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Abstract

Severe acute pancreatitis (SAP) develops in about 25%
of patients with acute pancreatitis (AP). Severity of AP
is linked to the presence of systemic organ dysfunctions
and/or necrotizing pancreatitis pathomorphologically.
Risk factors determining independently the outcome of
SAP are early multi-organ failure, infection of necrosis
and extended necrosis (> 50%). Up to one third of
patients with necrotizing pancreatitis develop in the
late course infection of necroses. Morbidity of SAP is
biphasic, in the first week strongly related to early and
persistence of organ or multi-organ dysfunction. Clinical
sepsis caused by infected necrosis leading to multi-organ
failure syndrome (MOFS) occurs in the later course
after the first week. To predict sepsis, MOFS or deaths
in the first 48-72 h, the highest predictive accuracy has
been objectified for procalcitonin and IL-8; the Sepsis-
Related Organ Failure Assessment (SOFA)-score predicts
the outcome in the first 48 h, and provides a daily
assessment of treatment response with a high positive
predictive value. Contrast-enhanced CT provides the
highest diagnostic accuracy for necrotizing pancreatitis
when performed after the first week of disease. Patients
who suffer early organ dysfunctions or at risk of
developing a severe disease require early intensive care
treatment. Early vigorous intravenous fluid replacement
is of foremost importance. The goal is to decrease the
hematocrit or restore normal cardiocirculatory functions.
Antibiotic prophylaxis has not been shown as an effective
preventive treatment. Early enteral feeding is based
on a high level of evidence, resulting in a reduction
of local and systemic infection. Patients suffering
infected necrosis causing clinical sepsis, pancreatic
abscess or surgical acute abdomen are candidates
for early intervention. Hospital mortality of SAP after
interventional or surgical debridement has decreased in
high volume centers to below 20%.

© 2007 WJG. All rights reserved.

Key words: Severe acute pancreatitis; Multiorgan failure
syndrome; Infected necrosis; Fluid replacement; Enteral
feeding; Surgical and interventional debridement

Beger HG, Rau BM. Severe acute pancreatitis: Clinical
course and management. World J Gastroentero/ 2007;
13(38): 5043-5051
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INTRODUCTION

Dealing with the clinical course of acute pancreatitis
(AP) and the management of severe acute pancreatitis
(SAP) are complicated by limited understanding
of pathogenesis and multi-causality of the disease,
uncertainties to predict outcome and a few effective
treatment modalities. AP comprises clinically a mild
oedematous-interstitial inflammation, which is a self-
limiting disease, and a severe type of AP with a local
necrotizing inflammation and systemic complications.
Despite the importance of recognizing severe disease
early in the course, many patients initially identified
as having mild disease, progress to severe pancreatitis
over the initial period of disease. Clinical studies and
experimental new data have led to considerable progress
in understanding the pathophysiological events of the
early period of human AP, but the underlying processes
leading to acinus cell necroses and the propagation of the
necrotizing inflammation by impaired microcirculation of
pancreatic tissue compartments in the initial 48-72 h, are
still unknown to a large extent. Hence, management of
human AP has been empiric and conflicting opinions are
still present regarding medical and surgical management
concepts.

PATTERN OF INFLAMMATION

The tissue response of the pancreas to an injury like
acinus cell necrosis leads to production and liberation

of proinflammatory cytokines, chemokines and other
biological active compounds!™*. Clinical and expetimental
studies have verified activation of local macrophages and
attraction of activated polymorphonuclear cells (PMNs) as
first-line players in the defense and limitation of pancreatic
tissue injury®”’l. Inflammatory mediators are primarily
released from the splanchnic area and gain access to the
systemic compartment mainly by lymphatic, portal vein
and suprahepatic circulation™®. The lungs are the first

www.wjgnet.com



5044 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

October 14, 2007 Volume 13  Number 38

Table 1 Severe acute pancreatitis: Gut barrier dysfunction

causes local changes and systemic complications

Local Systemic consequences
[10,15,16]

Mucosal ischemia [2022]

Disruption of mucosal epithelial
17

Priming of neutrophils
Endotoxemia***!
integrity

Reperfusion injury of mucosal
18]

Bacterial translocation™””

epithelia
Increase of intestinal permeability
Gram-negative intestinal bacterial
overgrowth™

Impaired mucosal immunity

[19] [1,2,28]

Cytokine overproduction

Impaired systemic immunity®*"

[11]

pass taker of the porto-hepatic blood and lymph of the
splanchnic compartments enriched of activated PMNs,
cytokines and other biological active compounds. Gut
barrier failure, with the ensuing translocation of bacteria
and endotoxin, has been proposed as a major contributor
to the development of local infection and multi-organ
failure in SAPPL Evidence of the association between
gut injury and the subsequent development of infected
necroses and distant organ failure continues to increase.
Intestinal permeability disturbances have been found in
humans with SAP 72 h after onset, correlating strongly
with clinical outcome™: the increase of permeability
was significantly higher in patients who developed multi-
organ failure and/or died compared to patients suffering
from mild attacks!"!. Intestinal permeability increases
gradually during the course of SAP reaching a maximum
at the end of the first week™. In a recent prospective
study of patients with AP, endotoxemia as a consequence
of increase of gut permeability was found on the day of
admission to the hospital significantly more common and
of greater magnitude in severe attacks than in those with
mild attacks, in non-survivors than in survivors, and in
patients who developed multi-organ failure than in those
who did not™!" (Table 1).

The peritoneal compartment is the site of pro-
inflammatory reaction to pancreatic necrosis, whereas
an anti-inflammatory response dominates in the lymph
collected from the thoracic duct, as well as in the systemic
circulation during the first week after onset of systemic
complications™. The cytokine levels in the blood and
lymph are closely associated with the severity of illness on
admission, the magnitude of multi-organ failure syndrome
(MOFS) and the outcome as well™?. Correlated with
local and systemic complications, a compartmentalization
of the inflammatory responses has been objectified.
Local inflammatory cytokines at high concentrations
are found in the portal and splanchnic circulation at the
same time when in the systemic blood compartment anti-
inflammatory compounds prevail over inflammatory
cytokines. In SAP, a compensatory anti-inflammatory
response affects the immunocompetence!l. Patients with
SAP show impaired immune response in regard to reduced
HLA-DR expression of monocytes and macrophages®-=4,
reduced numbers of CD4- and CD8-positive T-cells?***,
an impairment of mononuclear phagocytic capacity™ and
an increase of the anti-inflammatory cytokine IL.-10 and
II-1 receptor antagonist?. Reduced immune competence,

www.wjgnet.com

Acute pancreatitis
Pattern of inflammation and systemic complications
MAP (60%-75%) SAP (15%-28%)
IAP/NP < 50% IN/SPN > 50%
Proinflammatory Pro-/Anti-inflammatory

cytokines cytokines Immunosuppression
(2-3 wk)
SIRS ——» OF/MOD ——» SEPSIS ——» MOFS
ESAP <72 h Late mortality
Early mortality

Figure 1 Pattern of inflammation and systemic complications in acute pancreatitis.
MAP: Mild acute pancreatitis; SAP: Severe acute pancreatitis; IAP: Intestinal
oedematous pancreatitis; NP: Necrotizing pancreatitis; IN: Infected necrosis; SPN:
sterile pancreatic necrosis; SIRS: severe inflammatory response syndrome; OF:
Organ failure; MOD: Multiorgan failure; SEPSIS: Leukocytes > 10000/mm’ +
fever > 38.5 rectal/> 48 h + metabolic acidosis base excess > -4 mmol/L; MOFS:
Multiorgan failure syndrome; ESAP: Early severe acute pancreatitis.

as objectified by reduced expression of HLA-DR of
monocytes and macrophages, predicts the development of
organ failure and is associated with secondary infection

(Figure 1).

