastric
#1200 Tt has been hypothesized that
the mechanism may stem from a vagal and cerebral

pathway!'l; however, GES has been shown to work

emptying rates!"

well even in patients with vagotomy!*?. Multiple
uncontrolled studies in diabetic, idiopathic and post-
surgical gastroparesis have shown efficacy of GES. In
one uncontrolled multicenter trial, 35 of 38 patients
experienced > 80% reductions in nausea and vomiting
which persisted for 2.9-15.6 mo, with an associated
5.5% increase in weight and reduced requirement of
supplemental nutrition!*. Other studies reported similar
long-term symptom benefits, which may persist for at
least 10 years with improvements in body mass index,
serum albumin and glycemic control!'®l. In the only
controlled trial of GES, 33 patients with idiopathic or
diabetic gastroparesis completed a 2-mo double-blind,
crossovert, sham stimulation-controlled phase followed
by 12 mo uncontrolled observation, with the device
"1 During the blinded phase, frequency of
weekly vomiting in all patients was 6.8 times when the
device was ON as opposed to 13.5 times when it was
OFFE. Although there was not a significant reduction in
the total symptom score (ISS) in the ON 25 OFF state,
21 patients preferred the stimulation ON, whereas seven
preferred OFF and five had no preference. Symptom
reductions were more impressive during the unblinded

activated!

phase where median vomiting frequency decreased by
> 80% for 50% of all patients. TSS was also significantly
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improved in all patients from a score of 16.8 at baseline
to 11.1 and 11.4 at 6 and 12 mo, respectively. The major
adverse effect of GES is infection resulting in removal
of the device in approximately 10% of patients!"'”'*.
The frequency of such infections seems to be decreasing
during recent years. This may be explained by more
careful surgical technique and the increasing use of
laparoscopy instead of open surgery. The second
concern is of the non-responder issue. In the earlier
mentioned randomized trial"” 13% of the patients wete
non-responders with < 25% symptom reduction. There
seems to be a higher non-responder rate in idiopathic
gastroparesis'”'?l. Abell and colleagues have applied
temporary mucosal GES with endoscopically placed
electrodes and used the effects on symptoms after = 3 d
as a measure of responsel'”.

Other surgical options: In refractory patients with
severe nausea and vomiting, placement of a gastrostomy
tube for intermittent decompression by venting or
suctioning may provide symptom relief, especially
of interdigestive fullness and bloating secondary to
retained intragastric gas and liquids. Pyloroplasty may
be considered as another option but limited data are
available on the efficacy of this procedure. There are
limited controlled data concerning gastrectomy in
gastroparesis!''®. A study of patients with neat-total
gastrectomy revealed long-term symptom relief in 43%
patients with postsurgical gastroparesis!'*l. The literatute
1s sparse concerning correction of diabetic gastroparesis
status post-pancreas and pancreas-kidney transplant in
patients with type 1 diabetes!"*"*.
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Abstract

Pancreatic pseudocysts are complications of acute or
chronic pancreatitis. Initial diagnosis is accomplished
most often by cross-sectional imaging. Endoscopic
ultrasound with fine needle aspiration has become
the preferred test to help distinguish pseudocyst from
other cystic lesions of the pancreas. Most pseudocysts
resolve spontaneously with supportive care. The size
of the pseudocyst and the length of time the cyst has
been present are poor predictors for the potential of
pseudocyst resolution or complications, but in general,
larger cysts are more likely to be symptomatic or cause
complications. The main two indications for some type
of invasive drainage procedure are persistent patient
symptoms or the presence of complications (infection,
gastric outlet or biliary obstruction, bleeding). Three
different strategies for pancreatic pseudocysts drainage
are available: endoscopic (transpapillary or transmural)
drainage, percutaneous catheter drainage, or open
surgery. To date, no prospective controlled studies
have compared directly these approaches. As a result,
the management varies based on local expertise,
but in general, endoscopic drainage is becoming the
preferred approach because it is less invasive than
surgery, avoids the need for external drain, and has
a high long-term success rate. A tailored therapeutic
approach taking into consideration patient preferences
and involving multidisciplinary team of therapeutic
endoscopist, interventional radiologist and pancreatic
surgeon should be considered in all cases.
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INTRODUCTION

Pseudocyst of the pancreas is a localized fluid collection
that is rich in amylase and other pancreatic enzymes and
is surrounded by a wall of fibrous tissue that is not lined
by epithelium!. Pseudocysts are connected with the
pancreatic duct system, either as a direct communication
or indirectly #ia the pancreatic parenchyma. They
are caused by pancreatic ductal disruption following
increased pancreatic ductal pressure, either due to
stenosis, calculi or protein plugs obstructing the main
pancreatic ductal system, or as a result of pancreatic
necrosis following an attack of acute pancreatitis™.
Pseudocysts are a common clinical problem and
complicate the course of chronic pancreatitis in 30% to
40% of patients™.

ETIOLOGY

The occurrence of pseudocyst parallels that of
pancreatitis and the etiology of pseudocysts resembles
the causes of pancreatitis closely, although pseudocyst
formation is less common after acute compared to
chronic pancreatitis, and it is more common after
alcohol-induced than after non-alcohol-related
pancreatitis. Alcohol-related pancreatitis appears to be
the major cause in studies from countries where alcohol
consumption is high and accounts for 59%-78% of all
pseudocystst.

Walt ez af*! reported data collected from Wayne State
University Hospital in Detroit, USA. The causative
factors in the 357 admissions for pancreatic pseudocysts
included alcohol use in 251 cases (70%), biliary tract
disease in 28 (8%), blunt trauma in 17 (5%), penetrating
trauma in four (1%), operative trauma in one (0.3%),
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and idiopathic in 56 (16%). Most of the patients in the
idiopathic group were thought to have been alcohol-
related, but no definite evidence was recorded®.

CLASSIFICATION

D’Egidio and Schein, in 1991, described a classification
of pancreatic pseudocyst based on the underlying
etiology of pancreatitis (acute or chronic), the pancreatic
ductal anatomy, and the presence of communication
between the cyst and the pancreatic duct!”. They define
three distinct types of pseudocysts™. Type I, or acute
“post-necrotic” pseudocysts, that occur after an episode
of acute pancreatitis and are associated with normal duct
anatomy, and rarely communicate with the pancreatic
duct. Type II, also post-necrotic pseudocysts, which
occurs after an episode of acute-on-chronic pancreatitis
(the pancreatic duct is diseased, but not strictured,
and there is often a duct-pseudocyst communication).
Type III, defined as “retention” pseudocysts, occur with
chronic pancreatitis and are uniformly associated with
duct stricture and pseudocystduct communication.
Another classification, based entirely on pancreatic
duct anatomy, is proposed by Nealon and Walser!®.
Type 1: normal duct/no communication with the cyst.
Type II: normal duct with duct-cyst communication.
Type II: otherwise normal duct with stricture and no
duct-cyst communication. Type IV: otherwise normal
duct with stricture and duct-cyst communication. Type V:
otherwise normal duct with complete cut-off. Type VI:
chronic pancreatitis, no duct-cyst communication. Type VI
chronic pancreatitis with duct-cyst communication®.

INCIDENCE

Regardless of the etiology of pseudocyst, the incidence
is low, 1.6%-4.5%, or 0.5-1 per 100000 adults per
year”'l In a study by Imtie, pseudocysts developed
after emergency hospital admission for an episode of
acute pancreatitis in 86 patients!"'. Sixty-two of the
86 pseudocysts consequent to acute pancreatitis were
derived from the local hospital population area, in which
879 patients with acute pancreatitis were admitted to
hospital during the same time period. This resulted in a
7% overall incidence of pseudocysts as a complication
of acute pancreatitis"'l.

In a series of 926 patients with non-alcoholic acute
pancreatitis, fluid collections were observed in 83 (9%).
At the end of 6 wk, 48 (5%) still had a fluid collection
consistent with a pseudocyst!'?.

Kourtesis e a/'" followed prospectively with
computed tomography (CT) 128 consecutive patients
with acute pancreatitis (mostly alcohol-induced). Forty-
eight patients (37%) developed fluid collection in the
pancreatic region. The majority of these resolved
spontaneously. In 15 (12%) patients, symptomatic
pseudocysts developed.

Pseudocysts tend to be more common in chronic as
compared to acute pancreatitis. Incidence figures of 30%
to 40% have been reported in the literature!”l. However,

Pancreatic diseases Extrapancreatic diseases

Peptic ulcer disease & gastric cancer
Acute cholecystitis & gallstones
Abdominal aortic aneurysm

Intestinal ischemia

Acute & chronic pancreatitis
Pancreatic necrosis & abscess
Adenocarcinoma of the pancreas
Pancreatic cystic neoplasms
Pancreatic artery pseudoaneurysm Ovarian cysts & cancers
Bowel obstruction
Acute myocardial infarction
Pneumonia

there is a lack of precise data based on the long-term
follow-up of patients with chronic pancreatitis, in contrast
to acute pseudocysts where the patient with chronic
pancreatitis may have had the disease for 10, 20 or more
years giving him a high risk of developing a pseudocyst at
least once over a long period of sickness!".

PATHOGENESIS

The pathogenesis of pseudocysts seems to stem from
disruptions of the pancreatic duct due to pancreatitis
or trauma followed by extravasation of pancreatic
secretions. Two thirds of patients with pseudocysts
have demonstrable connections between the cyst and
the pancreatic duct. In the other third, an inflammatory
reaction most likely sealed the connection so that it is
not demonstrable.

In case of pseudocyst following an episode of acute
pancreatitis, only if the acute fluid collection persists
more than 4-6 wk, and is well-defined by a wall of
fibrous or granulation tissue, can one say that an acute
pseudocyst has appeared. Such a pseudocyst usually
contains enzymatic fluid and necrotic debris!™.

The pathogenesis of pseudocyst formation in
chronic pancreatitis is less well understood but, at least
two mechanisms may be involved, the cyst may develop
as a consequence of an acute exacerbation of the
undetlying disease and/or blockage of a major branch
of the pancreatic duct by a protein plug, calculus or
localized fibrosis!'.

CLINICAL PRESENTATION, DIAGNOSIS
AND DIFFERENTIAL DIAGNOSIS

The clinical presentation of pancreatic pseudocyst
can range from asymptomatic patient to major
abdominal catastrophe due to complications!"*"™. Acute
complications include bleeding (usually from splenic
artery pseudoaneurysm), infection, and rupture.

Chronic complications include gastric outlet
obstruction, biliary obstruction and thrombosis of
the splenic or portal vein with development of gastric
vatices".

A variety of diseases can mimic the clinical
presentation of pancreatic pseudocyst (Table 1). Once
pancreatic cyst is identified by an imaging modality, the
most important question is to differentiate pseudocyst
from other cystic lesions of the pancreas (Table 2).
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SCA MCN IPMN SPN Pseudocyst
Prevalent age Middle age Middle age Elderly Young Variable
Sex Mostly female ~ Mostly female Male > female Mostly female Male > female
Presentation Mass/pain Mass/pain Pancreatitis Mass/pain Pain
Location Evenly Body/tail Head Evenly Evenly
Malignant potential ~ Very low Moderate to high ~ Low to high Low None

SCA: Serous cystadenoma; MCN: Mucinous cystic neoplasm; IPMN: Intraductal papillary mucinous neoplasia; SPN:

Solid pseudopapillary neoplasm.

HISTORY AND PHYSICAL EXAMINATION

No specific set of symptoms is specific for pseudocysts;
however, one should consider the possibility of a
pseudocyst in a patient who has persistent abdominal
pain, anorexia, or abdominal mass after a case of
pancreatitis. Rarely, patients present with jaundice or
sepsis from an infected pseudocyst!'?. Occasionally,
even patients with large pancreatic pseudocyst are
asymptomatic. In patients presenting with pancreatic
cyst incidentally discovered on imaging, a crucial point
is to define whether the patient has had prior history
of pancreatitis. The sensitivity of physical examination
findings is limited. Patients frequently have a tender
abdomen. They can occasionally have a palpable
abdominal mass. Peritoneal signs suggest rupture of the
cyst or infection. Other possible findings include fever,
scleral icterus or pleural effusion"’.

LABORATORY EVALUATIONS

Serum tests have limited utility. Amylase and lipase levels
are often elevated, but may be within reference ranges.
The serum bilirubin and liver chemistries may be el-
evated if the bile duct is obstructed from stone, extrinsic
compression from the pseudocyst or from underlying
liver disorder (e.g. alcoholic hepatitis). Some laboratory
tests may provide clues to the underlying etiology of
pancreatitis (e.g. elevated triglycerides or calcium level).
Elevated liver chemistries raise the suspicion for biliary
pancreatitis.

IMAGING MODALITIES

Transabdominal ultrasound (US)

Pancreatic pseudocyst appears as an echoic structure
associated with distal acoustic enhancement on US
examination. They are well defined and round or oval,
and they are contained within a smooth wall. During
the early phases of their development, pseudocysts
can appear more complex, with varying degrees of
internal echoes. Usually, this appearance results from
the presence of necrotic debris and is more common in
pseudocysts that form as a result of acute necrotizing
pancreatitis than in chronic pancreatitis related
pseudocysts. The debris is cleared over time in most
cases. The pseudocyst can appear more complex in two
other instances: when hemorrhage occurs into the cyst
or when infection of the cyst complicates the clinical

course. Color Doppler or duplex scanning should always
be performed in cystic lesions to ensure that the lesion
in question is not a giant pseudoaneurysm. Sensitivity
rates for US in the detection of pancreatic pseudocysts
are 75% to 90%. Therefore, US is inferior to CT,
which has a sensitivity of 90% to 100%. US has several
limitations, as compared with CT, in the initial diagnosis
of a pseudocyst: the presence of overlying bowel gas
decreases the sensitivity of US, and unlike CT, US
examinations are highly operator dependent!"”..

CT

The identification of a thick-walled, rounded, fluid-filled
mass adjacent to the pancreas on an abdominal CT scan
in a patient with a history of acute or chronic pancreati-
tis is virtually pathognomonic for pancreatic pseudocyst.
Positive CT findings in this clinical situation do not re-
quire confirmation with another diagnostic modality. In
the acute setting, a CT scan is the better choice because
significant amounts of bowel gas resulting from ileus or
obstruction decrease the sensitivity of US. In addition,
CT scans provide more detailed information regarding
the surrounding anatomy and can demonstrate addi-
tional pathology, including pancreatic duct dilatation and
calcifications, common bile duct dilatation, and exten-
sion of the pseudocyst outside the lesser sac. The major
weakness of CT scanning is the relative inability to dif-
ferentiate pseudocyst from cystic neoplasm, especially
mucinous cystadenomas and intraductal papillary muci-
nous neoplasm (IPMN) . Furthermore, the intravenous
contrast administered at the time of CT can precipitate
or worsen kidney dysfunction.

Magnetic resonance imaging (MRI)
MRI and magnetic resonance cholangiopancreatography
(MRCP) are sensitive diagnostic modalities for pancreatic
pseudocysts. They are generally not routinely used
because CT scanning typically offers all the diagnostic
information that is required. However, the increased
contrast provides for better characterization of fluid
collections. MRI or MRCP is superior to CT in depicting
debris within fluid collections and pseudocysts. On T2-
weighted images, a fluid-filled cystic mass produces
high signal intensity and appeats bright. The pancreatic
duct and biliary systems are easily visualized in detail,
although interpreting the status of pancreatic duct
integtity may be difficult™".

The ability of MRI/MRCP to depict choledocholithiasis
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SCA MCN MCAC Pseudocyst
CEA Low High High Low
CA125 Variable Variable High Low
CA19-9  Variable Variable-high ~ Variable-high  Variable
Amylase Low-high Low-high Low-high High
Lipase Low Low Low High

SCA: Serous cystadenoma; MCN: Mucinous cystic neoplasm; MCAC:
Mucinous cystadenocarcinoma

is far superior to that of CT or US. Furthermore, MRCP
techniques can also depict subtle branch-chain dilatation
in chronic pancreatitis. MRI is also highly sensitive to
detect bleeding with complex fluid collections.

Endoscopic retrograde cholangiopancreatography
(ERCP)

ERCP is not necessary in diagnosing pseudocysts, but
can provide definitive therapy in some cases. It also
can be useful in planning possible drainage strategy.
A study by Nealon e a/* investigated the use of
ERCP and the treatment of pseudocysts and acute
pancreatitis and reported that ERCP findings may
influence the treatment plan. Some authors, therefore,
recommend performing an ERCP before contemplated
surgical procedures. We believe that with the advent of
alternative imaging technology [(CT, MRI, MRCP and
endoscopic ultrasound (EUS)] ERCP is not necessary
in most cases, but this has not been formally tested in a
prospective study.

EUS

EUS is usually used as a secondary test to further evalu-
ate pancreatic cyst detected by other imaging modal-
ity (US, CT or MRI). EUS is the test of choice when
attempting to distinguish pancreatic pseudocyst from
other cystic lesions of the pancreas. Visualization of the
pancreas via EUS provides high quality images due to
the close proximity of the ultrasound transducer to the
area of interest. Criteria suggestive of cystic neoplasm
include a cyst wall thickness of greater than 3 mm, ma-
croseptation (all cystic components more than 10 mm),
the presence of a mass or nodule, and cystic dilation
of the main pancreatic duct®?!. Fine needle aspiration
(FNA) of the cyst can be performed at the time of EUS
and cyst fluid obtained for laboratory evaluation (see
laboratory evaluation above). EUS can also be used to
guide therapeutic endoscopic drainage.

Analysis of the cyst fluid may help differentiate pseu-
docysts from cystic tumors of the pancreas (Table 3).
The preferred modality to obtain cystic fluid for analysis
is EUS. Carcinoembryonic antigen (CEA) level in the
cystic fluid is the marker most commonly used. It is low
in pseudocysts and serous cystadenomas and elevated in
mucinous cystadenomas. A CEA level of greater than
400 ng/ml within the cyst fluid strongly suggests mu-
cinous lesion™***!. Amylase levels are usually high in
pseudocysts and low in serous cystadenoma. Cytology

is occasionally helpful, but a negative result does not ex-
clude malignancy.

Hammel ¢z al”” published a study to assess the reli-
ability of preoperative biochemical and tumor marker
analysis in cyst fluids obtained by FNA for pathologi-
cal diagnosis. Cyst fluid was obtained preoperatively by
FNA, and biochemical and tumoral marker values were
measured. The diagnosis of cystic tumors (seven serous
cystadenomas and 12 mucinous tumors) was established
by surgical specimen analysis. Thirty-one pancreatic
pseudocysts complicating well-documented chronic pan-
creatitis were also studied. The tresults showed that car-
bohydrate antigen 19-9 levels of > 50000 U/mL had a
75% sensitivity and a 90% specificity for distinguishing
mucinous tumors from other cystic lesions. CEA levels
of <5 ng/ml. had a 100% sensitivity and an 86% speci-
ficity for distinguishing serous cystadenomas from
other cystic lesions. Amylase levels of > 5000 U/mL
had a 94% sensitivity and a 74% specificity for distin-
guishing pseudocysts from other cystic lesions. His con-
clusion was: high carbohydrate antigen 19-9, low CEA,
and high amylase levels in cyst fluid are very indicative
of mucinous tumors, serous cystadenomas, and pseudo-
cysts, respectively”’.

Sperti ez al” published a study that was performed
to evaluate the utility of serum and cyst fluid analysis for
enzymes (amylase and lipase) and tumor markers (CEA,
CA 19-9, CA 125, and CA 72-4) in the differential diagno-
sis of cystic pancreatic lesions. In the study, serum and
cyst fluid were obtained from 48 patients with pancreatic
cysts (21 pseudocysts, 14 mucinous cystic neoplasms, six
ductal carcinomas, and seven serous cystadenomas), ob-
served between 1989 and 1994. The results showed that
serum CA 19-9 levels were significantly higher in ductal
carcinomas (all > 100 U/mL) and mucinous cystic neo-
plasms (P < 0.05). CA 72-4 cyst fluid levels were sig-
nificantly higher in mucinous cystic tumors (P < 0.005),
with 95% specificity and 80% sensitivity in detecting
mucinous or malignant cysts. A combined assay of se-
rum CA 19-9 and cyst fluid CA 72-4 correctly identified
19 of 20 (pre-) malignant lesions (95%), with only one
false-positive result (3.6%). Cytology showed a sensitivity
of 48% and specificity of 100%. Their conclusion was
that any pancreatic cyst with high serum CA 19-9 values,
positive cytology, or high CA 72-4 in the fluid should be
considered for resection,

Khalid e a/*” published a prospective study of the
utility of molecular analysis of the pancreatic pseudo-
cyst. In the study, endoscopic ultrasound-guided pan-
creatic cyst aspirates were prospectively collected during
a period of 19 mo and studied for cytology, CEA level,
and molecular analysis. Molecular evaluation incorpo-
rated DNA quantification (amount and quality), x-ras
point mutation, and broad panel tumor suppressor
linked microsatellite marker allelic loss analysis by using
fluorescent capillary electrophoresis. The sequence of
mutation acquisition was also calculated on the basis of
a clonal expansion model, and comparison was made
to the final pathology. Thirty-six cysts with confirmed
histology were analyzed. There were 11 malignant, 15
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premalignant, and 10 benign cysts. Malignant cysts
could be differentiated from premalignant cysts on the
basis of fluid CEA level (P = 0.034), DNA quality (P
= 0.009), number of mutations (P = 0.002), and on the
sequence of mutations acquired (P < 0.001). Early x-ras
mutation followed by allelic loss was the most predictive
of a malignant cyst (sensitivity, 91%; specificity, 93%).
The study concluded that malignant cyst fluid contains
adequate DNA to allow mutational analysis. A first hit
x-ras mutation followed by allelic loss is most predictive
of the presence of malignancy in a pancreatic cyst. This
approach should serve as an ancillary tool to the conven-
tional work-up of pancreatic cysts. Cumulative amount
and timing of detectable mutational damage can assist in

diagnosis and clinical rnanagement[zg].

TREATMENT OF PANCREATIC
PSEUDOCYST

Supportive medical care

Intravenous fluids, analgesics and antiemetics are
routinely given. For patients that can tolerate oral intake,
low fat diet is recommended. In patients that cannot
tolerate oral nutrition, support can be provided #a naso-
enteral feeding or total parenteral nutrition (TPN). To
date, no studies have compared these two approaches
in the seating of pancreatic pseudocyst and choice is
based on availability and local preferences. If one can
extrapolate from studies comparing the two modalities
in the seating of acute necrotizing pancreatitis, one can
expect that jejunal feeding will be related with fewer
complications (infection), but may not be able to provide
as much calories as TPN.

The rationale of using octreotide as a therapy
for pancreatic pseudocyst is that it will decrease
pancreatic secretions and aid in pseudocyst resolution.
Unfortunately, this strategy has not been rigorously
tested and only a handful of case series have been
published**!l.

Most pseudocysts resolve with supportive medical
care. Vitas ¢ aP? followed over a petiod of 5 years 114
patients with the diagnosis of pancreatic pseudocyst.
Forty-six patients underwent primary operative therapy,
with 13% undergoing emergency operations for
pseudocyst-related complications. Although no operative
deaths occurred, significant morbidity occurred in
26% of patients (emergency operations, 67%; elective
procedures, 10%). The remaining 68 patients were
initially treated with a nonoperative, expectant approach.
Severe, life-threatening complications in this group
(follow-up for a mean of 46 mo) occurred in only six
patients (9%); 19 patients eventually underwent elective
operation directed at either the pseudocyst or other
complications related to pancreatitis. Overall, in patients
managed by a nonoperative approach, resolution of
the pseudocyst occurred in 57% of the 24 patients
with satisfactory radiographic follow-up, with 38%
resolving more than 6 mo after diagnosis. Although
patients eventually undergoing operation tended to

have larger pancreatic pseudocysts than the patients
managed successfully nonoperatively (6.9 cm »s 4.9 cm),
no serious complications occurred in seven patients with
pancreatic pseudocysts greater than 10 cm who were
treated expectantly?.

Several studies have indicated that the size of the
cyst and the length of time the cyst has been present are
poor predictors of potential for pseudocyst resolution
or complications, but in general, larger cysts are more
likely to become symptomatic or cause complications®*.
However, some patients with larger collections do
well; therefore, size of the pseudocyst alone is not an

3331 The two main indications

indication for drainage!
for invasive intervention are the presence of symptoms
or the presence of complications (infection, bleeding,

gastric outlet or biliary obstruction).

DRAINAGE PROCEDURES

Symptomatic pseudocysts or the presence of some
complications (infected pseudocyst, gastric outlet
or biliary obstruction) are the main two indications
for some type of drainage procedure. To date, no
prospective controlled studies have compared directly
percutaneous, surgical and endoscopic drainage
approaches. As a result, the management varies based
on local expertise but in general endoscopic drainage is
becoming the preferred approach.

Percutaneous drainage

External drainage can be achieved using CT or US
guidance. With this technique, a drainage pigtail catheter
is placed percutaneously into the fluid cavity and fluid
is drained. Three-dimensional ultrasonography has
been reported useful for the guidance of catheters
into cyst cavities and avoiding vesselsP?. The fluid is
collected over several weeks into an external collection
system. When the drainage output becomes minimal,
the catheter is removed. Contrast injection into the cyst
cavity will demonstrate the size of the remaining cavity
and this finding can be used to monitor the progress.
This technique is successful at resolving pseudocysts, but
it has a high risk of infections. The external drain tends
to create significant patient discomfort. Furthermore,
the catheter tends to clog and may require repositioning
and exchange. The reported long-term success rate
for pseudocyst resolution for US-guided pseudocyst
drainage is around 50%. Unsuccessful drainages are
usually caused by large ductal leaks or obstruction of the
main pancreatic duct. Percutaneous catheter drainage
is contraindicated in patients who are poorly compliant
and cannot manage a catheter at home. It is also
contraindicated in patients with strictures of the main
pancreatic duct and in patients with cysts containing
bloody or solid matetial®*¥.

Surgical drainage
Surgical drainage of pseudocysts is accomplished by
providing a communication between the pseudocyst
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Figure 1 EUS and fluoroscopic image. A: EUS image of pseudocyst with FNA
needle; B: Fluoroscopy image of pseudocyst with FNA needle; C: Fluoroscopy
image of balloon dilating the cyst gastrostomy tract; D: Fluoroscopic image of
two double pigtail stents draining the pseudocyst cavity.

cavity and the stomach or small bowel. This approach to
drainage is often reserved for those patients that cannot
tolerate or have failed percutaneous or endoscopic
drainage. The surgical stoma should be placed in the
most dependent portion of the cystic cavity in order to
maximize the chances of complete drainage. The stoma
usually remains patent and functional for several months.

Adams and Anderson published findings from
a retrospective analysis of 94 patients®™. The study
population consisted of 42 patients undergoing
internal surgical drainage and 52 patients undergoing
percutaneous pseudocyst drainage. Significant
complications occurred in 16.7% of the patients
undergoing surgery and in 7.7% of the patients
undergoing percutaneous drainage (P > 0.05). A
subsequent operation was required in 9.5% of the
surgical group and 19.2% of the percutaneous drainage
group (P > 0.05). A significantly higher mortality rate
was associated with surgical therapy (9%) than with
percutaneous therapy (1%) (P < 0.05).

Endoscopic drainage
Endoscopic drainage of pseudocysts is becoming the
preferred therapeutic approach because it is less invasive
than surgery, avoids the need for external drain and has
a high long-term success rate. Drainage is accomplished
with either a transpapillary approach with ERCP or
direct drainage across the stomach or duodenal wall. A
transpapillary approach is used when the pseudocyst
communicates with the main pancreatic duct, usually in
the genue of the pancreatic duct. This approach is also
successful for patients with pancreatic duct disruption.
A transgastric or transduodenal approach is used
when the pseudocyst is directly adjacent to the gastro-
duodenal wall. To determine the size and location of

the pseudocyst, and to measure the thickness of the
pseudocyst wall, EUS has become the test of choice. A
distance between the gastric or duodenal wall and cyst wall
of more than 1 cm or the presence of large intervening
vessels or varices are relative contraindications for
endoscopic drainage™ . Transgastric or transduodenal
stenting of pseudocysts may be performed using an
endoscopic approach under fluoroscopic guidance
or using EUS to introduce the guidewire into the
pseudocyst cavity.

The endoscopic approach is dependent upon the
presence of a bulge into the lumen of the stomach
or duodenum in order to determine the entry site for
catheterization. This approach has several inherent risks,
including missing the pseudocyst, injuring intervening
vessels, and sub-optimal placement of the drainage
catheter™. Therapeutic echoendoscopes now make it
possible to treat pseudocysts with EUS-guided transmural
stenting®l. Several seties have desctibed the deployment
of a 7 Fr stent that is introduced with a needle knife
cathetet™. A new large-channel echoendoscope allows the
use of 10 Fr stents across the stomach or duodenumt.

The exact technique for transmural pseudocyst
drainage has not been standardized. In our institution, we
prefer a combined EUS/fluoroscopy guided technique.
The linear therapeutic channel EUS endoscope is used
to detect an optimal site of apposition of pseudocyst
and gut wall, free of intervening vascular structures
(Figure 1A). The 19 Fr gauge EUS FNA needle is then
advanced into the cyst cavity under real-time ultrasound
guidance. The needle position is then located under
fluoroscopy (Figure 1B). After the pseudocyst cavity
has been entered, fluid is aspirated and a floppy-tip
0.035 guide wire is advanced zia the needle and under
fluoroscopic control is curled few times into the cyst
cavity. The cyst-gastrostomy (duodenostomy) fistula
tract is then pneumatically dilated, with 8 to 15 mm
biliary balloon dilators (Figure 1C). The size of the
balloon used for dilation is arbitrarily determined based
on the size of the cyst, proximity of vessels, presence
of necrotic debris in the cyst cavity, viscosity of the
aspirated pseudocyst fluid and the presence of infection.
In an attempt to decrease the risk of bleeding we try to
avoid using electrocautery to create the fistulous tract.
In a rare occasion, when the pseudocyst wall is very tick
and the balloon dilator cannot be advanced, we use the
Cystotome (Cook Medical, Winston-Salem, NC, USA).
We will then stent the tract with two or more double
pigtail stents (7F-10F) via the EUS scope (Figure 1D).

In a small series, the EUS approach has resulted in a
success rate of more than 90% in patients with chronic
pseudocystst*. The recurrence rate after endoscopic
drainage is low, 4%, and the complication rate is less
than 16%.

EUS is also capable of guiding the drainage of
infected pseudocysts using naso-cystic drains*l. It may
even be possible to drain infected necrotic pancreatic
tissue using EUS and endoscopic techniques!*!.

Hookey ¢z a/*" published a chart review and
prospective follow-up for 116 patients with attempted
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endoscopic drainage of symptomatic pancreatic-fluid
collections (pseudocysts and organized pancreatic
necrosis). A total of 116 patients presented with fluid
collections classified as acute fluid collection (7 = 5),
necrosis (# = 8), acute pseudocyst (# = 30), chronic
pseudocyst (7 = 64), and pancreatic abscess (z = 9).
The median diameter of the collection drained was 60
mm (15-275 mm). Median follow-up after drainage was
21 mo. The drainage technique was transpapillary in 15
patients, transmural in 60, and both in 41. Successful
resolution of symptoms and collection occurred in
87.9% of cases. No difference in success rates was
observed between patients with acute pancreatitis and
those with chronic pancreatitis. However, drainage of
organized necrosis was associated with a significantly
higher failure rate than other collections. No significant
differences were observed regarding success when
disease, drainage technique, or site of drainage was
considered. Complications occurred in 13 patients
(11%), and there were six deaths in the 30 d after
drainage, including one that was procedure related. He
concluded that endoscopic drainage of pancreatic-fluid
collections is successful in the majority of patients and is
accompanied by an acceptable complication ratel.

Muscatiello ez a#°"! published a case teport of alcohol
use for the treatment of a pancreatic pseudocyst. In
his report, aspiration of the pancreatic pseudocyst was
started, and after an apparent reduction in the volume of
the pseudocyst by about 30%, 30 mL of absolute ethanol
diluted 1:1 with saline was injected and maintained for
about 10 min. Aspiration then continued until EUS
imaging showed that the cyst was completely empty. CT
24 h later demonstrated no complications and confirmed
that the procedure had been successful. Culture of the
aspiration fluid identified a Psendomonas aernginosa and
Citrobacter freundii complex. Cytological examination
did not show any neoplastic cells. The patient was
discharged on the seventh day with no symptoms and
with normal laboratory tests. It seems that, in addition to
causing sclerosis of the cystic wall, ethanol contributes
to sterilizing the infected fluid collection. In that case,
a long follow-up period (18 mo) in which there was
no recurrence of the pseudocyst confirms that this
procedure may be useful in the treatment of organized
necrotic abscesses and pancreatic abscesses when there
is no communication with the pancreatic duct®".

In a large retrospective analysis of 603 patients who
were undergoing EUS-FNA of pancreatic cysts, possible
infection developed in only a single patient. The majority
of patients in this series (90%) received antibiotic
prophylaxis, most commonly a fluoroquinolone given
for 3 d after the procedure, and this may possibly explain
the low infection rate. The benefit of prophylactic
antibiotics before an FNA of cystic lesions has not been
evaluated by prospective randomized studies.

The ASGE, in 2008, published the guidelines for
prophylactic use of antibiotics for GI endoscopy.
According to these guidelines, prophylaxis with an
antibiotic, such as a fluoroquinolone administered before
EUS-FNA of cystic lesions along the GI tract including

pancreatic cyst. Antibiotics may be continued for 3 to
5 d after the procedutre (supported by observational
studies). When antibiotic prophylaxis is administered, a
fluoroquinolone administered before the procedure and
continued for 3 d after the procedure is a reasonable
regimen.

Cahen et a/" published a retrospective study to
evaluates the short-term and long-term results with
the endoscopic drainage of pancteatic pseudocyst and
aimed to identify procedural modifications that may
improve its safety and efficacy. A total of 92 patients
were included (66 men, 26 women; median age 49 years).
The technical success rate of the drainage procedure
was 97% and the mortality rate was 1%. Complications
occurred in 31 patients (34%), eight of which (9%)
were major and required surgery: hemorrhage in four
cases (three of which were caused by erosion of a
straight endoprosthesis through the cyst wall), secondatry
infection in three, and perforation in one. During a
median follow-up period of 43 mo, 10 patients (11%)
underwent additional (nonendoscopic) treatment for a
persistent cyst and five (5%) for a recurrent cyst. Overall,
endoscopic drainage was successful in 65 patients (71%).
He concluded that endoscopic drainage is an effective
treatment for pancreatic pseudocysts and offers a
definitive solution in almost three-quarters of the cases.
The majority of major complications might have been
prevented by using pigtail stents instead of straight
stents and by taking a more aggressive approach to the
prevention and treatment of secondary cyst infection.

COMPLICATIONS OF PANCREATIC
PSEUDOCYST

Splenic complications

Splenic complications of pseudocyst include massive
hemorrhage into the pseudocyst, sepsis with splenic
infarction, and splenic vein thrombosis. The diagnosis
of intrasplenic pseudocyst, based on clinical findings
alone, is difficult to arrive at but should be suggested
by the presence of a mass in the left upper quadrant.
Sonography and computerized axial tomography may be
particularly helpful in confirming splenic involvement.
Selective celiac arteriography should be performed
whenever splenic involvement is suggested in order to
confirm the diagnosis and to search for pseudoaneurysm
formation. Urgent surgical intervention is usually
warranted in view of the high incidence of serious
complications and the propensity toward rapid
clinical deterioration. Resection of the pseudocyst by
splenectomy and distal pancreatectomy is the treatment
of choicel®!.

Rupture

Rupture of a pseudocyst can have either a favorable or
an unfavorable outcome and this depends on whether it
ruptures into the gastrointestinal tract, into the general
peritoneal cavity or into the vascular systemP®7l.
Rupture into the gastrointestinal tract either results
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in no symptoms or leads to melaena or hematemesis
that usually requires urgent measures. Rupture into the
general peritoneal cavity results in features of peritonitis
and occasionally hemorrhagic shock. Emergent surgical
exploration is usually required. While an internal
drainage should always be aimed for, usually a thorough
abdominal lavage and external drainage is all that can
be achieved safely.

Hemorrhage

Hemorrhage can greatly complicate the course of a
pseudocyst®. The morbidity and mortality is very high
because it can appear without warning and is usually
due to erosion of a major vessel in the vicinity of
the pseudocyst. Interventional radiology can play an
invaluable role both in locating the source of bleeding
and in embolisation of the bleeding vessel®. Without
prior information of the bleeding point, surgical
exploration can be hazardous and challenging;

Infection

Infection occurs either spontaneously or after
therapeutic or diagnostic manipulations. While infected
pseudocyst can initially be treated with conservative
means, a majority of patients will require intervention.
Traditionally surgery has been the preferred modality
but endoscopic treatment is gaining acceptance®®l. An
external drainage may be necessary in selected situations
such as when there is evidence of gross sepsis and the
patient is too unstable to undergo surgical or endoscopic
drainage.

Biliary complications

Biliary complications occur due to a large cyst in
the pancreatic head region obstructing the common
bile duct and resulting in obstructive jaundice!*"2.
Therapeutic endoscopy with short-term biliary stenting
is valuable in this situation. It can be retained until either
the pseudocyst resolves or is treated by intervention.

Portal hypertension

Portal hypertension can result from compression or
obstruction of the splenic vein/portal vein either by
the cyst alone or in conjunction with underlying chronic
pancreatitis!®. In this situation, surgery appears to be
the only treatment modality available and an appropriate
surgical procedure can effectively treat this form of
portal hypertension.

CONCLUSION

Pancreatic pseudocysts are the result of acute or
chronic pancreatitis and are the most common cystic
lesions of the pancreas, accounting for 75%-80%
of such lesions. The most common symptoms are
abdominal pain, nausea and vomiting, although they
can be asymptomatic. Abdominal CT is an excellent
choice for initial imaging. EUS plays an important
role in differentiating pseudocyst from other cystic

lesions of the pancreas and can greatly assist in
transmural endoscopic drainage. Initial management
consists of supportive care. Persistent symptoms and
the development of complications warrant invasive
intervention. The surgical, percutaneous and endoscopic
pseudocyst drainage procedures have not been directly
compared in high quality prospective randomized
studies and the preferred approach varies based on
patient preferences and local expertise. In recent years,
the endoscopic approach has gained popularity with
surgery reserved for patients who had failed endoscopic
or percutaneous drainage. A tailored therapeutic
approach taking into consideration patient preferences
and involving multidisciplinary team of therapeutic
endoscopist, interventional radiologist and pancreatic
surgeon should be considered in all cases.
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Abstract

Cystic neoplasms of the pancreas are increasingly
recognized due to the expanding use and improved
sensitivity of cross-sectional abdominal imaging.
Major advances in the last decade have led to an
improved understanding of the various types of cystic
lesions and their biologic behavior. Despite significant
improvements in imaging technology and the
advent of endoscopic-ultrasound (EUS)-guided fine-
needle aspiration, the diagnosis and management of
pancreatic cystic lesions remains a significant clinical
challenge. The first diagnostic step is to differentiate
between pancreatic pseudocyst and cystic neoplasm.
If a pseudocyst has been effectively excluded, the
cornerstone issue is then to determine the malignant
potential of the pancreatic cystic neoplasm. In the
majority of cases, the correct diagnosis and successful
management is based not on a single test but on
incorporating data from various sources including
patient history, radiologic studies, endoscopic
evaluation, and cyst fluid analysis. This review
will focus on describing the various types of cystic
neoplasms of the pancreas, their malignant potential,
and will provide the clinician with a comprehensive
diagnostic approach.
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INTRODUCTION

Pancreatic cystic neoplasms, despite increased
recognition, remain rare and represent approximately
10%-15% of primary cystic masses of the pancreas!'?.
Many pancreatic cystic masses are discovered incidentally
during the work-up for abdominal pain, diarrhea, and
other non-specific gastrointestinal symptoms and
represent a frequent clinical referral in tertiary academic
centers with pancreatic expertise. Not surprisingly, the
increase in the diagnosis of a pancreatic cystic mass
parallels that of the improved number and type as well
as the improved overall sensitivity of cross-sectional
imaging studies used in routine practice today™. It is
important for today’s practicing physician to be aware of
these increasingly recognized neoplasms on radiological
imaging, and more importantly, to understand the
potential for the presence or development of pancreatic
malignancy in a certain subset of these lesions.

CLASSIFICATION

The classification of cystic pancreatic neoplasms has
its roots in the surgical, radiological, and perhaps most
importantly in the clinical pathological literature, and dates
from the mid to late 1970s®¢. The distinction between
serous and mucinous cystic neoplasms (MCNs) was first
realized at that time and despite many modifications
and attempts at radiological, endoscopic®, and mote
recently with newer laboratory-based analysis using
techniques such as mass spectrometry?, remains intact
and a solid initial clinical approach to these neoplastic
lesions even today. Importantly, our understanding of
MCNs has evolved and since the early 1980s, the clinical
entity we now recognize as intraductal papillary mucinous
neoplasm (IPMN) was first described in the literature!".
IPMN remains a very important “lesion of clinical
distinction” when evaluating pancreatic cystic neoplasms
and is recognized as a distinct histopathological entity as
evidenced by the World Health Organization histological
classification system!! (Table 1).
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Histologic classification

Serous cystic tumors SCA
Serous cystadenocarcinoma (rare)
Mucinous cystadenoma
Mucinous cystadenoma with
moderate dysplasia
Mucinous cystadenocarcinoma
Noninfiltrating
Infiltrating
Intraductal papillary mucinous

Mucinous cystic tumors

Intraductal papillary mucinous
tumors adenoma
IPMN with moderate dysplasia
Intraductal papillary mucinous
carcinoma

Noninfiltrating

Infiltrating

Solid pseudopapillary tumors

MALIGNANT POTENTIAL OF
PANCREATIC CYSTIC NEOPLASMS

The incidentally discovered pancreatic cystic neoplasm
not only represents an alarming clinical discovery, but
for the affected patient, in many instances, represents a
pre-cancerous condition with a great deal of uncertainty
regarding management. The discussion regarding
malignant potential focuses mainly on the distinction
between IPMN and MCNs. Serous cystadenomas
(SCAs) are largely benign lesions although case reports
of malignant transformation do exist and as such are
often managed non-surgically. Solid pseudopapillary
tumors have a fairly well defined behavior and malignant
risk and are often managed surgically.

The distinction between IPMN lesions and MCN
lesions remains a controversial topic and relies on several
clinical and pathological factors. Clinical factors include
patient age, location of the cyst, cyst characteristics, and
relationship to the main pancreatic duct. As is described
in more detail below, IPMNs are found most often in
male patients in their 60s or 70s, and are more often
than not found in the pancreatic head/neck region.
IPMNs appear “grape-like” on imaging, including on
endoscopic ultrasound (EUS) and appear as cysts side
by side one another rather than the “Cyst within a cyst”
characteristically seen in MCNs. IPMN lesions also
communicate with the pancreatic duct, a feature not
seen in MCNs. MCNs in comparison, are often seen in
females in the 40 to 50-year age range and are located
most often in the pancreatic body and tail regions.

Pathologically, the best studied differentiation
criteria involve the presence of ovarian-type stroma
on histological analysis®'?. The presence of ovarian-
type stroma is strongly suggestive of an MCN lesion,
although non-ovarian stroma MCNs have been reported
in the literature. The distinctions between MCN and
IPMN lesions are clinically important as the malignant
potential and resultant management are often times
based on these differences and permit an individualized
care plan, rather than pursuing a “remove all mucinous
neoplastic process” management style.

The malignant potential of the various cystic
neoplasms of the pancreas are important for the given
clinician and are best understood by dividing IPMNs
into main-branch »s side-branch lesions and compating/
contrasting these with the MCN. Main branch IPMN
lesions carry the highest percentage of malignancy,
ranging in most studies between 60% and 92%!""9,
Invasive malignancy defined as non-carcinoma-in-situ
is also more common in these lesions and approaches
60% in some studies. Side-branch IPMN lesions in
comparison are less often malignant, with a range of
malignancy in reported studies between 6% and 46% and
are less likely to be invasive, with the highest reported
petcentage in the 30% rangel™'¥. In compatison to
IPMN lesions, MCNs have a malignant potential ranging
from as low as 6% to as high as 36%""?". A better
understanding of the malignant potential of MCN
lesions is likely to improve with further acceptance of
the ovarian-type stroma as diagnostic criteria regarding
these lesions.

PRESENTATION/EPIDEMIOLOGY

The exact prevalence of pancreatic cysts is difficult
to measure because many patients will be entirely
asymptomatic, but it has been estimated to be
approximately 20% in patients undergoing radiological
imaging for non-pancreatic diseases/indications™. The
asymptomatic nature of these cystic lesions (estimated at
40%-75%) in some studies™! make further epidemiological
studies a clinically difficult task. An autopsy series from
Japan estimated the prevalence of pancreatic cysts
to be 25%, with an increasing prevalence paralleling
advanced patient ageP!l. Regardless, the proportion of
pancreatic cysts felt to be primary cystic neoplasms is
well documented and in the range of 10%-15% with the
temaining majotity of cysts found to be pseudocysts™!.
This percentage draws attention to the importance of
ruling out the presence of a pancreatic pseudocyst using a
combination of historical questioning, and in many cases
of cystic sampling, usually done »iz EUS.

DIAGNOSIS AND DIFFERENTIAL
DIAGNOSIS OF PANCREATIC CYSTIC
LESIONS

Once the presence of a pancreatic cyst has been
established by an imaging modality, the cornerstone of
management is to differentiate between a pseudocyst
and a cystic neoplasm. If a pseudocyst has been
effectively excluded, a prudent clinical strategy regarding
pancreatic cysts is the division into serous »s mucinous
neoplasms. During the evaluation of a pancreatic cyst, it
1s important for the clinician to have an understanding
of the different cyst types, their typical location in the
pancreas, and their biological behavior. Serous cystic
neoplasms (SCNs) represent approximately 30% of
ptimary cystic neoplasms of the pancreas?, with the
largest subset being SCAs. The mucinous neoplasms
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Cyst type Pseudocyst SCA MCN IPMN SPN Pseudocyst Pseudocyst Pseudocyst
Age . Middle- _ SCA SCA SCA -
Variable ) Middle-aged  Elderly  Young IPMN MCN eN

Sex M>F F>M Female M>F Female SPN SPN SPN
Pfamcre?tltls Yes No No Yes® No .
history
Location Evenly  Evenly Body/tail Head Evenly ‘ Pancreatic schematic ‘
Malignant N Rarel Moderate to Low to hich L —
— one arely high ow to hig ow
b Yes, Vs, Figure 1 Typical location for pancreatic cystic lesions.

No No No

obstruction Uncommon Uncommon

SCA: Serous cystadenoma; MCN: Mucinous cystic neoplasm; IPMN:
Intraductal papillary mucinous neoplasm; SPN: Solid pseudopapillary
neoplasm. 'A history of pancreatitis episodes and pancreatic risk factors
including alcohol abuse, gallstones and complications, or family history of
pancreatitis is often given; *Pancreatitis due to IPMN is predominately of
the main pancreatic duct subtype.

are primarily subdivided into MCNs which represent
approximately 45%-50% of primary cystic neoplasms
of the pancreasP, and IPMNs which make up
approximately 25% of primary cystic neoplasms?’.

It is of great clinical importance at this point of
the work-up to consider the clinical background of
the patient with a newly discovered pancreatic cystic
neoplasm. Remembering that a large proportion of
pancreatic cysts are found to be pseudocystic in nature,
a thorough review of the history for episodes of
definable pancreatitis in conjunction with risk factors
for pancreatitis, such as chronic alcohol ingestion, family
history of “pancreatic diseases” as often described by
patients and their families, and autoimmune disease
is always a good clinical starting point. A clear history
of a well documented episode of pancreatitis strongly
suggests that the cystic pancreatic lesion is a pseudocyst,
but occasionally an attack of pancreatitis will be the
clinical presentation of a neoplastic cystic lesion
particulatly an IPMNP. Patient demographics including
age, sex, and presence or absence of symptoms and the
location of the cyst are important considerations while
a diagnosis is being sought. For example, MCNs tend
to be a middle-age, female-predominant disease with
most, but not all, lesions located in the pancreatic body
or tail®. Serous cystic adenomas (SCAs) in contrast,
while present most often in middle-aged females are
evenly distributed throughout the pancreatic gland, while
IPMNSs have an elderly male predominance and are
usually located, but not confined to the pancreatic head
region™1. Solid pseudopapillary tumots of the pancreas
(SPNs) remain a pathologically distinct, rare clinical
entity occurting predominately in young femalesP'l. A
comparative index involving the different pancreatic
cystic neoplasms as well as the pancreatic pseudocysts is
shown in Table 2, and the usual location of pancreatic
cystic lesions in Figure 1P,

The discovery of a lesion thought to represent
a possible pancreatic cystic neoplasm is often made
incidentally by computed tomograghy (CT) scanning
performed for other clinical reasons. With this in mind,

a thorough understanding of the different imaging
modalities, both radiological and if available endoscopic,
is needed to best construct a diagnostic algorithm
for optimum care for these patients. The availability
of endoscopic retrograde cholangiopancreatography
(ERCP) and perhaps most importantly, EUS plus/
minus fine-needle aspirate (FNA) and cystic fluid
analysis, has led to a much improved understanding and
characterization of these lesions.

RADIOLOGICAL IMAGING STUDIES

Traditionally, three imaging modalities have been used to
evaluate pancreatic lesions: trans-abdominal ultrasound
(US), CT scanning, and magnetic resonance imaging
(MRI)/magnetic resonance cholangiopancreatography
(MRCP). Trans-abdominal US, while having the
advantage of being inexpensive and readily available, is
very operator-dependent, and is limited in its ability to
visualize the entire pancreas. Furthermore, the presence
of significant bowel gas limits the sensitivity of US for
characterization of pancreatic cystic processes.

CT scanning, particularly with intravenous
contrast enhancement, is a widely available, relatively
inexpensive imaging modality and is often the first
imaging procedure ordered when a diagnosis of a
pancreatic cystic neoplasm is considered. A review of
the diagnostic accuracy of CT scanning has recently
been performed™ with a reported range between 20%
and 90%. Differences in study design, characterization
of lesions, especially those with atypical features™*,
and the ultimate study goal, i.e. specific cyst typel*?”
vs differentiation of benign »s malignant cyst types!® all
were felt to contribute to the wide range in diagnostic
accuracy.

The typical appearance of a given cystic neoplasm
is reported in many ways via CT. Size (i.e. microcystic
(< 2 cm) ps macrocystic (> 2 cm), uni- #s multilocularity,
pancreatic duct communication and/or dilation, and the
presence of a mass or mural nodule remain the most
important imaging characteristics seen on routine CT.
SCAs are characteristically microcystic with many small
cysts within the larger cyst creating a “honeycomb” type
pattern. A central stellate scar is often seen at the center
of an SCA and is considered pathognomonic. Pancreatic
duct communication is rarely seen and dilation of
the pancreatic duct also remains uncommon. MCNs
are in comparison, most often macrocystic, although
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microcystic lesions do occur and characteristically are
multilocular with an “orange fruit” type appearance.
Dilation of the pancreatic duct is uncommon as is
communication with the main pancreatic duct. IPMN
lesions in contrast, are often described as a “bag of
grapes” and contain numerous smaller cysts. Pancreatic
duct communication is common, and in main branch
IPMN lesions, pancreatic duct dilation is seen and
predictive of an invasive nature. Associated mural
nodules and/or masses are most often observed in IPMN
lesions and to a lesser extent in MCNs. The presence of
a mural nodule is significant, as this is often predictive
of an invasive cystic neoplasm.

MRI of the abdomen when combined with MRCP
is a rapidly emerging imaging modality with widespread
availability, and has great potential to add to our
understanding of pancreatic cystic lesions. MRI/MRCP
comparatively, in relation to other imaging modalities, is
rivaled only by EUS in its ability to obtain quality images
of not only the pancreatic parenchyma, but also of the
pancreatic and biliary ductal structures?®*'l. MRCP does
remain inferior to ERCP in terms of diagnostic accuracy,
but the gap is narrowing and MRCP offers a non-
invasive means of diagnosis compared with ERCP and
its complications, most notably post-ERCP pancreatitis.

ENDOSCOPIC STUDIES

The role of endoscopy, specifically ERCP and EUS,
in the evaluation and diagnosis of pancreatic cystic
neoplasms is a study in evolution that continues today.
ERCP remains the most sensitive diagnostic modality for
detecting communication between the main pancreatic
duct and a given cystic lesion®*1. Additionally, in a
minority of cases an endoscopic diagnosis of an IPMN
can be established if a patulous papilla with mucin
extrusion, also sometimes referred to as the “fish-eye”
ampulla is visualized™. The use of ERCP as a primary
diagnostic tool in pancreatic cystic neoplasms is not
routinely recommended. In most cases, the correct
diagnosis can be achieved with a higher yield, less
invasive test.

EUS, since its introduction as an endoscopic
technology in the late 1970s and early 1980s, has
become an increasingly available tool in the diagnosis,
management, and in some cases, therapy of pancreatic
cystic neoplasms. The ability to better describe/
characterize pancreatic cystic neoplasms, in particular
those lesions thought to be pre-malignant or frankly
malignant, make the use of EUS, both with and without
FNA, an attractive option in the cystic neoplastic
work up. EUS criteria for mucinous/malignant
neoplasms is still evolving, but include size greater
than 2 cm, pancreatic duct dilation, the presence of
wall calcifications, and perhaps most importantly the
presence of a frank mass or mural nodule. Despite
initial enthusiasm, however™l, numerous studies™*’
have demonstrated a wide range of diagnostic accuracy
for EUS imaging alone ranging from 40%-96%. While
many factors including study design, number of patients

enrolled, goals of a particular study, and interobserver
EUS agreement contribute to this discrepancy, it is
important to note that a single, prospective study™”
achieved a diagnostic accuracy of approximately 51%.
Clearly, larger, prospective, multi-center studies are
needed to better define the role of EUS in the diagnostic
work up of a pancreatic cystic neoplasm.

EUS, in addition to its imaging capabilities outlined
above, allows direct sampling of cystic contents and the
cyst wall in an effort to better determine the type of
cyst present. The performance of FNA does, however,
remain limited to larger, tertiary centers with extensive
experience in EUS. In addition, analysis of cystic fluid
is often subject to local cytological and laboratory
expertise, with a definite learning curve present for
accurate analysis of cystic contents and in some cases, by
a small volume of aspirate obtained at FNA.

Ideally, an aspirated pancreatic cystic neoplasm
should be evaluated for both cytological diagnosis and
for the presence of specific intracystic proteins such
as amylase and carcinoembryonic antigen (CEA). The
cytological evaluation includes specific testing for the
presence of columnar epithelial cells which stain for
mucin (MCNs, IPMNs), or cuboidal epithelial cells
which stain for glycogen (SCAs). Several studies have
appeared in the literature regarding the analysis of
pancreatic cystic fluid. Several larger studies involving
cystic fluid cytological analysis?>***" reflect a sensitivity
of approximately 50%, a low but reproducible
petcentage, while a more recent study by Moparty ¢ a/*”
revealed a cytological sensitivity of approximately 93%
in the differentiation of mucinous and non-mucinous
pancreatic neoplasms. The cytological analysis of cystic
fluid continues to be an atea of intense research.

Amylase level is routinely checked in the cyst fluid
aspirate and may be of some diagnostic value. It is
uniformly elevated in pseudocysts and IPMNs and
frequently elevated in MCNs, but consistently low in
SCAs. The analysis of specific intracystic, aspirated
proteins continues to be an evolving process. Several
proteins including CA19-9, CEA, CA-125, and CA72-4
have been studied. The best studied and currently used
most often in routine practice is the level of CEA. The
basic differentiation involving CEA level is between
the lesions which are mucinous (usually, but not always
elevated CEA levels) and those which are serous (low
CEA levels)P'*. A low CEA level (i.e. < 5 ng/mL) has
been shown in pooled data®*'% to have a sensitivity
between 50%-100% and a specificity of 77%-95% to
differentiate between mucinous and serous lesions. The
CEA level required to best distinguish a mucinous from
a serous lesion continues to be debated in the pancreatic
literature, with CEA cutoff levels deemed diagnostically
sensitive in the range 20 to 8001457, The wide range
of reported CEA levels lends confusion to the analysis
of cystic pancreatic fluid. It must be remembered,
however, that by increasing the cutoff value of the
CEA level considered diagnostic for mucinous lesions,
the specificity of the test increases at the expense of
decreased sensitivity. Currently, no standardized cutoff
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‘ Incidentally discovered pancreatic cystic lesion on imaging

Patient and clinical characteristics: Symptomatic or not?

Age, Sex, Co-morbidities

Location and imaging characteristics’
History of pancreatitis reported
Pancreatitis risk factors’

)

}

Symptomatic or malignant changes
present (i.e. solid component,
lymphadenopathy, etc)

Less than 2 cm in size without mural
nodule and no septum or typical for

EUS plus/minus FNA if available

Surgical referral

SCA

Repeat cross-sectional imaging in
3-6 mo. Consider referral to EUS
center

|

EUS/FNA

!

Mucinous features

i

}

‘ Non-mucinous features ‘

!

IPMN

Surgical referral if
appropriate candidate

Repeat EUS + FNA vs
Cross-sectional imaging

Main-duct IPMN

!

Branch-duct IPMN less than
3 cm and no associated
nodule

!

Surgical referral if
appropriate candidate
vs close observation

Surgical referral if
appropriate candidate

Figure 2 Diagnostic algorithm. 'Imaging characteristics include size > 2 cm, mural nodule presence/absence, total cyst number, pancreatic duct
communication. *Pancreatitis risk factors include alcohol use, family history of pancreatitis, autoimmune diseases.

level for CEA exists, however, many centers, particularly
in the US, use a CEA level of 192 ng/ml,, as established
by Brugge et al* as diagnostically sensitive (75%) and
specific (84%). At present, aspirated cystic fluid should
be evaluated for cytological and biochemical analysis.
The biochemical tests which should be routinely ordered
are CEA level and amylase. If insufficient fluid is
available (e.g. small cyst or very viscous fluid), CEA level
should be obtained first with cytology and amylase level
ordered only if there is a sufficient amount of fluid left
for analysis.

DIAGNOSTIC ALGORITHM

As outlined above, the diagnosis and prospective
management of a pancreatic cystic neoplasm involves
coordination on several levels, ranging from the initial
discovery to possible surgical referral if a frankly
malignant or pre-malignant pancreatic cystic neoplasm
is suspected. A proposed diagnostic algorithm beginning
with the incidentally discovered pancreatic lesion is
presented in Figure 2.

CONCLUSION

The evaluation of cystic lesions of the pancreas remains
a process in evolution. Significant advances have been
made in expanding our understanding of these lesions
and in the refinement of our diagnostic approach. A
comprehensive diagnostic strategy which incorporates
data from patient history, lesion imaging, EUS, and cyst
fluid analysis will provide an accurate diagnosis in most
cases.
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Abstract

Guidewires are routinely used at the time of endoscopic
retrograde cholangiopancreatography (ERCP) to gain
and maintain access to the desired duct and aid in
the advancement of various devices. Limitations of
the traditional long-wire systems have led to the
introduction of three proprietary short-wire systems.
These systems differ in many respects but share two
main principles: They lock a shorter wire in position
to allow advancement or removal of various devices
without displacement of the wire and they all allow for
physician control of the wire. In this comprehensive
review, we describe the key features of the three
currently available short-wire systems: RX, Fusion and
V systems. We also focus on the potential benefits and
drawbacks that accompany the short-wire concept as a
whole and each specific system in particular. Although
the available data are limited, it appears that the use
of the short-wire systems lead to reduced procedure,
fluoroscopy and device exchange times, decreased
sedation requirements, improved wire stability and
increased endoscopist control of the wire. Furthermore,
the physician-controlled wire-guided cannulation has
the potential to decrease ampullary trauma and the
rate of post-ERCP pancreatitis. The short guidewire
systems appear to be an improvement over the
traditional long-wire systems but further studies
directly comparing the two approaches are needed.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Guidewires are an essential part of both diagnostic
and therapeutic endoscopy. They are used to gain or
maintain access into a lumen or cavity. In addition, they
have an integral role in the advancement of a variety of
devices™. Guidewires vary in material, length, diameter,
and design to aid in specific situations encountered by
the endoscopist during a procedure.

The construction of guidewires is designed for use
depending on their individual qualities. Monofilament
witres are made with stainless steel and are used for their
rigiditym. Coiled wires have an inner monofilament
core which has the quality of stiffness accompanied
by an outer spiral coil encompassing durability and
flexibility'". Lastly, coated or sheathed wires have a
monofilament core made of stainless steel, nitinol, or
other alloys, whereas the outer sheath may be made
of teflon (DE), polyurethane, or another polymerm.
Many wires have platinum or tungsten dipped cores
to enhance visualization during fluoroscopy. Tips have
various designs such as straight, angled, J-shaped, or
tapered. Wires can range from 150-650 cm in length
and from 0.46-0.97 mm in diameter. A common source
of confusion pertaining to endoscopic retrograde
cholangiopancreatography (ERCP) wites is the fact that
it is customary to display the length of the guidewire in
cm and the diameter in inches.

Traditional guidewire usage requires advancement
under direct visualization through the endoscope with
or without fluoroscopy. Maintenance of the guidewire
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position is essential to the safety of dilating procedures
and tube placements. Assistance with printed markers
and movement guides on the wire can decrease the risk
of displacement".

Applications for guidewire use in the gastrointestinal
(GI) tract are vast. These include advancement of
dilators, esophageal stents, manometry catheters, feeding
tubes, colonic stents, stricture dilatation and endoscopic
ultrasound (EUS)-guided biliary and pancreatic access'".
Guidewires are an indispensable part of ERCP and are
used to gain and maintain access to the desired duct,
and provide a platform for insertion or withdrawal of

various devices.

CHALLENGES WITH LONG GUIDEWIRE
ERCP SYSTEMS

Traditionally, long wires were exclusively used at the
time of ERCP. The long length is dictated by the need
to exchange various devices over the wire. The length
of a typical long wire used for ERCP ranges from 420
to 480 cm. This excessive length creates a number of
problems. Since the assistant is in control of the wire
and the physician is in control of the ERCP device,
excellent communication between the physician and
assistant is required. Failure to do so can lead to loss of
access, more difficult cannulation, and problems with
advancing the wire to the desired target. Furthermore, it
is not uncommon for the end of the long wire to touch
the floor leading to contamination. Finally, the assistant
is challenged to perform multiple tasks at the same time
including advancing or retracting the wire, injecting dye,
operating the device (inflating/deflating the balloon,
flexing/relaxing the sphincterotome e#) and doing all
of that while making sure that the end of the wire does
not touch the floor. Hydrophilic wires are even more
prone to displacement from ducts and strictures, which
may further contribute to difficulties with catheter
exchanges'!. Repositioning or loss of access to either
the bile or pancreatic duct may lead to increases in
procedure duration, radiation exposure to patients and

. E
staff, failure to place a stent and even perforatlonl I,

BACKGROUND OF SHORT GUIDEWIRE

ERCP SYSTEMS

At the time of ERCP the use of long guidewires is
dictated by the need to exchange various devices over
the wire. Therefore, the length of the wire should be,
at a minimum, twice the length of the device. Recently,
advances in catheter technology combined with wire
locking systems provided for the development of short-
wire ERCP systems. The main feature of all short-
wire ERCP systems is the ability to lock the short-
wire in position to allow advancement or removal of
various devices without displacement of the wire.
In a single-center pilot study, Beilstein es al” have
shown that using a prototype duodenoscope (XT]JF-
140V2F; Olympus America Corp., Melville, NY., USA)
led to a shorter exchange time when compared to

standard duodenoscopes, and attributed the benefit to
the guidewire locking system and fewer instances of
repositioning. This milestone study demonstrated that
fixation of the guidewire by the endoscope elevator
can substantially improve device exchanges over a
shorter wire length. However, additional goals of this
new innovation included maintaining ductal access,
decreasing procedure time, and reducing sedation and
fluoroscopy exposurem. Endoscopy assistants are and
have been essential to the successful use of ERCP,
but the ability of the endoscopist to independently
manage the guidewire and the scope was considered an
advantage during these procedures.

The emergence of short-wire systems evolved in
order to counter limitations of the traditional long wires.
All short-wire systems share three independent elements
including a means of locking the wire in position during
a device exchange, exchanging devices over short-wires
while maintaining access and decreasing wire lengths
between 185 and 270 ecm'”. Device exchanges over a
short guidewire are possible by either fixation of the wire
externally at the biopsy port or internally at the elevator.
Both external and internal lock designs allow physician
control of the guidewire at or near the biopsy port.
However, the external and internal lock designs differ in
many ways. The external lock design uses suction port
caps and allows fixation of the wire with all maneuvers
except the limited insertion or withdrawal of the leading
short-track portion of the device past the biopsy port'.
In contrast, the internal lock system can be used with
either short or long wire devices. When locking occurs at
the level of the ERCP scope elevator, assistant control
of the wire is needed when devices are passed beyond
the elevator.

TYPES OF SHORT GUIDEWIRE ERCP
SYSTEMS

There are three available short-wire ERCP proprietary
systems. These systems integrate cannulation,
sphincterotomy, balloon extraction, balloon dilation and
biliary stenting devices. The same short-wire devices can
be used with traditional long wires if needed.

The RX system, (Boston Scientific Corporation,
Natick, MA, USA) was the first short-wire system
introduced in 1999. This system incorporates three
components. The RX Locking Device has an external
lock that may accommodate fixation of one or two
wires. A special biopsy port cap minimizes any air or bile
leakage during the procedure. RX Compatible Biliary
Devices include both open “tear away” channel monorail
designs used with sphincterotomes and catheters, as well
as short-track designs used with cytology catheters, stone
extraction balloons, dilating balloons and stents. The
last component includes the 260-cm long 0.035-inch or
0.025-inch wide Jagwire with a coated firm shaft, flexible
hydrophilic leading tip and two colored markings,
which aid in detection of wire movement, Use of the
0.035-inch Jagwire, in conjunction with an ultra slim
upper endoscope (GIF-XP 160, Olympus America,
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Characteristics RX system Fusion system V-system

Type of endoscope Standard Standard V-scope

Type of lock External at the biopsy port External at the biopsy port Internal lock design
Type of device Open channel tear-away Close channel breakthrough Close lumen device
Short-track technology Yes Yes No

Wire length 260 cm 185 cm 270 cm

Can be used with standard guidewires Yes Yes Yes

Can be used with 0.025” or 0.018” or angled wires No Yes Yes

Can be used with hydrophilic Glidewire No Yes Yes

Ability to flush wire channel No Yes Yes

Intraductal exchange ability No Yes No

Insertion of multiple stents without the need to recannulate No Yes No

Physician control of wire Yes Yes Yes

Pushability of short-wire devices' St Satsis Siatais

1 .
author own experience.

Center Valley, PA., USA), for maintaining access allowed
for direct visualization of the biliary tree to aid in
intraductal diagnosis and treatment”. The RX system
does allow for long wire conversion in appropriate
cases with a 200-cm wire attachment. The 0.025-inch
and 0.035-inch diameter wire should be used with their
respective devices which are not interchangeable.

The Fusion system (Cook Endoscopy; Winston
Salem, NC., USA) was introduced in 2004. As in the
RX Biliary system, the Fusion system incorporates both
short-track and tear-away capabilities. The external wire
lock fits on the biopsy port, which enables the locking of
one or two wires. A key feature of this system includes
a side port that has been placed at 6 cm from the distal
tip of any catheter and a closed tear-away channel
running the length of the catheter (as opposed to the
open tear-away channel of the RX). The availability of a
side port near the device tip allows for a true intraductal
exchange. With the intraductal exchange, the wire can
be disengaged from the device while both are still within
the biliary or pancreatic ducts. The device then can be
withdrawn while the wire remains in place. Short-track
Fusion push catheters are available for both 5F and 7F
stents. The Fusion Guidewire, although not extendable,
is 0.035 inches in diameter and 185 c¢cm in length with
similar features to the Jagwirew. Studies from Europe
and the US have shown improved placement of multiple
stents into the bile duct, or pseudocyst cavity minimizing
the number of guidewires used and shortening procedure
duration'®”. The ability to move from the short-wire
system where the physician has control of the wire to the
long wire system where there is reliance on an assistant at
any point during the procedure is a real advantage of the
Fusion system. This system also provides compatibility
with all other systems including all hydrophilic wires such
as the Glidewire (Boston Scientific Corporation) available
commercially.

The V-system (Olympus, Tokyo, Japan) was
introduced in 2005. This is the first modification of
a duodenoscope for facilitation of wire exchangesm.
The V-system scope elevator lever includes a V-shaped
groove and an increased angle of articulation in
comparison to the standard Olympus TJF-160 series

endoscope. This design promotes securing and locking
of the short guidewire at the elevator level to reduce
repositioning of the guidewire during accessory
exchanges'”. The groove described above acts as the
internal wire lock allowing use of a catheter without a
short-wire track. The V-system devices are similar to the
traditional long wire devices at the leading end but have a
different design component at the external end™. Device
manipulation may be simplified by the LinearGuideV, a
0.035-inch diameter, 270 cm long wire with a hydrophilic
coating over the leading 50 cm!™, Spiral markings have
been placed starting at 130 mm from the distal end,
extending to the proximal end for easier attachment
of the LinearGuideV into the V-Groove. The C-Hook
allows the device handle to be attached to the V-Scope.
This enables the endoscopist to maneuver the guidewire,
inject contrast and manipulate the device handle while
keeping a grip on the device control section. The main
advantage of the C-Hook is that it is very easy for the
endoscopist to relinquish control of the guidewire
back to the assistant if needed. The main differences
between the three available short-wire ERCP systems are
summarized in Table 1.

BENEFITS OF SHORT GUIDEWIRE
SYSTEMS

One of the main benefits of the short-wire systems is
clearly associated with the ability to permit physician-
controlled guidewire cannulation of the desired duct.
Cannulation is the essential initial step during ERCP and
can be challenging for the endoscopist. Median time to
successful cannulation was shown to be shorter in a wite-
assisted cannulation compared to cannulation achieved
after first injecting contrast (120 s zersus 150 s) (P = 0.73)".
When used by an experienced endoscopist, Katsinelos
et al'” showed that use of a 0.035-inch Jagwire provided
an 81.4% success rate for deep common bile duct
cannulation versus 53.9% using a standard catheter
(P < 0.001). Although rates of successful cannulation
were similar between the two groups (hydrophilic
guidewire 83.8% wersus standard catheter 84%) if
instrument crossover occurred!”.
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Development of the RX Biliary system in 1999 has
led to increased control of the guidewire and exchange
by the physician, decreased hand and wrist force used
during contrast injection, and in return improved
physician stress, efficiency, and speed. The changes in
guidewire design and physician control of the wire can
be expected to reduce ampullary trauma and lead to
decreased complication rates and post-ERCP pancreatitis
(PEP) in particular“”.

The studies to date have yielded conflicting results
regarding the role of guidewire cannulation and
prevention of PEP. Lella ez al' conducted a prospective
study with 400 patients randomized to either Group
A with a guidewire used to access the pancreatic duct
and endoscopic sphincterotomes, and Group B with a
traditional catheter plus injection technique used. The
rate of PEP was 0% in Group A versus 4.1% in Group B.
One study which randomized patients to cither primary
contrast or guidewire-assisted cannulation (Jagwire;
Boston Scientific Corporation) showed improvements
in rates of cannulation, however, there was no reduction
in the incidence of PEP (7.9% with guidewire and 6.2%
with contrast). Increased attempts at cannulating the
papilla demonstrated increased rates of PEP with >
10% after four or more atternptsm. No difference in the
rates of post-procedural pancreatitis after cannulation
was shown by Katsinelos e a/'"” (standard catheter 7.8%
versus hydrophilic Jagwire 0.035-inch guidewire 5.4%).

Guidewire manipulation of the ampullary surface has
been suggested to be less traumatic than contrast injection
or forceful manipulation with a catheter. Double wire
use is helpful in cannulation of the common bile duct.
Pancreatic duct guidewire placement can be used to
facilitate cannulation into the choledochus portion of
the common bile duct by maintenance of orientation for
the endoscopist”"”.

A major advantage of the short-wire system is the
potential for shorter procedure and fluoroscopy time.
Papachristou ez al'” showed that using the V-system
endoscope and accessories with a short hydrophilic
wire (Glidewire; Boston Scientific Corporation) can
lead to rapid and reliable device exchanges with only a
5% chance of wire loss. In some exchanges the authors
used the so called “hydraulic technique”. The hydraulic
technique uses standard techniques to achieve access
with the Glidewire and catheter until all available wire
is inserted into the catheter. Then, water is flushed
under pressure into the catheter, keeping the wire in
place, while the catheter is removed by the endoscopist
after confirmation of the wire position“é’m. Over half
of the instances of wire loss were either unrelated
to the exchange or required minimal adjustment due
to partial loss. All endoscopists regained wire access
and one endoscopist was able to reduce his average
number of guidewires used per case from two to
one"”. The use of continuous fluoroscopy was also
avoided with maintenance of the Glidewire position.
The technique described above can permit access to
the pancreaticobiliary tree and allow stent insertion
in complicated cases with less difficulty than standard

methods. The ability of the V-scope to hold the
Glidewire varied between exchanges regardless of
endoscopic position, but still resulted in faster exchanges
than a regular duodenoscope with no change in wire loss

A prospective multicenter, randomized and controlled
trial was conducted by Joyce ez a/” to compare the
V-system (Olympus XTJF-140V2F) with the traditional
duodenoscope and accessories. The V system scope
elevator lever includes a V-shaped groove and an
increased angle of articulation in comparison to the
standard Olympus TJF-160. The V-system was found
to have both reduced rates of guidewire adjustments
and time needed to complete accessory exchanges over
a guidewire when compared to the traditional system.
Reduction in exchange time between the V-system
and the conventional system was 19.4 s versus 31.7 s
(P < 0.001)", whereas the need to reposition the guidewire
was required less often with the V-system, 9.4% wversus
35.7% (P = 0.0005)". In contrast, the reduced procedure
and fluoroscopy times were not found to be statistically
significant'™. Failure to secure the guidewire leading to
loss of access occurred in 11% of cases. Reasons for
loss of access varied from unfamiliarity with the system to
nuances with the use of the guidewire and the elevator.

The intraductal exchange technology offered by the
Fusion system allows the guidewire to be detached from
the catheter within the bile or pancreatic duct. When
aggressive endoscopic management is necessary for
drainage of pancreatic pseudocysts, this system allows
for placement of a number of plastic stents with less
effort than traditional methods'”. There is elimination
of both exchange outside the endoscope and multiple
cannulations for reentry into the ducts or the pseudocyst
cavity. Use of a second guidewire through a cystotome
and the intracystic wire exchange technique secures
access to the pseudocystm.