CLASSIFICATION OF ACUTE

PANCREATITIS

At the beginning of the 1980s, the morphologic
feature of SAP was established by the definition of
infected and sterile necrosis, pancreatic abscess and
postacute pseudocysts as the principal morphologic and
bacteriologic criteria for clinical severity and considered to
be determinants of the clinical courseP”. Macroscopically,
necrotizing pancreatitis is characterized by focal or diffuse
areas of devitalized parenchyma frequently associated
with peripancreatic fatty tissue necroses extending
sometimes to retroperitoneal spaces up to the pelvis.
Intrapancreatic hemorrhage is variably present and may
lead to an acute abdominal compartment syndrome.
Infection of necrosis occurs in up to 30% of all patients
with necrotizing pancreatitis®**. In the clinical setting
of AP, post-acute pseudocysts and pancreatic abscess are
late consequences of the disease™.. In both subgroups of
AP, an inflammatory wall is developed which separates
the inflammatory processes from the surrounding tissues.
Both features have differences in clinical symptomatology
and associated morbidity. Peripancreatic fluid collection
that arises early during the course of AP is frequently a
sign of severity. However, in most instances peripancreatic
fluid collection disappears without any treatment*"l.

The Atlanta Classification is accepted wortldwide as
the first clinical reliable classification system of AP. But
the accumulation of clinical data forces a revision of
the Atlanta criteria of severity. Organ failure has been
recognized as a more important determinant of survival
than the extent of pancreatic necroses. Particularly early
multi-organ failure at admission or in the first days predicts
strongly the clinical course and the outcome. Severity of
organ failure using multi-step criteria as introduced for
septic patients by the SOFA-score is considered clinically
relevant and increasingly applied for severity scoring and
predicting outcome!*l. The SOFA criteria for systemic
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Table 2 Clinical course of AP/SAP

Table 3 Severe acute pancreatitis-early organ failure

Clinical Pathophysiologic process Admission Dynamic of organ failure Hospital mortality
Early: d 1-10 after Hypovolemia Fluid sequestration ESAP SOF  25(53%)  Reversible 9 develop 42%
HA Abdominal pain Liberation of pro- and anti- (n=47) MOF 14 (30%)
ESAP in about 20% Dysfunction inflammatory cytokines MOF 22 (47%)  Reversible 1 progress to
of SAP Pulmonary Endotoxemia MOFS 21 (95%)
Renal SAP OF (-) 30 (27%)
Cardiocirculatory  Liberation of vasoactive (n=111) SOF 26 (23%) 14%
substances MOF 55 (50%)
Liver Disturbance of blood coagulation
Intestine Translocation of endotoxin ESAP: Early severe acute pancreatitis; SOF: Single organ failure; MOF:
and bacteria Multiorgan failure; SAP: Severe acute pancreatitis; OF: Organ failure.
Late > 2 wk Local and systemic Bacterial translocation Reversibility or assistance in spite of maximum intensive care treatment of

after HA septic complications CARS

IN, SPN Anti-inflammatory reaction

Immunosuppression

AP: Acute pancreatitis; SAP: Severe acute pancreatitis; ESAP: Early severe
acute pancreatitis; HA: Hospital admission; IN: Infected necrosis; SPN: Sterile
pancreatic necrosis; CARS: Compensatory antiinflammatory syndrome.

organ dysfunctions are clinically more reliable for decision
making than the Atlanta criteria.

CLINICAL COURSE OF SAP

Acute pancreatitis is not a stable disease. Increasing
amounts of intrapancreatic and retroperitoneal necroses
are closely related to the frequency and severity of local
and systemic complications®). About 70%-80% of AP
takes a mild course and is associated only with minimal
organ dysfunctions. First clinical signs are abdominal
pain located in the epigastrium, frequently radiating
into the midback (Table 2). Clinical improvement can
casily be achieved by fluid replacement, a pain treatment
and re-institution of regular food intake. The initial 2-4
d after onset of symptoms are most important, when
about 15%-25% of patients with AP take the course of
a severe disease. Based on clinical and experimental data,
this period is characterized by an initial hypovolaemic
state®™*. In SAP, hypotension ot even shock occurs as
a consequence of sequestration of protein-rich fluids
into the pancreas, the retroperitoneal spaces and the
abdominal cavity. The initial systemic inflammatory
response syndrome causes a hyperinflammatory
reaction exerting systemic organ dysfunctions of the
lungs, kidneys, cardiocirculatory system and splanchnic
intestinal compartments***. Acute fluid collections
arise early in the course of severe acute pancreatitis,
lack a well-defined wall and are usually peripancreatic in
location, and usually resolve without sequelae but may
evolve into pancreatic pseudocysts or abscesses. Acute
fluid collections rarely require drainage. About 60%-70%
of fluid collection resolves spontaneously and has no
connection with the pancreatic duct system!"".

EARLY SEVERE ACUTE PANCREATITIS
About 20% of patients with SAP develop in the 72 h

after onset of the disease organ failure or even have
organ- or multi-organ failure at admission to hospitals!*.
Despite application of maximum intensive care treatment,

early organ failure or early organ failure syndrome (i = 158)".

30%-50% of the patients with early severe acute
pancreatitis do not promptly respond to ICU treatment
and take a complicated course with persistence of multi-
system organ dysfunctions. Patients suffering from early
and persistent multi-organ insufficiency syndrome have a
high risk of mortality®). Recently it has been shown that
severe organ failure within the first week after onset of
AP before any kind of intervention is closely linked to
clinically relevant pancreatic infection which occurs two
weeks later®. Early multi-organ dysfunction syndrome
(MODS) obviously triggers additional mechanisms that
render bacterial translocation into clinically manifested
sepsis. Harly onset MODS > 2 organs has proved to be
the predominant risk factor for death. Early mortality in
the first 6-10 d of SAP is caused by severe inflammatory
response syndrome (SIRS) associated with early multi-
organ insufficiency syndrome (Table 3). Early mortality
was reported between 42% and 60%°,

Presence of necrosis and infection
Gross destruction of the pancreatic gland by tissue
necroses is observed in about 20% of patients with AP and
takes place in the first week after onset®. Experimental
and clinical observations reveal that development of
pancreatic necrosis is accompanied by an increase of local
and systemic organ complications, increasing the risk
of morbidity and mortality compared to patients with
interstitial-oedematous pancreatitis®*? (Figure 2). Most
patients who develop early or late organ failure suffer from
necrotizing pancreatitis. Autopsy data and surgical results
have verified that more than 80% of deaths ate correlated
with the presence of necroses. The highest risk for local
and systemic complications is seen in patients who show
extended necrosis of more than = 50% of the pancreas
by magnetic resonance tomography (MRT) or contrast-
enhanced computer tomography (CECT)P7*. Patients
with sterile extended pancreatic necroses (> 50%) display
clinically signs of sepsis including organ dysfunctions,
septic fever, leucocytosis, hyperdynamic cardiocirculatory
state and intestinal motility disorder. To discriminate
clinical infection from sterile necrosis, the use of sepsis
criteria is not reliable in patients with extended sterile
necrosis.