Preliminary data from a prospective randomized
single-blinded trial with 46 patients that compared
performance characteristics of the short-wire ERCP
system (Fusion) and a standard long wire system (DASH),
showed a trend towards shorter procedure times and
shorter time to perform various ERCP maneuvers
with the short-wire system!”. A statistically significant
reduction in stent insertion times were also observed
during this study (P = 0.001).

Sai e a/"™ used the Fusion system for placement of
double plastic stents for the palliation of lower biliary
obstruction associated with unresectable pancreatic
cancer. Successful stenting was accomplished in 94% (15)
of patients with two requiring balloon dilatation of the
stricture. No complications related to stent insertion and
retrieval occurred. Mean patency duration was 151.1 d.

Johlin ez al'™ at the University of Towa described the
use of a standard catheter-type device in combination
with a short 0.035-inch guidewire (240 cm in length).
The authors used a 3-mL syringe and sterile water to
perform hydraulic exchanges as described earlier. They
documented that the entire hydraulic ERCP catheter
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Advantages

Reduced exchange times

Reduced stent insertion times

Maintenance of ductal access

Reduction of sedation and fluoroscopy time

Increased endoscopist control of cannulation

Locking of wire in position to increase stability

Decreased rates of post-ERCP pancreatitis

Decreased trauma when ampullary surface is manipulated
Reduced rates of wire adjustments

Aids in stricture access

Allows placements of multiple stents (Fusion system only)

exchange took less than 30 s. Over the past 10 years this
system was shown to save time, save money, maintain
capacity to aspirate bile and pancreatic fluid and decrease
contamination (if a short-wire is accidentally dropped it
will not touch the floor). Tables 2 and 3 summarize the
potential benefits and drawbacks of the use of short-
wire systems.

DRAWBACKS

Although there are many benefits to the short-wire
system, there have been some inefficiencies associated
with them. One study showed that by using a dedicated
short-wire monorail catheter with an accessory system
(the RX system), slower exchange times by an average
of 4 s were observed when compared to standard
accessories. The RX system is not amenable to the
hydraulic exchange technique"”. In contrast to other
studies, one prospective study showed that the time
required for primary selective common bile duct
cannulation was increased in the hydrophilic guidewire
group at 4.48 £ 0.32 min versus the standard catheter
group at 3.53  0.32 min"". Other potential problems:
decreased pushability due to the open channel design
(RX), inability to flush the channel to facilitate use
with a hydrophilic wire (RX), inability to use smaller
than 0.035 inch or angled wires after the channel is
torn with the first device exchange (unless the device
is preloaded) (RX), deterioration of the device after
multiple exchanges (RX, Fusion), not being able to
insert pancreatic stents easily (all), no reliable locking
of the wire (V), looping of the wire between the biopsy
port and the external locking device (RX, Fusion), poor
guidewire visibility (V), air and bile leakages which may
lead to soiling of the operator and loss of visibility due
to decreased distention of the duodenum.

SAFETY

The safety of short-wire systems has not been addressed
exclusively in any published studies. Damage to the
guidewire may occur with external locking of the wires.
In addition, the proximal end of the shortest wire freely
suspends in air after being locked and can present a risk
to the operator, assistant, or patient'’. Antileak caps
should consistently retain air and bile preventing any

Drawbacks

Only preliminary studies have documented the potential benefit of

the short-wire systems (all systems)

Hydraulic exchange technique not plausible with RX system
Decreased pushability with the open channel design of the RX
system

Inability to flush channel for hydrophilic wire use (RX system)
Inability to use smaller than 0.035 inch or angled wires when channel
is torn after first device exchange (unless device is preloaded) (RX
system)

Deterioration of the device after multiple exchanges (RX, Fusion
systems)

No easy method for insertion of pancreatic stents (all systems)
No reliable method of locking wire (V-system)

Looping of wire between the biopsy port and the external locking
device (RX, Fusion systems)

Poor guidewire visibility (V-system)

Air and bile leakage causing increased soiling of operators (RX,
Fusion systems)

Wires may suspend freely in air after being locked jeopardizing
operators (all systems)

Loss of visibility due to decreased distention of the duodenum (RX,
Fusion systems)

spray of secretions but failure of this feature may lead to
adverse outcomes.

When using the internal locking endoscopes,
inappropriate locking of the wire leading to access loss
may require repeated cannulation of the guidewire. As
devices are introduced when using the internal locking
endoscopes it is important that the V-shaped elevator is
engaged properly'. If there is difficulty, it is important
to note if there is damage to the tip of the device or
catching of the guidewire in the space between the
V-groove and the working channel®.

Guidewire insertion into the bile duct improves
the safety margin of a sphincterotomy by ensuring
the incision of the biliary sphincter as intended. As
mentioned before, this allows for repeated cannulation
decreasing any risk of papillary injury if the papillotome
becomes dislodgedm].

A search of the Maude database for all three short-
wire system manufacturers was carried out and only
adverse events regarding the Wallstent RX Biliary (Boston
Scientific, Galway, Ireland) were listed. Adverse events
included distal biliary duct stent occlusion 7 d after
placement, hyperplasia at the site of the distal common
bile duct stent 10 mo after placement during a stricture
revision procedure, and a stent was found to have
“foreshortened and proximally migrated into the bile
duct” 1 year after placement. These complications were
most likely related to the Wallstent design rather than to
the use of the RX system.

COST

Using the short hydrophilic 0.035-inch biliary guidewire
as the sole guidewire during a procedure decreases the

need for a second wire, which may minimize cost during
ERCP!"
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CONCLUSION

The practice of using ERCP short guidewire systems
was developed to improve procedural outcomes.
Although the use of traditional guidewires is vast
amongst endoscopists, exposure to these systems

may aid physicians to reduce exchange times, increase
endoscopist control, reduce sedation exposure, reduce
fluoroscopy time, increase stability with integrated
lock systems and decrease rates of trauma during the
procedure.
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Abstract

Patients with inflammatory bowel disease (IBD) are at
increased risk for colorectal cancer (CRC). Risk factors
for the development of CRC in the setting of IBD
include disease duration, anatomic extent of disease,
age at time of diagnosis, severity of inflammation,
family history of colon cancer, and concomitant primary
sclerosing cholangitis. The current surveillance strategy
of surveillance colonoscopy with multiple random
biopsies most likely reduces morbidity and mortality
associated with IBD-related CRC. Unfortunately,
surveillance colonoscopy also has severe limitations
including high cost, sampling error at time of biopsy,
and interobserver disagreement in histologically
grading dysplasia. Furthermore, once dysplasia is
detected there is disagreement about its management.
Advances in endoscopic imaging techniques are
already underway, and may potentially aid in dysplasia
detection and improve overall surveillance outcomes.
Management of dysplasia depends predominantly on
the degree and focality of dysplasia, with the mainstay
of management involving either proctocolectomy or
continued colonoscopic surveillance. Lastly, continued
research into additional chemopreventive agents
may increase our arsenal in attempting to reduce the
incidence of IBD-associated CRC.
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INTRODUCTION

Patients with both ulcerative colitis (UC) and Crohn’s
disease (CD) are at an increased risk of developing
colorectal cancer (CRC). It is believed that this increased
risk is a result of persistent inflammation of the colon.
The exact mechanism as to how chronic inflammation
results in carcinogenesis is unclear, but it is postulated that
the same genetic mutations that result in sporadic CRC
are also responsible for its development in inflammatory
bowel disease (IBD). Surveillance guidelines employing
colonoscopy as a tool for screening this high-risk
population are available. Unfortunately, the guidelines
have their limitations. Additionally, no consensus exists
regarding the management of low-grade dysplasia
(LGD) in the setting of IBD. This article will review
the CRC risk factors in IBD, current surveillance
guidelines, management of dysplasia in IBD, and lastly
chemoprevention.

EPIDEMIOLOGY OF CRC IN PATIENTS
WITH IBD

It has been known for nearly a century that UC is
associated with an increased risk of CRC"?. However,
the association between CRC and CD has only recently
been recognized[3'5]. The mean duration from the time of
diagnosis of UC to the development of CRC is 17 years,
with the mean age at diagnosis of CRC being 51 years

. . 6 .
in men and 54 years in women!”. Tn a large meta-analysis
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involving 54478 patients and 116 studies, Eaden ez al”
calculated the cumulative risk of CRC in UC at 8.3% at
20 years and 18.4% at 30 years. These results, however,
have not been replicated, with more recent studies
showing a lower annual incidence (0.06%-0.2%) of
CRC in patients with uc?, Interestingly, two separate
population-based studies from Denmark and the Mayo
Clinic found no increased risk between CRC and UC
when compared to the general population[m’m. The
differences among these studies have been postulated
to be the result of improved medical therapies with
unforeseen chemoprevention, increased colonoscopic
surveillance, and improved surgical treatments.

Although there is less data regarding the risk of CRC
in CD, it is well established that a similar association
exists to that of UC’”. However, the development of
dysplasia in CD can involve both the small bowel as
well as the colon. In a population-based study from
the Mayo Clinic, only a slight increased risk was found
between CD and CRC, which is in stark contrast to
a 40-fold increased risk of developing small bowel
rnalignancy“ol. Interestingly, an earlier large population-
based study from Sweden reported a relative risk of 5.6
for the development of CRC in patients with Crohn’s

colitis®,

PATHOGENESIS OF CRC IN PATIENTS
WITH IBD

The exact mechanism by which chronic inflammation
results in carcinogenesis is unclear. Persistent
inflammation is believed to result in increased cell
proliferation as well as oxidative stress, and ultimately
the development of dysplasiamiﬂ. It is postulated
that similar genetic mutations that result in sporadic
CRC in the general population are also responsible for
its development in IBD, but the sequence of events
and frequency are altered"®'”. These events include
microsatellite instability, inhibition of regulatory genes
via hypermethylation of the promoter regions, and loss
of adenomatous polyposis coli (APC), p53, and K-ras
U218 1n sporadic CRC among
the general population, loss of APC function generally

tumor suppressor function

occurs early and is frequent, whereas p53 mutations
occur late and are less frequent. In contrast, loss of APC
function generally occurs late and is infrequent, whereas
p53 mutations occur early and are more frequent in
IBD-associated CRC"”.

RISK FACTORS FOR CRC IN PATIENTS
WITH IBD

Multiple risk factors for the development of CRC
in the setting of IBD have been identified. It is well
established that greater disease duration and anatomic
extent of colitis are important risk factors'”. Generally,
patients with pancolitis develop CRC a decade prior to
patients with left-sided colitis. Of note, disease extent
is defined as the furthest extent of inflammation, either

microscopically or macroscopically[zm. Recent studies
have also demonstrated that the degree of colonic
inflammation is associated with an increased risk of
dysplasia and CRC. This was first introduced by the
group at St. Mark’s Hospitalm, and further confirmed
by two recent studies™*”. Additionally, other markers of
inflammation, including the presence of pseudopolyps,
strictures, and backwash ileitis have been found to be
independently associated with an increased risk of
developing CRCP*,

Independent of a family history of IBD, a family
history of sporadic CRC imparts a two-fold higher risk
of CRC in IBD patients[27’28]. Also, IBD diagnosis at
an earlier age increases the risk of CRC, independent
of disease duration"”. In fact, a Swedish population-
based cohort of 3117 patients diagnosed with UC
between 1922 and 1983, found a four-fold increase in
CRC in patients diagnosed with UC prior to the age of
15 compared with those diagnosed between 15-29 years
of agem]. Lastly, the concomitant presence of primary
sclerosing cholangitis (PSC) confers a significantly
increased risk of CRC in patients with ucH, Among
patients with PSC, Kornfeld ez al®™ calculated a
cumulative risk of developing CRC of 33% at 20 years
and 40% at 30 years after the diagnosis of UC.

DEVELOPMENT OF DYSPLASIA IN IBD

Unlike sporadic CRC in the general population, the
development of carcinogenesis in IBD does not always
follow a sequential progression from LLGD, to high-grade
dysplasia (HGD), and ultimately to cancet''”. In fact,
Ullman e a/™" revealed that cancer can arise in patients
with no prior dysplasia, or without first progressing from
LGD to HGD. Additionally, they found that patients
undergoing colectomy for flat LGD were found to have
much more advanced pathology on surgical specimens.
Also, CRC arising in the background of IBD is often
multifocal and more aggressive than sporadic CRCP,
This unpredictable sequence of events coupled with its
more aggressive nature highlights the importance of
increased vigilance and surveillance for CRC in this high-
risk population.

Dysplasia is defined as the unequivocal neoplastic
alteration of the epithelium without invasion into the

B, Macroscopically, dysplastic lesions

lamina propria
in the setting of colitis can range from flat lesions (not
endoscopically visible) to plaque-like lesions, to raised
localized or multifocal lesions”™”". Raised, endoscopically
visible lesions noted within areas of active colitis are
referred to as dysplasia-associated lesions or masses
(DALMs)"”". These are further categorized into
adenoma-like lesions and non-adenoma-like lesions,
which ultimately results in different management
implicationsm]. Microscopically, per the IBD Dysplasia
Morphology Study Group, dysplasia is divided into three
categories: (1) negative for dysplasia; (2) indefinite for
dysplasia; and (3) positive for dysplasia, which is further
divided into LGD and HGD". Unfortunately, inter-
observer agreement and intra-observer reliability among
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pathologists is variable in the diagnosis of dysplasia,
especially when diagnosing indeterminate and LGDP*,
Therefore, it is traditionally recommended that any
diagnosis cafﬂ dysplasia be confirmed by a separate GI

pathologist' .

CRC SURVEILLANCE IN IBD

Recommendations for CRC screening/surveillance in
IBD is aimed at early detection and mortality reduction
from CRC. Although a multitude of studies exist
demonstrating the need for secondary preventionm’m,
a 2004 Cochrane Database review did not show “clear
evidence that surveillance colonoscopy prolonged
survival.” However, this analysis indirectly revealed a
reduced mortality risk in IBD-associated CRC"",

The most recent surveillance strategy, published
in 2005 by the Crohn’s and Colitis Foundation of
America (CCFA), is based on expert consensus of past
surveillance guidelines as well as more recent studies
on IBD-associated dysplasia[m. Per the consensus
guidelines, screening colonoscopies should begin
8-10 years after the onset of IBD symptoms in patients
with UC pancolitis/left-sided colitis and Crohn’s colitis
involving at least one third of the colon. The exception
to this rule is that patients with concomitant PSC
begin yearly surveillance colonoscopies at the time PSC
is diagnosed. The timing of follow-up surveillance
colonoscopies depends on the presence of dysplasia.
If the initial colonoscopy in UC pancolitis/left-sided
colitis (and Crohn’s colitis) is negative for dysplasia,
repeat surveillance colonoscopy should be performed in
1-2 years. Once a patient has two negative surveillance
colonoscopies, further surveillance colonoscopies should
be performed every 1-3 years. After 20 years of disease
duration, surveillance colonoscopies should be repeated
every 1-2 years. Management of dysplasia is described
below. The recommended surveillance biopsies are four-
quadrant biopsies every 10 cm with jumbo forceps. Of
note, patients with only proctosigmoiditis of < 35 cm
disease extent should follow the standard CRC screening
guidelines for the general population, as they are not at
an increased risk of developing CRC™,

MANAGEMENT OF DYSPLASIA

All dysplastic and indefinite-for-dysplasia biopsies
should be confirmed by an expert GI pathologist.
Once confirmed, patients with HGD or multifocal
flat LGD should be referred for prophylactic total
proctocolectomy. Patients with indefinite dysplasia
should undergo a more aggressive surveillance plan,
with repeat surveillance in 3-6 mo. Controversy exists
regarding the management of unifocal flat LGD, as
studies have calculated a wide progression rate of
2%-50% from LGD to HGD""*"™*! Therefore, it is
imperative that an open dialogue regarding the risks
and benefits of both surgical and intense colonoscopic
surveillance (repeat surveillance colonoscopies every

3-6 mo) be discussed with all patients found to have
unifocal flat LGD. If intense surveillance is chosen by
the patient, the CCFA consensus strongly recommends
a proctocolectomy if multifocal flat LGD, repetitive
flat LGD, or more advanced dysplasia is found during
subsequent surveillance colonoscopiesm

All non-adenoma-like DALMs should be referred
for a complete proctocolectomy, as up to 50% of these
patients can have cancer at the time of surgery”™.
Per the CCFA consensus guidelines, adenoma-like
DALMs should be resected in their entirety, with the
base and surrounding mucosa biopsied separately.
Patients should be referred for surgery if the base or
surrounding mucosa contains dysplasia. However,
if no dysplasia is found in the base or surrounding
mucosa, a repeat colonoscopy should be performed in 6
mo™'. A summary of currently accepted algorithm for
surveillance of CRC and management of dysplasia is
presented in Figure 1.

Lastly, special attention should be applied to all
colonic strictures in IBD. In UC patients, strictures
should prompt surgical referral, given the high
association with underlying malignancylm. Although
the risk of malignancy is not as high in Crohn’s-related
colonic strictutes, efforts should be made to visualize the
colon proximal to the stricture, since an increased risk of
CRC does exist. In fact, a 6.8% frequency rate of colon
cancer after 20 years disease duration was found among
a review of 175 Crohn’s colon strictures”. Surgical
resection should therefore be considered in longstanding
CD, or if the colon proximal to the stricture cannot be
visualized""",

Although guidelines are available for CRC
surveillance in IBD, multiple limitations exist. Per the
current four-quadrant biopsies every 10 cm guideline,
only less than 1% of the entire mucosal surface of
the colon is sampled, leaving a very high sampling
error'"™, Additionally, pathologists do not universally
agree on the diagnosis of low-grade or indefinite-for-
dysplasia, especially in a field of active inflammation””*".
Lastly, the management of flat LGD is often debated,
specifically whether to proceed directly to surgery or
follow a more aggressive colonoscopic surveillance plan.

CHEMOPREVENTION

The use of pharmacotherapy as a potential
chemopreventive measure to reduce the risk of
developing CRC has been studied extensively. The
most widely studied agent for chemoprevention is
5-aminosalicylate (5-ASA). Unfortunately, no prospective
studies evaluating 5-ASA as a chemopreventive
agent exist, and the data is otherwise conflicting. The
most compelling data from a meta-analysis of nine
observational studies demonstrated a reduced risk of
developing CRC or dysplasia with 5-ASA (OR = 0.51,
95% CI 0.38-0.69)". 'This is in contrast to a retrospective
case-controlled study of 25 patients with IBD and CRC,
which demonstrated no association between 5-ASA
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Initial screening colonoscopy after 8 yr of colitis
four-quadrant biopsies every 10 cm in flat mucosa
Removal of all raised lesions
Biopsy base and adjacent tissue after removal of all raised lesions
No Indefinite for Flat dysplasia DALM
dysplasia dysplasia
‘ Non-adenoma ‘ ‘ Adenoma ‘
Treat active Unifocal Multifocal L HGD Polypectomy
inflammation LGD LGD
Adjacent Adjacent
mucosa mucosa, no
dysplasia dysplasia

Repeat surveillance
in1-2 yr

Repeat surveillance
in 3-6 mo

Colectomy

Repeat surveillance
in 6 mo

Figure 1 Algorithm for screening/surveillance for CRC in IBD and management of dysplasia. CRC: Colorectal cancer; IBD: Inflammatory bowel disease; LGD:
Low grade dysplasia; HGD: High grade dysplasia; DALM: Dysplasia-associated lesions or masses.

use and reduction in CRC risk””. Nonetheless, with its
relatively low side-effect profile, 5-ASA appears to be
protective against CRC in IBD.

Additional agents studied for their chemopreventive
effects include ursodeoxycholic acid (UDCA),
corticosteroids, NSAIDs, folate, statins, calcium, and
immunomodulators"®. Two separate studies have
demonstrated that the use of UDCA in patients
with concomitant PSC and UC lowers the incidence
of developing dysplasia or CRC (OR = 0.18 and
0.20, respectively)m’ssj. Thus, the use of UDCA for
chemoprevention in patients with both UC and PSC
is to be encouraged. However, the role of UDCA
as a chemopreventive agent in UC without PSC is
unknown. Currently, insufficient data or inadequate
evidence precludes the use of folate, corticosteroids,
NSAIDs, calcium, statins, and immunomodulators as
chemoprotective agents against CRC***,

ADVANCES IN DYSPLASIA DETECTION

As a result of the difficulty in identifying flat dysplastic
lesions, the use of magnification chromoendoscopy was
introduced. Magnification chromoendoscopy enhances
mucosal contrast »ia the application of stains/dyes.
Ideally, this would highlight mucosal changes that
would otherwise not be seen by traditional white light
endoscopy™. Methylene blue and indigo carmine are the
most commonly studied dyes in UC surveillance™*. In
addition to stains/dyes, advances in imaging technique,
including narrow band imaging and confocal laser
endomicroscopy may further enhance the ability to
target abnormal areas of the colonic mucosa, potentially
even at the subcellular level. Currently, data on these new
techniques are limited, and are not included, at this time,

in surveillance guidelinesm.

CONCLUSION

The risk of CRC in long-standing UC and CD has
resulted in the adoption of surveillance strategies with
the goals of reducing morbidity and mortality associated
with IBD-related CRC. Risk factors for the development
of CRC in the setting of IBD include disease duration,
anatomic extent of disease, age at time of diagnosis,
severity of inflammation, family history of colon cancer,
and concomitant PSC. Although guidelines currently
exist, limitations of these guidelines, including sampling
error at time of biopsy, interobserver disagreement
in histologically grading dysplasia, and disagreement
about the management of LGD indicate the need for
continued research into the molecular pathogenesis
of IBD-associated CRC, with the hope of identifying
targets for prevention. Advances in endoscopic
imaging techniques are already underway, and may
potentially aid in dysplasia detection and improve
overall surveillance outcomes. Management of dysplasia
depends predominantly on the degree and focality of
dysplasia, with the mainstay of management involving
either proctocolectomy or continued colonoscopic
surveillance. Lastly, continued research into additional
chemopreventive agents may increase our arsenal in
attempting to reduce the incidence of IBD-associated
CRC.
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Abstract

Some patients with ascites due to liver cirrhosis
become no longer responsive to diuretics. Once other
causes of ascites such as portal vein thrombosis,
malignancy or infection and non-compliance with
medications and low sodium diet have been excluded,
the diagnosis of refractory ascites can be made based
on strict criteria. Patients with refractory ascites
have very poor prognosis and therefore referral for
consideration for liver transplantation should be
initiated. Search for reversible components of the
underlying liver pathology should be undertaken
and targeted therapy, when available, should be
considered. Currently, serial large volume paracentesis
(LVP) and transjugular intrahepatic portasystemic
stent-shunt (TIPS) are the two mainstay treatment
options for refractory ascites. Other treatment options
are available but not widely used either because they
carry high morbidity and mortality (most surgical
options) rates, or are new interventions that have
shown promise but still need further evaluation. In this
comprehensive review, we describe the evaluation and
management of patients with refractory ascites from
the prospective of the practicing physician.
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INTRODUCTION

Ascites means pathological fluid accumulation within
the abdominal cavity. The word “ascites” itself is derived
from the Greek word “askos,” which means a bag or
sack!'l Cirrhosis accounts for over 75% of patients who
present with ascites”. Ascites is the most common of
the three major complications of cirrhosis; the other
complications are hepatic encephalopathy and variceal
hemorrhagem. Approximately 50%-60% of patients with
compensated cirrhosis will develop ascites during 10
years of observation™",

Patients with ascites can be divided into the following
categories based on their response to treatment. (1) Less
than 10% have natural sodium excretion (i.e. without
diuretics) more than 78 meq/d. These patients, have
relatively preserved liver functions and will respond
to dietary salt restriction [88 meq (2000 mg) per day]
alone”. (2) As liver function detetiorates, patients excrete
less sodium in the urine and sodium restriction alone is
no longer enough to create a negative sodium balance
and control ascites”. Most patients will need diuretics
combined with sodium-restricted diet'’. This regimen is
effective in about 90% of the patients[sl. Over time, up
to 20% of patients that were initially diuretic-responsive
will become diuretic-resistant”. (3) 5%-10% of patients
never respond to this regimen and have refractory
ascites™',

Development of ascites is associated with a poor
quality of life, increased risks of infections and renal
failure, and a poor long-term outcome'". Furthermore,
patients with refractory ascites have worse prognosis and
shortened sutrvival.

Cirrhotic patients who develop ascites have a
probability of sutvival of 85% at 1 year and 56% at 5

. . . 5 .
years without liver transplantation"”. In patients who
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become resistant to diuretic therapy, the prognosis
decreases to 50% survival at 2 yearsm

Patients with refractory ascites have lower sodium
excretion compared to sensitive patients. It has been
shown that patients with ascites and urinary sodium
excretion below 10 meq/d had a mean survival rate of
5-6 mo compared to > 2 years in those with ascites and

a higher rate of sodium excretion,

DEFINITIONS

For the correct diagnosis of true refractory ascites, the
patient’s condition should fulfill the following criteria™"”

Diuretic-resistant ascites

Failure of mobilization or the early recurrence of
ascites which cannot be prevented because of a lack of
response to sodium restriction and diuretic treatment is
called diuretic-resistant ascites.

Diuretic-intractable ascites

Failure of mobilization or the early recurrence of ascites
which cannot be prevented because of the development
of diuretic-induced complications that prevent the
use of an effective diuretic dosage is called diuretic-
intractable ascites.

Treatment duration

Patients must be on intensive diuretic therapy
(spitonolactone 400 mg/d and furosemide 160 mg/d)
for at least 1 wk and on a salt-restricted diet of less than
90 mmol/d.

Lack of response
Mean weight loss of less than 0.8 kg over 4 d and
urinary sodium output less than the sodium intake.

Early ascites recurrence

There is an reappeatance of grade 2 or 3 ascites (clinically
detectable) within 4 wk of initial mobilization. However,
it is important to notice that in patients with severe
peripheral edema, reaccumulation of ascites within 2-3 d
of paracentesis must not be considered as early ascites
recurrence because it represents a shift of interstitial
fluid to the intraperitoneal space®.

Diuretic-induced complications
Diuretic-induced hepatic encephalopathy is the
development of encephalopathy in the absence of
any other precipitating factor. Diuretic-induced renal
impairment is indicated by an increase of serum
creatinine by > 100% to a value of > 2 mg/dL in
patients with ascites otherwise responding to treatment.
Diuretic-induced hyponatremia is defined as a decrease
of serum sodium by > 10 mEq/L to a serum sodium of
< 125 mEq/L. Diuretic-induced hypo- ot hyperkalemia
is defined as a change in serum potassium to < 3 mEq/L
or > 6 mEq/L despite approptiate measures.

In addition to this, we should exclude dietary non-

compliance (patient taking excess sodium in diet) and
exclude the use of nonsteroidal antiinflammatory drugs
(NSAIDs), which can induce renal vasoconstriction and

L. . . . 17,18
diminish diuretic responslveness[ 1

EVALUATION OF PATIENT WITH
REFRACTORY ASCITES

The aim of the work-up is to confirm the diagnosis and
exclude other conditions that can be misdiagnosed as
refractory ascites.

Exclude causes of ascites other than cirrhosis that are
not responsive to diuretic therapy. This includes malignant
ascites due to peritoneal carcinomatosis (but not due to
massive hepatic metastasis)m] and nephrogenic ascites,
which develop in patients with end-stage renal disease™
This is important because about 5% of patients with
ascites have more than one underlying etiology (mixed
ascites)[zﬂ; for example, a patient may have cirrhosis in
addition to peritoneal carcinomatosis and be misdiagnosed
as having true refractory ascites. The importance of this is
that lines of therapy are different.

Patient should have ultrasound with portal vein
Doppler and serum alpha fetoprotein level to exclude
the presence of hepatocellular carcinoma or portal vein
thrombosis'™, because these conditions are associated
with lack of response to diuretics in patients with
cirrhosis, while true refractory ascites represents actual
progression of the liver disease"” (discussed below).

Confirm compliance to dietary sodium restriction
because patient may not be responding to diuretics simply
because of the lack of dietary compliance. Therefore, the
diagnosis of refractory ascites is not complete until it is
proven that the patient has low urinary sodium excretion
on the diuretic doses mentioned before!"”. This can be
done through the following,

Twenty-four-hour urinary sodium: Patients who gain
weight despite excreting more than 78 meq sodium
per day are not compliant with the diet. The value of
78 meq sodium per day is derived from the difference
between sodium intake (2 gm/d = 88 mEq) and non-
urinary loss (10 mEq/ d)*. The drawback of the 24-h
urinary collections is that they are labor-intensive for
patients and staff alike. Verbal and written instructions
should be given to the patient in order to assure accurate
collection. Completeness of collection can be assessed
by measurement of urinary creatinine. Urinary creatinine
excretion per day should be more than 15 mg of
creatinine per kg of bo[czl%r weight for men and more than

10 mg/kg for women'". Samples with less creatinine
indicate incomplete collection that may affect the results.
However, this may not be very accurate because patients
with advanced cirrhosis have muscle wasting and
therefore lower creatinine excretion in urine even with

complete collection™*,

Sodium in spot urine specimen: Measuring sodium
in a spot urine specimen should be easier and more
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convenient for the patient but lack of accuracy is
the problem as excretion of sodium is not uniform
throughout the day. Random urinary sodium
concentrations are of value when they are 0 mmol/L
(meaning low sodium excretion and lack of diuretic
response) or greater than 100 mmol/L (means either
adequate response to diuretics or diet non compliance)

but are not helpful when they are intermediate’™”.

Random utinary Na/K ratio: Random urinary Na/K
ratio may be as helpful as 24-h urinary sodium collection,
with accuracy rates of 86% according to one study and
90% according to another. A ratio of more than 1 is
equivalent to 24 h sodium more than 78 mmol Na/d.
This test is easier for the patient as it does not involve
collection of 24-h urine.

Furosemide-induced natriuresis: Furosemide-
induced natriuresis is another alternative where a single
intravenous 80-mg dose of furosemide is given and
urinary sodium is measuted in the next 8 h. Patients with
diuretic-resistant ascites have sodium excretion less than
50 mEq/8 h?* Another advantage of this test is that
it allows more rapid identification of diuretic-resistant
patients without the need to follow them up for weeks
with increasing doses of diuretics.

PATHOGENESIS OF ASCITES

Currently, the most widely accepted theory of ascites
formation is the forward theory which is based on
the peripheral arterial vasodilation hypothesis of renal
dysfunction in cirrhosis™. According to this theory,
the initial step is the development of sinusoidal portal

% This leads to systemic vasodilation

hypertension
and reduction in systemic vascular resistance, which is
most evident in splanchnic blood vessels”"?. Portal
hypertension causes vasodilation through increased
release of local vasodilators such as nitric oxide (which
seems to be the primary mediator™), glucagonm],
prostacyclinsm, vasoactive intestinal peptide, substance
P and platelet activating factor™. Splanchnic vasodilation
leads to a forward increase in filtration across splanchnic
capillariesm. In patients with decompensated cirrhosis,
the lymphatic system is not capable of returning back
all the filtered fluid and causes accumulation of ascites
fAuid"". Besides this, systemic vasodilation causes systemic
vascular undetrfilling, which stimulates the sodium-
retaining neurohumoral mechanisms in order to refill the
dilated vascular bed; these mechanisms include mainly
the renin-angiotensin-aldosterone system, sympathetic
nervous system, and antidiuretic hormone™. This leads
to sodium retention, water retention (with dilutional
hyonatremia) and renal vasoconstriction, which may later
lead to hepatorenal syndrome™. This causes retention of
more fluid, which is not effective in filling the systemic
vascular bed because of the continuous leakage into the
peritoneal cavity leading to more ascites formation”.
These changes become more severe with the progression
of liver disease, which is why the degree of sodium

retention (measured as urinary sodium excretion)'” and
hyponatremiam’m correlate with worsening survival in
cirrhotic patients.

Patients with more advanced cirrhosis have
a marked degree of circulatory dysfunction and
marked neurohumoral activation. This results in renal
vasoconstriction and enhanced sodium reabsorption
in the renal tubule and very low urinary excretion of
sodium (even with high doses of diuretics), which is how
refractory ascites develops'”. Hepatorenal syndrome
has a pathogenesis similar to that of ascites"'; refractory
ascites is considered a pre-hepatorenal state and actually
refractory ascites is a usual manifestation of type

2-hepatorenal syndrome'’.

TREATMENT OF REFRACTORY ASCITES

The ideal treatment of ascites should be effective in
mobilization of ascites and prevention of recurrence,
should improves patient’s quality of life and survival,
and should be acting directly on one or more steps in
the pathogenesis of ascites and not just the mechanical
removal of the fluid™,

Currently, the main lines of treatment for refractory
ascites are serial large volume paracentesis (LVP),
transjugular intrahepatic portasystemic stent-shunt
(TIPS), liver transplantation and peritoneovenous
shunt”?, We will also discuss promising new therapies
that are currently being evaluated.

LVP

LVP with administration of intravenous albumin
represents the standard therapy for refractory ascites™™!
Several studies have shown its effectiveness and
safety™ . Beside rapid control of ascites, it may
decrease the risk of variceal bleeding because it is
associated with reductions in the hepatic venous pressure

. . . 4748
gradient and intravariceal pressure/*,

Frequency of LVP: Therapeutic paracentesis is a
local therapy that does not modify the mechanisms
that lead to ascites formation. Therefore ascites will
always recur in patients with refractory ascites unless
there is an improvement in liver disease, as in alcoholic
liver disease when patients stop drinking, or after
liver transplantation’

a reasonable interval between paracentesis sessions
22

,50 .
I Two weeks are considered

in patients with refractory ascites™"), Less frequent
sessions are needed in the patient with some sodium
excretion and more frequent sessions are required in
patients who are not compliant with dietary sodium
restriction. The explanation requires knowing some
details related to sodium balance in patients with
ascites. The sodium concentration of ascitic fluid is
approximately equivalent to that of plasma in these
patients: 130 mmol/L. A 10-L paracentesis removes
1300 mmol (130 X 10). If the patient is adherent to the
diet, he/she will consume 88 mmol sodium every day,
and excrete 10 mmol/d in non-urinary loss and excrete
nothing in the urine if there is no urinary sodium
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excretion at all. Therefore, the net gain every day will be
78 mmol. Therefore, a 6-L paracentesis removes 10 d
(780 mmol/78 mmol per day) of retained sodium, and
a 10-L paracentesis removes approximately 17 d of
retained sodium (1300 mmol/78 mmol per day = 16.7 d)
in patients with no urinary sodium excretion™

Patients who are not compliant need education
regarding their diet rather than more frequent LVP
sessions. This is important because although the patients
are no longer responding to diuretics, diet is still very
important. One should not think about a more restricted
diet as a solution for diuretic resistance, as it is not
more effective and makes food less palatable therefore,
malnutrition may result”™. Fluid restriction is indicated in
patients with ascites and serum sodium lower than 130
mEq/L™,

At the time of LVP measurement of the white
cell count with differential should be performed on
the acidic fluid sample as a screening for spontaneous
bacterial peritonitis even if the patient is asymptomatic,
while if symptomatic, cultures should be added™.

Most authors prefer total LVP than repeated LVP
(removing 4-6 L daily until ascites completely disappears)
because it is faster and can be done as an outpatient
procedure; also, it is associated with lower incidences of
complications that may be related to needle insertion
and associated with no fluid leakage after paracentesis
because no fluid stays in the abdominal cavity™.
Another measure to reduce leakage is using the “Z”
track where skin is penetrated perpendicularly, then the
needle is advanced obliquely in subcutaneous tissue
before the peritoneal cavity is punctured, so that the
puncture site on the skin and the peritoneum are not
overlying, Also asking the patient to recline for 2 h on
the side opposite to the paracentesis site will prevent the
leakage of ascitic fluid. If there is significant leakage that
is not controlled with these measures, a suture or purse
string may be inserted around the site of drainage[54].

Complication associated with LVP: It is considered
a safe procedure associated with very low incidence
of serious complications even in patients with
coagulopathym’m. The risk of developing a large
hematoma is about 1% and the risk of hemoperitoneum
or iatrogenic infection is only about 1 per 1000P7,
There is no evidence in clinical trials that transfusion of
plasma or platelets before the procedure decreases the
risk of bleeding[ssl. However, one should avoid puncture
of the visible dilated abdominal wall veins in order to
avoid severe bleeding. Also, there is no coagulation
profile cut-off value that paracentesis should be avoided
beyond it. According to one study, patients tolerated the
procedures with INR up to 8.7 and platelet counts as low
as 190007 Tt may be that the only condition when the
procedure should be avoided due to high bleeding risk is
the presence of disseminated intravascular coagulation
with clinically evident ﬁbrinolysis[ﬁo].

One problem with repeated LVPs is ascitic fluid
protein and complement depletion, which may

[61]

predispose to ascitic fluid infections”", in comparison

with diuretic therapy, but this is of special concern in
diuretic-sensitive patients while in refractory ascites,
diuretics are no longer an option.

Another problem with large volume paracentesis
is post-paracentesis circulatory dysfunction (PCD).
Circulatory changes after LVP can be described as
follows. (1) Immediately after paracentesis, there is
an improvement in circulatory function in regard to
increased cardiac output and suppression of the renin-
angiotensin and sympathetic nervous systems. This
effect is mostly due to mechanical factors that mainly
increase venous return due to reduced intraabdominal
pressure!™. (2) After about 12 h, there are opposite
hemodynamic changes, including a reduction in cardiac
output to baseline values and marked activation of the
renin-angiotensin and sympathetic nervous systems over
the levels before paracentesis[“]. These changes are not
spontaneously reversed as once plasma renin activity
and plasma norepinephrine concentration increase,
this elevation persistsmﬂ. PCD has been defined as a
50% increase in plasma renin activity over baseline on
the sixth day after treatment, up to a value greater than
4 ng/mL per hour**%, Despite being asymptomatic,
PCD adversely affects the clinical course of the disease
with higher incidences of hyponatremia, and renal
impairment. In patients who develop PCD, it is severity
correlates inversely with patient survival®. Severity of
the circulatory dysfunction correlates with the amount
of fluid removed in paracentesis being most significant
when it exceeds 5L,

A number of measures can be applied to prevent

PCD.

Albumin infusion: Albumin infusion has been studied
for the prevention of PCD"* Incidence of PCD
following LLVP reaches 80% when albumin is not used and
albumin infusion reduces the incidence to 15%-20%"*.
However, some controversy still exists related to albumin
infusion. The reasons behind this are: lack of direct
survival advantage with albumin infusion'”; albumin
is very expensive and some studies state that albumin
infusion inhibits synthesis of albumin®™ and stimulates
albumin degradation inside the body[()g’w]. Another
reason for the controversy is that the circulatory changes
that can follow LVP may not be related to a decreased
intravascular volume due to rapid accumulation of
ascitic fluid as was thought before™, but it is actually
due to accentuation of the arterial vasodilatation already
present in these patientsﬁs]

The current American Association for the Study
of Liver Diseases (AASLD) guidelines state that post-
paracentesis albumin infusion may not be necessary for
a single paracentesis of less than 4-5 L. For LVP, an
albumin infusion of 8-10 g per liter of fluid removed
can be considered™.

Albumin should be given once the session is
completed®™. Some authors recommend giving one
half of the plasma expander immediately after the
paracentesis and the other half 6 h later™ ™", Others say
this is unwarranted and converts an otherwise simple
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outpatient procedute into an all-day clinic visit’,

It has been suggested that reducing the flow rate of
ascites extraction may help prevent PCD" however,
this may need further evaluation before being applied in
practice.

Other alternatives to albumin for prevention of
PCD: Many trials were carried out to find less expensive
alternatives to albumin therapy, however none is accepted
currently to replace albumin. Some of the alternatives to
albumin infusion include synthetic colloids, extracorporeal
ultrafiltration and reinfusion, and vasoconstrictots.

(1) Synthetic colloids. Studies comparing replacement
of albumin with dextran 70 or polygeline showed no
survival advantage[71J and PCD was much less common
with albumin administration in patients where = 5 L
of fluid were removed'®. Saline also has been tried
but without showing any survival advantage[73]. This
is mostly related to the half-life of the colloid used,
being highest with albumin (21 d), this may explain its
effectiveness in prevention of PCD'™. Some authors
state that paracentesis of < 5 L can be followed by
synthetic plasma expander and albumin is not required
in this setting[w.

One important point is that hydroxyethyl starch can
increase portal pressure as it fills Kupffer cells (lysosomal
storage)p_?nd this may increase the risk of variceal

el

bleeding .

(I) Extracorporeal ultrafiltration and reinfusion.
This procedure involves ultrafiltration of ascitic fluid
and intraperitoneal or intravascular reperfusionm
Advantages compared to albumin are the reduced
expenses and avoidance of depletion of complement lost
with paracentesis’”. The main problem reported is the
development of disseminated intravascular coagulation
(DIC) in some patients, and this may be why it is not
approved for use now; however, one simplified method is
suggested that limits the incidence of DIC™. One point
is that only a few patients have been studied until now
therefore, better evaluation with larger studies is needed’

(II) Vasoconstrictors. Administration of vasoconsttictors
may decrease the development of PCD and may prevent
complications associated with a decrease in effective
arterial blood volume as with the plasma volume expander
albumin'. This may be due to the fact mentioned before,
as the pathogenesis of PCD is accentuation of splanchnic
vasodilation rather than depletion of intravascular volume.

Terlipressin: More than one study showed that
terlipressin may be as effective as intravenous albumin
and well tolerated in preventing paracentesis-induced
circulatory dysfunction in patients with cirrhosis after
therapeutic paracentesis’ . One study recommended
a dose of terlipressin (1 mg every 4 h for 48 h)"™, while
another study suggested that a total dose of 3 mg
terlipressin should be administered as an intravenous
bolus of 1 mg tetlipressin at the onset of paracentesis and

then 8 and 16 h after the first bolus™”. A problem with
using tetlipressin is that it requires hospital admission for
a simple outpatient procedure, as it is given as intravenous
injections for up to 48 h after the procedure.

Midodrine: One study carried out on 40 patients showed
that midodtrine may be as effective as albumin®™, while
another one carried out on 24 patients showed that PCD
developed in six patients of the midodrine group (60%)
and in only four patients (31%) of the albumin group!®.
The dose given was 12.5 mg every 8 h post-paracentesis
for 2 d. Being much cheaper than albumin and tetlipressin
and much easier to administer, midodrine may be worth

more trials to assess its use instead of albumin.

Noradrenaline: Another study showed noradrenaline
to be as effective as albumin in the prevention of
PCD™. Noradrenaline was suggested as a less expensive
alternative to albumin but no further studies were done to
confirm this.

TIPS

TIPS is a side-to-side portacaval shunt by which an
intrahepatic communication between the portal and the
hepatic vein is created™. Tt is 2 non-surgical procedure
performed under local anesthesia by an interventional
radiologist. A catheter is advanced through the jugular
vein into a hepatic vein and into a main branch of the
portal vein. There an expandable stent is introduced
connecting hepatic and portal systems, which allows
shunting of blood from the high-pressure portal
circulation (splanchnic and sinusoidal beds) to the low-
pressure systemic circulation (hepatic vein) w,

The mechanism by which TIPS helps control ascites
is decompression of the portal circulation and reduction
in the portacaval gradient and the portal venous
pressure™. As mentioned before, portal hypertension is
essential in ascites formation so that cirrhotic patients
with portal venous pressure less than 12 mm Hg do
not develop ascites”™”” and ascites in these patients
disappears if portal venous pressure drops below
12 mm Hg"*"". Another mechanism is that the blood
volume pooled in the dilated splanchnic vascular bed is
transferred to the systemic circulation through the shunt,
therefore, it corrects the systemic vascular underfilling
and causes a decrease in the renin-angiotensin-aldosterone
system and thereby improves renal sodium excretion*,

Several studies showed that TIPS is highly effective in
controlling ascites™. According to these studies, ascites
was controlled in 27%-92%"""" with 75% of cases
showing complete resolution”'!. It takes about 1 -3 mo for
ascites to resolve after TIPS procedure™, One important
point is that diuretic therapy will still be required in about
95% of patients. The explanation is that TIPS produces
partial resolution of ascites pathogenesis, so portal
pressure and renin and aldosterone levels, although they
are markedly reduced after TIPS, they are not back to
normal as in healthy subjectsm]

In patients with cirrhosis, TIPS may have some
advantages beside ascites control. Improvement in
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renal function is seen in these patients in the form of
increased urine volume, increased sodium excretion”"””
and even a reduction in serum creatinine level which is a
delayed effect seen after 6 mo according to one study™,
Another advantage is the improvement in the nutritional
status (in the form of an increase in dry weight and
total body nitrogen)®™¥ and improvements in quality of
life”; however, these effects (nutrition and quality of
life) may be simply due to improved eating when ascites

is controlled®™.

Complications associated with TIPS: (1) Technical
complications. Estimated technical success rate is
reported in the range of 93%-100%"""". Procedure-
related mortality is very low (1%-2%) according to
one study”, and it was due to hemoperitoneum,
hemobilia, hemolysis, and sepsis. The procedure-related
complication rate is around 9%, with intraperitoneal
hemorrhage and acute renal failure (mostly due
to contrast media) being the most frequentm].
Complications also include those of sedation and
arrhythmia if the catheter enters the right atrium or
P and transient right bundle branch
block, which may be significant in patients already with
left bundle branch block as it may lead to complete
heart block. The liver capsule is frequently punctured
(reported frequency around 3307, especially if the
liver is shrunken but intraperitoneal bleed only occurs
in 1%-2% of the cases™. (2) Hepatic encephalopathy
occurs in about 30% of patients after TIPS™'"™. Factors
associated with the development of encephalopathy

right ventricle

that can be used for patient selection are increasing age,
advanced liver failure, and a history of encephalopathy
before TIPS insertion’"'", Encephalopathy usually
becomes clinically apparent 2-3 wk after TIPS
insertion”, According to one study"™, encephalopathy
starts to develop about 10 d after insertion, and then
begins to decline (as measured by the portosystemic
encephalopathy index) at 6 mo, however, it remained
significantly higher than the baseline values. A possible
explanation for this decline may be shunt stenosis
with time. Treatment is medical in most of the cases
and consists of controlling any precipitating factor,
lactulose and non-absorbable antibiotics (neomycin or
rifaxirnin)“om. In case of medical therapy failure, the
TIPS can be occluded"” or the diameter of the shunt
can be narrowed in some types with a “wasp waist”
constrictor"". (3) Shunt occlusion. These problems
occur in 22% to 50 % of patientsmmil%
due to growth of collagenous fibrils and endothelial
cells (pseudointima) inside the stent'”’. It can diffuse all
over the whole length (type 1) or localized to the hepatic
venous end (type 2); however, both have the same
management[msl. The incidence of this complication

| This occurs

increases with time, according to one study, all patients
surviving more than 2 years had shunt stenosis' ™. Shunt
stenosis or occlusion presents as a recurrence of portal
TIPS patency
should be followed up after insertion, however, the

hypertension or variceal bleeding[

best strategy for follow-up is not yet defined. Methods

used to monitor patency include venography (which
is the best test but not usually used because is invasive
and caries a high cost), but Doppler sonography is the
most frequently used (although it is less sensitive than
Venography)mm. Helical CT angiography also can be used;
one study showed a 92% correlation with venography''".
One recommended approach for surveillance is duplex
ultrasonography every 3 mo and venography annually.
Venography can be done earlier if shunt obstruction is
suspected clinically"". Treatment is redilation of the
shunt done by interventional radiology[mﬂ. New stents
covered with polytetrafluoroethylene (Goretex) showed
[112,113]‘ Uslng
antiplatelet therapy was evaluated in the prevention

I 2nd it showed some efficacy, but

lower rates of occlusion and stenosis

of shunt stenosis
it is not used in practice because of the increased risk
of bleeding, as those patients already have bleeding
tendencies and thrombocytopenia. (4) Haemolysis
occurs in about 10% of patients and it is believed to be
due to direct mechanical trauma to the red blood cells
when they pass through the metallic stent' ¥, This may
be why spontaneous resolution is seen in most patients
after 8-12 wk with covering of the metallic stent by
pseudointima''”. Tn most patients, the anemia is mild
with less than 2 g/dL reduction in hemoglobin level
starting 1-2 wk after placement. Blood smears may show
schistocytes in patients who develop severe anemia",
(5) Infection. According to one study, infection occurred
weeks to months after placement and presented
with fever, continuous bacteremia and presence of
vegetations or thrombi in the stent. It was treated with
intravenous antibiotics' . (6) Portosystemic myelopathy
(PSM, also called shunt myelopathy) is a rare syndrome
that includes spastic paraparesis with intact sensation
occurring in patients with surgical portosytemic shunts
and also described after TIPS placementmg’m]. A
possible explanation is accumulation of ammoniacal
substances (that bypass the liver through the stent),
leading to loss of motor neurons in the spinal cord.
According to one studyms} carried out on 212 patients,
four patients (1.89%) had this progressive spastic
paresis starting to appear between 5 wk and 5 mo after
stent placement. (7) Deterioration of cardiac function.
TIPS increases the cardiac preload, and hence it may
precipitate heart failure in those with pre-existing heart
disease!™". Echocardiography is usually done before the
procedure to exclude patients with subtle heart failure;
usually, patients with ejection fraction less than 60 are
excluded.

TIPS versus paracentesis

Several studies have compared TIPS to repeated LVP
plus albumin, but the detailed discussion of these
studies is beyond the scope of this article. However, the
conclusion from these studies is: (1) TIPS controls ascites
effectively and is associated with a lower rate of ascites
recurrence! " (2) patients with ascites who undergo
TIPS improve their nutritional status as mentioned before;
(3) there is a higher incidence of side effects, mainly
hepatic encephalopathy and shunt dysfunction in the
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group treated with TIPS; and (4) there is no proven effect
for TIPS on sutvival. In one study, TIPS had no effect on

1“23’1241, while others have reported both reduced""
106,121,122]

surviva
as well as improved survival' compared with
therapeutic paracentesis. For these reasons, we believe
repeated LVP plus albumin should be considered the first-
line therapy for refractory ascites, and TIPS should be
used as a second line of managementm’lzim]. TIPS should
be considered in appropriately selected patients who meet
the following criteria.

Patients with very rapid recurrence of ascites (those
who require paracentesis > 3 times/mo) and preserved
liver function [bilirubin < 3 mg/dL, serum sodium level
>130 mEq/L, Child-Pugh score < 12, model for end-
stage liver disease (MELD) score < 18], aged < 70 years,
without hepatic encephalopathy, central hepatocellular
carcinoma, or cardiopulmonary disease!>'*”.

SURGICAL OPTIONS

Peritoneo-venous shunt is a surgically inserted shunt that
drains ascitic fluid from the peritoneal cavity into the
internal jugular vein. It has limited indications because
there is no survival advantage in addition to frequent
complications including bacteremia, small bowel
obstruction and volume overload leading to variceal
bleedingw. The use of the peritoneo-venous shunt is
limited to patients with refractory ascites who are not
candidate for TIPS or liver transplantation, and has a
lot of abdominal scars that makes frequent paracentesis
unsafe®™". One study described percutaneous placement
of a peritoneovenous shunt by interventional radiology
which may carry less complications than surgery
however further studies are needed to confirm this!*.

A more simple method of peritoneovenous drainage
was described, the sapheno-peritoneal anastomosis' > .
Advantages over the ordinary peritoneovenous shunt
are simpler and less expensive and use a biological shunt
instead of a prosthetic one. Also, one study described
the possibility of doing the procedure under local
anesthesia'””, which is an advantage in cirrhotic patients.
Patients had reduction in admissions and paracentesis,
however, no survival advantage was noted.

Portosystemic shunt works, similar to TIPS, through
decompression of the portal circulation; however,
mortality is higher ranging from 12% to 39% and
encephalopathy rates are more than 50%",

One study described a technique of peritoneal-
urinary drainage of the fluid using a surgically implanted
pump“‘m.

MEASURES THAT MAY IMPROVE THE
RESPONSE TO DIURETICS

Several medications have been suggested that attack
certain step(s) in the pathogenesis of ascites.

Aquaretics
Aquaretics are vasopressin receptor antagonists that
act on the distal tubule of the kidney so as to increase

the excretion of solute-free water!"”. They are already
approved for management of hyponatremia due to
syndrome of inappropriate anti-diuretic hormone
secretion (SIADH), and are being evaluated for
management of hyponatremia in cirrhosis and in
refractory ascites to be combined with diuretics to
improve response“‘w.

Vasopressin receptors are Vla, V1b and V2. The oral
forms of aquaretics (e.g. lixivaptan and satavaptan) are
selective for V2 receptors, which mediate the antidiuretic
response of vasopressin. While, the intravenous forms
(conivaptan) works on V2 and Vla receptors and Vla
mediates the vasoconstrictor response of Vasopressinmﬂ.
Although conivaptan is the only approved one right
now (used in SIADH), it cannot be used in ascites
as it may cause variceal bleeding when it blocks the
vasoconstrictor effect of the anti diuretic hormone!".

One study carried out in 110 patients with cirrhosis
and ascites receiving satavaptan or placebo in addition to
diuretics”. Those receiving satavaptan had significant
decrease in abdominal girth and more weight reduction
without significant side effects. However, because of
the short follow-up duration in this study (14 d), more
studies are needed to evaluate the use of this drug in
patients with ascites before they are approved for use in

practice.

Vasoconstrictors

Vasoconstrictors may theoretically improve the action of
diuretics as they improve the systemic vasodilation, so
as to reduce the antinaturetic factors described before!”.
They are already used in hepatorenal syndrome based on
a similar mechanism of action™,

Terlipressin: A potent vasoconstrictor approved for
use in the acute control of variceal hemorrhage and
hepatorenal syndrome. In one study in 15 patients with
cirthosis and ascites without hepatorenal syndrome™”,
eight of them had refractory ascites and received
terlipressin. This group had significant decreases in
plasma norepinephrine and renin in addition to an
increase in urinary sodium.

Octerotide: According to a case report[m)], octreotide
treatment improved renal function and diuretic response
in two patients with refractory ascites. Octreotide
administration has been associated with arterial
splanchnic vasoconstriction, which is mediated by a
reduction in glucagon secretion. In addition, octreotide
inhibits the release of renin and aldosterone in both
normal humans and cirrhotic patients, possibly through
a direct effect on renin-producing cells and adrenals.

Midodrine: One study carried out in 39 cirrhotic
patients“m evaluated the effects of a 7-d treatment with
midodrine. It showed a significant increase in mean
arterial blood pressure and urine volume and decrease
in plasma renin and aldosterone activity in those with
ascites treated with midodrine.

One study evaluated the combination of midodrine
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and octerotide!"*” another one evaluated both drugs
given with albumen"*.

Clonidine

Several studies evaluated the response of diuretics in
cirrhotic patients with ascites!"™"7 Tt is a centrally
acting a2-agonist, therefore, it decreases sympathetic
over activity which increases renal sodium reabsorption
and stimulates the renin-angiotensin-aldosterone
system™. One study was carried out in 32 alcoholic
cirrhotic patients with ascites to compare the effect of
spironolactone, clonidine and the combination of both
in control of ascites!""’. After 10 d of spironolactone
and clonidine, patients had a significant decrease in
plasma renin and aldosterone, decrease in body weight
and increase in natriuresis without adverse effects.

Chronic albumin infusion

Some studies showed better diuretic response when
combined with albumin; this is noticed as decreased
recurrence and shorter hospital admissions" ", One
study showed improved survival in patients receiving
chronic albumin infusion'””. Because of cost and
lack of definite survival benefit, albumin infusion is
not routinely recommended in patients with ascites.
Currently, the accepted indications of albumin infusion
in liver patients with ascites are with LVP to prevent
PCD (discussed before), patients with spontaneous
bacterial peritonitislm’154J and those with hepatorenal
syndromeUSS’mJ.

Splenic artery embolization

One case report described the successful control of
refractory ascites with splenic artery embolization"".
This was a 32-year-old female who developed refractory
ascites due to portal vein thrombosis after liver
transplantation due to Budd Chiari syndrome. With
further evaluation, this can be an alternative for patients
with refractory ascites who cannot tolerate TIPS or

surgical shunts.

Mannitol

In one study”

, a dose of 100 mlL. 20% mannitol was
given as infusion followed by the usual dose of diuretics
taken by the patient. Increase in urine volume and
urinary sodium was noticed. Therefore, mannitol may
be used in refractory ascites to improve response to
diuretics.

The measures described above target mainly
mobilization of ascites. In addition, as part of
comprehensive strategy of managing refractory ascites,
one can aim to prevent other complications of cirrhosis
and also improve liver function by ether treating the
underlying liver disease or liver transplantation. (1)
Prevention of other complication of cirrhosis as
patients with ascites due to liver cirrhosis are liable to
other complications'”. This includes portal hypertensive
bleeding (prevention using either prophylactic banding
or propranolol™), spontaneous bacterial peritonitis
(using prophylactic antibiotics in patients with acute

variceal bleeding or ascitic fluid protein less than
1 gm/dL"") and hepatorenal syndrome (using albumin
infusion in patients with spontaneous bacterial
peritonitis“54] and using pentoxyfillin in patients with
severe alcoholic hepatitismm). (2) Correction of liver
function through either liver transplantation or treatment
of the underlying liver pathology: some causes of liver
cirthosis have a reversible element; this is most evident
in patients with alcoholic liver disease in which stopping
alcohol consumption can lead to improvement of
portal hypertension and ascites control""'® There is
also some evidence of similar improvement in patients
with cirrhosis due to hepatitis B (treated with antiviral
therapy)““] and patients with autoimmune hepatitis
treated with steroids or azathioprine[164’l(’5].

LIVER TRANSPLANTATION

As mentioned above, patients with ascites have a poor
long-term outcome and survival is shortened in those
who become refractory to diuretic therapy. The 12-mo
survival rate for patients with ascites refractory to
medical therapy is only 25%"*). The survival rate for
liver transplantation is much higher®”. Therefore, those
who develop refractory ascites ideally should be on the
transplantation list already.

After liver transplantation, portal hypertension
reversed immediately and completely; however, ascites
disappearance may take 3 to 6 mo'"”, The reason for this
is not fully understood, but some studies showed that
the systemic vasodilation and hyperdynamic circulation
persist for months after transplantation”*"'*".

Priority of receiving liver transplant is based upon the
MELD score. Some authors suggested that it may not be
accurate enough for all patients with ascites, particularly
for those with persistent or refractory ascites, who may
have a poor prognosis despite low MELD scores™"™. One
possible explanation is that the MELD score includes
serum bilirubin, serum creatinine, and the INR, and
some patients with refractory ascites might have a near-
normal serum creatinine (as a result of low endogenous
production), despite a low glomerular filtration rate and
this may affect the accuracy of MELD score in this
settingw.

Therefore, some studies suggested that addition
of serum sodium to the MELD score may improve
its accuracy“(’g']m, but one point is that serum sodium
is a not as steady as other parameters of the MELD
score; it can change rapidly with diuretics or fluid
administration, so this change may not reflect an actual
change in the prognosis“j]. Further evaluation is needed
before modified MELD (with serum sodium added to it)
replaces the current MELD score in allocation of liver
transplantation.

CONCLUSION

Refractory ascites is a relatively common condition in
patients with liver cirrhosis. Wrong diagnosis may occur
sometimes therefore, certain criteria should be fulfilled
with exclusion of dietary non-compliance, which can
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Patient with ascites and cirrhosis who became non responsive to diuretics

Figure 1 Suggested approach to the patient
with refractory ascites. NSAIDs: Non-steroidal

v

Think about refractory ascites

v

anti-inflammatory drugs; LT: Liver transplantation;
CPS: Child-pugh score; MELD: Model for end-
sage liver disease; TIPS: Transjugular intrahepatic
portosystemic shunt.

Exclude NSAIDs use

ascites, portal vein thrombosis, infection)

Is the patient fulfilling the criteria? (May use Furosemide-Induced Natriuresis Test)

Exclude diet non-compliance (using 24-h urinary sodium or spot urine Na/K ratio)
Exclude other causes of non-responsiveness (malignant ascites, nephrogenic

v

Evaluate for liver transplantation

serum sodium < 130

Search for reversible component for underlying liver pathology
Keep on repeated paracentesis plus albumin, low sodium diet, fluid restriction if

Work on prevention of other complications of cirrhosis (spontaneous bacterial
peritonitis, hepatorenal syndrome and variceal bleeding) till liver transplantation

v

Patient requires > 3 taps/mo (while compliant to diet)
Or frequent paracentesis not possible (e.g. abdominal scars)

Y
Consider TIPS

See if patient is candidate for TIPS: Not candidate
CPS < 12
MELD < 18

Keep on the previous
measures till
transplantation

< 70 years old

!

No hepatic encephalopathy
No cardiopulmonary disease

Not candidate

for TIPS or LT

and frequent
paracentesis is not
possible —

Consider

peritoneovenous

shunt

be done through a variety of tests. Different treatment
options are available, although definitive treatment
1s liver transplantation. An algorithmic approach to
patients with refractory ascites is available (Figure 1).
Other treatment options are not listed in the algorithm
because they are still being evaluated and include mainly
vasoconstrictor agents.
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Abstract

The complex gut microbial flora harbored by individuals
(microbiota) has long been proposed to contribute to
intestinal health as well as disease. Pre- and probiotic
products aimed at improving health by modifying
microbiota composition have already become widely
available and acceptance of these products appears
to be on the rise. However, although required for
the development of effective microbiota based
interventions, our basic understanding of microbiota
variation on a population level and its dynamics within
individuals is still rudimentary. Powerful new parallel
sequence technologies combined with other efficient
molecular microbiota analysis methods now allow for
comprehensive analysis of microbiota composition in
large human populations. Recent findings in the field
strongly suggest that microbiota contributes to the
development of obesity, atopic diseases, inflammatory
bowel diseases and intestinal cancers. Through the
ongoing National Institutes of Health Roadmap ‘Human
Microbiome Project’ and similar projects in other parts
of the world, a large coordinated effort is currently
underway to study how microbiota can impact human
health. Translating findings from these studies into
effective interventions that can improve health,
possibly personalized based on an individuals existing
microbiota, will be the task for the next decade(s).
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INTRODUCTION

In recent years, the commensal microbiota, including
that of the small and large intestines, has received
renewed research interest for potential associations with
human health. The commensal microbiota consists
of a diverse population of prokaryotic (eubacteria
and archaea) as well as eukaryotic microbes that live
synergistically within their human host. As eatly as the
beginning of the 20th century, Metchnikoff proposed
that putrefactive bacteria contribute to various disease
processes and that modification of microbiota
composition through consumption of viable microbes
might help to improve health and longevitym. A variety
of potential associations between gut microbiota
composition/activities and health or disease have
undergone scientific scrutiny. Evidence is mounting
in support of an association between microbiota and
diseases associated with failures in appropriate immune
responses leading to excessive inflammation, such as
atopic disease, inflammatory bowel disease and intestinal
cancers™ . During the next decade, findings from
comprehensive microbiota studies currently underway
can be expected to revolutionize the way we think about
our microbial “friends and foes”.

CONSUMPTION OF LIVE BACTERIA TO
PROMOTE HEALTH

A wide variety of often milk-based fermented foods
containing viable beneficial microbes, mostly lactic-
acid bacteria and bifidobacteria, but also other bacteria
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and fungi, have traditionally been part of the diet
in many cultures. Various cultures share the belief
that home-made products, such as yoghurt, curd,
kefir, chal, kombucha e#, can help to maintain good
health. Microbial cultures used for preparing these
fermented products have sometimes been propagated
for generations. They range from simple cultures that
contain a few lactic-acid bacterial strains to complex
consortia containing various bacteria and yeasts (kefir
grains). More recently, commercial products claiming to
contain beneficial bacteria that can establish residency in
the gut (probiotics), fermentable substrates that enrich
for beneficial bacteria (prebiotics), or mixtures of both
(synbiotics), continue to expand their market share.
Such products have been quite popular in Europe and
Asia for a while but they are now also becoming more
common in other parts of the wortld including the US.
Although it is clear that there is significant potential for
such products to help improve or maintain health, the
research validating many of the current health claims is
sparse. We discuss below some of the recent findings
and future opportunities to advance this promising

approach.

THE HUMAN/MICROBIOTA
‘SUPERORGANISM’

It is well established that commensal microbial cells
living in intimate contact with their human host far
exceed the number of human cells. Bacteria belonging
to a few phyla, particularly Firmicutes and Bacteroidetes,
appear to dominate in most healthy individuals®”.
Estimates for the total number of bacterial species
compromising the collective gut microbiome have
recently been extended up to 40 000", but, due to the
large amount of emerging sequence data, the bacterial
species concept likely will soon undergo revision. Most
gut microbiota research to date has focused on exploring
the eubacterial community, but archaea (prokaryotes
resembling bacteria but different in certain aspects of
their chemical structure, such as the composition of
their cell walls), viruses, fungi and other microbes can
frequently be detected in intestinal contents” .

The combined microbial gene pool, studied by
metagenomic approaches, exceeds the complexity of
the human genome, extending the metabolic abilities of
the human/microbiota “supra- or superorganism”™>">"*,
which is the combined host/microbe consortium.
Through its immense metabolic capabilities, the
gut microbiota contributes to human physiology by
transforming complex nutrients, such as dietary fiber
or intestinal mucins that otherwise would be lost to
the human host, into simple sugars, short-chain fatty
acids and other nutrients that can be absorbed™".
Furthermore, the microbiota produces some essential
vitamins including vitamin K, vitamin B12 and folic
acid, contributes to intestinal bile acid metabolism and
recirculation, transforms potential carcinogens such as
N-nitroso compounds (NOCs) and heterocyclic amines

(HCAs) and activates bioactive compounds including
phytoestrogensﬂ()’181
factors, including diet, as well as hosts genetics are

thought to contribute to microbiota diversity!"®"”,

. Differences in environmental

However, as genetically similar mice obtained from a
dedicated breeding colony and fed the same amounts
of the same defined diet develop striking differences
in microbiota profiles[zm, factors beyond our current
comprehension or even random chance might
contribute.

DISEASES ASSOCIATED WITH GUT
MICROBIOTA DISTORTIONS

Distortions in any one of the microbiota functions or
signaling pathways could potentially contribute to a wide
range of diseases, including cardiovascular diseases (IBD)
(bile-acid-associated regulation of serum cholesterol
levels, chronic inflammation), diabetes (carbohydrate
uptake and glycemic control), inflammatory diseases
including atopic diseases, inflammatory bowel disease
(inappropriate immune stimulation) and neoplastic
diseases (carcinogen activation, chronic inflammation
related hyperproliferation). Eloquent studies suggesting
microbiota associations with obesity have recently
received significant publicitym’ZS] but other studies
have refuted the existence of such an association™.
Undoubtedly, the gut microbiota can contribute to
differences in energy gain from fiber fermentation. The
resulting small amounts of additional energy, if absorbed
by the host, can over time, contribute to weight gain,
and signaling from gut bacteria might contribute to fat
storage. However, from a public health perspective, we
might want to avoid shifting the focus away from a more
direct path to avoid obesity: balance energy intake and
output.

Changes in gut microbiota composition by probiotic
supplementation of infant diets have been shown to
reduce atopic discase™
microbiota development in infants and health later in

7l Associations between the

life have long been proposed[zs’zg]. Utilizing microarray
technology to monitor microbiota, Palmer e al’
recently reported changes in the microbiota composition
in 14 infants during the first year of life, pointing to
considerable temporal variation and distinct features in
each infant.

IBD has been linked to microbiota composition in

37,3136 . .
: I and successful interventions

a variety of studies
using a pre- and/or probiotic approach have been
reported. In addition to reports of differences in
microbiota composition analyzed in fecal samples, the
kinds and amounts of mucosa-adherent bacteria also
seem to differ between cases with IBD and healthy
controls””.

Colorectal cancer (CRC) risk also has been proposed
to be associated with microbiota composition through
4 Pre- and or probiotics have

reduced carcinogenesis in some but not all animal

various mechanisms

.42 . . . . .
studies"*, Dietary prevention of intestinal carcino-
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genesis in APC™" mice (mice that develop large numbers
of intestinal tumors due to mutation in the adenomatous
polyposis coli gene) was associated with correlated
differences in overall microbiota profiles as well as with
the presence of specific bacterial signatures[zo]. Increases
in the amounts of intraepithelial Escherichia coli (E. coli) in
CRC patients have been suggested[43].

Interest has recently also been directed towards
establishing a potential association between microbiota
composition and both type 1 as well as type 2 diabetes
mellitus. Brugman e# a/*" showed that antibiotics affected
type 1 diabetes mellitus incidence but, more importantly,
that microbiota differed before the onset of disease
in diabetes-prone rats that developed type 2 diabetes.
Similar data have recently been reported in immune
system-associated studies in non-obese diabetic (NOD)-
mice™. Antibiotic-induced microbiota changes have
also been shown to affect type 2 diabetes, but systemic
effects likely contributed to this observation!

Current studies of associations between microbiota
composition and disease suffer from a lack of
understanding regarding the normal range of microbiota
diversity on a population level. Furthermore, the
presence of particular microbes or microbiota pattern
has been studied almost exclusively in observational
studies, in which differences in microbiota were
evaluated between subjects suffering from the respective
disease and normal controls. This study design does
not allow us to distinguish if differences in microbiota
composition are causing the disease or if they are simply
a result of the changed gut environment in diseased
subjects. Prospective studies evaluating microbiota
composition in individuals before they develop disease
will be required to attribute causality to potential
associations between microbiota and disease. Because
such microbiota studies would be expensive and time
consuming, they should be designed as ancillary projects
as part of larger cohort studies.

NEW OPPORTUNITIES TO STUDY GUT
MICROBIOTA AND HEALTH

Powerful molecular microbiota analyses methods,
including 16S tRNA sequencing through a massively
parallel barcoded pyrosequencing approach, facilitate for
the first time our ability to analyze microbiota in depth
and in an efficient manner. Studies of gut microbiota
interactions with metabolic phenotypes (so-called
functional metagenomics) are now possible through the
use of proton nuclear magnetic resonance (‘H NMR)-
based profiling of fecal, urine or other extracts. Early
results in this area that tried to cotrrelated microbiota
and probiotic supplementation-induced changes in its
composition are promising"*,

Last year, the National Institutes of Health announced
its roadmap Human Microbiome Project (HMP) with
funding in excess of one hundred million US dollars,
allocated to improve our understanding of associations
between human health and microbiota at five major sites:

nasal and oral cavities, gastrointestinal and urogenital
tracts and skin™” (http://nihroadmap.nih.gov/hmp/).
Efforts to sequence the genomes of hundreds of
human-associated microbes ate currently underway and
multiple projects that will explore potential associations
with human health are currently being funded. European
and Asian countries are undertaking similar endeavors
and international efforts have been made to coordinate
projects. It can be expected that the studies to determine
the composition, activities and dynamics of the human
microbiota and its overall genomic content, the human
microbiome, will expand our ability to utilize microbiota
for maintaining/improving health.

REMAINING GAPS AND CONCLUSIONS

Studies of microbiota composition have so far been
limited to faitly small populations. We are clearly lacking
an understanding of microbiota diversity on a population
level and across various cultural and ethnic groups. Few
studies have extensively investigated microbiota dynamics
in adults; the causes for variations over time have not
been well explored. The many interventions aimed
at improving health parameters through microbiota
modifications with pre-and probiotic supplements have
often been short-term. Thus, effects of microbiota
changes on long-term health are unknown. Furthermore,
the types and concentration of pre- and probiotic
supplements significantly vary from study to study,
making firm conclusions difficult to draw.

To improve statistical power for defining disease-
specific microbiota pattern, it is frequently necessary to
combine results from various individuals into disease and
control groups. However, it is crucial to recognize that
inter-individual variations in microbiota composition
may be so large and its statistical distribution so far
from normal that combining individuals might not be
appropriate. The true extent of microbiota variation will
only be known after we have studied a sufficient number
of individuals. Massive parallel sequencing technologies
and the necessary bioinformatics tools to handle the
resulting large datasets have been and continue to be
adapted for human microbiota analysis™ "

To date, little effort has been made to standardize
the microbiota analysis methodology used in human
studies. Furthermore, the extent of the bias introduced
by different sample collection, storage and analysis
methods has only been superficially investigated. This
makes it almost impossible to directly compare findings
from different groups, limiting our ability to generalize
findings.

Successfully correlating microbiota composition with
disease risk, rather than correlating it with disease status
only, will likely require large prospective epidemiological
studies sufficiently powered to detect disease predicting
microbiota differences, even with the predicted large
inter- and intra-individual variation. Such findings could
lead to future microbiota based preventions, which may
have to be individualized based on the subjects’ existing
microbiota. It is also important to establish microbiota
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changes that are caused by, but are not causally associated

with, disease progression. Such knowledge might
facilitate the development of efficient microbiota-
based screening tests (IBD, CHC e#). We have all the
reasons to be optimistic that, based on new findings,
expected through the current large multi-national efforts
to better understand microbiota, we will finally be able
to ‘domesticate’ our own complex gut microbiota as a
means for improving health.
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Abstract

AIM: To investigate prevalence of Clonorchis sinensis
in patients with gastrointestinal symptoms, and the
relation of the infection to hepatobiliary diseases in 26
hospitals in Korea.

METHODS: Consecutive patients who had been
admitted to the Division of Gastroenterology with
gastrointestinal symptoms were enrolled from March
to April 2005. Of those who had been diagnosed with
clonorchiasis, epidemiology and correlation between
infection and hepatobiliary diseases were surveyed by
questionnaire.

RESULTS: Of 3080 patients with gastrointestinal
diseases, 396 (12.9%) had clonorchiasis and
1140 patients (37.2%) had a history of eating raw
freshwater fish. Of those with a history of raw
freshwater fish ingestion, 238 (20.9%) patients
had clonorchiasis. Cholangiocarcinoma was more
prevalent in C. sinensis-infected patients than non-
infected patients [34/396 (8.6%) vs 145/2684 (5.4%),
P = 0.015]. Cholangiocarcinoma and clonorchiasis
showed statistically significant positive cross-relation
(P = 0.008). Choledocholithiasis, cholecystolithiasis,
cholangitis, hepatocellular carcinoma, and biliary
pancreatitis did not correlate with clonorchiasis.

CONCLUSION: Infection rate of clonorchiasis was
still high in patients with gastrointestinal diseases in
Korea, and has not decreased very much during the
last two decades. Cholangiocarcinoma was related to
clonorchiasis, which suggested an etiological role for
the parasite.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Clonorchiasis is a parasitic infection caused by C. sinensis,
and is one of the most prevalent endemic diseases in

eastern Asia . According to a report by World Health
Organization (WHO) and International Agency for
Research on Cancer in 1994, about 7 million people
in the world were infected with C. sinensis™”. In Korea,
the stool egg-positive rate for C. sinensis has decreased
dramatically from 4.6% in 1971 to 2.7% in 1986, after
the introductioin of praziquantel, but the rate remained
at 1.4% in 1997"° The high prevalence rate of
clonorchiasis in Korea results from a long tradition of
consuming raw freshwater fish and/or shellfish”.