In addition to the presence of pancreatic parenchymal
necrosis, the occurrence and extent of the necrotizing
process into extrapancreatic retroperitoneal fatty tissue

www.wjgnet.com
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Incidence of pancreatic infection
50

46.5%
45 -
b
40 37.5%
351
30
< b
BE L 225%
20
15+
1o 21/56 27/68
sl

0
< 30% necrosis'  30%-50% necrosis’ > 50% necrosis’

Figure 2 Relation between bacterial infection and extent of necrosis in 225
patients with severe acute pancreatitis. 'On the basis of contrast-enhanced CT.
°P = 0.008 between the groups, Cochran-Armitage trend test.

spaces including tissue compartments of the mesentery
of the small and large bowel, the peri-renal fat and the
para- and retrocolic compartments, are important factors
influencing the course of the disease and strongly affect
the clinical severity®!. The overall infection rate of
pancreatic tissue in necrotizing pancreatitis is up to 30%
and may increase to 70% in the 3™ wki*”! (Table 4).

The setting of pancreatic infection includes infected
necrosis, pancreatic abscess and infected pancreatic
pseudocysts. The bacteriological analysis of puncture
aspirates or of intraoperative smears reveals predominantly
gram-negative microbes deriving from the intestine.
Escherichia coli was the most frequent pathogen followed
by Enterococcns and Klebsiella®”. However, in recent
years a shift of the bacterial pattern has been observed
towards more gram-positive bacteria like Staph anreus and
Enterobacteriacead® V. The presence of candida species
in infected necroses has been observed in 5%-15%2.
Candida patients have a higher mortality and experience
more systemic complications than patients without candida
infections of necroses. Recent data about the routine
use of prophylactic antibiotics provided evidence that
application of antibiotics contributes to the development
of candida infection and to changes in bacterial spectrum
of infected necroses with an increased incidence of gram-
positive infections!®63,

CT-guided fine needle aspiration (FNA) of the necrotic
area is a safe procedure to diagnose infection, identify
bacteria and institute appropriate therapy. To distinguish
pancreatic inflaimmation from secondary infection, gram
staining and culture must be performed after guided
aspiration!®. The knowledge of the bacteria and candida
species and the pattern of chemo-resistance may lead to a
rational antibiotic treatment.

MANAGEMENT OF SAP: PREDICTION OF
SEVERITY AND OUTCOME

The management of patients with AP is challenging due
to late hospitalization after onset of the acute attack and
difficulty in distinguishing mild from severe disease in
the first 48-72 h. Identification of risk factors for the
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Table 4 Frequency of pancreatic infection in 427 patients’

with necrotizing pancreatitis

NP (%) AP (%)
Infected necrosis 29 23.2 6.9
Pancreatic abscess 40 9.4 2.8
Infected pseudocyst
after AP 7 1.6 0.5
Total 146 34.2 10.1

'Pancreatic necrosis/extrapancreatic fatty tissue necrosis, pancreatic abscess,
postacute pseudocyst. °5/1982-12/1996 Department of General Surgery,
University of Ulm.

development of necrotizing pancreatitis within the initial
24 h of hospitalization is of potential clinical importance.
Patients who display at admission organ dysfunctions or
an Apache II score = 8% or C-reactive protein (CRP)
> 120 mg/dL or procalcitonin > 1.8 ng/mLI! or a
hematoctit > 44" should have eatly intensive cate for
optimal surveillance and ICU treatment. The use of early
CECT or MRI for determination of severity is limited by
several factors: (a) only a quarter of patients with acute
pancreatitis develop necroses; (b) pancreatic necroses
may not develop in the first 48 h; and (c) the presence of
pancreatic necroses and the amount of necroses does not
strongly correlate with the development of organ failure
(Figure 3)I®l. The CECT based Balthazar classification
shows the highest diagnostic and predictive accuracy
when performed after the first week of disease. The
APACHE 1 scoring and the sequential Sepsis-Related
Organ Failure Assessment (SOFA) have a highly reliable
sensitivity and specificity and positive predictive value for
the degree of severity of SAP. APACHE II -, Marshall-
and SOFA score can objectify the responses of the
patients to intensive care measures (Table 5) on a daily
basis. The biochemical parameters, CRP, procalcitonin
and IL.-8 have a high predictive accuracy for the degree
of severity of necrotising pancreatitis in the first days.
Procalcitonin > 1.4 ng/mL has a diagnostic accuracy of
70% for infection of necrosis; and procalcitonin of >
3.8 ng/mL predicts MODS with a diagnostic accuracy of
92%™ (Table 6).

First line treatment of SAP
Admission hematocrit of > 47 and a failure of admission
hematocrit to decrease at 24 h has been identified as
reliable criteria of hemoconcentration of SAP in the very
early period of the disease***!. Vigorous intravenous
fluid resuscitation is required to overcome systemic
hypovolemia caused by intravascular fluid loss!">7l.
Intravenous fluid substitution for patients with predicted
SAP should be established with 250-350 mL/h for the
first 48 h!*4. Restoration of normal cardiocirculatory
functions objectified by heart-rate, systolic or mean
arterial blood pressure, an oxygen saturation of venous
blood of > 95%, absence of a base deficit > 5 pmol/L
and urine flow of = 50 mL/h are decisive criteria of
treatment response.

In mild biliary acute pancreatitis, endoscopic retrograde
cholangiopancreatography (ERCP) and removal of
common bile duct stones do not change the natural course
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Algorithm for clinical decision-making in
acute pancreatitis

Patient with abdominal pain, case history,
clinical feature, and
serum enzymes
Acute pancreatitis
Discrimination: AIP-NP
CRP > 140 mg/L, Apache 11 > 8
Ultrasonography, CECT

Predicted mild Predicted severe
edematous-interstitial necrotizing pancreatitis
pancreatitis ICU treatment

CECT (> 6 d after
hosp admission)
Antibiotic prophylaxis?
Early enteral

nutrition FNP

Non-surgical management

Daily CRP/LDH

Ultrasonography / \
Non surgical Surgery
Biliary pancreatitis Without MOF FNP positive+Sepsis

Focal necrosis
30%-50% necrosis
FNP + without sepsis

Surg acute abdomen
> 50% necrosis?
Pancreatic abscess
Severe abdominal
bleeding

Early ERC + ES
Late LapCE

Figure 3 Algorithm for clinical decision making in acute pancreatitis. AIP: Acute
interstitial pancreatitis; NP: Necrotizing pancreatitis; CRP: C reactive protein;
CECT: Contrast-enhanced computer tomography; LDH: Lactate dehydrogenase;
ERC: Endoscopic retrograde cholangiography; ES: Endoscopic sphincterotomy;
CE: Laparoscopic cholecystectomy; FNP: Fine needle procedure; MOF: Multiorgan
failure syndrome.