Infection rate in Korea differs from one major
river basin to another. According to a national survey
conducted in 1981, the stool egg-positive rate for
C. sinensis in people of southern river basins (Nakdong,
Yeongsan, and Seomjin Rivers) was 17%-40%, while
that in people of middle river basins (Han, Geum, and
Dangjim-Mankyong Rivers) was lower at 8%-12%"".
However, there have been no data on infection rate
among people in other river basins in middle and eastern
areas (North Han, Bulyeong-Wangpi, and Namdae-
Yeonggok-Osip Rivers).

Fecal examination for eggs has bee used in
population-based studies for diagnosis of clonorchiasis'".
However, this method has low sensitivity, which results
in lower prevalence rates. Other methods for diagnosis
include intradermal test using diluted antigens of
C. sinensis™, ELISA for circulating antibody against
the parasitem, radiological studies of the liver™ and
bile examination for eggs, metacercariae and cercariae.
Of these, intradermal test is the easiest to perform,
but has low specificity because of cross-reactivity with
other parasites such as Paragoninus westermant™. Diffuse
dilatation of the intrahepatic bile ducts detected by
abdominal ultrasonography (US), computed tomography
(CT), or cholangiography can easily establish
clonorchiasis. In addition, detection of eggs in bile
collected by endoscopic or percutaneous biliary drainage
can lead to a definite diagnosis.

Adult worms of C. sinensis migrate from the common
bile duct to peripheral intrahepatic bile duct, and
remain there for 20-30 years causing chronic persistent
infection"”. In humans, clinical manifestations of light
patasite loads are often asymptomatic. On the other
hand, chronic infection with heavy parasite loads has
been associated with various hepatobiliary diseases, such
as biliary obstruction, recurrent pyogenic cholangitism,
hepatolithiasism’lsl, and cholangiocarcinoma“9’2”.
According to several experimental and clinical studies,
clonorchiasis has been associated with carcinogenesis
in the bile duct mucosa™'”*”. Adult worms, eggs, or
mucoid material after infection can also be the nidus
of hepatolithiasis“6’23’24J. Although there have been
several studies on association between clonorchiasis and
several hepatobiliary diseases, there has been no recent
nationwide multicenter study in endemic ateas and no
investigation on prevalence and infection rates after raw
freshwater fish and/or shellfish ingestion.

Therefore, we conducted a prospective nationwide
multicenter study to investigate infection rate of
C. sinensis in patients with gastrointestinal symptoms, and
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the relation of C. sinensis infection with hepatobiliary
diseases in 26 secondary and tertiary hospitals in Korea.

MATERIALS AND METHODS
Subjects

This prospective study was conducted in 26 secondary
and tertiary hospitals in South Korea from March to
April 2005. Subjects included consecutive patients with
gastrointestinal symptoms who were admitted to the
Department of Internal Medicine during the study
period. Gastrointestinal symptoms were defined as the
presence of any of the following: nausea, vomiting,
diarrhea, constipation, abdominal pain, heartburn,
dyspepsia, jaundice, indigestion, and fecal incontinence.
Patients were excluded if they had been admitted with
non-gastrointestinal symptoms, admitted more than
twice during the study period, unable to give a thorough
history, < 14 years old, and declined to participate in this
study.

The institutional review board of each participating
hospital approved this study. Informed consent for
participation in this study was obtained from each
patient included in the study.

Questionnaires

Upon admission, attending physicians filled out a
structured questionnaire for each subject after a medical
interview. The questionnaire included the following
information: rivers nearest to the birthplace or place
of current residence in order of decreasing duration,
history of eating raw freshwater fish and/or shellfish,
including the time, place and species of the fish and/or
shellfish consumed, past history of clonorchiasis and
treatment including type and duration, and past history
of hepatobiliary diseases. Rivers nearest to the birthplace
or place of current residence included 10 major rivers in
South Korea: Nakdong, South Han, North Han, Geum,
Yeongsan, Seomjin, Mangyong-Dongjin, Hyeongsan,
Bulyeong-Wangpi, and Namdae-Yeongok-Osip.

The questionnaire also included close-ended
questions such as: (1) did you (the patient him/herself)
know that clonorchiasis can be acquired by ingesting
raw freshwater fish? (2) Did you know that clonorchiasis
can also be acquired by eating freshwater shellfish? (3)
Did you know that clonorchiasis can be transmitted
via kitchen knives and/or towels? (4) Did you know
clonorchiasis can be transmitted by unwashed hands
of raw freshwater fish handlers? (5) Did you know
clonorchiasis can be prevented by eating fully cooked
freshwater fish?

Diagnostic methods for C. sinensis infection

After admission, all the patients underwent laboratory
tests, which included complete blood count with
differential count, aspartate transaminase (AST), alanine
transaminase (ALT), alkaline phosphatase, gamma-
glutamyl transpeptidase (GGT), and total bilirubin.
When transabdominal US or abdominal CT was done
after admission or within 6 mo of admission, presence

of dilatation of the intrahepatic bile ducts and/or
extrahepatic bile duct was recorded.

Diagnosis of clonorchiasis was based on the
presence of one or more of the following findings:
(1) detection of C. sinensis eggs, metacercariae, or adult
worms in stools collected during admission; (2) presence
of induration with area of 60 mm” or greater on the
forearm after skin test with an intradermal injection of
diluted crude antigen of C. sinensis; (3) positive for serum
antibodies to C. sinensis using ELISA; (4) detection
of C. sinensis eggs, metacercariae, or adult worms in
bile collected during percutaneous transhepatic biliary
drainage or endoscopic nasobiliary drainage; (5) finding
of diffuse dilatation of intrahepatic bile ducts in
transabdominal US, abdominal CT, or cholangiography;
and (6) detection of C. sinensis infection in stools or bile
examination, and/or presence of positive intradermal
test described in medical records. To investigate
the possible association between clonorchiasis and
hepatobiliary diseases, medical records of each
patient were reviewed for diagnosis of the following
diseases: cholangitis, choledocholithiasis, gallbladder
stones, hepatocellular carcinoma, cholangiocarcinoma,
gallbladder cancer, biliary pancreatitis, and alcoholic
pancreatitis.

Statistical analysis

Opverall infection rate of C. sinensis and that according
to the river basins were calculated. Infection rates
between raw freshwater fish and/or shellfish eaters and
non-eaters were also compared. Level of knowledge
on transmission and prevention of clonorchiasis was
assessed. By using the y” test and independent 7 test,
the differences between infected and non-infected
patients were assessed with regard to the presence of
peripheral eosinophilia and abnormal liver function tests.
Sensitivities of various diagnostic methods used in this
study wete evaluated.

Association with hepatobiliary diseases was
evaluated for infected and non-infected patients by
using the XZ test. Association between clonotchiasis
and cholangiocarcinoma among raw freshwater fish
and/or shellfish eaters from high prevalence river basins
(Nakdong, Yeongsan, Seomjin, and Hyeongsan Rivers)
and lower prevalence river basins (the remainder) was
assessed using the 7 test and odds ratio. After correction
for regions, Cochran’s Mantel-Haenszel Xz test was used
to evaluate the association between clonorchiasis and
cholangiocarcinoma. SPSS (version 12.0 for Windows;
Chicago, 1L, USA) was used for statistical analysis and
P < 0.05 was considered statistically significant.

RESULTS

Patient characteristics

Subjects included 3080 patients from 26 hospitals.
Number of patients according to rivers nearest to
the birthplace or place of current residence was 947
(31.5%) in Nakdong, 774 (25.7%) in South Han, 270
(9.0%) in North Han, 303 (10.1%) in Geum, 137 (4.6%)
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Rivers Number of patients Characteristics Number of patients

Nakdong 947 (31.5) History of ingestion

South Han 774 (25.7) Present 1140 (37.3)

North Han 270 (9.0) Frequency

Geum 303 (10.1) Once 156 (13.9)

Yeongsan 137 (4.6) 2-4 times 318 (28.3)

Seomjin 97 (3.2) = 5 times 648 (57.8)

Mangyong-Dongjin 266 (8.8) Unknown or not answered 18

Hyeongsan 145 (4.8) Time of first ingestion

Bulyeong-Wangpi 6(0.2) 0-10 yr ago 278 (25.5)

Namdae-Yongok-Osip 64 (2.1) 11-20 yr ago 107 (19.0)

Not answered 71 21-30 yr ago 179 (16.4)

Total 3080 =30 yr ago 427 (39.1)

Unknown or not answered 49
None 1915 (62.7)
in Yeongsan, 97 (3.2%) in Seomjin, 266 (8.8%) in Tovanswered s
.. . . ota.
Mangyong-Dongjin, 154 (4.8%) in Hyeongsan, six (0.2%0)
in Bulyeong-Wangpi, 64 (2.1%) in Namdae-Yeongok-
Osip Rivers and 71 unanswered (Table 1). There were
1953 male and 1127 female patients. Male to female ratio
was 1.7:1. Mean age of the patients was 58.2 years old
(range, 14-98).
River basins Patients, Infected Infection
. . . % tient: te (%

Past history of raw freshwater fish and/or shellfish ) EEr) DY
, f d C. sinensis infection Nakdong 394 (35.2) 132 335
Ingestion and . sinensis infectio . South Han 156 (13.9) 12 7.7
The number of patients with past history of raw North Han 207 (18.5) 15 72
freshwater fish and/or shellfish ingestion was 1140 Geum 84 (7.5) 7 8.3
(37.3%) out of 3055 of those who answered the ;{eongsa“ ‘27 (4‘? 19 ‘;04

. . . . ji 5 (5. 14 1.5
questionnaire, while there were 191 (62.7%) patients - , ©68)

] R . . Mangyong-Dongjin 78 (7.0) 10 1.8
with no past history of ingestion, and there were 25 Hyeongsan 54 (4.8) 2 444
unanswered questionnaires. Of those with a past history Bulyeong-Wangpi 3(0.3) 0 0
of ingestion, 156 out of 1140 patients (13.9%) ingested Namdae-Yongok-Osip 32 (2.9) 4 125
only once, 318 patients (28.3%) two to four times, and Not answered 20 3

Total 1140 238 209

648 patients (57.8%) more than five times. Initial time of
raw freshwater fish and/or shellfish ingestion was within
10 years in 278 patients (25.5%), 11-20 years ago in 207
(19.0%), 21-30 years ago in 179 (16.4%), > 30 years ago
in 427 (39.1%), and 49 questionnaires were unanswered
(Table 2).

In 1140 patients with a past history of ingestion,
river basins nearest to the place of ingestion were
Nakdong for 394 patients (35.2%), South Han for
156 (13.9%), North Han for 207 (18.5%), Geum for
84 (7.5%), Yeongsan for 47 (4.2%), Seomjin for 65
(5.8%), Mangyong-Dongjin for 78 (7.0%), Hyeongsan
for 54 (4.8%), Bulyeong-Wangpi for three (0.3%),
Namdae-Yeongok-Osip Rivers for 32 (2.9%), and 20
questionnaires were unanswered (Table 3).

Only 150 (5.0%) patients had been diagnosed with
clonorchiasis in the past. The number of patients without
a past history of diagnosis or treatment was 2880 (95.0%)
and 50 questionnaires were unanswered. Of those 150
patients with a past history of clonorchiasis, 120 (81.6%)
had received eradication therapy, 14 (9.5%) did not
receive any therapy, 13 (8.8%) had undergone treatment
without definite diagnosis, and three did not answer.
There were 657 patients (21.3%) with a past history of
hepato-biliary diseases. Of these patients, 395 (60.4%)
had bile duct stones, 118 (18.1%) cholangitis, 64 (9.6%)

cholangiocarcinoma, 116 (17.6%) jaundice of uncertain
cause, and 112 (16.5%) pancreatitis.

Questionnaire on route of C. sinensis infection

Of 3049 patients who answered the questionnaire,
2464 (80.8%) knew that clonorchiasis can be acquired
by ingesting raw freshwater fish and 1629 (53.3%)
knew that clonorchiasis can also be acquired by eating
raw freshwater shellfish. Also, 1141 (47.2%) knew that
clonorchiasis can be transmitted »ia kitchen knives
and/or towels and 1192 (39.1%) acknowledged that
clonorchiasis can be transmitted by unwashed hands of
raw freshwater fish handlers. In addition, 2371 patients
(77.8%) knew that clonorchiasis can be prevented by
eating fully cooked freshwater fish (Table 4).

Presence of C. sinensis infection

Diagnosis of infection: Of 3080 patients admitted
to the Department of Internal Medicine during the
study period, 396 (12.9%) had been diagnosed with
clonorchiasis. Stool examination was positive for
C. sinensis eggs, metacercariae, or adult worms in 55
patients. Intradermal test was positive in 225 patients
and serum antibodies to C. sinensis using an ELISA
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Table 4 Answers to questionnaires regarding knowledge on route of C. sinensis infection

Questions patients with Patients with Number of not
“Yes” n (%) “No” n (%) answered (17)

Did you (the patient him/herself) know that clonorchiasis can be 2464 (80.8) 585 (19.2) 31

acquired by ingesting raw freshwater fish?

Did you know that clonorchiasis can also be acquired by eating 1626 (53.3) 1423 (46.7) il

freshwater shellfish?

Did you know that clonorchiasis can be transmitted via kitchen 1441 (47.3) 1608 (52.7) 31

knifes and/or towels?

Did you know clonorchiasis can be transmitted by unwashed 1192 (39.1) 1855 (60.9) 33

hands of raw freshwater fish handlers?

Did you know that clonorchiasis can be prevented by eating fully 2371 (77.8) 676 (22.2) 33

cooked freshwater fish?

Table 5 Sensitivities of various diagnostic modalities for

detection of clonorchiasis

Table 7 Presence of clonorchiasis according to history of raw

freshwater fish ingestion » (%)

Infected
persons, who
were tested (17)

Positive Sensitivity
results (7) (%)

Diagnostic modalities

Fecal exam for eggs 321 55 171
ELISA for circulating 362 157 43.40
antibody

Intradermal test 302 225 74.50
Examination of 134 14 10.40
collected bile

Radiologic findings 295 34 11.50

Table 6 Distribution of patients with clonorchiasis according

to age group 7 (%)

Age group (yr) Number of patients (7)  Number of patients with

clonorchiasis
10-19 26 0 (0)
20-29 107 7 (6.5)
30-39 222 25 (11.3)
40-49 463 79 (17.1)
50-59 695 99 (14.2)
60-69 831 113 (13.6)
70-79 575 61 (10.6)
=80 161 12 (7.5)
Total 3080 396

were positive in 157 patients. In 14 patients, C. sinensis
eggs, metacercariae, or adult worms were detected in
bile collected during percutaneous transhepatic biliary
drainage or endoscopic nasobiliary drainage. Diffuse
dilatation of intrahepatic bile ducts in transabdominal
US, abdominal CT, or cholangiography was found in 34
patients. C. sinensis infection in stools or bile examination
and/or presence of positive intradermal test was
described in the medical records of 150 patients.

Sensitivities of the diagnostic tests were highest
for intradermal test (74.5%) and second highest for
serum antibodies to C. sinensis using an ELISA (43.4%)
(Table 5).

Among patients with clonorchiasis, there was no
patient younger than 19 year old. There were seven
patients (6.5%) out of 107 in their twenties, 25 (11.3%)
out of 222 in their thirtes, 79 (17.1%) out 463 in their
forties, 99 (14.2%) out of 695 in their fifties, 113 (13.6%)
out of 831 in their sixties, and 61 (10.6%) out of 575 in

Number of patients with
clonorchiasis

396 (12.9)

Total number of patients

(n = 3080)

Patients with positive history of raw 238 (20.9)
freshwater fish ingestion

(n =1140)

Patients without raw freshwater fish 158 (8.1)
ingestion

(n =1940)

their seventies. There were 12 (7.5%) out of 161 patients
older than 80 years (Table 6).

Distribution of infected patients according to river
basins from where ingested raw freshwater fishes
originated: Of 1140 patients with a history of raw
freshwater fish and/or shellfish ingestion, 238 (20.9%)
had been diagnosed with clonorchiasis. Also, there was
evidence of clonorchiasis in 157 out of 1940 patients
(6.5%) who had no history of ingestion or had not
answered the questionnaire (Table 7).

Of 1120 patients who answered, the river basin
nearest to the place of raw freshwater fish or shellfish
ingestion was Nakdong for 132 patients, South Han
for 12 patients, North Han for 15 patients, Geum
for seven patients, Yeongsan for 19 patients, Seomjin
for 14 patients, Mangyong-Dongjin for 10 patients,
Hyeongsan for 24 patients, Bulyeong-Wangpi for none,
and Namdae-Yeongok-Osip Rivers for four patients
(Table 4). The river basin with highest infection rate was
Hyeongsan (44.4%). Other river basins in decreasing
order of infection rate were Yeongsan (40.4%) and
Nakdong (33.5%).

Laboratory findings: Eosinophilia in the peripheral
blood (> 400/mm”) was found in 65 of 389 patients
with clonorchiasis (16.7%), while it was found in 250 of
2617 patients (9.6%) without clonorchiasis (P = 0.000)
(Table 8). Serum alkaline phosphatase was 304.8 +
418.35 U/L in 382 patients with clonorchiasis, but 234.4
+ 350.81 U/L in 2611 patients without clonorchiasis
(P = 0.002). However, levels of AST, ALT, GGT, and
total bilirubin were not significantly different between
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Laboratory findings With clonorchiasis (7 = 396) Without clonorchiasis (7 = 2684) P
Number of patients mean + SD Number of patients mean + SD

Eosinophilia' 65 250 NA 0
AST (U/L) 393 104.5 + 269.56 2671 110.7 + 263.59 0.665
ALT (U/L) 393 113.5 + 254.01 2669 107.7 + 258.17 0.68
Alkaline phosphatase (U/L) 382 304.8 +418.35 2611 234.4 +350.81 0.002
y-glutamyl transpeptidase (U/L) 362 200.0 £ 261.19 2233 187.0 £ 440.01 0.585
Total bilirubin (mg/dL) 392 3.07 +£17.246 2668 3.28 +5.401 0.81

'>400/mm’ in peripheral blood; NA: Not available.

Patients without P
clonorchiasis

Patients with
clonorchiasis

Hepatobiliary diseases

(n = 396) (n = 2684)
Cholangitis 32 (8.0) 242 (9.0) NS
Bile duct stones 92 (23.2) 716 (26.7) NS
Gallstone 45 (11.4) 340 (12.7) NS
Intrahepatic bile duct 13 (3.3) 107 (4.0) NS
stones
Extrahepatic bile duct 34 (8.6) 269 (10.0) NS
stones
Hepatitis 100 (25.3) 650 (24.2) NS
Hepatitis B virus 58 (14.6) 336 (12.5) NS
Hepeatitis C virus 5(1.3) 66 (2.5) NS
Alcoholic 25 (6.3) 159 (5.9) NS
Toxic 5(1.3) 40 (1.5) NS
Autoimmune 1(0.3) 5(0.2) NS
Other causes 6 (1.5) 44 (1.6) NS
Hepatocellular carcinoma 51 (12.9) 391 (14.6) NS
Cholangiocarcinoma 34 (8.6) 145 (5.4) 0.015
Gallbladder cancer 9(2.3) 75 (2.8) NS
Biliary pancreatitis 6 (1.5) 71 (2.6) NS

NS: Not significant.

the two groups (Table 8).

Association between clonorchiasis and hepato-
biliary diseases: When prevalence of various
hepatobiliary diseases was evaluated between patients
with and without clonorchiasis, a statistically significant
difference was found only for cholangiocarcinoma [34
(8.6%) v5 145 (5.4%), P = 0.015] (Figure 1A). There was
no significant difference regarding cholangitis, bile duct
stones, hepatitis, hepatocellular carcinoma, gallstone
pancreatitis, and gallbladder cancer between patients
with and without clonorchiasis (Table 9).

Patients were divided into two groups according to
regions of the river basins nearest to the place of
residence, and analyzed for association between presence
of clonorchiasis and cholangiocarcinoma. Rivers of
the southern region of the Korean Peninsula included
Nakdong, Yeongsan, Seomjin and Hyeongsan Rivers
and those of the middle region included South Han,
North Han, Geum, Bulyeong-Wangpi, Namdae-
Yeongok-Osip, and Mangyong-Dongjin Rivers (Figure 2).
Clonorchiasis was present in 189 of 560 patients (33.8%)
from the southern region, but in only 48 of 560 patients
(8.6%) from the middle region (P = 0.000). While

cholangiocarcinoma was found in 39 of 560 patients
(7.0%) from the southern region, it was found in 19 of
560 patients (3.4%) from the middle region (P = 0.007)
(Figure 1B).

In both southern and middle region groups, there
was a significant association between presence of
clonorchiasis and cholangiocarcinoma [P = 0.005, odds
ratio: 4.136 (95% CI, 1.422-12.030] and P = 0.040,
odds ratio: 1.961 (95% CI, 1.020-3.773), respectively].
Even after correction for regional influence, thete was a
significant association between presence of clonorchiasis
and cholangiocarcinoma [P = 0.003, common odds ratio:
2.289 (95% ClI, 1.297-4.038)] (Table 10, Figure 1B).

Twenty-four of 34 patients with clonorchiasis and
cholangiocarcinoma had a history of raw freshwater
fish and/or shellfish ingestion. Fifteen of these patients
(62.5%) had ingested raw freshwater fish and/or shellfish
30 years ago, seven patients did so within last 10 years,
and the other two patients ingested raw freshwater fish
and/or shellfish between 21 and 30 years ago.

DISCUSSION

In this prospective study of Korean patients who had
been admitted with gastrointestinal symptoms, 37.2%
had a history of ingesting raw freshwater fish and/or
shellfish more than once. Many Koreans still enjoy raw
freshwater fish and/or shellfish and most do so more
than once in his/her lifetime.

More than 80% of the patients knew that ingesting
raw freshwater fish can result in clonorchiasis and
78% answered that eating fully cooked freshwater fish
can prevent clonorchiasis. However, only 50% knew
that eating raw freshwater shellfish could result in
clonorchiasis. About 40%-50% of the patients also
knew that clonorchiasis can be transmitted through
kitchen knives, towels, kitchen boards, and/or unwashed
hands of the cook or handler. Many people knew the
transmission route of clonorchiasis, but still enjoyed
eating raw freshwater fish and/or shellfish. Perhaps,
these people believed that clonorchiasis can be easily
treated with oral medication and clonorchiasis will not
result in serious hepatobiliary diseases.

Since the objective of this study was to evaluate
the association between clonorchiasis and various
hepatobiliary diseases, rather than to evaluate
epidemiology of clonorchiasis in the Korean population,
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Rivers in southern region'

Rivers in middle region2

With cholangiocarcinoma Without cholangiocarcinoma xz (P) With cholangiocarcinoma Without cholangiocarcinoma X2 P)

With clonorchiasis, 5(10.4) 43 (89.6) 7.902 19 (10.1) 170 (89.9) 42

n (%) (0.005) (0.04)
Without clonorchiasis, 14 (2.7) 498 (97.3) 20 (5.4) 351 (94.6)

n (%)

Odd ratio 4.136 (95% CI1.422-12.030) 1.961 (95% CI1.020-3.773)

.3
Common odds ratio

2.289 (95% CI 1.297-4.038)

'Nakdong, Yeongsan, Seomjin, Hyeongsan Rivers; *South Han, North Han, Geum, Bulyeong-Wangpi, Namdae-Yeongok-Osip, Mangyong-Dongjin Rivers;
°P = 0.003, result of Cochran’s Mantel-Haenzel test adjusted area.

A

3080 patients enrolled

Positive history of freshwater
fish and/or shellfish ingestion
n = 1140 (37.3%)

Negative history of freshwater fish and/or
shellfish ingestion, or not answered
n = 1940

Clonorchiasis present
n = 238 (20.9%)

Clonorchiasis absent
n =902

Clonorchiasis present
n =158 (8.1%)

Clonorchiasis absent
n = 1782

Clonorchiasis present, total
n =396 (12.9%)

Cholangiocarcinoma present
n = 34 (8.6%)

Clonorchiasis absent or unknown, total
n = 2684

Cholangiocarcinoma present
n = 145 (5.4%)

Cholangiocarcinoma present,
total in clonorchiasis present

Figure 1 Flowchart for the comparison of
the frequency of cholangiocarcinoma.
A: According to the presence or absence
of clonorchiasis; B: According to the
place of residence.

n=179

B 3080 patients enrolled

Positive history of freshwater fish Negative history of freshwater fish and/or
and/or shellfish ingestion shellfish ingestion, or not answered
n = 1140 (37.3%) n = 1940

Not answered, n = 20

[ |

Freshwater fish and/or shellfish Freshwater fish and/or shellfish
ingestion in rivers in southern region ingestion in rivers in middle region
n = 560 n =560
I I
] ]
Clonorchiasis absent Clonorchiasis absent
n =371 n =512

Clonorchiasis present
n = 189 (33.8%)

Clonorchiasis present
n = 48 (8.6%)

rrrrrrrrrrrrrrrrrrrrrrrrr (P = 0.000) —--rnnrne

Cross—relatioh (P = 0.008)

Cholangiocarcinoma | ®= 0*_007) 77777777777777777777777777 Cholangiocarcinoma
n =39 (7.0%) n =19 (3.4%)
| |
\

Cholangiocarcinoma in patients with
clonorchiasis and history of freshwater fish
and/or shellfish ingestion
n =58

diagnosis of clonorchiasis was based not only on positive
laboratory findings, but also on presence of peripheral
intrahepatic bile duct dilatation and clonorchiasis
documented in medical records. Of 3080 patients
admitted with gastrointestinal symptoms, 12.9% had
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been diagnosed with clonorchiasis. It is apparent that
clonorchiasis is still prevalent in the Korean population.
In the past, epidemiological studies of clonorchiasis in
Korea have been based on stool examination and/or
intradermal tests""'"”. One epidemiological study in 1969
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Figure 2 Rivers in South Korea. The basins of rives are divided into middle
and southern regions.

utilizing cellophane thick smear revealed that 11.6% of
3880 subjects were infected with C. sinensis™. Another
study in 1973 using an intradermal test showed an
infection rate of 21.1%". In 1981, stool examination of
13000 Koreans from seven river basins demonstrated
a clonorchiasis infection rate of 21.5%. From national
surveys of clonorchiasis done every 5 years since 1971,
the Ministry of Health and Welfare have reported an
infection rate of 1.8%-4.6% in the Korean populationlz].
Although the present study enrolled patients admitted
with gastrointestinal symptoms, clonorchiasis seemed
still prevalent with an infection rate of 12.9%. About one
out of five patients who had ingested raw freshwater fish
had clonorchiasis. Also, 6.5% of those without a history
of raw freshwater fish ingestion had clonorchiasis, which
implied that there might be routes of infection other
than ingestion of raw freshwater fish or shellfish.

In a previous study, people from river basins in
southern region of the Korean Peninsula showed higher
infection rates when compared to those from river
basins in the middle region (17.3%-40.2% vs 8.0%-17.3%,
respectively)[m]. The results of the present study were
similar to those of the previous study. While 33.8%
of patients from river basins in southern region were
infected with clonorchiasis, only 8.3% of those from the
middle region were infected.

Among various methods used to diagnose
clonozrchiasis in the present study, intradermal tests
showed the highest sensitivity of 74.5%, followed by
detection of serum antibodies using ELISA, with a
sensitivity of 46.4%. These two methods are limited by
cross-reactivity and low specificity. Stool examination
and bile cytology for adult worms and/or eggs have high
specificity, but low sensitivity of 10%-12%. Radiological
findings of intrahepatic bile duct dilatation also showed
low sensitivity of 11.5%. In order to increase sensitivity,
more than two diagnostic studies are needed.

Eosinophilia was found in 16.7% of patients with
infection, while it was found in 9.6% of patients without

clonorchiasis. Mean level of serum alkaline phosphatase
was 304 U/L in patients with infection and 234.4 U/L
in those without clonorchiasis. When laboratory tests
during admission show eosinophilia with elevated
alkaline phosphatase, clonorchiasis should be considered.
There was no significant difference regarding other
laboratory tests such as AST, ALT, GGT, and total
bilirubin. Therefore, clonorchiasis cannot be excluded by
liver function test only.

Adult worms of C. sinensis attach themselves with
suckers to the walls of peripheral intrahepatic bile ducts.
Long-term infection with C. sinensis is associated with
various hepatobiliary diseases. It has been reported
that cholangiocarcinoma has originated from papillary
or adenomatous hyperplasia of the bile ducts infected
with C. sinensis™. In a recent case-control study of
Korean patients, peripheral intrahepatic bile dilatation
or positive serum antibodies has been a risk factor
for cholangiocarcinomam. In the present study, there
was no association of cholangitis and bile duct stones
with clonorchiasis. Even after dividing bile duct stones
into intrahepatic, extrahepatic, and gallbladder stones,
there was no association between bile duct stones and
clonorchiasis. In the present study, in patients admitted
with gastrointestinal symptoms, cholangitis and bile
ducts stones were present in 9% and 26.7% of patients
without clonorchiasis. This may explain the absence of
association of these diseases with clonorchiasis. Neither
gallstone pancreatitis nor hepatitis of various causes
was associated with clonorchiasis. Also, hepatocellular
carcinoma and gallbladder cancer showed no association
with clonorchiasis. Similar to results of other studies™”,
cholangiocarcinoma was associated with the presence of
clonorchiasis.

River basins of the southern region showed a higher
infection rate of C. sinensis than those of the middle
region (33.8% vs 8.6%, P = 0.000). Also, river basins
of the southern region showed a higher prevalence
rate of cholangiocarcinoma compared to those of the
middle region (7.0% zs5 3.4%, P = 0.007). The odds ratio
of patients with clonorchiasis for cholangiocarcinoma
was 4.136 (95% CI, 1.422-12.030) in the southern
region and 1.961 (95% CI, 1.020-3.773) in the middle
region. Even after correction for regional influence, the
odds ratio was 2.289. According to these data, there
was a strong correlation between clonorchiasis and
cholangiocarcinoma. These findings were similar to the
results of a previous study on the Korean population[zg].

Initial ingestion of raw freshwater fish or shellfish
dated back to 20 years ago in 70.8% of 24 patients
with clonorchiasis and cholangiocarcinoma. Long-term
infestation with C. sinensis is associated with development
of cholangiocarcinoma, therefore, clonorchiasis should
be treated as soon as possible when suspected. In this
prospective multicenter nationwide study, prevalence of
clonorchiasis and the association between clonorchiasis
and hepatobiliary diseases in the Korean population
were evaluated. Unlike other intestinal nematode
infections, clonorchiasis is still prevalent. This seems
to result from the habit of raw freshwater fish and/or
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shellfish ingestion. Since prevalence of clonorchiasis
in river basins of the southern region was higher than
other parts, there is an urgent need for public education
to prevent further raw freshwater fish or shellfish
ingestion. Also, the presence of clonorchiasis was
associated with cholangiocarcinoma and is a risk factor
for cholangiocarcinoma.

COMMENTS

Background

Clonorchiasis is an infection caused by the parasite C. sinensis, and has been
one of the most important endemic diseases in eastern Asia. Clonorchiasis can
cause a variety of gastrointestinal diseases such as bile duct obstruction, acute
cholangitis, hepatolithiasis, and cholangiocarcinoma.

Research frontiers

Important areas in the research field related to this article are development of
more rapid and convenient diagnostic modalities and antihelminthic vaccines,
and investigation of mechanisms by which C. sinensis causes cellular injury.

Innovations and breakthroughs

Despite public efforts and education, clonorchiasis is still present in the Korean
population, and more so in certain regions of the country. Also, clonorchiasis is
associated with cholangiocarcinoma and is a risk factor for cholangiocarcinoma.

Applications

To prevent clonorchiasis and cholangiocarcinoma associated with this parasite
infection, there is a need for public education to prevent further raw freshwater
fish or shellfish ingestion.

Terminology

Acute cholangitis is inflammation of bile duct that can cause fever, abdominal
pain and abnormal blood test results. Hepatolithiasis refers to stone formation
inside the liver. Cholangiocarcinoma is a certain type of liver cancer that
originates from bile duct.

Peer review

This study showed an impressive epidemiology and way of infection of
clornochiasis in riverside populations of Korea. The authors collected data from
26 hospitals in only 1 mo. This is an important contribution to the etiology of
cholangiocarcionoma in this part of the world. Also, the results of this study can
serve as a basis for public health initiatives for prevention and mass treatment
of clonorchiasis.
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Abstract

AIM: To investigate the feasibility and effectiveness
of c-myc shRNA in inhibiting the hyperplastic behavior
and lithogenic potentiality of chronic proliferative
cholangitis (CPC), in order to prevent stone recurrence
and biliary restenosis.

METHODS: An animal model of CPC was established
by giving intralumenally 0.5 mL of c-myc shRNA. Then,
the effects of c-myc shRNA on hyperplastic behavior
and lithogenic potentiality of CPC were evaluated by
histological observation, immunohistochemistry, real-
time PCR and Western blotting for c-myc, proliferating
cell nuclear antigen (PCNA), procollagen I, mucin
5AC, enzymatic histochemistry for g-glucuronidase, and
biochemistry for hydroxyproline in the diseased bile duct.

RESULTS: Treatment with c-myc shRNA efficiently
suppressed the hyperplasia of biliary epithelium,
submucosal gland, and collagen fiber by inhibiting
mRNA and protein expression of c-myc. More
importantly, it decreased the lithogenic potentiality
of CPC by inhibiting the expression of mucin 5AC and
the secretion of endogenous p-glucuronidase. Further
investigation indicated that c-myc shRNA-3 had a
better inhibitory effect on CPC.

CONCLUSION: Treatment with c-myc shRNA-3 can

control CPC and reduce the lithogenic potentiality of
CPC.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatolithiasis, a commonly encountered disease in
the Asian-Pacific region, is more refractory to surgical
treatment than most other benign diseases of the biliary
tract”. Its therapeutic challenges include the difficulty
in completely correcting the biliary stenosis and a high
rate of stone recurrence, leading to a re-operative rate
of 37.1%-74.4%". Unfortunately, how to prevent the
stone recurrence and biliary restenosis is still a problem
to be solved in hepatobiliary surgery. Since hepatectomy
cannot eliminate the possibility of stone recurrence, 16%
of postoperative patients may develop new stones at
other sitesP?l. Therefore, surgery itself cannot achieve its
long-term therapeutic effectiveness on hepatolithiasis®7.
In recent years, with a deeper understanding of the
pathological changes in hepatolithiasis, the high stone
recurrence rate and biliary restenosis rate in hepatolithiasis
patents have been found to be related to the residual
chronic proliferative cholangitis (CPC) after operation®!!l.

In the past, we paid too much attention to the
improvement of surgical skills for treatment of
hepatolithiasis, but failed to sufficiently recognize the
connection of CPC to the formation of intraheptic
calculi, and to pay enough attention to the treatment
of residual CPC after removal of stonesP!'*!. Thus,
even though the stone is removed completely and the
biliary tract stenosis is corrected, the residual CPC
induced by the stone would still exist persistently and
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extensively, which would facilitate formation of new
stones by producing mucoprotein or by changing the
lithogenic pathology and biliary stricture, which leads to
cholestasis. Therefore, treatment of CPC after operation
might increase its curative effect on hepatolithiasis.
Unfortunately, there is no definitely effective therapy for
CPC at present!™'". Since hepatolithiasis is a chronic
proliferative disease, we designed this study to investigate
the preliminary effectiveness of c-myc shRNA on
hyperplastic behavior and lithogenic potentiality of
CPC, expecting to prevent stone tecurrence ot biliary
restenosis by controlling or eradicating CPCI'®™,

MATERIALS AND METHODS

Study design and surgical procedure

A total of 56 Sprague-Dawley rats weighing 220-250 g
were randomly divided into six groups. (1) CPC group
(7 = 10) in which a 5-0 nylon thread was inserted into
the common bile duct through the duodenal papilla.
(2) Four c-myc shRNA treatment groups (# = 10), in
which a nylon thread was used as a guidwire and a 20
G veinous retaining needle was introduced into the
common bile duct. Then, a total of 3 X 10 plaque-
forming units (pfu) of four kinds of c-myc shRNA
(shRNA-1, shRNA-2, shRNA-3, and a negative control
sequence provided by Genesil Biotechnology Co. Ltd,
Wuhan, China) in a total volume of 0.5 mL mediated
by liposome 2000 (Invitrogen, USA) were respectively
infused. (3) Sham operation (SO) group (7 = 6) in which
the common bile duct was dissected only. Transfection
efficiency was detected after 48 h. One week later,
all the rats were sacrificed with their common bile
ducts removed, and fixed in liquid nitrogen and 10%
formaldehyde for further tests.

Immunohistochemistry or immunofluorescence staining
of c-myc and mucin 5AC

The avidin-biotin-peroxidase complex method was
used to detect the expression of c-myc. Briefly, tissue
sections were incubated overnight at 4°C with primary
antibody (Zymed Co, USA), followed by incubation with
biotinylated second antibody for 1 h at 37°C. Expression
of mucin 5AC was detected with immunofluorescence
staining. Briefly, cryostat slides were incubated with
primary antibodies (Santa Cruz Biotechnology, USA) at
4°C overnight. After incubation with secondary antibody
labeled with fluorescein at 37°C for 1 h, the expression
of mucin 5AC was observed under a fluorescent
microscope at once.