Table 5 Severe acute pancreatitis: Clinical systems to predict

prognosis

Cut-off Time Reference
Ranson >2points >48h SGO 19747
Apache I >9 points  daily Br ] Surg 1990
Balthazar C, D, E > first week Radiology 19901
Marshall score >3 points 72h Crit Car Med 1995
MOF/ Goris >1point 48h Arch Surg 1985’
SOFA >4 points 48 h/d Crit Car Med 1996""

MOF: Multiorgan failure; SOFA: Sepsis-related organ failure assessment.

of pancreatitis. ERCP, endoscopic sphincterotomy and
stone removal are applied after subsidence of clinical signs
of AP. In severe biliary pancreatitis, eatly sphincterotomy
and stone extraction are beneficial when common bile duct
stone has been diagnosed to be associated with SAP. Early
endoscopic extraction of common bile duct stones brings
about disappearance of cholestasis and decompression
of the pancreatic main duct. A significant reduction of
biliary and systemic morbidity has been objectified by
two randomized controlled ttials (RCTs)"*7. Howevet,
ERCP and sphincterotomy in SAP increases the risk of an
additional pancreatitic trauma in up to 10% of patients and
may increase the risk of additional cholangitis episodes
during the course of SAP.

Antibiotic prophylaxis turned out to be not very effective
in regard to avoidance or reduction of infection of necrosis
and associated systemic complications. Two randomized

Table 6 Early prediction of infected necrosis, infected necrosis

+ MODS and death using biochemical parameters

Cut-off Sensitivity Specificity Accuracy
(%) (%) (%)

Prediction of infected necrosis

PCT =>1.4ng/mL 75 68 69"

CRP =400 mg/L 29 92 76
Prediction of infected necrosis and MODS

PCT = 3.8 ng/mL 80 93 92°

CRP =410 mg/L 35 93 87
Prediction of death

PCT = 3.8 ng/mL 82 88 88"
Prediction of IN and MODS or death

PCT = 3.8 ng/mL 76 94 92°

CRP =400 mg/L 35 92 84

PCT: Randomized controlled trial; CRP: C reactive protein; MODS:
Multiorgan dysfunction syndrome; IN: Infected necrosis. Receiver operating
curve-analysis based on d 3 and 4 onset of symptoms, ‘P < 0.05-0.004, Rau,
Annals of Surgery 20077,

Table 7 Severe acute pancreatitis-antibiotic prophylaxis

is inefficient in severe acute pancreatitis; results of two
randomized controlled double-blind multicentric trials

[791

Isenmann Dellinger®®”!
2004 P value 2005 P value
Patients (1) 114 100
Treatment (1) 48 40
Placebo (1) 41 40
Infection of necrosis
Treatment 12%' NS 23%” NS
Placebo 14%' 15%”
Need for surgery
Treatment 17%' NS 23%” NS
Placebo 11%" 24%
Hospital mortality
Treatment 12%" NS 20%" NS
Placebo 9%" 18%”

'Statistical comparison of treatment and placebo group data 2004; *Data 2005.

double blinded prospective controlled multi-center trials
proved antibiotic prophylaxis ineffective in regard to
reduction of infection of necrosis and hospital mortality™”
(Table 7). But patients with pulmonary infection and who
show a positive blood culture associated with signs of sepsis
should be treated with antibiotics. Enteral feeding (EN) in
SAP reduces significantly the infection rate of necrosis and
lowers the need for surgical interventions®™ . However,
hospital mortality and non-infectious complications are not
altered by enteral feeding compared to parenteral nutrition
(Table 8). The beneficial effect of EN may be more
pronounced if it is instituted early®!.

Non-surgical ICU-management is successful in most
patients with AP who have sterile pancreatic necroses and
who do not develop organ failure (Table 9). Patients having
pancreatic necroses and who are fine needle procedure
(FNP)-positive but do not show clinical signs of sepsis, do

not need surgical intervention®*,

Interventional treatment of infected necrosis
Surgical debridement has been documented to be

www.wjgnet.com
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Table 8 Severe acute pancreatitis-enteral feeding reduces

infection in the need for surgical intervention

Table 10 Results of open surgical debridement of necrotizing

pancreatitis using surgical debridement and local bursa lavage

Benefits of enteral nutrition Lower infections (P = 0.004)

Reduced surgical interventions (P = 0.05)
Reduced LHS-2.9 d (P < 0.001)

Hospital mortality (P = 0.3)

Non-infectious complications (P = 0.16)

Differences

LHS: Length of hospital stay. Enteral feeding vs parenteral nutrition, results
of 6 RCTs, meta-analysis of 263 patients ™!,

Table 9 Severe acute pancreatitis-surgical and non-surgical

treatment: Ulm Experience: 1568 patients' 7 (%)

Patients  Conservative Surgery/Intervention
Interstitial-oedematous 1071 (68.3) 1056 ( 98.6) 15 (1.4)°
Necrotizing pancreatitis 359 (22.9) 95 (26.5) 264 (73.5)
Sterile necrosis 227 85 (37.5) 142 (62.5)
Infected necrosis 132 10 (7.6) 122 (92.4)
Pancreatic abscess 42 (2.7) 3(7.1) 39 (92.9)
Postacute pseudocyst 96 (6.1) 22 (22.9) 74 (77.1)

'5/1982-12/1999 Department of General Surgery, University of Ulm,
Germany. “Biliary tract surgery not included.

effective for patients with proven infected necrosis
and progressive clinical sepsis. Patients with SAP who
develop a surgical acute abdomen during the course
of ICU treatment need emergency surgery to avoid
development of abdominal compartment syndromel®’
or consequences of intestinal perforations. Patients with
extended sterile necrosis (> 50% of the pancreas) are at
high risk for infected necrosis with the consequence of
progressive MODS. These patients are candidates for
surgical and interventional measures after their clinical
signs show non-response to maximum intensive care
treatment. Patients with infected necrosis are managed
by surgical and interventional treatment modalities
(Table 10).

A variety of surgical treatment modalities are currently
in use. The advantages of minimally invasive interventional
debridement, whether performed by laparoscopic
techniques or by a retroperitoneal approach, are up to now
not based on results of controlled clinical trials. By use of
minimal invasive techniques for infected necrosis in the late
course of disease, the morbidity remains high for several
days. Two to 7 reoperations with lavage are necessary to
interrupt systemic complications of the local inflammatory
process”! (Table 11). An open surgical debridement
combined with continuous short-term lavage of the lesser
sack interrupts clinical sepsis in patients suffering from
extended necrosis with infection accompanied by multi-
system organ failure. The eatly treatment related morbidity
is much lower in patients treated with open surgery than
after first pass of minimal invasive debridement. The
frequency of reoperation is between 25% and 40% and
up to 100% in patients after minimal access intervention.
Hospital mortality in high volume centers is below 20%
after open necrosectomy plus bursa lavage and after
minimal invasive surgical approach as well.

www.wjgnet.com

Complication Hospital mortality

n  Postop, n (%) Reop, n (%) n (%)
Pederzoli 1990°” 191 55 (29) 34 (18) 40 (21)
Beger 1999 221 122 (55) 93 (42) 46 (21)
Mai 2000""! 27 10 (37) 6 (22) 5 (18)
Hungness 2002 26 4 (15.4) 6 (23)
Farkas 2006*! 220  43% 48 (22) 17 (7.7)
Howard 20077 102 83 (81) 69 (68) 12 (11.8)
1990-2007 787 43% 29.60% 14.70%