Detection of c-myc and mucin 5AC by real time-PCR
Total RNA was extracted from the bile duct wall
using Trizol (Gibco, USA). Reverse transcription was
performed according to the manufacturer’s instructions
(Gibco, USA). Real-time analysis was performed on the
cycle (Bio-Rad, Germany) using SYBR Green (TaKaRa,
Dalian, China). Levels of target gene expression in the
tested samples were normalized to the corresponding
GAPDH mRNA transcript.

Detection of c-myc, PCNA and procollagen III by
Western blotting

After protein concentration was determined, 100 pg
protein was loaded in each lane and subjected to 8%
SDS-PAGE gel electrophoresis, then transferred to
nitrocellulose membrane for immunoblotting. The blots
were probed with antibodies against c-myc, proliferating
cell nuclear antigen (PCNA) and procollagen Il (dilution
1:1000, Zymed Co, USA) overnight at 4°C. After washed
with TBST, the membrane was incubated for 2 h with
HRP-conjugated rabbit anti-rat secondary antibody
(dilution 1:3000). Immunoteactive bands were visualized
with enhanced chemiluminescence and captured on a
X-ray film.

Enzymatic histochemical staining of endogenous
B-glucuronidase in bile duct wall

The method of Ballantyne was used to perform
enzymatic histochemical staining using nephthol-AS-
SI-B-D-glucuronide (B-G; Sigma) as the substrate?'l.
Briefly, cryostat sections were incubated at 37°C for 1 h
in a pH-4.95 solution containing the B-G substrate and
hepatocyte nuclei were counterstained with methyl green
for 3 min. Positive expression of endogenous B-G was
observed as a rose-red signal in cytoplasm.

Assessment of hydroxyproline content (mg/qg of bile
duct)

Connective tissue in the blie duct was estimated by
quantifying hydroxyproline, an amino acid found
primarily in collagen, the principal component of
extracellular matrix. The hydroxyproline content was
detected as previously described.

Statistical analysis

All the data were presented as mean = SD and analyzed
using the SPSS10.0 software. Statistical analysis was
conducted using the non-parametric ANOVA to evaluate
the variance among more than two groups. P < 0.05 was
considered statistically significant.

RESULTS

Histopathological examination

Biliary epithelium mucosa in the CPC group was
histologically characterized by papillary hyperplasia
projection, which led to obstruction of the bile duct
lumen. Analogical histological changes were observed
in the negative control group. In contrast, proliferative
degrees of biliary epithelium, submucosal gland, and
collagen fiber in the three c-myc shRNA treatment
groups were obviously lower than those in the CPC
group, especially in the c-myc shRNA-3 group. More
specifically, the degree of fibrous thickening in the
diseased bile duct wall was obviously relieved after
treatment with c-myc shRNA (Figure 1A-C).

Determination of c-myc and PCNA by
immunohistochemistry, RT-PCR and Western blotting

To determine the anti-proliferative effect of c-myc
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Figure 1 HE staining and immunohistochemistry for c-myc in CPC group (A, D), c-myc shRNA-3 treatment group (B, E), and c-myc shRNA-2 treatment
group (C, F). Briefly, treatment with c-myc shRNA, especially with c-myc shRNA-3, can efficaciously inhibit hyperplasia of biliary epithelium, submucosal gland,

collagen fiber, and down-regulate c-myc expression (A-C, x 50; D-F, x 100).

A

C-myc

Marker CPC  NC Sh-1 Sh-2

Sh-3 SO

-ee -

Sh-3  Sh-2 Sh-1

B
-—
CPC  NC SO

Figure 2 Real-time PCR (A) and Western blot (B) analysis of c-myc and
PCNA expression in biliary duct wall.

shRNA, we compared the expression of c-myc, PCNA
mRNA and protein in the diseased bile duct wall, revealing
a remarkable decrease of c-myc, PCNA mRNA and
protein expression in the c-myc shRINA treatment groups
(P < 0.0001 and P = 0.001, respectively), c-myc shRNA-3

treatment group, but still significantly higher than that
in the SO group (0.97 £ 0.28 »5 0.22 £ 0.09, P < 0.0001;
0.82 + 0.22 »5 0.45 = 0.08, P = 0.011). The mRNA
and protein levels of c-myc, and PCNA did not differ
significantly between the c-myc shRNA-1 and the c-myc
shRNA-2 treatment groups. Also, the difference between
the CPC group and the negative control group was not
statistically significant (Table 1, Figures 1D-F and 2).

Detection of mucin 5AC expression by RT-PCR and
immunohistochemistry

To probe the influence of c-myc shRNA on lithogenic
potentiality of CPC, RT-PCR and Immunohistochemistry
analysis of mucin 5AC were performed, showing a
significant decrease of mucin 5SAC mRNA and protein
expression in the c-myc shRNA treatment groups,
which was even more prominent in the c-myc shRNA-3
treatment group (0.42 * 0.16), when compared with the
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CPC shRNA-1 shRNA-2 shRNA-3 NC SO
c-myc/ GAPDH 6.21+£1.97 237+0.77 293 +£0.84 0.97 £0.28 6.57 £2.11 0.22+0.09
12 < 0.0001 0.001 <0.0001 < 0.0001 <0.0001
PCNA/B-actin 3.20+0.81 1.52+0.28 1.83+0.42 0.82+0.22 2.71+0.63 0.45 +0.08
P <0.0001 0.013 0.005 0 0.011
Mucin5AC/GAPDH 1.87 £0.47 0.96 £0.28 1.05+0.30 0.42+0.16 1.69 + 0.41 0.12+0.04
P <0.0001 0.004 0.002 <0.0001 <0.0001
Procol-IIl / B-actin 479+1.27 2.83+0.85 2.39+0.58 1.23+0.35 540+1.76 0.52+0.13
12 0 0.001 0.006 <0.0001 0.001
HYP content 1.29+0.32 0.78 £0.16 0.83+0.18 0.55+0.13 141+0.36 0.39+0.08
12 0.003 0.041 0.028 0.001 0.038
P value was compared with c-myc shRNA-3 treatment group.
A
L]
¥
B
-
[«
&

Mucin 5AC

Sh-2

Marker CPC NC  Sh-1 Sh-3 SO

Figure 3 Immunofluorescence (A, B) and RT-PCR (C) analysis of mucin
5AC in bile duct wall. CPC group (A), c-myc shRNA-3 treatment group (B).
Briefly, treatment with c-myc shRNA-3 can result in a more prominent down-
regulation of mucin 5AC expression (A and B, x 400).

c-myc shRNA-1 and c-myc shRNA-2 treatment groups
(0.96 £ 0.28, 1.05 £ 0.30; P = 0.004 and P = 0.002,
Table 1, Figure 3).

Enzymatic histochemical staining of endogenous -G

To further explore the influence of c-myc shRNA on
pigment stone formation, we performed enzymatic
histochemical staining of endogenous B-G, which
showed a significant increase of endogenous B-G

Figure 4 Enzymatic histochemistry staining of endogenous B-G (cryostat
section, x 400) in CPC group (A) and c-myc shRNA-3 treatment group
(B). A notable reduction of endogenous (3-G was observed in the bile duct wall
following c-myc shRNA treatment.

expression in the CPC group. Howevet, B-G expression
was significantly decreased in the c-myc shRNA-1,
shRNA-2, and shRNA-3 treatment groups, but the
difference was not significant in the three groups
(Figure 4).

Western blot analysis of procollagen I in biliary duct
wall

To explore the influence of c-myc shRNA on collagen
fiber proliferation, we examined the procollagen IIl protein
expression in the diseased bile duct. The bile duct in the
CPC group displayed a very high level of procollagen
Il protein expression. However, the expression of
procollagen Il protein was significantly decreased after
treatment with c-myc shRNA, which was even more
prominent in the c-myc shRNA-3 treatment group (1.23
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SO Sh-3 Sh-2 Sh-1 NC CpPC

Figure 5 Western blot analysis of procollagen III expression in biliary duct wall.

* 0.35 »5 2.83 £ 0.85 for the shRNA-1 treatment group,
2.39 £ 0.58 for the shRNA-2 treatment group, P = 0.001
and P = 0.000), although it was signifcantly higher than
that in the SO group (Table 1, Figure 5).

Assessment of hydroxyproline (HYP) content (mg/g of
bile duct)

Subsequently, quantitative determination of connective
tissue in the diseased bile duct was performed, which
showed that the HYP content in the CPC and negative
control groups was approximately increased up to three-
fold, when compared with the SO group (1.29 * 0.32
and 1.41 + 0.36 s 0.39 £ 0.08). However, after treatment
with c-myc shRNA, the HYP content was significantly
decreased, especially in the c-myc shRNA-3 treatment
group (0.55 = 0.13 »5 0.78 = 0.16 for the shRNA-1
treatment group, 0.83 + 0.18 for the shRNA-2 treatment
group, P = 0.041 and 0.028, respectively; Table 1).

DISCUSSION

Since hepatolithiasis is a common disease in Asia and
its etiology remains obscure, it is quite difficult to treat
and prevent this disease from its lithogenesis. According
to its pathology, 75%-100% of hepatolithiasis patients
in Asia are characterized by CPC. Increased attention
has been paid in recent years to the cause-and-effect
relationship of CPC and formation of stones!'®'>"7.
Firstly, the stone can not only bring an inflammatory
full-thickness penetrating damage to the local biliary
duct mucosa in the obstructed part, but also lead to a
down-stream mucosal injury in the distant bile duct as
the stone and inflamed bile move downwards. Therefore,
damage to the related biliary ducts caused by the stone is
extensive, and not merely localized to the stone resident
part. This is why stone-induced CPC exists widely after
removal of the stonel''®, On the other hand, recurrent
attacks of CPC would in turn facilitate formation of
new stones by causing such lithogenic pathology changes
as biliary stricture and biliary infection. Furthermore,
recurrent CPC can be directly involved in formation
of stones by producing mucoglycoproteins secreted
by the proliferated submucosal gland. As we know,
mucoglycoprotein is not only a contributing factor for
intrahepatic stones but also a protein that can directly
participate in formation of stone nucleation or reticular
lithogenesis framework™?%. As mentioned above, a
vicious cycle of CPC, biliary stricture and stone may
develop. It is thereby reasonable that treatment of
heaptolithiasis should be directed not only at removal of
the stone and correction of the biliary stricture, but also
at control of postoperative CPC, a key factor for this
vicious cyclel1¢1%2,

Recently, proto-oncogene c-myc has become an
attractive target for anti-proliferative treatment of
hypernomic proliferation diseases, because it is at the
center of a transcription factor network that regulates
cellular proliferation, replication, growth, differentiation,
and apoptosis??". Specific blockage of the c-myc gene
expression can partially inhibit cellular proliferation,
thus efficiently preventing vascular restenosis after
angioplasty by inhibiting endangium cell proliferation*,
In this study, we also investigated the anti-proliferative
effectiveness of c-myc shRNA on hypernomic proliferation
behavior of CPCI''%¥ As expected, HE staining,
immunohistochemistry, RT-PCR and Western blotting
showed that treatment with c-myc shRNA could
efficiently inhibit hyperplasia of the biliary epithelium,
submucosal gland and collagen fiber by specifically
blocking mRNA and protein expression of the
proliferation-related gene c-myc and PCNA. The levels
of c-myc, and PCNA mRNA and protein expression
were much lower in the c-myc shRNA-3 treatment group
than in the c-myc shRNA-1 and shRNA-2 treatment
groups, which indicates that c-myc shRNA-3 may have a
better anti-proliferative effect on CPCP'>#,

To analyze the effect of this gene therapy on the
lithogenic potentiality of CPC, we compared the
expression of mucin5AC and endogenous B-G in the
diseased bile duct. Among the nine mucoglycoproteins
identified so far, up-regulation of mucin5AC expression
is considered to be closely related to the formation of
stones®?!, which is consistent with our findings. In
the present study, the expression of mucin5AC mRNA
and protein was significantly increased in the CPC
group. However, the expression of mucin5AC was
obviously decreased after treatment with c-myc shRNA,
especially after treatment with c-myc shRNA-3, which
suggests that c-myc shRNA can effectively inhibit the
inactivation of such mucin genes as mucin5AC and
secretion of muglycoprotein. It is noteworthy that
reduced muglycoprotein helps decrease bile viscidity and
aggregation or sedimentation of lithogenic ingredients in
the bile, which might be significant in preventing stone
recurrence®?, The exptression of endogenous B-G in
the diseased bile duct was also obviously decreased after
treatment with c-myc shRNA, which may be explained
by the inhibitory effect of c-myc shRNA on the
proliferation of biliary epithelium and submucosal gland.
The inhibitory effect of c-myc shRNA on endogenous
B-G would, to some degree, be helpful in preventing
postoperative biliary stone recurrence? .

Considering the potential anti-proliferative effect
of c-myc shRNA on collagen fiber proliferation, c-myc
shRNA treatment may prevent biliary tract restenosis
secondary to CPCPL. In our study, HE staining showed
that collagen fiber proliferation was significantly lower
in the diseased bile duct after treatment with c-myc
shRNA than CPC, which suggests that the incidence of
biliary tract stricture secondary to CPC can be reduced.
Further comparison displayed that treatment with c-myc
shRNA-3 demonstrated a better inhibitory effect on
procollagen Il protein and HYP content than treatment
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with shRNA-2 and shRNA-1, which indicates that c-myc
shRNA-3 has a bright future in preventing bile duct
fibrosis and biliary stricturel*%>*4,

In conclusion, anti-proliferative treatment with c-myc
shRNA is likely to open a new feasible approach to the
treatment of postoperative residual CPC. Furthermore,
the inhibitory effects of c-myc shRNA on the lithogenic
potentiality of CPC can assist in reducing postoperative
recurrence of intrahepatic calculi. More importantly,
this novel treatment would lay an experimental
foundation of development of drugs for preventing
stone recurrence after choledochoscopic lithotomy, at
least in part, and reducing the incidence of reoperation
and choledochoscopic lithotomy!>!!8:20:30],
further study is needed on its long-term effect, related

complications, and more efficient gene expression
133335]

However,

vectors before its clinical applicatio

COMMENTS

Background

In recent years, with a deeper understanding of the pathological changes in
hepatolithiasis, the high stone recurrence rate has gradually been recognized,
and is currently considered due to the postoperative chronic proliferative
cholangitis (CPC). In this study, we investigated the inhibitory effect of c-myc
shRNA on hyperplastic behavior and lithogenic potentiality of CPC.

Research frontiers

Multiple factors for lithogenesis of intrahepatic stones have brought enormous
difficulties to its prevention and treatment and 75%-100% of hepatolithiasis
patients in the Asian-Pacific regions are pathologically characterized by CPC, a
key factor for preventing calculus recurrence. Treatment of CPC after operation
might assist in increasing the curative effect on hepatolithiasis.

Innovations and breakthroughs

The high recurrence rate of intrahepatic stones is still a problem to be solved
in hepatobiliary surgery. Since there is no effective medication for preventing
stone recurrence after choledochoscopic lithotomy and for testing its pathology,
stone recurrence and reoperation cannot be avoided. Our preliminary results
showed that c-myc shRNA can inhibit hyperplastic behavior and lithogenic
potentiality of CPC, thus laying an experimental foundation of development of
drugs for preventing stone recurrence.

Applications
Intralumenal administration of c-myc shRNA is a promising therapeutic approach
to CPC, and might assist in reducing the lithogenic potentiality of CPC.

Peer review

The authors of this paper investigated the efficacy of c-myc shRNA in
ameliorating histological and molecular manifestations in an animal model of
hepatolithiasis. The study was well designed and its findings are interesting and
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Abstract

AIM: To find the current seroepidemiology of hepatitis
A virus (HAV) in Kuwait.

METHODS: A total of 2851 Kuwaitis applying for new
jobs were screened.

RESULTS: HAV-positive cases were 28.8%; 59% were
males and 41% were females. The highest prevalence
was in the Ahmadi area. High prevalence was among
the group of non-educated rather than educated
parents. This is the first study in Kuwait demonstrating
the shifting epidemiology of HAV.

CONCLUSION: This study reflects the need of the
Kuwaiti population for an HAV vaccine.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis A virus (HAV) infection is often a self-
limiting disease that can be associated with fulminant

hepatic failure (FHF). The mortality rate tends to
increase with age, in particular, when greater than 40
years of age!l. Various data from the world shows that
with the improvement in hygiene and quality of life
there is a shift in the epidemiology of HAV to older
people, exposing them to the risk of serious HAV
infection.

Hepatitis A is often considered a benign disease in our
area. The idea is that almost 100% of the adult population
has been infected in early childhood”. However, there are
no available data about the current epidemiology of the
disease in Kuwait. The aim of this study was to find out
the current sero-prevalence of this disease and to decide
the need of the Kuwaiti population for HAV vaccine.

MATERIALS AND METHODS

Study population and serum collection

The study population was healthy adults attending a
medical checkup that was required before applying for
a new job. The study was performed in two places in
Kuwait; the first one was the General Medical Council,
which accepts adults from both sexes and all nationalities
applying for civilian jobs. Only Kuwaiti nationals were
included in the study. The second place was the Armed
Forces Hospital, which accepts Kuwaiti adult males
recruited for military service. The study population
belong, to the total six governorates of the country of
Kuwait, which includes the Capital, Hawali, Farwania,
Mubarak, Ahmadi and Jahra.

The study was approved by the Ministry of Health
and the local ethical committee of the Kuwait Institution
for Medical Specialization (KIMS). Informed consent
was obtained from each case. Each individual completed
a questionnaire. Thereafter, 5 mL of blood was obtained.
The identities of the subjects were kept confidential by
assigning a code number for the questionnaire and the
blood samples. The study was conducted during May
2003 to May 2004.

Laboratory data

Blood samples were collected from different centers and
sent to the Virology Unit-Public Health Laboratories.
An Axsym HAVAB 2.0 kit (Abbott Laboratories)
was used for the detection of IgG anti-HAV from all
samples. The procedure was followed as indicated by the
manufacturer. In addition, the samples were tested for
anti-hepatitis B surface antigen (HBsAg), anti-hepatitis C
virus and anti-HIV.
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Statistical analysis
Data are expressed using descriptive statistical methods,
namely counts and percentages of screened subjects.

RESULTS

There were a total of 2851 Kuwaiti cases screened, 2216
were from the Medical Council and the remaining were
from the Military Hospital.

Residence area

The screened cases were from the six governorates of
Kuwait which included Farwania 528 cases (18.52%),
Ahmadi 505 cases (17.71%), Hawali 467 (16.38%),
Capital 433 (15.19%), Jahra 411 (14.42%), Mubarak
301 cases (10.56%) and 7.23% were from unidentified
areas. Of 2851 cases screened, 816 (28.6%) cases
were positive for HAV (Figure 1). The prevalence
percentages of HAV in each governorate were higher
in Ahmadi, 202 cases (24.5%); Farwania, 170 cases
(20.6%); and Jahra, 164 cases (20%), than in others:
Capital 89 cases (11%); Hawali, 84 cases (10%);
Mubarak, 76 cases (9%); and 31 cases (3.8%) were
unidentified. The 28% of cases which tested positive
for HAV were in 94% of cases from the Medical
Council and in 5% of cases from the Military Hospital.

Age and sex distribution

There were 481 (59%) males and 335 (41%) females.
The prevalence of HAV cases in each age group was
24% (561) in the age group 18-27 years, 51% (213 cases)
in the age group 28-40 years, and 56.5% (26 cases) in the
age group 41-60 years (Table 1).

Education level

Of 2851 subjects screened, 1525 had both parents who
were educated, while 412 had non-educated parents. The
prevalence of HAV among the group with non-educated
parents or a single educated parent was higher than
the educated group (42%, 37% and 21%, respectively)
(Figure 2). Of the 816 cases who had HAV, single parent
education was determined as maternal education in 10%,
while paternal education was 90%. Maternal education
plays a greater role than paternal in the care of children
and the family which is reflected in the social and health
standards (Figure 3).

Risk factors

There was no risk factor in 2706 cases, household
contacts with hepatitis in one case, surgery in two, blood
transfusion in four, and unknown answer in 138 cases.

Association with other viral hepatitis

In this study, 2035 (71%) cases were not immune to
HAV, 94% of them had no evidence of HBV or HCV
infection. In 4.8% of cases, there was positive HBsAg
serology, while 1.5% had positive anti-HCV results.
Of 816 (28.6%) having immunity to HAV, 97.7% had
no evidence of HBV, HCV or HIV; 1.7% had positive
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Figure 1 Patients with HAV+ve.
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Figure 2 The prevalence of HAV among the group with non-educated
parents or a single educated parent was higher than the educated group.

serology for HAV, HBV and HCV; 0.24% had positive
serology for HBsAg, while 0.37% had positive serology
for HCV. None of these cases were positive for HIV
(Tables 2 and 3).

DISCUSSION

HAV is a non-enveloped, RNA-containing virus that
belongs to the family Picornaviridae. It is a spherical
27-nm particle that was discovered by Feinstone
in 1973". The routes of infection are orofecal and
percutaneous. The incubation petiod is about 28 d. The
fecal shedding of virus is at a maximum during the late
incubation period, just before or shortly after the onset
of symptoms'*.

After oral inoculation of a chimpanzee with HAV, the
viral antigen was detected first in the serum on day 14,
in the tonsils on day 16 and in the liver on day 21. The
viremia lasts for 2 wk”. In human studies, HAV RNA
is detected for an average of 60 d after onset of clinical
symptomsm]. Risk factors that have been associated with
reported HAV infection within the United States include
sexual or household contact with another person with
hepatitis (25%), contact with children attending a day-
care center (15%), international travel (5%) and food or
watet-borne outbreak (5%). However, in 50% of cases,
no tisk factor can be identified'”.

In Kuwait, the epidemiology of HAV in the 1980s
was similar to developing countries with almost 100% of
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Table 1 Disease prevalence per age group 7 (%)

Table 2 Association with other viral hepatitis

Age category Pts with HAV +ve Anti HAV HBsAg Anti HCV Count
Less than 27 yr (2385 cases screened) 577 (24) Yes Yes Yes 14
28 to 40 yr (420 cases screened) 213 (51) Yes Yes No 2
41 to 60 yr (46 cases screened) 26 (56.5) Yes No Yes 3
Yes No No 797
No Yes No 97
3000 - No No Yes 30
No No No 1908
2500
2000 Table 3 Hepatitis A positive patients with HB, HC and HIV
1500 . q 5
Anti HAV +ve HBsAg+ve Anti Anti Number of
HCV +ve HIV +ve cases
= 0,
1000 28.6% Yes Yes Yes No 14
500 | 816 o Yes Yes No No 2
21 % o 37% Yes No Yes No 3
42%
0 [ﬁ S 6 Yes No No No 797
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Figure 3 HAV and level education.

adults over the age of 20 years testing positive for anti-
HAV. At that time, 90% of the screened cases with acute
hepatitis A were below the age of 10 years and 70%
below the age of 5 years”. Retrospective analysis of all
charts of Kuwaiti patients presenting with acute HAV
infectious between the ages of 0 and 15 years admitted
to an infection disease hospital between 2000 and 2002
showed an incidence of 47 per 100000. One third of
these cases were from Jahra region, which is dominated
by the Bedouin who live in large extended families.
However, in 50% of these cases, there was no identified
risk factor. Prolonged jaundice was found in 3% of cases
and FHF in 0.4%"".

There has been a dramatic drop in the incidence of
HAV infection in children (47/100000 2s 122/100000)
and a shift toward infection among older children (from
0-4 years to 7-12 years). Our study provides the most
recent data about the prevalence of HAV in Kuwait
over the last 20 years. The prevalence of HAV was
28% and one quarter of screened individuals below
the age of 27 years had positive anti HAV. There were
more cases in the areas dominated by Bedouin with
extended families. Also, thete were mote cases among
the group with uneducated parents, which reflects the
relationship of the disease to low social background.
These data show the shifting epidemiology of HAV in
Kuwait toward intermediate to low endemicity, leaving
75% of the population below the age of 27 years non-
immune, with a risk of exposure to HAV infection at a
later age group, with increased morbidity. These changes
have resulted from improvement in living standards and
socio-economic progress. These data demonstrate the
requirement of initiating an HAV vaccine program in
Kuwait.

Areas in the Middle East like Qatar, United Arab

from high to intermediate endemicity for HAV. In
Saudi Arabia, there are existing pockets of high HAV
endemicity that may lead to outbreaks”. A study
by Fathalla ¢z a/'” showed that eastern Saudi Arabia
still belongs to epidemiological pattern 1, which is
characteristic of developing poor countries with
low socioeconomic status and the country has a
seroprevalence of 99%. The United Arab Emirates data
showed that the seroprevalence of HAV was 60% and
90% for the ages of 16 and 40 years respectively which
indicates a shift of HAV epidemic with infection towards
an adult population[m. In South-East Asia and China,
there is shifting epidemiology of HAV from high to
moderate or low endemicity. In China, this is associated
with risk of outbreaks as a result of re-introduction
of the virus from areas of high endemicity to low
endemicity within a non-immune population” The
incidence of HAV infection varies from high, moderate,
low and very low endemicity areas. South-East Asia,
India, Africa and Latin America were considered high
endemic areas. The epidemiology of HAV is changing
due to improvement in water supplies and sanitation
conditions. Asian studies from Taiwan and India also
show changing seroepidemiology of HAV infection and
these countries are considering the use of HAV vaccine.
The prevalence of HAV antibodies in Taiwan decreased
in 1998 compared to 1992 reflecting the improvement
of socioeconomic status and modernization of
sanitation" ™", Africa is still considered as an area with
high endemicity for HAV". 1n Latin America, the
highest anti-HAV seroprevalence rates were found in
Mexico and the Dominican Republic. In these countries
over the last 15 years, there was a shift towards medium
endemicity with the peak of infection occurring in
later childhood and adolescence rather than in early
childhood. Contaminated water and food supply were
the strongest risk factors in Latin America.

In European industrialized countries like Italy,
there is a markedly lower prevalence of HAV infection,
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especially among a younger age group, due to marked
improvements in socioeconomic conditions and hygienic
standards. In the same region, small outbreaks of HAV
infection were associated with intravenous drug abusers
travelling to endemic areas, shellfish consumption and
with an increasing number of family members'.

Patients with negative serology for HAV need HAV
vaccine. Also, patients with chronic liver disease who are
non-immune to HAV need HAV vaccine!”. In our study,
2035 (71%) of cases were not immune to HAV, 4.8% of
them had positive HBsAg serology, while 1.5% of them
had positive anti-HCV serology.

HAV vaccines are highly purified and formalin-
inactivated. The vaccine was shown to be safe and
effective when tested by Werzberger ef al™® among
seronegative children 2-16 years of age in Monroe in
1992. Inactivated HAV vaccine (VAQTA, Merck and Co
Inc, West Point, PA, USA) is given in two doses (0 and
6-12 mo). The estimated protective efficacy of one
or more doses of the vaccine is 98%. HAV vaccine
provides long-term immunity lasting probably from 20
to 50 yearsm‘. The vaccine has been available in the USA
since 1995, and is highly effective in preventing disease
transmission in a community with recurrent epidemics.
The adverse effects of the vaccine are mild and include
fever, rash and injection site reaction. It proved safe with
no adverse effects among 30000 vaccine recipients[zo].
The HAV vaccine VAQTA given in two doses to a group
of infants at the age of 2 years and followed up for 9
years provided long-term protection. It was effective in
preventing HAV epidemics in the community in spite
of the exposure to sporadic cases in non-vaccinated
P HAV vaccine is recommended for persons
with increased risk of infection including international
travellers, illegal drug users, persons with chronic liver
disease, persons who have clotting factor disorders and
homosexuals" . Vaccination against hepatitis is the most
effective means of preventing sexual transmission of
hepatitis A and B*.

individuals
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Abstract

AIM: To evaluate the prevalence of H#FE gene mutation
and indices of disturbed iron homeostasis in alcoholics
with and without liver disease.

METHODS: One hundred and fifty-three heavy
drinkers (defined as alcohol consumption > 80 g/d
for at least 5 years) were included in the study. These
comprised 78 patients with liver disease [liver disease
alcoholics (LDA)] in whom the presence of liver disease
was confirmed by liver biopsy or clinical evidence of
hepatic decompensation, and 75 subjects with no
evidence of liver disease, determined by normal liver
tests on two occasions [non-liver disease alcoholics
(NLDA)], were consecutively enrolled. Serum markers
of iron status and HFE C282Y and H63D mutations
were determined. AFE genotyping was compared with
data obtained in healthy blood donors from the same
geographical area.

RESULTS: Gender ratio was similar in both study
groups. LDA patients were older than NLDA patients
(52 £ 10 years vs 48 + 11 years, P = 0.03). One
third and one fifth of the study population had serum

transferrin saturation (TS) greater than 45% and
60% respectively. Serum iron levels were similar in
both groups. However, LDA patients had higher TS
(51 + 27 vs 36 = 13, P < 0.001) and ferritin levels
(559 = 607 ng/mL vs 159 + 122 ng/mL, P < 0.001),
and lower total iron binding capacity (TIBC) (241 +
88 ug/dL vs 279 + 40 pg/dL, P = 0.001). The odds ratio
for having liver disease with TS greater than 45% was
2.20 (95% confidence interval (CI): 1.37-3.54). There
was no difference in C282Y allelic frequency between
the two groups. However, H63D was more frequent in
LDA patients (0.25 vs 0.16, Z = 0.03). LDA patients
had a greater probability of carrying at least one
HFE mutation than NLDA patients (49.5% vs 31.6%,
P = 0.02). The odds ratio for LDA in patients with
H63D mutation was 1.57 (95% CI: 1.02-2.40).

CONCLUSION: The present study confirms the
presence of iron overload in alcoholics, which was more
severe in the subset of subjects with liver disease,
in parallel with an increased frequency of H63D HFE
mutation.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Alcohol consumption and iron overload have long
been found to be associated with each other. In
1896, the condition we now recognize as hereditary
hemochromatosis was considered a variant of alcoholic
cirrhosis'", and even in the 1960s was believed to be a
nutritional disorder related to alcohol intake, in which
excess iron originated from the diet and iron content in
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red wine.

Alcohol may increase iron absorption and cellular
iron uptake by several possible mechanisms: (1) increased
absorption via a non-carrier-mediated paracellular route;
(2) iron absorption is stimulated by anemia secondary
to ineffective erythropoiesis due to alcohol-induced
folic acid deficiency™”; and (3) alcohol consumption is
associated with decrease in enterocyte turnover through
mitosis inhibition”, which may reduce the already limited
intestinal iron excretion. Recently, it has been shown that
alcohol down-regulates hepcidin transcription, which
leads to increased duodenal iron absorption »iz a divalent
metal transporter-1 (with enhanced luminal import) and
ferroportin protein expression (with enhanced basolateral
translocation to the circulation)™. Furthermore, it has
been shown that alcohol abolishes the iron-induced up-
regulation of both liver hepcidin transcription and the
DNA-binding activity of C/EBP alpha[()], thus negating
the protective effect of hepcidin.

Suzuki ez @/ also demonstrated, an up-regulation
of transferrin receptor expression in the hepatocytes
of liver disease alcoholics (LDAs), which may promote
hepatocyte iron accumulation.

Alcoholic liver disease (ALD) is often associated
with elevated serum iron indices and hepatic iron
overload""™. Tron is also believed to be central in the
pathogenesis of ALD, and some reports show iron
overload as a predictive indicator of higher mortality'"”,
and development of hepatocellular carcinoma”. In fact,
iron overload and alcohol have a synergistic effect on the
production of oxidative stress!' .

The fact that only a minority of alcohol abusers,
develop advanced liver disease such as steatohepatitis,
fibrosis, and cirrhosis, prompted the search for genetic
predisposing factors””") such as C282Y and HG63D
mutations in the hemochromatosis protein HFE,
which increases iron ovetrload. However, no association
has been found between C282Y HFE gene mutation
and ALD, and there are conflicting reports on the
association between H63D and ALD™?". On the
other hand, it is clear that the phenotypic expression
of HFE C282Y homozygosity (the prototype for the
genetic hemochromatosis syndrome) is low, and it
increases markedly in patients with excessive alcohol
consumption[zs’w], which suggests that alcohol may act
as a potential modifier of the (genetically determined)
hemochromatosis phenotype.

The aim of the present study was to evaluate the
prevalence of HFFE mutations, and indices of disturbed
iron homeostasis in alcoholics with and without liver
disease.

MATERIALS AND METHODS

The study was approved by the Institutional Ethics
Committees and written informed consent was obtained
from the study subjects. A total of 284 heavy drinkers,
defined as alcohol consumption > 80 g/d for at least
five years were included in the study. The subjects
consisted of consecutive patients seen in the Liver Unit

(ambulatory or hospitalized) of a University Hospital,
with suspected ALD; and consecutive referrals to two
Alcohol Addiction Units, with psychiatric alcohol
dependency, and no previous suspicion of liver disease.

Lifetime alcohol intake was assessed in all subjects,
using a semi-structured questionnaire. Subjects were
excluded from the study if they had any of the
following: serological evidence of hepatitis B virus
(HBV) and hepatitis C virus (HCV) infections or
autoimmune liver disease, histological evidence of other
liver diseases, or “mild” abnormalities of liver tests
(bilirubin, aminotransferases, alkaline phosphatase, less
than twice the upper limit of normal) in the absence of
clinical signs of liver disease. Drinkers without clinical
manifestations, and with normal liver tests on one
occasion were excluded if it was not possible to obtain a
second blood sample for reconfirmation.

Based on the above mentioned criteria, the subjects
were divided into two categories: LDA and non-liver
disease alcoholics (NLDA). The criteria for inclusion in
the LDA group were the presence of either laboratory/
clinical evidence of hepatic decompensation (e.g.
ascites, varices, and encephalopathy) or liver histology
compatible with LDA of severity greater than steatosis.
Percutaneous liver biopsy specimens were evaluated
blindly according to standard procedures”'; only 11
subjects underwent this procedure since in patients
with evidence of hepatic decompensation, such as
ascitis, encephalopathy, or signs of portal hypertension,
liver biopsy was considered unnecessary. Inclusion
criteria for NLDA consisted of lack of clinical signs
of liver disease and normal liver tests on two occasions
(aminotransferases, prothrombin time, albumin and
bilirubin) with the exception of an isolated rise in
y-glutamyl transferase™; no liver biopsy was performed
in this group as it was considered unethical.

Laboratory tests

After a 12-h overnight fast, blood samples were collected
and biochemical tests were done on the same day by
routine methods, in the central pathology laboratory.
The tests included: aminotransferases, bilirubin,
y-glutamyl transpeptidase, protein electrophoresis,
prothrombin time, renal functions, cholesterol,
triglycerides, ceruloplasmin, a-1 antitrypsin, anti-nuclear,
anti-mitochondrial, anti-smooth muscle antibodies,
and serological markers of HBV and HCV infections.
Serum iron indices: iron, ferritin, total iron binding
capacity (TIBC) and % transferrin saturation were also
determined.

Genotyping
To detect the C282Y and H63D mutations, genomic
DNA, extracted from the buffy coat fraction of whole
blood was amplified by polymerase chain reaction as
previously described™”. The C282Y mutation creates
a new Ryal restriction site and the H63D mutation
abolishes a Mbol site allowing identification by restriction
enzyme digestion.

A sub-group of 11 patients, all belonging to
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LDA NLDA Pvalue
(n =78) (n = 75)
Age (yr) 52.3+£10.1 48.5+10.7 0.03
Number of men (%) 66 (85) 62 (83) NS
Alcohol consumption (g/d) 217 £195 327 +311 0.004
Presence of ascitis (%) 38 (52.1) - -
Presence of encephalopathy (%) 17 (34.7) - -
Alanine aminotransferase (r.v. 0-37 IU/L) 53 + 60 17+6 <0.05
Aspartate aminotransferase (r.v. 0-41 IU/L) 81+128 155 <0.05
Alkaline phosphatase (r.v. 40-129 IU/L) 143 +£75 91+21 <0.05
y-Glutamil transpeptidase (r.v. 8-61 IU/L) 225 +239 47 +48 <0.05
Albumin (g/L) 36+8 43+3 <0.05
Bilirubin (mg/dL) 40+72 0.7+0.9 <0.05
Prothrombin time (seconds prolonged from control) 32+27 05+1.2 <0.05
Cholesterol (mg/dL) 160.0 + 84 209.1+41.7 <0.05
Triglycerides (mg/dL) 125.6 £111.3 162.8 £121.0 NS
Glucose (mg/dL) 119.9 £40.5 97 £13.6 NS
Iron (r.v. 65-175 ug/dL) 115 + 64 99.4 £39 NS
TIBC (r.v. 250-425 pg/dL) 241 +88 279 40 0.001
Transferrin saturation (%) 51+27 36+13 <0.001
Ferritin (r.v. 23-236 ng/mL) 559 + 607 159 £122 <0.001

r.v.: Reference value; TIBC: Total iron binding capacity.

the LDA, had a liver biopsy; the degree of hepatic
parenchymal siderosis was identified by Petl’s iron stain,
and graded from 0 to 4.

Statistical analysis

Basic descriptive statistics, means, standard deviation
(SD), ranges and percentages, were used to charactetize
the populations. Categorical variables were analyzed
by chi squared test and paired parametric numerical
variables were compared, using the Student’s # test.
Correlations between several variables were evaluated
through Spearman correlation coefficient.