Table 11 Results of minimal invasive interventional treatment

of necrotizing pancreatitis: Minimal invasive debridement +
local lavage

n Infect. Apache Time Early OP/ Hospital

necrosis 1 0-S morbidity pts mortality

(%) (%) (%)
Freeny 1998 34 100 - 20
Goiuzi 1999 32 81 26 15
Carter 2000”10 90 24d 10 3 20
Horvath 2001 6 100 33 0
Castellanos 15 100 40 27
20021
Connor 2003 24 58 8 88 4 25
Zhou 2003"™ 12 58 72/102 0
Connor 2005 47 81 9 28d 92 3 19
1998-2006 156 pts 83 70.6 183

OP: Operation per patient; O: Onset of disease; S: Surgery.
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Abstract

Adult polycystic liver disease (PCLD) is an autosomal
dominant condition commonly associated with autosomal
dominant polycystic kidney disease (ADPKD). However
in the last decade, it has been recognized that there is
a distinct form of autosomal dominant PCLD that arises
without concomitant ADPKD. Early knowledge of the
pathogenesis was gained from the study of hepatic
cysts in patients with ADPKD. Bile duct overgrowth
after embryogenesis results in cystic hepatic dilatations
that are known as biliary microhamartomas or von
Meyenburg complexes. Further dilatation arises from
cellular proliferation and fluid secretion into these cysts.
There is a variable, broad spectrum of manifestations
of PCLD. Although PCLD is most often asymptomatic,
massive hepatomegaly can lead to disabling symptoms
of abdominal pain, early satiety, persistent nausea,
dyspnea, ascites, biliary obstruction, and lower body
edema. Complications of PCLD include cyst rupture
and cyst infection. Also, there are associated medical
problems, especially intracranial aneurysms and valvular
heart disease, which clinicians need to be aware of
and evaluate in patients with PCLD. In asymptomatic
patients, no treatment is indicated for PCLD. In the
symptomatic patient, surgical therapy is the mainstay
of treatment tailored to the extent of disease for each
patient. Management options include cyst aspiration
and sclerosis, open or laparoscopic fenestration, liver
resection with fenestration, and liver transplantation.
The surgical literature discussing treatment of PCLD,
including techniques, outcomes, and complication rates,
are summarized in this review.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Adult polycystic liver disease (PCLD) was first described
in 1856 by Bristowe in association with autosomal
dominant polycystic kidney disease (ADPKD)"". PCLD is
a rare (incidence < 0.01%) dominantly inherited disorder
characterized by multiple diffuse cystic lesions of the liver
patenchyma. An asymptomatic enlarged liver is usually
the hallmark of the disease. However with more effective
treatment of renal disease, increasing numbers of patients
are living long enough to experience symptoms from their
associated polycystic liver disease. Significant symptoms
or complications from liver involvement can occur in up
to 20 percent of cases™. In symptomatic PCLD patients,
surgical therapy is the mainstay of therapy including
laparoscopic or open fenestration with or without hepatic
resection and orthotopic liver transplantation. The surgical
therapy should be tailored to the extent of disease in each
patient. In this review, we will summarize the literature
addressing the clinical presentation, associated medical
problems, and appropriate surgical management of
patients with adult polycystic liver disease.

PATHOGENESIS AND GENETIC BASIS OF
POLYCYSTIC LIVER DISEASE

Although there is an isolated form of polycystic liver
disease, knowledge concerning the pathogenesis of
hepatic cysts was gained from the study of hepatic cysts in
ADPKD. These lesions have been attributed to bile duct
overgrowth after the arrest of embryogenesis and failure
of the intralobar bile ducts to involute. This involutional
failure results in cystic dilations that are known as biliary
microhamartomas or von Meyenburg complexes (VMC) “
Further study of these VMC confirmed that they maintain
communication with the biliary tree™’. The growth of
cysts in the liver is thought to arise from cell proliferation,
solute and fluid secretion into the cysts, and expansion
of abnormal cell matrices. Perrone and colleagues
demonstrated, via culture derived epithelial cell lines, that
these cysts are of biliary origin'’. Morphological studies
demonstrate that the peripheral cysts arise from biliary
microhamartomas, but the centrally located cysts arise
from dilatation of the peribiliary glands in the liver™.
ADPKD is one of the most commonly inherited
diseases with an incidence of 1 in 400 to 1 in 1000. It is
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Figure 1 A: Type I PCLD; B: Type I PCLD; C: Type Il PCLD.

a cause of 8%-10% of all chronic end-stage renal failure
requiring dialysis”. The number of ADPKD patients with
hepatic involvement appears to be rising, likely due to
increased life expectancy from improved renal replacement
therapy and renal transplantation. Early literature
suggested that 40%-50% of patients with ADPKD had
polycystic liver disease!™"", but in more recent literature,
this figure has increased to 75%-90%"". Independent risk
factors for hepatic involvement in the ADPKD include
advancing patient age, female gender, and severity of renal
disease. The increased prevalence in females may be due to
stimulatory effects of estrogen. The reported prevalence
of hepatic cysts in female patients with ADPKD ranges
from 58% to 75% while the prevalence in male patients
ranged from 42% to 62%'"”. Further support for the
stimulatory effect of estrogen comes from studies showing
an increase in liver cyst volume in pregnant women and
women receiving postmenopausal estrogen therapym].
Finally, a correlation has been established between an
increasing burden of hepatic cysts in patients as the
severity of renal cystic disease increases' .

The first suggestions of an isolated form of polycystic
liver disease were made in the mid-1980%">'" and
confirmation that there was a distinct autosomal dominant
polycystic liver disease (ADPLD) occurred in the late
1990, ADPLD, much rarer than its PKD counterpart,
has a reported incidence of less than 0.01%. ADPLD is
linked to a mutation on chromosome 19 that leads to a
mutated protein hepatocystin which may play a role in

abnormal biliary cell proliferation and differentiation”*",

CLINICAL PRESENTATION

In 80% of patients, PCLD is asymptomatic I and often
diagnosed incidentally during work-up of other clinical
problems. In patients with long-standing disease, the most
frequent symptoms are abdominal pain, early satiety, nausea
and vomiting, supine shortness of breath, lower body
edema, biliary obstruction, and ascites. These symptoms
are usually indicative of significant hepatic enlargement or

23

compression of adjacent structures, but rarely can be from
infection or malignant transformation”*!. Laboratory
studies including bilirubin, hepatic transaminases (AST
and ALT), alkaline phosphatase, and gamma glutamyl

transferase (GGT) are usually normal in asymptomatic
patients. In symptomatic patients undergoing evaluation,
alkaline phosphatase and GGT may be elevated in up to
47% and 70% of patients respectively™**. AST may be
clevated in up to 27% of patients and bilirubin levels may
be elevated in up to 15%4,

CLASSIFICATION OF APLD

Gigot and coauthors have described a detailed
classification scheme for patients with polycystic liver
disease based on pre-operative computed tomography
(CT). This description is based on the number and size
of cysts as well as the amount of residual normal liver
parenchyma between the cysts™. Type 1 patients have a
limited number (< 10) of large cysts with large areas of
non-cystic parenchyma (Figure 1A). Patients with Type
II PCLD have diffuse involvement of liver parenchyma
by medium sized cysts with remaining large areas of non-
cystic parenchyma (Figure 1B). Finally, Type Il patients
are characterized by massive, diffuse involvement of liver
parenchyma by small and medium sized liver cysts and
only a few areas of normal liver parenchyma between
cysts (Figure 1C). This classification system offers a
good platform for comparison of morphological disease
between patients and their classification can aid us in
formulating appropriate plans for therapy.

HEPATIC COMPLICATIONS OF
POLYCYSTIC LIVER DISEASE

Hepatic complications from polycystic liver disease
(PCLD) typically occur only in the setting of significant
hepatomegaly. These cases usually present with a palpable
abdominal mass, significant abdominal pain, early satiety,
ot dyspnea. Occasionally, severe abdominal pain will result
from rupture of a hepatic cyst, hemorrhage into a cyst

or if a cyst becomes infected™™. Despite longstanding
polycystic liver involvement, only rarely does this entity
lead to hepatic insufficiency or failure. The displaced
hepatic parenchyma still functions quite well.

An infected hepatic cyst is a serious, but rare,
complication. These patients will usually present with
fever, leukocytosis, and right upper quadrant pain. This
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acute presentation should be suspected in this population
and treated early to prevent progression to bacteremia,
sepsis, and death. The morbidity and mortality rates
of a cyst infection have been reported at 3% and 2%
respectively™. Thus there should be early institution of
antibiotics and a drainage procedure. Telenti and coauthors
reviewed outcomes of patient’s with infected hepatic
cysts and strongly supported the use of antibiotics and a
drainage procedure™. In their review of 14 patients with
infectious complications involving hepatic cysts, seven of
the fourteen patients received antibiotics alone. Of these
patients, two died without having a drainage procedure,
four patients underwent drainage after their symptoms
persisted through antibiotic therapy, and one patient was
not offered drainage due to the difficult location of the
infected cyst. In the seven patients treated with combined
drainage and antibiotics, one patient died from post-
operative sepsis and one died from unrelated causes,
while five patients had no reported morbidity from their
procedures. While this literature favors antibiotic therapy
along with drainage, it is often difficult to determine which
cyst(s) is/are actually infected. Imaging studies can often
direct us toward an area of suspicion. On CT scanning,
the finding of fluid-fluid levels within cysts, cystic wall
thickening, or intracystic bubbles have been associated
with infection of a hepatic cyst””. Ultimately drainage of
the suspected cyst provides the definitive answer whether
this is from the open approach or percutaneously. In those
cases where the cyst is too small or cannot be accurately
identified on preoperative imaging, broad spectrum
antibiotics should be instituted with narrowing of the
spectrum if blood cultures implicate a specific organism'™
Rarely, jaundice occurs as a result of cystic compression
of the biliary system. This manifests as a result of the
normal progression of cyst growth and compression
of the common hepatic duct or common bile duct™,
Relief of this obstruction is accomplished by surgical
decompression or resection of the offending cysts.

ASSOCIATED MEDICAL CONDITIONS

Intracranial aneurysms and their association with ADPKD
have been described”". There also may be increased
risk for intracranial aneurysm, rupture, or dissection
with ADPLD. Geevargheese and colleagues estimated
the prevalence of intracranial aneurysms within this
population to be 10%. Because cerebral aneurysms
can be a source of morbidity and mortality in these
patients, they recommended screening by magnetic
resonance angiography (MRA) or computed tomographic
angiography (CTA) in all patients with PCLD". Also,
Qian and coauthors reported an association between
ADPLD and increased risk for intracranial aneurysms.
In their cohort, six percent of patients with genetically
confirmed ADPLD were found to have either intracranial
aneurysm or dissection””. Although there are no definitive
recommendations, these reports should encourage

screening radiography and treatment prior to any surgical
intervention for their PCLD.

Other associated medical conditions with ADPKD and
ADPLD that clinicians should be aware of are valvular
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heart disease and pancreatic cysts. Classically, the valvular
disease most frequently described has been mitral valve
prolapse and mitral valve incompetence. In their clinical
profile of ADPLD patients, Qian ¢ a/ estimated that
mitral valve prolapse occurred in up to 26% of ADPLD
patients and mitral valve incompetence in up to 31% of
this population®™. This indicates cardiac evaluation in
patients with ADPLD. Finally, patients with ADPKD may
have asymptomatic cysts within multiple organs, including
the pancreas, spleen, ovaries, and lungs. Pancreatic cysts
are the most common of the extrarenal cysts with a
reported[L3 4h;]cidence of 9% among ADPKD patients over

30 years™ .

THERAPEUTIC OPTIONS FOR APLD

The primary aims of surgical therapy for polycystic liver
disease should be to significantly reduce the size of the
polycystic liver without compromising liver function, and
to provide long-term relief of symptoms. There is no clear
consensus regarding the optimum timing of intervention
and the surgical approach is based in part on the number,
size, and location of the cysts. All patients should be
carefully evaluated for significant symptoms and degree
of disability, as well as the degree of hepatic and renal
dysfunction that could affect morbidity and mortality. In
addition, patients should be made aware of the risk and
limitations of the surgery prior to proceeding with any
surgical management.

In high risk patients and those with a large dominant
cyst, percutaneous aspiration and sclerosis of cysts has
been proposed as a feasible option but is associated with
higher recurrence rates” ", Surgical options include:
laparoscopic fenestration and/or resection, open
fenestration and/or resection, and liver transplantation.

FENESTRATION

Prior to the advent of laparoscopic techniques, open
fenestration was the standard therapy for patients with
symptomatic PCLD. The technique of fenestration was first
described by Lin and coauthors in 1968, This technique
involves de-roofing and performing the widest possible
excision of the cyst wall back to the interface of the liver
parenchyma. This approach allows visualization, fenestration,
and drainage of superficial and deeply seated cysts within
the hepatic parenchyma and internal drainage within the
petitoneal cavity. The site of fenestration must be carefully
selected to avoid any bleeding or leakage of bile. Destruction
of the fluid producing epithelial cyst lining, with cautery or
Argon beam coagulation, may be helpful to reduce continual
fluid loss from the fenestrated cysts. Patients, having type [
PCLD, with supetficial and large cysts of limited number are
the best candidates for this procedure.

With the introduction of laparoscopy, there are
increasing numbers of reports of laparoscopic fenestration
of patients with PCLD"***™* Tt can be performed with
similar morbidity and mortality as the open fenestration,
but this approach must be utilized in the appropriate
population. Patients with majority of their cysts in
segments VI, VI, and often VI (when there is marked
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Table 1 Open and Laparoscopic fenestration for polycystic liver disease

Reference No. of patients  Technique (7) Mortality (%) Morbidity (%) Mean follow-up Rate of symptom Re-operation
(mo) recurrence (%) (%)
Lin™ 3 Open 0 0 32 0 0
Van Erpecum®®! 9 Open 1(11) 0 48 0 0
Turnage'” 5 Open 1(20) 1(20) 10 40 0
Sanchez'”! 7 Open 0 NR 18 57 0
Farges'®! 13 Open 0 9 (69) 84 23 0
Gigot™ 10 Open (9) 0 6 (60) 73 1 1
Lap (1) 0 0 0 0
Koperna*! 39 Open (34) 0 NR 75 21 21
Lap (5) 0 NR 0 0
Morino*” 9 Lap (9) 0 4 (44) NR 40 NR
Conv. (2)
Kabbej™" 13 Lap (13) 0 7 (54) 26 72 23
Martin*! 13 Open (6) 0 2 (33) 9% 20 20
Lap (7) 0 2 (29) 37 71 71
Katkhouda'! 9 Lap (9) 0 3 (33) 30 1 1
Conv. (1)
Fiamingo™®! 6 Lap 3 (50) 1-67 25 0
Marks'"! 6 Lap 0 4 (67) 2.72' 14 0

Lap: Laparoscopic; Conv: Converted from Laparoscopic to Open; NR: Not reported. 'Follow-up range in months.

hepatomegaly) and patients with deeply seated cysts that
are difficult to visualize and fenestrate with laparoscopy
may be better candidates for open fenestration. From the
published series, these patients have a higher recurrence
rate after laparoscopic fenestration due to the inability
to adequately fenestrate all of their cysts[42’43’461. The 13
published series describing open and/or laparoscopic
fenestration are summarized in Table 1.