Odds ratio analysis was used to explore interactions
between iron overload and genetic mutations in the
pathogenesis of ALD »s non-liver disease: the odds and
95% confidence intervals of having LDA outcome »s
NLDA outcome were determined. LDA and NLDA
wete always the dependent variables and transferrin
saturation > 45% or the presence of genetic mutations
were evaluated as risk factors. All analyses were adjusted
for patient’s age.

The computer software used was Statistical Program
for Social Sciences (SPSS) for Windows 12.0 (SPSS Inc.,
Chicago, USA, 2004). All P values were two-sided; for all
statistics, significance was accepted at the 5% probability
level.

RESULTS

Based on the predefined inclusion and exclusion critetia,
153 heavy drinkers were included, 78 in the LDA group
and 75 in the NLDA group. Clinical and biochemical
characteristics of the study groups are summartized in
Table 1. The gender ratio was similar in both groups;
LDA patients were older (52.3 £ 10.1 years »s 48.5
10.7 years, P = 0.03); and alcohol consumption was lower

in LDA compated to NLDA (217 + 195 g/d »s 327 £

311 g/d, P = 0.004).

Both groups had similar mean iron concentrations
(Table 1), however, LDA patients had lower TIBC
(241 *+ 88 ug/dL »s 279 * 40 pg/dL, P = 0.001), and
higher levels of ferritin (559 + 607 ng/mL »s 159 *
122 ng/ml., P < 0.001) and serum transfertin saturation
(51% vs 36%, P < 0.001). Overall, among the 153 heavy
drinkers, 33% had serum transferrin saturation greater
than 45%, while 20% had greater than 60%; transferrin
saturation higher than 45% and higher than 60%
were more frequent in LDA patients (47.4% vs 18.1%,
P < 0.001, and 34.6% »s 5.3%, P < 0.001, respectively).
Furthermore, in subjects with transferrin saturation
higher than 45%, the odds ratio for having LDA was 3.90
(95% confidence interval (CI): 1.59-4.54, P < 0.0001).

In the 11 patients who had a liver biopsy, there was a
significant association between serum ferritin levels and
the degree of hepatic parenchymal siderosis, as identified
by Perl’s iron stain (» = 0.692, P = 0.02). Five of seven
patients (71%) with Perl’s staining > 1, had H63D
mutation, compared with two of four (50%) in those
with a score of 1 or less (r = 0.217, P = 0.547). The
distribution of C282Y and H63D genotypes is shown in
Table 2. Allelic frequency of H63D mutation was higher
in LDA than in NLDA patients (0.25 »5 0.16, P = 0.032).
Furthermore, allelic frequencies of H63D mutation in
NLDA subjects were similar to that seen in the general
population from the same geographical area, based on
the data on healthy blood donors”. There were no
differences in the allelic frequency of C282Y between
the two groups.

The odds ratio of having LDA and H63D mutation
was 1.75 (95% CI: 1.02-2.40, P < 0.03), while the odds
ratio of carrying at least one HFE mutation was 1.56
(95% CI: 1.05-2.32, P < 0.03).

The serum transferrin saturation and ferritin levels
wete higher in subjects carrying at least one HFE mutation
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At least one HFE No HFE P value
mutation mutation
LDA NLDA  Blood donors™*! (n = 63) (n = 90)

(n = 78) n = 75) n = 133) Iron (ug/dL) (r.v. 65-175) 118 £ 52 100 £ 55 NS
wijwt 39 60) 52 69) 9 69) TIBC (ug/dL) (r.v. 250-425) 262+ 83 259 + 63 NS
wt/H63D 31 (39.7) 19 (25.3) 27 (20) Transferrin saturation (%) 49+24 39+22 0.02
wt/C282Y 303 é) 203 7') 76) Ferritin (ng/mL) (r.v.23-236) 499 + 600 258 +339  <0.001
H63D/H63D 3(38) 2(37) 6 (4)

C82Y/H63D 2 (2.5) 1(1.3) 1(1) r.v.: Reference value; TIBC: Total iron binding capacity.

C282Y allelic frequency 0.032 0.02 0.03

H63D allelic frequency’ 0.25 0.16 0.15 . . .

Any mutation® 39 (50) 24 (32) 41 (31) between HFE mutation and increased susceptibility to

wt: Wild type; 'P = 0.02; There were no other statistically significant
differences between the various groups.

compared with subjects without HFE mutation (49%
* 24% s 39% £ 23%, P = 0.02 and 499 £ 600 ng/mL
s 258 + 339 ng/ml., P = 0.005, respectively) (Table 3).
Moreover, the presence of one H63D mutation in patients
with transferrin saturation > 45% increased the odds ratio
for having LDA to 2.17 (95% CI: 1.42-3.32, P < 0.01).

DISCUSSION

In the present study, heavy drinking was frequently
associated with iron ovetload, as suggested by elevated
serum ferritin levels and transferrin saturation, in the
absence of hemochromatosis™. Moreovet, iron ovetload
was more intense in the presence of liver disease, as
shown by higher serum concentrations of ferritin and
transferrin saturation.

Although ferritin and transferrin saturation may
be questioned as markers of iron overload in the
presence of liver disease, since ferritin elevation may
result from necroinflammatory activity, and decreased
hepatic protein production may occur secondary to liver
ba resulting in lower TIBC and higher transferrin
saturation, previous studies in patients with liver disease
have shown significantly higher ferritin levels in patients
with alcohol-related liver disease''”. Furthermore, in
the present study, we obsetved a positive correlation
between serum ferritin and the degree of hepatic iron
deposition in patients who had a liver biopsy.

Since iron plays an important pathological role in
ALDY and alcoholics are more prone to develop
iron overload, it is conceivable that alcoholics who
tend to absorb and store more iron are at an increased
risk of liver disease. The presence of mutations in the
hemochromatosis HI'E gene may serve as a predisposing
factor for the development of liver disease. However,
five previous studies failed to show a relationship between
ALD and the presence of such mutations™ ", On the
other hand, Ropero Gradilla e# al”" | in Spain, observed
an association between H63D mutation (but not with
C282Y mutation) and the risk of advanced liver disease.
In the present study, individuals carrying at least one
HFE mutation had a significantly higher probability
of having liver disease, which suggested an association

disease

ALD. Howevet, it is possible that our observation of an
increased prevalence of HFE mutations may be a casual
finding (type I error).

The extent to which H63D mutation predisposes
to iron overload has been the subject of much debate.
Such an association has been observed in homozygosity
B8 and also with the findings that serum
transferrin saturation is significantly increased in H63D
homozygotes and heterozygotes as compared with
wild-type individuals™”. To reinforce the importance
of the HFE mutations as tisk factors for liver disease,
the presence of these mutations should be associated
with significantly higher iron parameters. Indeed, the
present study showed that transferrin saturation and
ferritin concentration were higher in patients with at
least one HFE mutation, with no difference in the TIBC
values. However, even in the sub-group of individuals
with increased iron saturation, the presence of H63D
mutation was associated with a higher probability of
liver disease, suggesting that H63D mutation may be a
risk factor independent of the associated iron overload.

In conclusion, the present study has confirmed
previous reports of the presence of iron overload in
alcoholics, which is more severe in the subset of subjects
with liver disease, and is associated with an increased
frequency of H63D HFE mutation. Our findings
indicate that H63D HFE mutation, by further increasing
iron overload, is a risk factor for liver disease, through
the synergistic damaging effects of alcohol and iron.
Further research is needed to evaluate if the progression
of the liver disease in alcoholic patients with iron
overload is associated with a worse prognosis.
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Abstract

AIM: To establish which scolicidal agents are superior
and more suitable for regular use.

METHODS: Echinococcus granulosus protoscoleces
were obtained from 25 patients with liver hydatid
cysts. Various concentrations of albendazole sulfone,
albendazole sulfoxide, and albendazole sulfone and
albendazole sulfoxide mixed together in concentrations
of 50 png/mL, and H20: in a concentration of 4%, NaCl
20%, and 1.5% cetrimide-0.15% chlorhexidine (10%
Savlon-Turkey) were used to determine the scolicidal
effects. Albendazole (ABZ) derivatives and other
scolicidal agents were applied to a minimum of 100
scoleces for 5 and 10 min. The degree of viability was
calculated according to the number of living scolices
per field from a total of 100 scolices observed under
the microscope.

RESULTS: After 5 min, ABZ sulfone was 97.3%
effective, ABZ sulfoxide was 98.4% effective, and the
combined solution was 98.6% effective. When sulfone,
sulfoxide and the combined solutions were compared,
the combined solution seemed more effective than
sulfone. However, there was no difference when the
combined solution was compared with sulfoxide. After
10 min, hypertonic salt water, sulfone, sulfoxide, and
the combined solution compared to other solutions
looked more effective and this was statistically
significant on an advanced level. When sulfone,
sulfoxide, and the combined solutions were compared

with each other, the combined solution appeared more
effective than sulfone. When the combined solution
was compared with sulfoxide, there was no difference.

CONCLUSION: Despite being active, ABZ metabolites
did not provide a marked advantage over 20%
hypertonic saline. According to these results, we think
creating a newly improved and more active preparation
is necessary for hydatid cyst treatment.

© 2009 The WG Press and Baishideng. All rights reserved.

Key words: Hydatid disease; Albendazole; In vitro
study; Combined solution; Scolicidal agents

Peer reviewer: Valentin Fuhrmann, MD, Department of
Internal Medicine 4, Intensive Care Unit, Medical University
Vienna, Waehringer Guertel 18-20, Vienna A-1090, Austria

Adas G, Arikan S, Kemik O, Oner A, Sahip N, Karatepe O. Use
of albendazole sulfoxide, albendazole sulfone, and combined
solutions as scolicidal agents on hydatid cysts (in vitro study).
World J Gastroenterol 2009; 15(1): 112-116 Available from:
URL: http://www.wjgnet.com/1007-9327/15/112.asp DOI:
http://dx.doi.org/10.3748/wjg.15.112

INTRODUCTION

Treatments of hydatid disease have been suggested
in many examples within the literature and text
books, including systemic administration of various
chemotherapeutic agents, surgery, and the percutaneous
approach. The efficacy of systemic chemotherapy
is limited"™". Although surgery is the recommended
treatment for liver hydatid cyst, percutaneous treatment
has been introduced as an alternative treatment,
especially in patients who cannot or do not want to
undergo surger§7[4’5]. There is no completely satisfactory
surgical approach, but the operation is best performed
by experts. The main object is to remove the cyst
completely, without soiling and infecting the petritoneum
and with complete obliteration of the resulting dead
space. Complete removal of the cyst, with its adventitia,
is ideal to avoid spilling the contents. The usual operation
i1s cystectomy with removal of the germinal and
laminated layers and preservation of the host derived
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ectocyst”, Instillation of a scolicidal agent into hepatic
hydatid cysts to reduce the risk of spillage of viable
protoscolices is an integral part of the surgical technique
for many surgeons. For over 20 years, benzoimidazole
derivatives have been widely used in the medical
treatment of hydatidosis. The current literature suggests
that amongst all of these, albendazole (ABZ) is the
most effective and useful drug for the medical treatment
of hydatid disease!”’. After oral administration, ABZ is
oxidized to a sulfoxide, which is in part further oxidized
to a sulfone, and ABZ sulfoxide is the main metabolite 7z
vivd®. The metabolites of ABZ are characterized by their
low solubility in water and poor absorption”. ABZ has
a scolicidal effect via its biologically active metabolites
ABZ sulfoxide and ABZ sulfone, the latter being more
effective. The first aim of this in vitro study was to
establish the use of ABZ sulfoxide, ABZ sulfone, and
the combined solution as scolicidal agents on the hydatid
cyst. The second aim was to compare their effectiveness
with other scolicidal agents.

MATERIALS AND METHODS

Protoscolex collection

For this in vitro study, we used scolex solutions collected
from 25 patients who underwent operations for liver
hydatid disease at the Haseki Teaching and Research
Hospital, Department of General Surgery from 2002 to
2004. All samples were examined and identified at the
Istanbul University, Faculty of Medicine, Department of
Microbiology and Clinical Microbiology. For this study,
ABZ sulfone and ABZ sulfoxide were purchased from
Unimark Remedies Ltd Company in India (Certificate of
Analysis of working standard ABZ/IMP001/02-Date
17.04.2002).

Effectiveness of ABZ and other solutions in vitro
ABZ sulfone and ABZ sulfoxide dissolve pootly and
slowly in water; however, in order to avoid the effects of
other solvents, normal saline (0.9% NaCl) was used as
a solvent, so that any scolocidal effect and tissue injury
would be due only to ABZ sulfone and ABZ sulfoxide.
Preparation of the ABZ sulfone and ABZ sulfoxide
solutions was as follows: 10 mg ABZ sulfone and ABZ
sulfoxide was dissolved in normal saline and brought
to a final volume of 100 mL, and then the solution was
mixed for 12 h at room temperature by a magnetic mixer.
The solutions were further diluted by normal saline to
obtain 50 pg/mL ABZ sulfone and ABZ sulfoxide in
the final working solutions. We diluted another solution
of ABZ sulfone and ABZ sulfoxide mixed together to
a total of 50 pg/ mL. All three solutions were sterilized
by UV. Moreovet, for compatison, we used H202 in 4%
concentration, NaCl 20%, and 1.5% cetrimide-0.15%
chlorhexidine (10% Savlon-Turkey) solution to
determine the scolicidal effects.

The scolices were mixed with each solution for 5 and
10 min. The scolices were separated from the solutions
and washed by normal saline. A few drops were smeared
on an object glass and a drop of eosin was added; the

Figure 1 Light microscopy of Echinococcus granulosus microcysts
incubated in vitro with ABZ.

slide was then covered with a cover glass and evaluated
under the light microscope. For each different solution
at both 5 and 10 min, the percentages of dead scolices
were determined by counting a minumum of 100
scolices. With regard to the viability of cysts, the same
criteria were used as defined in a previous report“ol.
Scolices that lost their ellipsoid shape and became round,
had rostellums rolled in, showed vacuolar degeneration,
and took in eosin were considered dead; all four criteria

had to be met for a scolex to be accepted as dead.

Statistical analysis

All statistical calculations were based on an analysis of
comparing means by a paired samples # test. Differences
were determined using the least significant differences,
and P < 0.05 was considered to be significiant.

RESULTS

This in vitro study demonstrated that 50 ug/mlL ABZ
sulfone killed 97.3% of the scolices, ABZ sulfoxide
killed 98.4% of the scolices, and the combined solution
(sulfone + sulfoxide) killed 98.6% of the scolices in
5 min (Figure 1). The second part of the study showed
that the three ABZ solutions respectively killed 98.6%,
99.5%, and 99.6% of the scolices in 10 min. Among the
other solutions that were used, hypertonic salt water was
seen to be most effective on scolices. Hypertonic saline
solution respectively killed 98.2% and 99.5% of the
scolices in 5 and 10 min (Table 1). In the first part of the
study, the scolicidal effects of hypertonic salt water, the
ABZ sulfone, ABZ sulfoxide, and the combined solution
were seen to be statistically significant on an advanced
level compared to cetrimide and peroxide. When sulfone,
sulfoxide, and the combined solution were compared to
hypertonic salt water, no statistical significance was seen
(P > 0.05). When sulfone, sulfoxide, and the combined
solutions were compatred with each other, the combined
solution was seen to be more effective. When comparing
the combined solution to sulfoxide there was not any
difference.

In the second part of the study, again hypertonic salt
water, sulfone, and the combined solution were seen to
be more effective compared to other solutions and were
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Time NaCl 20% H20:2 Cetrimide Sulfone Sulfoxide Sulfone + Sulfoxide
5th min 98.2% 90.3% 86.9% 97.3% 98.4% 98.6%
10th min 99.5% 95.7% 92.6% 98.6% 99.5% 99.6%
demanding and often considered risky, the development
of hepatic surgery permits safer performance of this
Author Agents Results therapeutic option.

100% death
100% death
100% death
100% death

Caglar et al® (2008)  20% silver nitra (20 min)
50% Dextroz (30 min)
20% NaCl (45 min)
20% Mannitol (45 min)
Frayha et al®” (1981)  Cetrimide 0.5%-1% (10 min) 100% death
Kayaalp et al®™ (2002) 10%-30% NaCl (3, 6, 75 min) 100% death
Sonisik et al™ (2002)  10%-30% NaCl (3, 6 and 75 min) 100% death
Besim et al™ (1989)  20% Saline (15 min) 100% death
95% Ethyl alcohol (15 min) 100% death
10% Polyvinyl pirrolidone 100% death
iodine (15 min)

3% H202 (15 min) 100% death

Erzurumlu et al™ Albendazole sulfoxide 5% death
(1998) 20 pug/mL
Albendazole sulfoxide 50% death
50 pg/mL
Albendazole sulfoxide 100% death
100 pg/mL
Adas et al (our study) 20% NaCL (5 min) 98.2% death
(2008) 3% H202 (5 min) 90.3% death

86.9% death
97.3% death

Cetrimide (5 min)
Albendazole sulfone (5 min)

seen to be statistically significant on an advanced level as
well. When sulfone, sulfoxide and the combined solution
were compared to hypertonic salt water, hypertonic salt
water was seen to be statistically significant compared to
sulfone, but it was not seen to be significant compared
to the others. When sulfone, sulfoxide and the combined
solution were compared to each other, the combined
solution was seen to be more effective compared to
sulfone. Upon comparing the combined solution with
sulfoxide, there was not any difference.

When each solution was compared based on 5 and 10
min timing in the first and the second part of the study,
the scolicidal effects of each solution in the second part
were statistically significant (P < 0.05).

DISCUSSION

There are currently three treatment options for hydatid
disease of the liver: surgery, which remains the most
efficent treatment, percutaneous aspiration and medical
treatment. In general, hydatidosis is a public health
problem, especially in our country, and the treatment
often is selected depending on the social and medical
professional’s conditions. Since the 1990s, percutanecous
treatment has been used increasingly. Surgery remains
the most effective treatment, which aims to treat
concurrently the parasitic disease, the cavity, and often
the biliary complications. Although surgery is technically

Ideally, therapy of liver hydatid disease should be
able to cure the disease with a low morbidity. Failure of
treatment is defined as recurrence and complications
related to the intervention. Protection of the operation
field is mandatory before the planned operation on
the cyst or before the cyst is emptied. Preoperative
destruction of the cyst’s contents and preventing
infection of the surrounding area has an important role
for success of the operation; also, this procedure helps to
prevent the illness from returningm]. For sterilization of
the cyst, several parasiticidal substances have been used.
Scolicidal solutions remain indispensable in the treatment
of hydatid cyst disease. Properties of an ideal solution
would be inexpensiveness and the promotion of a rapid
and complete scolicidal effect with an absence of local
and systemic side effects. From this point of view, no
ideal solution and agents have been described yet.

ABZ carbamate is one of the most important
benzimidazole derivatives used against liver flukes,
tapeworms, and lung and gastrointestinal roundworms.
ABZ is normally not detectable in human plasma since
it is rapidly metabolized to its major active metabolite as
ABZ, sulfoxide and ABZ sulfone. ABZ sulfoxide is the
main metabolite 7z vivd™*"". ABZ leads to a decrease
in the glycogen content of the cyst wall, inhibits acid
phosphatase, ATP, pyruvate kinase, phosphoenolpyruvate
kinase, and causes cellular autolysis and degeneration in
the microthrics and the microtubuli™.

Despite ABZ being used preoperatively and
postoperatively for hydatid cyst treatment, today there
is no comparative study in the literature, especially
concerning ABZ metabolites’ preoperative scolicidal
effectiveness (Table 2). In our study, the ABZ metabolites
of ABZ sulfoxide, ABZ sulfone, and the combined form
were applied directly on the scolices. In this case, the
reason why we chose ABZ metabolites over ABZ was
that ABZ was not effective directly on the body. Also,
we determined how much time was needed for each of
the metabolites to be effective and on how many scolices
they were effective.

In both parts of the study, cetrimide was found
to be the least effective in killing the scolices. This
result showed a dissimilarity from other limited studies
performed in the literature. Besim ez a/'* reported
that cetrimide-chlorhexidine was the most potent
scolicidal agent 7» vitro. Half-percent cetrimide and
0.05% chlorhexidine combination for 5 min is an
effective protoscolicidal agent in labaratory and clinical
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studies"”. Sonisik ez a/'" further supported the potent
scolicidal effect of cetrimide with a clinical study. The
disadvantages of cetrimide, namely metabolic acidosis
and methemoglobinemia, have been reportedm. In the
literature, hypertonic salt water (20%) was 100% effective
on scolices after 6 min, and this is probably the most
widely used scolicidal agent in current practice because
of its availability and effective scolicidal propertiesm. In
our study, this treatment was found to be 98.2% effective
at the end of min and 99.5% effective at the end of
10 min"”. Hypertonic saline can cause acute hypernatremia.
H202 was not found to be 100% effective on scolices
in our study. Because of the side effects, it is not used
in many fields today. Landa Garcia ez al"™ tested four
scolicidal agents (10% H202, 10% providone iodine,
praziquantel, 10% hypertonic saline) and reported that
10% H20:2 and 10% providone iodine were much more
potent than the other agents. Even though 10% H20:
was defined as a powerful scolicidal agent 7z vitro by
Meymerian ¢z al'”, fatal air embolism and anaphylactic
shock have also been reported with 10% H20s.

Today, ABZ and its metabolites are not used as
scolicidals for the preoperative routine. ABZ is the
most widely used substance for the medical treatment
of hydatid cyst disease. It has a scolicidal effect via its
biologically active metabolites sulfone and sulfoxide.
ABZ sulfoxide is more effective than ABZ sulfone.
There is no study examining whether one of the
metabolites or combinations are more effective as a
preoperative scolicidal. On this topic, there have been
two experimental studies by Erzurumlu ez a/*"*?. He
demonstrated that 20 pug/ml. ABZ sulfoxide killed 5%
of the scolices in 15 min, scolicidal activity was 50% with
a 50 pg/mL soluton, and it was 100% for a 100 pg/mL
solution®. The other study showed that 10%, 5% and
1% ABZ solutions had complete scolicidal effects”'.
ABZ was used experimentally for percutaneous
treatment of hydatid cysts. Deger ez al”" demonstrated
that ABZ sulfoxide injection as a scolicidal agent in
the percutaneous treatment of cystic echinococcosis
seems to be effective in sheep. Yetim e a/*” further
supported percutaneous treatment with the idea that
ABZ solutions are effective as scolicidal solutions on
rabbits. Greater scolicidal effects and fewer side effects
on the hepatobiliary system ate the advantages of ABZ
solution. Tt is known that scolicidal solution injection
in the cysts or the biliary system leads to a rise in liver
enzyme level. It has also been shown that systemically
administered ABZ can lead to the same changes™**.

When the first and the second part of the study were
compared, it was seen that all of the solutions that were
used were mote effective at the end of 10 min. This
result was statistically significant, as it showed us that 5
min of preoperative waiting time was not enough.

In conclusion, none of the solutions killed 100%
of the scolices at the end of 5 and 10 min. With
the aim of preventing the spread to the operations’
surrounding area and the peritoneum, it is necessary
to strictly protect the surrounding area of the cyst.

Despite the effectiveness of ABZ metabolites, no
distinctive advantage was provided compared with
20% hypertonic saline. Its harder obtainability, harder
preparation, and high cost are some of the important
disadvantages. For this reason, it cannot be seen as an
ideal scolicidal agent. An ideal scolicidal agent is defined
as being potent in low concentrations, acting in a short
petiod time, being stable in cyst fluid, not affected by
dilution with the cyst fluid, being able to kill the scolex
in the cyst, being non-toxic, having low viscosity, and
being readily avaliable and easily prepared, as well as

24,25 . . . .
#2 1n conjunction with prevention

being inexpensive
of cystic fluid spillage, total evacuation and prevention
of any contact of the germinative membrane with the
peritoneal surface are essential because the germinative
membrane can contain viable protoscoleces despite
proper cyst fluid inactivation. Walling off the surgical
field with laparotomy sponges soaked in scolicidal agents
is the most important step in hydatid cyst surgery. If
ABZ metabolites can be obtained for commercial use
and can be inexpensive, the usage of them could be
more common. Combined and sulfoxide solutions wete
found to be more effective than sulfone. In our clinical
practice, it is usually the 20% hypertonic saline solution
that 1s used. However, it presents serious intraoperative
problems related to hypernatremia. Therefore, we need
less harmful but more effective drugs in hydatid disease
treatment. Our study sheds light on the fact that ABZ
metabolites may well meet this requirement.

COMMENTS

Background

Using scolicidal agents is of great importance in hydatid disease. The aim of
this study was to find the most effective and appropriate scolicidal agents.
Research frontiers

Albendazole (ABZ) metabolites are highly effective as scolicidal agents. When
compared with each other, combined and sulfoxide solutions were found to
be more effective than sulfone. When it comes to the comparison of ABZ
metabolites with 20% hypertonic saline, no distinctive advantage was provided
Applications

ABZ metabolites, the most effective scolicidal agents, hydatid disease
treatment, the comparison of various scolicidal agents.

Terminology

Hydatid disease is a potentially fatal parasitic disease that can affect many
animals, including wildlife, commercial livestock and humans. ABZ is a broad
spectrum anti-protozoal and anti-helminthic compound used as a drug indicated
for the treatment of a variety of worm infestations. ABZ metabolites include
sulfone, sulfoxide, and the combined solution.

Peer review

The manuscript deals with the topic with adequate methods and conclusive
results. It's very interesting.

REFERENCES

1 Ramos G, Ordufia A, Garcia-Yuste M. Hydatid cyst of the
lung: diagnosis and treatment. World | Surg 2001; 25: 46-57

2 Poston JG, Blumgart HL. Surgical Management of
Hepatobiliary and Pancreatic Disorders. In: Tagliacozzo S.
Management of hydatid disease of the liver. London: Taylor
& Francis, 2003; 215-235

3 Deger E, Hokelek M, Deger BA, Tutar E, Asil M, Pakdemirli
E. A new therapeutic approach for the treatment of cystic

www.wjgnet.com



116  ISSN 1007-9327 CN 14-1219/R

World ] Gastroenterol

January 7, 2009 Volume 15 Number 1

10

11

12

13

14

15

16

echinococcosis: percutaneous albendazole sulphoxide
injection without reaspiration. Am | Gastroenterol 2000; 95:
248-254

Yorganci K, Sayek I. Surgical treatment of hydatid cysts of
the liver in the era of percutaneous treatment. Am | Surg
2002; 184: 63-69

Akhan O, Ozmen MN. Percutaneous treatment of liver
hydatid cysts. Eur ] Radiol 1999; 32: 76-85

Sherlock S, Dooley J. Diseases of the liver and biliary
system. London: Blackwell Science, 1997: 515-520
Erzurumlu K, Hokelek M, Gonliisen L, Tas K, Amanvermez
R. The effect of albendazole on the prevention of secondary
hydatidosis. Hepatogastroenterology 2000; 47: 247-250
Redondo PA, Alvarez Al, Garcia JL, Larrodé OM, Merino
G, Prieto JG. Presystemic metabolism of albendazole:
experimental evidence of an efflux process of albendazole
sulfoxide to intestinal lumen. Drug Metab Dispos 1999; 27:
736-740

Garcia-Llamazares JL, Alvarez-de-Felipe Al, Redondo-
Cardenia PA, Prieto-Fernandez JG. Echinococcus granulosus:
membrane permeability of secondary hydatid cysts to
albendazole sulfoxide. Parasitol Res 1998; 84: 417-420
Urrea-Paris MA, Moreno MJ, Casado N, Rodriguez-
Caabeiro F. In vitro effect of praziquantel and albendazole
combination therapy on the larval stage of Echinococcus
granulosus. Parasitol Res 2000; 86: 957-964

Sonisik M, Korkmaz A, Besim H, Karayalcin K, Hamamci O.
Efficacy of cetrimide-chlorhexidine combination in surgery
for hydatid cyst. Br ] Surg 1998; 85: 1277

Ingold K, Bigler P, Thormann W, Cavaliero T, Gottstein
B, Hemphill A. Efficacies of albendazole sulfoxide and
albendazole sulfone against In vitro-cultivated Echinococcus
multilocularis metacestodes. Antimicrob Agents Chemother
1999; 43: 1052-1061

Kitzman D, Cheng K], Fleckenstein L. HPLC assay for
albendazole and metabolites in human plasma for clinical
pharmacokinetic studies. | Pharm Biomed Anal 2002; 30:
801-813

Okelo GB, Hagos B, Ng'ang'a JN, Ogeto JO. Pharmacokinetics
of albendazole in children with hydatid disease. East Afr
Med ] 1993; 70: 643-645

Lacey E. Mode of action of benzimidazoles. Parasitol Today
1990; 6: 112-115

Besim H, Karayalcin K, Hamamci O, Giingér C, Korkmaz A.
Scolicidal agents in hydatid cyst surgery. HPB Surg 1998; 10:

17

18

19

20

21

22

23

24

25

26

27

28

347-351

Urrea-Paris MA, Moreno MJ, Casado N, Rodriguez-
Caabeiro F. In vitro effect of praziquantel and albendazole
combination therapy on the larval stage of Echinococcus
granulosus. Parasitol Res 2000; 86: 957-964

Landa Garcia JI, Alonso E, Gonzalez-Uriarte ], Rodriguez
Romano D. Evaluation of scolicidal agents in an experimental
hydatid disease model. Eur Surg Res 1997; 29: 202-208
Meymerian E, Luttermoser GW, Frayha GJ, Schwabe CW,
Prescott B. Host-parasite relationships in echinococcosis:
x.laboratory evaluation of chemical scollcides as adjuncts to
hydatid surgery. Ann Surg 1963; 158: 211-215

Erzurumlu K, Hokelek M, Baris S, Sahin M, Birinci A,
Amanvermez R, Tac K. Effect of albendazole sulfoxide
solution on the scolices and the hepatobiliary system. Eur
Surg Res 1998; 30: 433-438

Erzurumlu K, Ozdemir M, Mihmanli M, Cevikbag U.
The effect of intraoperative mebendazole-albendazole
applications on the hepatobiliary system. Eur Surg Res 1995;
27: 340-345

Yetim I, Erzurumlu K, Hokelek M, Baris S, Dervisoglu A,
Polat C, Belet U, Buyukkarabacak Y, Guvenli A. Results of
alcohol and albendazole injections in hepatic hydatidosis:
experimental study. | Gastroenterol Hepatol 2005; 20: 1442-1447
Gil-Grande LA, Rodriguez-Caabeiro F, Prieto ]JG,Sanchez-
Ruano JJ, Brasa C, Aguilar L, Garcia-Hoz F, Casado N,
Barcena R, Alvarez Al. Randomised controlled trial of
efficacy of albendazole in intra-abdominal hydatid disease.
Lancet 1993; 342: 1269-1272

Guidelines for treatment of cystic and alveolar
echinococcosis in humans. WHO Informal Working Group
on Echinococcosis. Bull World Health Organ 1996; 74: 231-242
Puryan K, Karadayi K, Topcu O, Canbay E, Sumer Z,
Turan M, Karayalcin K, Sen M. Chlorhexidine gluconate:
an ideal scolicidal agent in the treatment of intraperitoneal
hydatidosis? World | Surg 2005; 29: 227-230

Caglar R, Yuzbasioglu MF, Bulbuloglu E, Gul M, Ezberci F,
Kale IT. In vitro effectiveness of different chemical agents
on scolices of hydatid cyst. | Invest Surg 2008; 21: 71-75
Frayha GJ, Bikhazi K], Kachachi TA. Treatment of hydatid
cysts (Echinococcus granulosus) by Cetrimide (R). Trans R
Soc Trop Med Hyg 1981; 75: 447-450

Kayaalp C, Balkan M, Aydin C, Ozgurtas T, Tanyuksel M,
Kirimlioglu V, Akoglu M, Oner K, Pekcan M. Hypertonic
saline in hydatid disease. World | Surg 2001; 25: 975-979

S- Editor Li DL L- Editor LoganS E- Editor Zheng XM

www.wjgnet.com



Online Submissions: wjg.wjgnet.com
wjg@wijgnet.com
doi:10.3748/wjg.15.117

World | Gastroenterol 2009 January 7; 15(1): 117-120
World Journal of Gastroenterology ISSN 1007-9327
© 2009 The WJG Press and Baishideng. All rights reserved.

CASE REPORT

An unusual presentation of sclerosing mesenteritis as
pneumoperitoneum: Case report with a review of the

literature

Sumita Chawla, Satheesh Yalamarthi, Irshad A Shaikh, Veena Tagore, Paul Skaife

Sumita Chawla, Paul Skaife, Department of Colorectal
Surgery, University Hospital Aintree, Liverpool L9 7AL,
United Kingdom

Satheesh Yalamarthi, Irshad A Shaikh, Department of
Colorectal Surgery, Queen Margaret Hospital, Dunfermline,
KY12 0SU, United Kingdom

Veena Tagore, Department of Pathology, University Hospital
Aintree, Liverpool L9 7AL, United Kingdom

Author contributions: Chawla S, Yalamarthi S contributed
equally towards writing the case report and review of the
literature as well as undertaking a comprehensive literature
search; Shaikh IA contributed towards the literature review and
manuscript preparation; Tagore V provided the histopathological
information and Skaife P is the main clinical lead.
Correspondence to: Satheesh Yalamarthi, Department
of Surgery, Queen Margaret Hospital, Whitefield Road,
Dunfermline KY12 0SU, Scotland,

United Kingdom. satyalam@aol.com

Telephone: +44-1383-623623 Fax: +44-1383-624156
Received: October 3, 2008 Revised: November 10, 2008
Accepted: November 17, 2008

Published online: January 7, 2009

Abstract

Sclerosing mesenteritis is a rare condition that involves
the small or large bowel mesentery. An unusual
presentation of this condition, which led to difficult
preoperative assessment and diagnosis, is described.
This report is followed by a comprehensive review of
the literature.
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INTRODUCTION

Sclerosing mesenteritis is a rare benign condition that
affects the intestinal mesentery. Its presentation can be
quite varied because of the different histopathological
processes involved in the evolution of this condition.
Diagnosis can be challenging, as is its management.
An unusual presentation of this condition is described,
followed by a comprehensive review of the literature.

CASE REPORT

A 74-year-old man was admitted as an emergency with
acute abdominal pain and distension. He previously
underwent an abdominoperineal resection 10 years ago
for rectal cancer, and most recently had a surveillance
colonoscopy about 2 wk prior to admission.

On initial assessment, he had a slightly elevated
temperature (37.4°C). There were no signs of peritonitis,
but his abdomen was slightly distended and had minimal
central abdominal tenderness. His blood investigations,
which included a full blood count, C-reactive protein,
amylase, serum electrolytes and liver function tests, were
all within normal limits. The erect chest X-ray showed
pneumoperitoneum on both sides, and the abdominal
film showed some distended small bowel loops in the
central abdomen.

Although he had evidence of a perforated viscus on
the X-ray, he was managed conservatively, in view of
his relative clinical wellbeing and lack of hematological
and biochemical abnormalities. He was kept nil by
mouth, had a nasogastric tube inserted, commenced on
intravenous fluids and broad-spectrum antibiotics, and
was kept under close observation.

An upper gastrointestinal perforation was excluded
by means of a Gastrograffin meal. Over the course
of the next few days, his clinical condition improved
with conservative management. However, his repeat
chest films continued to show free gas under both
his diaphragms, and we arranged for a computerized
tomography (CT) scan of his abdomen and pelvis, with
oral and intravenous contrast. This again confirmed the
pneumoperitoneum and a few dilated small bowel loops.
There was no extravasation of the contrast material into
the peritoneal cavity (both small and large bowel loops
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Figure 1 Intraoperative
findings, showing small
bowel obstruction from
an area of localized
thickening (dashed
arrow), with a proximal
perforation (arrow). The
proximal small bowel is
dilated and thickened,
suggesting chronic
obstruction.

Figure 2 Histology of the specimen. Section through the mesentery, showing
fibrocollagenous stroma with dilated vessels.

were filled with the contrast agent) or any obvious point
of obstruction.

On day 8 following his admission, he started vomiting
feculant material, which prompted an urgent midline
laparotomy. At operation, there was a small amount of
turbid fluid in the peritoneal cavity and an area of near
complete obstruction at the mid-part of the small bowel.
At this location, there was also a localized collection of
small bowel contents. Part of the wall of this collection
was made up of the adjacent collapsed loops of small
bowel and mesentery. On dissecting this area, the point
of obstruction was a 2-3-cm area of circumferentially
thickened small bowel, and there was a tiny perforation
just proximal to this (Figure 1). Adjacent mesentery
was thickened. The proximal bowel wall showed signs
of chronic obstruction. The previous colostomy in the
left iliac fossa was normal and there was no evidence of
any recurrent cancer. As the intraoperative finding was
suspicious of a primary small bowel malignancy, nearly
40 cm of the small bowel was resected with wide
mesenteric clearance, and a side-to-side hand-sewn jejuno-
jejunal anastomosis was carried in two layers.

Postoperatively, the patient developed several
complications, such as bilateral pneumonia, adult
respiratory distress syndrome, paralytic ileus and
renal failure. He unfortunately succumbed to these
complications and died after a prolonged stay in the
critical care unit.

The histopathological examination of the narrowed
segment of the small bowel showed concentric

Table 1 Various nomenclature used to describe this

condition™””!

Sclerosing mesenteritis' Xanthogranulomatous mesenteritis

Retractile mesenteritis Mesenteric lipogranuloma

Liposclerotic mesenteritis Systemic nodular panniculitis

Mesenteric weber-christian disease

'Preferred terminology.