Koperna and colleagues reported the largest series
of patients who underwent open or laparoscopic
fenestration for PCLD. In their series, thirty-nine out of
forty-four patients underwent a fenestration (34 open
and 5 laparoscopic) for their symptomatic polycystic liver
disease, while the other four underwent hepatic resection.
In their experience, those patients with multiple cysts of
5 cm or greater had a higher likelihood of recurrence
as compared with patients having fewer and smaller
cysts (27% vs 13%). They performed both techniques
of fenestration with no mortalities and commented that
the most common morbidity was post-operative ascites.
They had a mean follow-up of seventy-five months with
similar overall recurrence rates between the open and
laparoscopic groups (13% vs 11%). They concluded that in
the appropriate PCLD patients, laparoscopic fenestration
should replace open fenestration because it has similar
rates of success along with similar morbidity and mortality
rates*'. Hepatic resection should be reserved for those
patients with massive enlargement of the liver that would
not benefit from simple fenestration. Combining all
patients undergoing open or laparoscopic fenestration
(Table 1), there was an overall high morbidity and low
mortality rate of 30% and 1%, respectively. Despite an
adequate fenestration, there is a moderate recurrence of
symptoms and rate of re-operation (Table 1). There must
be a careful evaluation of the extent of each patient’s
disease to determine whether fenestration alone or
resection with fenestration should be recommended.

HEPATIC RESECTION WITH
FENESTRATION

The combination of hepatic resection with fenestration
appears to be a valuable option for those patients with
symptomatic PCLD and more severe parenchymal
involvement. Most of these patients are classified as
Type I or Il PCLD, based on Gigot’s classification™.
Fenestration alone in this group is rarely successful because
the liver parenchyma is more rigid due to the fibrosis
around the cysts and the cysts do not collapse as expected
after fenestration. However, combined fenestration and
resection allows for the removal of multiple segments that
are grossly affected and allows for reduction in liver mass.
Likewise, the large superficial and deep-seated cysts within
remnant segments with more normal parenchyma can also
undergo fenestration. The 10 published series are reviewed
in Table 2.

The largest experience is reported by Que ¢ a/ in
a long-term follow up of 31 patients. The majority of
the patients in this group had more severe parenchymal
involvement (type Il and Il PCLD) necessitating resection
combined with fenestration. The extent and type of
liver resection depended on severity of disease with 13
patients undergoing lobectomies, 2 undergoing extended
liver resections, and 16 non-anatomic liver resections.
An average of 4 liver segments were resected per patient
with an average weight of the resected tissue being 3.9 kg
(8.6 1bs)"*”. Their mortality rate was 3% which is
consistent with the other larger reported series which
range from 3%-10% (Table 2). Despite a low mortality
rate, the morbidity rates associated with this procedure
are high and must be considered. This series reported
a morbidity rate of 58%, while in other series the
morbidity rates range from 20% to 100%. The most
commonly reported morbidities are ascites, pleural
effusions, transient biliary leaks, bleeding, and wound

www.wjgnet.com
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Table 2 Hepatic resection with and without fenestration for polycystic liver disease

Author No. of patients Technique () Mortality (%) Morbidity (%) Mean follow- Rate of symptom Re-operation
up (mo) recurrence (%) (%)
Turnage'’ 3 Fen & Res 2 (67) 2 (67) 9.6 33 0
Vauthey? 5 Fen & Res 0 5 (100) 14 0 0
Henne-Bruns™! 8 Fen & Res 0 3 (38) 15 50 0
Que®™! 31 Fen & Res 1) 18 (58) 28 3 0
Soravia*’! 10 Fen & Res 1(10) 2 (20) 68 33 11
Koperna*" 5 Fen & Res 0 NR NR 0 0
Martin*’ 9 Res 0 6 (67) 9 33 0
Vons™ 12 Res 1(8) 10 (83) 34 17 0
Hansman'" 2 Res 0 0 NR 100 0
Yang"™ 7 Fen & Res 0 7 (100) 20 100 0

Fen: Fenestration; Res: Resection; NR: Not reported.

. . 2434752
infection™**4

. Que and coauthors had excellent results
with an extremely low recurrence rate with 30 out of 31
patients remaining asymptomatic at a median follow-up of
28 mo. Importantly, they felt the extent of resection and
fenestration was important for good long term outcomes.
Overall, most of these patients had an improvement
in their quality of life and functional status without
deterioration in their hepatic or renal function™. Although
there are high morbidity rates, resection and fenestration
provides patients' with severe parenchymal involvement
an opportunity for symptomatic and clinical improvement
with an acceptable recurrence rate.

LIVER TRANSPLANTATION

Liver transplantation as treatment for advanced PCLD,
while more accepted in recent literature, still has a

limited role in management of these patients. Although
a majority of PCLD patients have normal liver function,
orthotopic and living donor liver transplantation have
been successfully utilized in the treatment of symptomatic
PCLD"™*, Aspiration, fenestration, or surgical resection
can provide adequate palliation to those patients with
large single cysts or dominant disease in one lobe, but
the treatment of small, truly diffuse, cystic type PCLD
may well require transplantation. Total hepatectomy
and liver transplantation offers the chance of definitive
treatment for this disease, but may be considered drastic,
considering the absence of liver failure, the potential
morbidity and mortality, and the organ shortage. In their
early report of transplantation for PCLD, Starzl and
colleagues described a “syndrome of lethal exhaustion”
as the major indication to offer transplantation to
these patients[sjj. These patients often reach the end of
their functional lives, have intractable pain, and have
a severely diminished quality of life. Indications for
transplantation include cachexia, weight loss, recurrent
cyst infections, portal hypertension, and ascites. Early
reports have proposed these patients not wait until end-
stage complications of their PCLD become manifest
before offering the option of transplantation®***",
Transplantation in those with end-stage PCLD, exhibited
by severe disability, weakness, and malnutrition, has
been shown to have higher infection-related mortality

. . . 56,59 . .
in early liver transplant series™™. Performing earlier
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transplantation in appropriate candidates would seem
to offer a greater chance of improved outcomes,
meaningful recovery, and return to their prior functional
status and quality of life. Furthermore, patients who have
undergone prior more conservative therapies (aspiration,
sclerosis, fenestration, or resection) may have post-
surgical changes that make transplantation much more
difficult™*",