Table 2 Association with other idiopathic inflammatory

disorders"**7*1

Retroperitoneal fibrosis Sclerosing cholangitis

Riedel thyroiditis Sclerosing mediastinitis
Orbital pseudotumor Desmoplastic metastatic carcinoma
Whipple disease Sarcoma

Mesenteric fibromatosis (intra-abdominal desmoid tumour)

fibrosis of the mesentery, serosa and outer part of the
muscularis propria, with a slightly edematous mucosa.
The fibrous tissue was arranged in lobules and was
composed of fibroblast-like spindle cells arranged in
a fascicular pattern. Sections through the thickened
mesentery showed marked fibrocollagenous thickening,
without fat necrosis or inflammation (Figure 2). No
granulomas or foreign-body reaction were seen. The
perforated area showed fibrinopurulent exudates, with
no ulcers or other lesions. Immunohistochemistry of
the young and collagenized fibrous tissue was positive
for smooth muscle actin, vimentin and cytokeratin but
negative for desmin, S100, CD117 and CD34. The

overall appearance was that of fibrosing mesenteritis.

DISCUSSION

Sclerosing mesenteritis is a rare, idiopathic and benign
disease of the abdominal mesentery first described by
Jura in 1924"7 Tt is defined as a mass that is found in
the lining of the mesentery'’. Currently, just over 300
cases have been published to date, with the majority
being case reports and the rest being very small series.

In addition to sclerosing mesenteritis, other
nomenclature has been used (Table 1). In histolo-
pathological terms, the preferred terminology is
sclerosing mesenteritis'”. The different terminology
used represents the different histological features found,
despite the clinical entity being the same. This disorder
has been linked with other idiopathic inflammatory
disorders (Table 2).

The vast majority of cases of sclerosing mesenteritis
are considered as idiopathic. Autoimmunity, ischemia,
infection, vasculitis, Gardner’s syndrome, catcinoid,

trauma and previous abdominal surgery have all been
linked">” ", In the seties of Daskalogiannaki ez al™,
sclerosing mesenteritis was related to malignancy in
69% of patients. The association with malignancy
may be coincidental or secondary to an autoimmune
inflammatory reaction, the mechanism of which has
not yet been eclucidated. These malignancies included
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Stage of Predominant Preferred Treatment

disease histological feature terminology

Early stages Fat necrosis Mesenteric None

lipodystrophy

Intermediate Inflammation Mesenteric Immunosup-

stages panniculitis  pressants*"”
Colchicine®”
Tamoxifen”
Corticosteroids®™**"!
Progesterones>*"

Final stages  Fibrosis Sclerosing Surgery

or retractile  (where indicated)

mesenteritis

lymphoma, breast cancer, lung cancer, melanoma and
colon cancer. In our case, previous surgery for rectal
cancer may have been a causative factor, despite the fact
that the surgery was a decade ago.

Mean age at presentation of sclerosing mesenteritis
is in the fifth and sixth decades, and it is seen twice
as frequently in males than females™™'”. The disease
can present clinically as single or multiple masses, or
as a diffuse thickening of the mesentery!* . The
most common site of this disease is the small bowel
mesentery. However, sole involvement of the mesocolon
(the most common site being the rectosigmoid colon)"”
has been found in 20% of cases. Rate sites described are
the mesoappendix, peripanctreatic area, omentum and
pelvis™™,

Clinical manifestations of this entity are non-
specific. Patients may present asymptomatically with
an incidental diagnosis. The various clinical features
include abdominal pain, vomiting, diarrhea, constipation,
anorexia, weight loss, fatigue, fever of unknown
origin, ascites, pleural and pericardial effusion™™™>">,
In our case, the presentation was complex, with the
patient presenting with pneumoperitoenum following
a recent colonoscopy, which suggested an iatrogenic
complication. In retrospect, he also had some features
of small bowel obstruction. The combination of these
made a preoperative diagnosis difficult.

Diagnosis of sclerosing mesenteritis may be complex
and involves appropriate clinical and radiographic
analysis. However, for a definitive diagnosis, biopsy
and histological confirmation may be necessary. The
main histological features are fat necrosis, chronic
inflammation and fibrosis, which may all occur together,
but there is a predominance of one of these features,
as shown in Table 3. The histological diagnosis, as in
our case, can be improved with immunohistochemistry
techniques using smooth muscle actin, cytokeratin and
vimentin™”,

Sclerosing mesenteritis has been best diagnosed
radiologically with multidetector CT and magnetic
resonance imaging (MRI). The two main CT features
are the “fat-ring” sign (area of fat around the
mesenteric vessels)™*'” and the presence of a tumoral
pseudocapsule*™. The other CT findings include
changes of increased attenuation in the mesentery, low-

attention foci representing fat necrosis and fibrosis, and
development of a solid mass encasing the mesenteric
vessel calcification in the center of the necrotic portion
of the mass™*'. The role of CT angiography is also
helpful in delineating the relationship of the mass to the
mesenteric vasculature. Despite our patient having a CT
scan, there were no typical radiological features of this
condition noted.

Ghanem ¢# a/'” have recently described the role
of MRI in finding a fibrous capsule in retractile
mesenteritis. The role of fluorine-18 fluorodexoyglucose
positron emission tomography has also been reported in
the literature as a new and upcoming image modality in
the detection of sclerosing mesenteritis'.

Management of sclerosing mesenteritis is dependent
on the stage and hence histological findings of the
disease (Table 3). In the early stages, when fat necrosis
is the main feature, it tends to settle spontaneously
without treatment. As the disease progresses and
chronic inflammation predominates with undeveloped
fibrosis, various agents have been used alone or
in combination. The role of eatly treatment with
cyclophosphamide has been reported in two cases with
promising results, without signs of recurrence' . A
single case study has shown the positive effect of the
combination of corticosteroids and azathioprinem].
Cuff ¢ a/ and Genereau ¢t a/*" have demonstrated
the effective management of colchicines, together with
corticosteroid, in a series of symptomatic patients. In the
final stages, when fibrosis overshadows the fat necrosis
and chronic inflammation, surgical intervention, which
includes partial resection, bypass, and colostomy may
become necessary. Overall, surgical treatment should
be limited to establishing a diagnosis or treatment of
complications™. In our patient, the complications of
small bowel obstruction and a localized perforation
occurred, which required resection. It is worthy of note
that the intraoperative findings can mimic a malignant
process as highlighted in the report by Mathew e7 al®.
Despite the fact that our patient succumbed to his
postoperative complications, the overall prognosis
published in the literature is favorable for this condition.

Our case illustrates that the diagnosis of sclerosing
mesenteritis can be difficult to make preoperatively,
especially when other procedures, such as colonoscopy,
have been carried out recently, which by itself has the
risk of causing iatrogenic perforation. The presentation
and management of this condition can be varied and this
depends upon the underlying stage of the histological
process.

REFERENCES

1 Durst AL, Freund H, Rosenmann E, Birnbaum D.
Mesenteric panniculitis: review of the leterature and
presentation of cases. Surgery 1977; 81: 203-211

2 Mathew J, McKenna F, Mason J, Haboubi NY, Borghol M.
Sclerosing mesenteritis with occult ileal perforation: report
of a case simulating extensive intra-abdominal malignancy.
Dis Colon Rectum 2004; 47: 1974-1977

3 Cuff R, Landercasper ], Schlack S. Sclerosing mesenteritis.

www.wjgnet.com



120  ISSN 1007-9327 CN 14-1219/R

World ] Gastroenterol

January 7, 2009 Volume 15 Number 1

10

11

12

Surgery 2001; 129: 509-510

White B, Kong A, Chang AL. Sclerosing mesenteritis.
Australas Radiol 2005; 49: 185-188

Kelly JK, Hwang WS. Idiopathic retractile (sclerosing)
mesenteritis and its differential diagnosis. Am ] Surg Pathol
1989; 13: 513-521

Adachi Y, Mori M, Enjoji M, Ueo H, Sugimachi K.
Mesenteric panniculitis of the colon. Review of the literature
and report of two cases. Dis Colon Rectum 1987; 30: 962-966
Emory TS, Monihan JM, Carr NJ, Sobin LH. Sclerosing
mesenteritis, mesenteric panniculitis and mesenteric
lipodystrophy: a single entity? Am | Surg Pathol 1997; 21:
392-398

Sabate JM, Torrubia S, Maideu J, Franquet T, Monill JM,
Perez C. Sclerosing mesenteritis: imaging findings in 17
patients. AJR Am | Roentgenol 1999; 172: 625-629

Sharma V, Martin P, Marjoniemi VM. Idiopathic orbital
inflammation with sclerosing mesenteritis: a new
association? Clin Experiment Ophthalmol 2006; 34: 190-192
Han SY, Koehler RE, Keller FS, Ho KJ, Zornes SL. Retractile
mesenteritis involving the colon: pathologic and radiologic
correlation (case report). AJR Am | Roentgenol 1986; 147:
268-270

Perez-Fontan FJ, Soler R, Sanchez ], Iglesias P, Sanjurjo P,
Ruiz J. Retractile mesenteritis involving the colon: barium
enema, sonographic, and CT findings. AJR Am ] Roentgenol
1986; 147: 937-940

Daskalogiannaki M, Voloudaki A, Prassopoulos P,
Magkanas E, Stefanaki K, Apostolaki E, Gourtsoyiannis N.
CT evaluation of mesenteric panniculitis: prevalence and

13

14

15

16

17

18

19

20

21

associated diseases. AJR Am | Roentgenol 2000; 174: 427-431
Ikoma A, Tanaka K, Komokata T, Ohi Y, Taira A. Retractile
mesenteritis of the large bowel: report of a case and review
of the literature. Surg Today 1996; 26: 435-438

Katz ME, Heiken JP, Glazer HS, Lee JK. Intraabdominal
panniculitis: clinical, radiographic, and CT features. AJR Am
J Roentgenol 1985; 145: 293-296

Nguyen BD. F-18 FDG PET demonstration of sclerosing
mesenteritis. Clin Nucl Med 2003; 28: 670-671

Mata JM, Inaraja L, Martin J, Olazabal A, Castilla MT. CT
features of mesenteric panniculitis. | Comput Assist Tomogr
1987; 11: 1021-1023

Ghanem N, Pache G, Bley T, Kotter E, Langer M. MR
findings in a rare case of sclerosing mesenteritis of the
mesocolon. | Magn Reson Imaging 2005; 21: 632-636

Bush RW, Hammar SP Jr, Rudolph RH. Sclerosing
mesenteritis. Response to cyclophosphamide. Arch Intern
Med 1986; 146: 503-505

Bala A, Coderre SP, Johnson DR, Nayak V. Treatment
of sclerosing mesenteritis with corticosteroids and
azathioprine. Can | Gastroenterol 2001; 15: 533-535
Genereau T, Bellin MF, Wechsler B, Le TH, Bellanger
J, Grellet J, Godeau P. Demonstration of efficacy of
combining corticosteroids and colchicine in two patients
with idiopathic sclerosing mesenteritis. Dig Dis Sci 1996; 41:
684-688

Mazure R, Fernandez Marty P, Niveloni S, Pedreira S,
Vazquez H, Smecuol E, Kogan Z, Boerr L, Maurino E, Bai
JC. Successful treatment of retractile mesenteritis with oral
progesterone. Gastroenterology 1998; 114: 1313-1317

S- Editor Tian L L- Editor Kerr C E- Editor Lin YP

www.wjgnet.com



Online Submissions: wjg.wjgnet.com
wjg@wijgnet.com
doi:10.3748/wjg.15.121

World | Gastroenterol 2009 January 7; 15(1): 121-123
World Journal of Gastroenterology ISSN 1007-9327
© 2009 The WJG Press and Baishideng. All rights reserved.

LETTERS TO THE EDITOR,

Bile duct ligation in rats: A reliable model of hepatorenal

syndrome?

Stelios F Assimakopoulos, Constantine E Vagianos

Stelios F Assimakopoulos, Department of Internal Medicine,
University Hospital of Patras, Patras 26504, Greece
Constantine E Vagianos, First Surgical Department, “Saint
Panteleimon” General Hospital of Nikaia, Piraeus 18454,
Greece

Author contributions: Assimakopoulos SF wrote this
commentary and Vagianos CE revised it.

Correspondence to: Stelios F Assimakopoulos, MD,
PhD, Department of Internal Medicine, School of Medicine,
University of Patras, Vironos 18, 26224, Patras,

Greece. sassim@upatras.gr

Telephone: +30-2610-346946 Fax: +30-2610-990775
Received: October 18, 2008  Revised: December 6, 2008
Accepted: December 13, 2008

Published online: January 7, 2009

Abstract

The two most widely used experimental models of
advanced liver disease are the administration of
carbon tetrachloride, and common bile duct ligation
(BDL), however, neither has been systematically
evaluated as a model of hepatorenal syndrome
(HRS). The BDL model in rats, studied at diverse
time points, induced a progressive renal dysfunction
without structural changes in the kidney. The authors
concluded that BDL is a good model for further
studies of HRS and its treatment. However, the renal
impairment observed at the acute phase of the BDL
model is based on a different pathophysiology than
that of HRS. Specifically, in acute obstructive jaundice,
cholemia predominates over parenchymal liver disease
(reversible at this stage without portal hypertension
or cirrhosis) and independently induces negative
inotropic and chronotropic effects on the heart,
impaired sympathetic vasoconstriction response and
profound natriuresis and diuresis that might lead to
volume depletion. In addition, systemic endotoxemia
contributes to the prerenal etiology of renal impairment
and promotes direct nephrotoxicity and acute tubular
necrosis. On the other hand, the renal failure observed
in the chronic BDL model (with development of biliary
cirrhosis, portal hypertension and ascites) shares
pathophysiological similarities with HRS, but the
accordance of the chronic BDL model to the diagnostic
criteria of HRS (e.g. absence of spontaneous bacterial
peritonitis, no renal function improvement after plasma
volume expansion) should have been confirmed. In
conclusion, we think that the BDL model is not suitable

for the study of the natural history of HRS, but the
chronic BDL model might be valid for the study of
established HRS and its potential therapies.

© 2009 The WG Press and Baishideng. All rights reserved.
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TO THE EDITOR

We read with great interest the article recently published
in World ] Gastroenterol by Dr. Pereira ef al', which
evaluated the reliability of the bile duct ligation (BDL)
model in rats for the study of hepatorenal syndrome
(HRS). The authors found that this experimental model
induces progressive renal dysfunction without structural
changes in the kidney, and they suggested that BDL in
rats emerges as a good model for further studies of HRS
pathophysiology and treatment. Upon reading this very
interesting study, a number of questions a rose as to
whether the renal dysfunction observed after BDL really
represents HRS.

HRS is defined as a specific type of functional
renal failure complicating advanced liver disease (e.g
decompensated cirrhosis, alcoholic hepatitis, or acute
liver failure). The pathogenesis of this syndrome
is the result of an extreme underfilling of the arterial
circulation secondary to an arterial vasodilation
located in the splachnic circulation. This underfilling
triggers a compensatory response with activation
of vasoconstrictor systems leading to intense renal
vasoconstriction, especially to the renal cortex, and
finally the glomerular filtration rate is decreased in the
absence of underlying kidney pathology whilst tubular
function is preserved”. Consequently, this specific type
of functional renal failure observed in advanced liver
disease must be differentiated by a number of non-
functional causes of renal failure in this setting, e.g.,
other causes of prerenal azotemia or acute tubular
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necrosis™. The distinction between HRS and other

causes of renal failure that may occur in cirrhosis
i1s problematic mainly due to the lack of a specific
diagnostic test. A number of commonly used urinary
indices (e.g. urinary sodium or osmolarity) cannot
reliably distinguish HRS and acute tubular necrosis in the
setting of cirrhosis, making this differentiation especially
difficult™. For these reasons, the diagnosis of HRS is
currently based on the exclusion of other disorders that
could lead to renal failure in cirrhosis including shock
(septic or hypovolemic), ongoing bacterial infection, fluid
losses and current treatment with nephrotoxic drugsm.
An additional major criterion that should be fulfilled is
that no sustained improvement in renal function occurs
after expansion of plasma volume. In their study, the
authors have not examined the accordance of the BDL
model with these critetia, instead they characterize the
BDL-induced trenal dysfunction as “HRS” based solely
on the absence of histopathological changes in the
kidneys and on evaluation of diverse urinary indices.
The histological analyses performed in the kidney atre
not described in detail but it is generally stated that BDL
rats exhibited normal renal histology under the light
microscope. This finding contradicts most previously
published reports, which describe significant histological
alterations, predominantly located in tubular epithelial
cells, at various intervals of obstructive jaundice[&m].
Furthermore, as already stated, urinary indices represent
only minor and dispensable criteria for the diagnosis of
HRS™. Taking into consideration these issues, a number
of uncertainties are raised regarding the reliability of the
BDL model for the study of HRS, which become more
evident when considering the pathophysiology of renal
failure complicating obstructive jaundice.

In rats, double ligation of the common bile duct
with its dissection between the ligatures produces
a well established experimental model of: (1) acute
obstructive jaundice, studying different time points up
to 2 wk after BDL; (2) progression of biliary fibrosis
to cirrhosis, studying diverse time intervals up to 4 or
6 wk after BDL; and (3) secondary biliary cirrhosis, at
4 or 6 wk after BDL"""”. BDL produces a combined
model of cholemia and parenchymal liver disease. The
magnitude of contribution of any one factor in remote
organ injury and systemic complications depends on the
duration of the biliary obstruction. In acute obstructive
jaundice, the liver presents typical changes of obstructive
cholangiopathy, in the absence of cirrhosis or portal
hypertension, which are at least partly reversible if biliary
31 This initial phase
of surgical jaundice is characterized by the effects of

drainage is performed at this stage

severe cholestasis and cholemia due to total obstruction
of bile flow, with intestinal barrier failure and decreased
reticuloendothelial system function. This predisposes
the test subject to portal and systemic endotoxemia and
susceptibility to postoperative septic complications and
renal dysfunction™'". Severe cholemia, predominantly
and independently of liver parenchymal disease, affects
the integrity of the cardiovascular system by inducing;s
(1) negative inotropic and chronotropic effects on the

heart"”"®

response
that may lead to volume depletion

). (2) impaired sympathetic vasoconstriction
1920, and (3) profound natriuresis and diuresis
P12 These factors
produce systemic hypotension and renal dysfunction,
especially when an interventional approach for the
release of biliary obstruction is performedm]. The
etiology of renal impairment in this setting is profoundly
prerenal and occurs in the absence of advanced and
irreversible liver disease. In addition, it has been shown
repeatedly that acute obstructive jaundice is universally
complicated by extended bacterial translocation
with portal and systemic endotoxemia”?. These
phenomena activate a systemic inflammatory response
characterized by the release of numerous cytokines
and proinflammatory mediators, which may lead to
the development of the septic syndrome and multiple
organ damagem. Endotoxin-induced renal injury is not
only functional, through induction of a hypotensive
response, but endotoxin also exerts direct nephrotoxic
effects. The result is renal injury clearly characterized
by histological alterations of acute tubular necrosis’” .
Given the central role of endotoxemia in obstructive-

1621 we would

jaundice-induced systemic complications
expect that renal failure in obstructive jaundice would
be accompanied by tubular injury. Despite the authors’
findings of normal renal histology in BDL rats, there
are numerous previous studies showing that the acute
BDL model induces renal histopathological changes,
predominantly in the tubular epithelium (acute tubular
necrosis)ﬁ'm]. For all these reasons, we think that the
pathogenesis and the type of renal dysfunction that is
observed during the acute phase of BDL are different
from what we mean by the term HRS.

With regard to the chronic phase of BDL (after
4 wk of biliary obstruction), apart from cholemia, the
factor severe parenchymal liver disease comes into
play, significantly contributing to renal dysfunction[m.
This phase is characterized by development of biliary
cirrhosis with portal hypertension, and ascites and more
closely resembles clinical conditions complicated by
HRS"". However, cholemia still exists to a considerable
extent and acts on renal hemodynamics. Endotoxemia,
with its consecutive systemic inflammatory response
and bacterial translocation to remote organs, also exists,
interacting with advanced liver disease per se in the
development of renal dysfunction. Is the final result
on kidney the development of HRS? In order to give a
reliable answer to this question we should examine the
accordance of the BDL model with the well-established
diagnostic criteria of HRS, as we would do in a clinical
setting, Rats with BDL for more than 4 wk are cirrhotic
with ascites and have increased rates of bacterial
translocation; therefore, spontaneous bacterial peritonitis
should be excluded as an underlying cause of renal
failure. We should also demonstrate the lack of response
of renal function to volume repletion by isotonic saline.
If these prerequisites are fulfilled, we would be more
certain to characterize the renal failure observed in the
chronic phase of BDL as HRS.

In conclusion, we think that the BDL model is not
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suitable for the study of the natural history of HRS,
because at the acute phase of extrahepatic cholestasis,
the pathophysiology of the observed renal impairment
seems to be different from that of HRS. However,
renal failure observed in the chronic BDL model shates
pathophysiological similarities with HRS. The accordance
of the chronic BDL model to the diagnostic criteria
of HRS, if confirmed, may provide us with a valuable
experimental model for the study of established HRS
and its potential therapies. Another important issue that
remains to be elucidated is the comparison of the BDL
model with the carbon tetrachloride model of cirrhosis,
in order to examine the potential superiority of one
model over the other for the study of HRS.
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Central and Eastern European
Conference on Colorectal "Cancer"
Screening, Prevention and
Management

E-mail: idca2008@guarant.cz

June 25-28, Barcelona, Spain
10" World Congress on
Gastrointestinal Cancer
Imedex and ESMO

E-mail: meetings@imedex.com

June 25-28, Lodz, Poland

Joint Meeting of the European
Pancreatic Club (EPC)

and the International Association of
Pancreatology (IAP)

E-mail: office@epc-iap2008.org
WWW.e-p-C.org
www.pancreatology.org

June 26-28, Bratislava, Slovakia
5% Central European
Gastroenterology Meeting
www.ceurgem2008.cz

July 9-12, Paris, France

ILTS 14* Annual International
Congress

www. ilts.org

September 10-13, Budapest, Hungary
11" World Congress of the
International Society for Diseases of
the Esophagus

E-mail: isde@isde.net

September 13-16, New Delhi, India
Asia Pacific Digestive Week
E-mail: apdw@apdw2008.net

III FALK GASTRO-CONFERENCE
September 17, Mainz, Germany

Falk Workshop: Strategies of Cancer
Prevention in Gastroenterology

September 18-19, Mainz, Germany
Falk Symposium 166:

GI Endoscopy - Standards &
Innovations

September 18-20, Prague, Czech
Republic

Prague Hepatology Meeting 2008
www.czech-hepatology.cz/ phm2008

September 20-21, Mainz, Germany
Falk Symposium 167:

Liver Under Constant Attack - From
Fat to Viruses

September 24-27, Nantes, France
Third Annual Meeting

European Society of Coloproctology
WWW.escp.eu.com

October 8-11, Istanbul, Turkey

18" World Congress of the
International Association of
Surgeons,

Gastroenterologists and Oncologists
E-mail: orkun.sahin@serenas.com.tr

QOctober 18-22, Vienna, Austria
16" United European
Gastroenterology Week
www.negf.org

www.acv.at

QOctober 22-25, Minnesota, USA
Anstralian Gastroenterology Week
2008

E-mail: gesa@gesa.org.au

QOctober 22-25, Brisbane, Australia
71* Annual Colon and Rectal Surgery
Conference

E-mail: info@colonrectalcourse.org

October 31-November 4, Moscone
West Convention Center, San
Francisco, CA

59" AASLD Annual Meeting and
Postgraduate Course

The Liver Meeting

Information: www.aasld.org

November 6-9, Lucerne, Switzerland
Neurogastroenterology & Motility
Joint International Meeting 2008
E-mail: ngm2008@mci-group.com
www.ngm2008.com

November 12, Santiago de Chile,
Chile

Falk Workshop: Digestive Diseases:
State of the Art and Daily Practice

November 28-29, Cairo, Egypt

1 Hepatology and Gastroenterology
Post Graduate Course
www.egyptgastrohep.com

December 7-9, Seoul, Korea

6™ International Meeting
Hepatocellular Carcinoma: Eastern
and Western Experiences

E-mail: sglee@amc.seoul kr

INFORMATION FOR ALL

FALK FOUNDATION e.V.

E-mail: symposia@falkfoundation.de
www .falkfoundation.de

Advanced Courses - European

Institute of Telesurgery EITS - 2008
Strasbourg, France

January 18-19, March 28-29, June 6-7,
October 3-4

N.O.TES
April 3-5, November 27-29
Laparoscopic Digestive Surgery

June 27-28, November 7-8
Laparoscopic Colorectal Surgery

July 3-5

Interventional GI Endoscopy
Techniques

Contact address for all courses:
E-mail: info@eits.fr

International Gastroenterological
Congresses 2009

March 23-26, Glasgow, Scotland
Meeting of the British Society of
Gastroenterology (BSG)

E-mail: bsg@mailbox.ulcc.ac.uk

May 17-20, Denver, Colorado, USA
Digestive Disease Week 2009

November 21-25, London, UK
Gastro 2009 UEGW/World Congress
of Gastroenterology
www.gastro2009.org

Global Collaboration for
Gastroenterology

For the first time in the history of
gastroenterology, an international
conference will take place which
joins together the forces of four
pre-eminent organisations: Gastro
2009, UEGW/WCOG London. The
United European Gastroenterology
Federation (UEGF) and the World
Gastroenterology Organisation
(WGO), together with the World
Organisation of Digestive
Endoscopy (OMED) and the
British Society of Gastroenterology
(BSG), are jointly organising a
landmark meeting in London
from November 21-25, 2009. This
collaboration will ensure the perfect
balance of basic science and clinical
practice, will cover all disciplines
in gastroenterology (endoscopy,
digestive oncology, nutrition,
digestive surgery, hepatology,
gastroenterology) and ensure a
truly global context; all presented
in the exciting setting of the city of
London. Attendance is expected to
reach record heights as participants
are provided with a compact “all-in-
one” programme merging the best
of several GI meetings. Faculty and
participants from all corners of the
earth will merge to provide a truly
global environment conducive to the
exchange of ideas and the forming
of friendships and collaborations.
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hepatology from 60 countries.

The biggest advantage of the open access model is that it provides
free, full-text articles in PDF and other formats for experts and the
public without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation and
communication of scientific research results. The open access model
has been proven to be a true approach that may achieve the ultimate
goal of the journals, i.c. the maximization of the value to the readers,
authors and society.

Maximization of the value of the readers can be comprehended
in two ways. First, the journal publishes articles that can be directly
read or downloaded free of charge at any time, which attracts more
readers. Second, the readers can apply the knowledge in clinical practice
without delay after reading and understanding the information in
their fields. In addition, the readers are encouraged to propose new
ideas based on those of the authors, or to provide viewpoints that are
different from those of the authors. Such discussions or debates among
different schools of thought will definitely boost advancements and
developments in the fields. Maximization of the value of the authors
refers to the fact that these journals provide a platform that promotes
the speed of propagation and communication to a maximum extent.
This is also what the authors really need. Maximization of the value
of the society refers to the maximal extent of the social influences and
impacts produced by the high quality original articles published in the
journal. This is also the main purpose of many journals around the
world.

The major task of WJG is to rapidly report the most recent
results in basic and clinical research on gastroenterology, hepatology,
endoscopy and gastrointestinal surgery fields, specifically including
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duodenal disorders, cirrhosis and its complications, celiac disease,
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disease, pancreatic cancer; transplantation, genetics, epidemiology,
microbiology and inflammatory disorders, molecular and cell biology,
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endoscopy, imaging and advanced technology.
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will include: (1) Editorials (contributed by members of the Editorial
Board), (2) Topic Highlights (organized by members of the Editorial
Board), (3) Obsetvation (invited by members of the Editorial Board),
(4) Guidelines for Basic Research (invited by the Editorial Office), (5)
Guidelines for Clinical Practice (invited by the Editorial Office), (6)
Research Frontier (invited by the Editorial Office), (7) Review Articles
(submitted by authors and subject to publication charge), (8) Original
Articles (submitted by authors and subject to publication charge), (9)
Brief Articles (submitted by authors and subject to publication charge),
(10) Case Report (submitted by authors and subject to publication
charge), (11) Letters to the Editor (submitted by authors and subject
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subject to publication charge) and (13) Guidelines (submitted by authors
and subject to publication charge).
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SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title Page,

Abstract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Legends.
Neither the editors nor the publisher are responsible for the opinions
expressed by contributors. Manuscripts formally accepted for
publication become the permanent property of The WJG Press and
Baishideng, and may not be reproduced by any means, in whole or
in part, without the written permission of both the authors and the
publisher. We reserve the right to copy-edit and put onto our website
accepted manuscripts. Authors should follow the relevant guidelines for
the cate and use of laboratory animals of their institution or national
animal welfare committee. For the sake of transparency in regard to
the performance and reporting of clinical trials, we endorse the policy
of the International Committee of Medical Journal Editors to refuse
to publish papers on clinical trial results if the trial was not recorded
in a publicly-accessible registry at its outset. The only register now
available, to our knowledge, is http://www. clinicaltrials.gov sponsored
by the United States National Library of Medicine, and we encourage
all potential contributors to register with it. However, in the event that
other registers become available, you will be duly notified. A letter of
recommendation from each author’s organization should be provided
with the contributed article to ensure the privacy and secrecy of
research is protected.

Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned to the
corresponding author(s) and the editors will not be responsible for loss
or damage to photographs and illustrations sustained during mailing.

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://wjg.wjgnet.com/wjg. Authors are highly
recommended to consult the ONLINE INSTRUCTIONS TO
AUTHORS (http://www.wjgnet.com/wjg/help/instructions.
jsp) before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may send
an email describing the problem to submission@wjgnet.com, or by
telephone: +86-10-85381892. If you submit your manuscript online,
do not make a postal contribution. Repeated online submission for the
same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins.
Style should conform to our house format. Required information for
each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data; (2)
drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published. Authors
should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde Medical
College, Chengde 067000, Hebei Province, China. One author may
be represented from two institutions, for example, George Sgourakis,
Department of General, Visceral, and Transplantation Surgery,
Essen 45122, Germany; George Sgourakis, 2nd Surgical Department,
Korgialenio-Benakio Red Cross Hospital, Athens 15451, Greece

Author contributions: The format of this section should be: Author
contributions: Wang CL and Liang I contributed equally to this work;
Wang CL, Liang I, Fu JE Zou CC, Hong F and Wu XM designed
the research; Wang CL, Zou CC, Hong F and Wu XM performed the
research; Xue JZ and Lu JR contributed new reagents/analytic tools;
Wang CL, Liang I and Fu JF analyzed the data; and Wang CL, Liang
L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g., Supported by
National Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
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provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, University
of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number, e.g.,
Telephone: +86-10-59080039, Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend an article
for publication. Reviewers for accepted manuscripts are acknowledged
in each manuscript, and reviewers of articles which were not accepted
will be acknowledged at the end of each issue. To ensure the quality of
the articles published in W]G, reviewers of accepted manuscripts will
be announced by publishing the name, title/position and institution
of the reviewer in the footnote accompanying the printed article. For
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute of
Digestive Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty,
Shanghai Jiaotong University, Shanghai, China; Professor Xin-Wei Han,
Department of Radiology, The First Affiliated Hospital, Zhengzhou
University, Zhengzhou, Henan Province, China; and Professor Anren
Kuang, Department of Nuclear Medicine, Huaxi Hospital, Sichuan
University, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements for
structured abstracts are as follows:

An informative, structured abstracts of no more than 480 words
should accompany each manuscript. Abstracts for original contributions
should be structured into the following sections. AIM (no more than
20 words): Only the purpose should be included. Please write the
aim as the form of “To investigate/study/...; MATERIALS AND
METHODS (no more than 140 words); RESULTS (no more than
294 words): You should present P values where appropriate and must
provide relevant data to illustrate how they were obtained, e.g. 6.92  3.86
s 3.61 £ 1.67, P < 0.001; CONCLUSION (no more than 26 words).
Available from:http:/ /wwwwignet.com/wjg/help/8.doc

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Text

For articles of these sections, original articles, rapid communication
and case reports, the main text should be structured into the following
sections: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropriate Figures
and Tables. Data should be presented in the main text or in Figures
and Tables, but not in both. The main text format of these sections,
editorial, topic highlight, case report, letters to the editors, can be found
at: http:/ /www.wjgnet.com/wjg/help/instructions.jsp.

Hllustrations

Figures should be numbered as 1, 2, 3, e#., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wignet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the legend
rather than on the bar itself. File names should identify the figure and
panel. Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example Figure 1
Pathological changes in atrophic gastritis after treatment. A: . G
D: ..; E:.; F .5 Go.ete. It is our principle to publish hlgh resolutlon—
figures for the printed ‘and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, efe., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed

legends should not be included under tables, but rather added into
the text where applicable. The information should complement, but
not duplicate the text. Use one horizontal line under the title, a second
under column heads, and a third below the Table, above any footnotes.
Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P < 0.05, P
< 0.01 should be noted (P> 0.05 %h()uld not be noted). If there are other
series of P values, “P < 0.05 and ‘P < 0.01 are used. A third series of P
values can be expressed as ‘P < 0.05 and P < 0. 01 Othcr notes in tables
or under illustrations should be expressed as 'F, °F, °F; or sometimes
as other symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with @, o,
w0, A, A, e, in a certain sequence.
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Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for obtaining
written permission to use any copytighted text and/or illustrations.

REFERENCES

Coding system

The author should number the references in Arabic numerals according to

the citation order in the text. Put reference numbers in square brackets in

superscript at the end of citation content or after the cited author’s name.

For citation content which is part of the narration, the coding number

and square brackets should be typeset normally. For example, “Crohn’s

disease (CD) is associated with increased intestinal permeablhtv[1 2 1f

references are cited directly in the text, they should be put together within
< [19,22-24

the text, for example, “From references , we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.nlm.
nih.gov/sites/entrez?db=pubmed and http://www.crossref.org/
SimpleTextQuery/, respectively. The numbers will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the initial
letter capitalized, followed by their abbreviated first and middle initials.
(For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan
as Pan BR). The title of the cited article and italicized journal title
(journal title should be in its abbreviated form as shown in PubMed),
publication date, volume number (in black), start page, and end page
[PMID: 11819634 DOI: 10.3748 /wjg.13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first initials.
(For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as
Pan BR) Book title. Publication number. Publication place: Publication
press, Year: start page and end page.

Format

Journals

English journal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert |, Kubale
R, Feuerbach S, Jung F. Evaluation of quantitative contrast
harmonic imaging to assess malignancy of liver tumors: A
prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/
wijg.13.6350]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect
of Jianpi Yishen decoction in treatment of Pixu-diarrhoea. Shjie
Huaren Xiaohuna Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature of
balancing selection in Arabidopsis. Proc Nat! Acad Sci US.A 20065
In press

Organization as anthor

4 Diabetes Prevention Program Research Group. Hypertension,
insulin, and proinsulin in participants with impaired glucose
tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462



128  ISSN 1007-9327  CN 14-1219/R

World ] Gastroenterol

January 7, 2009 Volume 15  Number 1

PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.09]

Both personal authors and an organization as anthor

5 Vallancien G, Emberton M, Harving N, van Moorselaar R];
Alf-One Study Group. Sexual dysfunction in 1274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail. BM] 2002;
325: 184 [PMID: 12142303 DOI:10.1136/bm;.325.7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.52.7 x]

Issue with no volume

8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen section
analysis in revision total joint arthroplasty. Clin Orthop Relat Res
2002; (401): 230-238 [PMID: 12151900 DOI:10.1097/0000308
6-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10 Sherlock S, Dooley J. Diseases of the liver and billiary system. 9th
ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease:
investigation and basis for therapy. New York: Marcel Dekker,
1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd
ed. Wieczorek RR, editor. White Plains (NY): March of Dimes
Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001 Sep
13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14 Christensen S, Oppacher F. An analysis of Koza's computational
effort statistic for genetic programming, In: Foster JA, Lutton E,
Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming;
EuroGP 2002: Proceedings of the 5th European Conference on
Genetic Programming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin:
Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases. Emerg
Infect Dis serial online, 1995-01-03, cited 1996-06-05; 1(1): 24
screens. Available from: URL: http//www.cdc.gov/ncidod/EID/
eid.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible
endoscopic grasping and cutting device and positioning tool
assembly. United States patent US 20020103498. 2002 Aug 1

Statistical data
Write as mean + SD or mean * SE.

Statistical expression

Express 7 test as 7 (in italics), F test as F (in italics), chi square test as
(in Greek), related coefficient as 7 (in italics), degree of freedom as v (in
Greek), sample number as # (in italics), and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure,
p B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood
glucose concenttration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood CEA mass
concentration, p (CEA) = 8.6 24.5 ug/L; CO, volume fraction, 50
mL/L CO,, not 5% CO,; likewise for 40 g/L formaldehyde, not 10%
formalin; and mass fraction, 8 ng/g, ef. Arabic numerals such as 23,
243, 641 should be read 23243 641.

The format for how to accurately write common units and quantums
can be found at: http://wwwwjgnet.com/wjg/help/14.doc.

Abbreviations
Standard abbreviations should be defined in the abstract and on first

mention in the text. In general, terms should not be abbreviated unless
they are used repeatedly and the abbreviation is helpful to the reader.
Permissible abbreviations are listed in Units, Symbols and Abbreviations:
A Guide for Biological and Medical Editors and Authors (Ed. Baron
DN, 1988) published by The Royal Society of Medicine, London. Certain
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