The option of transplantation should be
balanced against the risks of surgery, long-term
immunosuppression, and the need for concurrent
or subsequent renal transplantation in those with
ADPKD. Thus, transplantation should be limited
to those patients with Type I/l PCLD with
diffuse, small cystic disease that would not benefit
from previously described therapies. Although the
first reports of transplantation for PCLD by Kwok
et al® and Starzl et al” occurred in the early 1990,
eleven to reflect studies in Table 3 describing
transplantation for PCLD (Table 3). Two of the largest
series reported by Lange ¢z a/ and Pirenne et a/ report
the outcomes of transplantation for PCLD in 17
and 16 patients, respectively”™”, Lang and coauthors
reported symptomatic relief in all patients following
transplantation; however they did have 5 mortalities
(29%) in their series. All five of these patients had
severe anorexia, physical exhaustion, and evidence of
malnutrition from end-stage PCLD prior to transplant
and had postoperative infectious complications leading
to their mortality. These deaths occurred at a mean of
41 d"". Pirenne and colleagues reviewed their experience
of 16 patients undergoing liver transplantation for severe
PCLD. They reported two mortalities (12.5%): one intra-
operative death from bleeding and air emboli in a patient
who had undergone previous resection, and a second late
death from post-transplant lung cancer. Patient and graft
survival rates were 87.5% with follow-up from 3 mo to
10 years™. In summary, liver transplantation offers the
chance of immediate, complete, and definitive treatment
in those patients with massive hepatomegaly secondary
to diffuse PCLD. In these patients, fenestration and
resection only offers temporary palliation, puts them
at risk for potential morbidity and mortality, and
jeopardizes the chances of further definitive treatment by
transplantation. Several other series and their results are
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Table 3 Liver Transplantation for polycystic liver disease

Author No. of patients Previous surgical procedure Combined liver/Kidney Tx Mortality Mean follow-up (mo)
Kwok!®! 1 1 1 1 -
Starzl™ 4 0 1 2 26
Uddin®! 3 0 0 0 NR
Washburn™! 5 4 1 1 38
Lang®™ 17 6 8 5 12
Swenson™! 9 4 3 1 26
Pirenne®™ 16 4 1 2 18-120
Takegoshi'®! 1' 0 0 0 8
Koyama'®'! 1! 0 0 0 18
Gustafsson®” 7 4 3 0 4
Becker'”! 17 NR 17 3 49
Ueda®! 3! NR 0 0 32
Kirchner®! 36 NR 15 5 62

NR: Not reported. 'Indicates living-donor transplantation, *Range of follow-up in months.

reviewed in Table 3. REFERENCES

As more patients undergo transplantation for PCLD,
it is important to assess their long term outcomes,
especially quality of life. Kirchner and colleagues
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Abstract

AIM: To elucidate the relationship between apoptotic
protease activating factor-1 (Apaf-1) gene and gastric
cancer.

METHODS: Thirty-five postoperative cancer and
adjacent normal tissue samples were collected in the
present study. Expression of the Apaf-1 gene in these
samples was analyzed by semi-quantitative RT-PCR. Loss
of heterozygosity (LOH) was used to determine whether
there was loss of Apaf-1 gene in domain of 12q22-23
in the samples. Promoter methylation of Apaf-1 gene in
the samples was analyzed by methylation specific (MSP)
PCR.

RESULTS: The expression of Apaf-1 mRNA in gastric
cancer tissue samples was 51%. The LOH frequency of
D12S346, D12S1706, D12S327, D12S1657 and D12S393
was 33%, 8%, 58%, 12% and 42%, respectively. Fifty
percent LOH was found at two sites and 17% LOH
at three sites. Apaf-1 mRNA expression decreased
significantly in 13 cases (rs = 0.487, P = 0.003). The
rate of Apaf-1 promoter methylation was 49% in gastric
cancer tissue samples and 23% in para-cancerous tissue
samples. Promoter methylation occurred significantly in
16 of 18 gastric cancer tissue samples with decreased
expression of Apaf-1 mRNA 7s= 0.886, 7 = 10°°).

CONCLUSION: The expression of Apaf-1 gene is low
in gastric cancer tissues. Methylation of Apaf-1 gene
promoter and LOH in domain of 12g22-23 are the main
reasons for the expression and altered expression of
Apaf-1 gene.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Formation and progression of gastric cancer are a
continuous multiple-step process. Cell apoptosis is one of
the main mechanisms for tumor genesis“"ﬂ, and Apaf-1
protein is an important apoptosis factor which is expressed
abnormally in a series of tumor studies™ ™. It was recently
reported that Apaf-1 gene is closely related to several
cancer-inducing genes and tumor suppressor genes, such
as p53 and Bcl2®'". However, the expression condition of
Apaf-1 gene in gastric cancer and its correlation with the
genesis of gastric cancer remain unclear. This study was
to study the relation between Apaf-1 gene expression and
gastric cancer genesis in promoter domain.

MATERIALS AND METHODS

Materials

Thirty-five postoperative cancer tissue and adjacent normal
tissue samples (> 5 cm away from the center of cancer)
were collected from gastric cancer patients from January
2005 to September 2005 at No.1 and No.2 Affiliated
Hospitals of China Medical University. All these patients
were pathologically diagnosed according to the new TNM
classification criteria of Union Internationale Contre le
Cancer""l. Of the 35 patients with progressive gastric
cancer (25 males and 10 females with a mean age of 58.51
+ 12.24 years), 10 had moderately differentiated gastric
cancer and 25 had poorly-differentiated gastric cancer,
while 25 had lymphatic metastasis and 10 had no lymphatic
metastasis. Tumor and adjacent normal tissues wete
isolated and maintained at -70°C. Total RNA extracting
reagent Trizol (Invitrogen Co.), RT-PCR kit (TaKaRa Co.),
methylating reagent (Sigma Co.) and Wizard DNA clean-
up (Promega Co.) were used in the study.

Semi-quantitative RT-PCR analysis
Total RNA was extracted with Trizol reagent and cDNA
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Table 1 Polymorphic sites, primers and amplification conditions (12q22-23)

Site Repeat Heterozygosity Amplification length (kb)  Primer sequence Reaction conditions
. . Aaa gtt tct gga tgg taa tat cg 54°C 40s
D12S327 Dinucleotide 0.8501 0.1820-0.2010 .
Aga gca aga cct tgt ctc aa 72°C45s
. . Tcc taa aga tgg tgt gea t 58°C 40s
D1251657 Dinucleotide 0.6439 0.1500-0.1600 .
Aag ttc caa tgt tag tga acc 72°C45s
D125393 Tetranucleotide 06410 0.2490 Attatt gec agg aca tia aac g o8¢ 0s
Cct cac aca atg ttg taa ggg 72°C40s
D1251706 Dinucleotide 0.8916 0.1190-0.1390 Cetatg att tec cat caa git t 7€ 40s
Att att agg aga gec ctg gg 72°C40s
D125346 Dinucleotide 0.8400 0.1660 Tge ce acct gec tgt aac 8C30s
Aat gga ggg taa atg ccc g 72°C40s

was synthesized with reverse transcriptase and Oliga
(dT)20 primer. Apaf-1 primer sequence was designed with
primer 3, including functional caspase recruitment domain
(CARD), upstream primer (5'-"TTGCTGCCCTTCTCC
ATG AT-3"), downstream primer (5'-TCCCAACTGAAA
CCCAATGC-3") and amplification length (334 bp). The
internal reference primer was (3-actin, including upstream
primer (5'-GTGGGGCGCCCCAGGCACCA-3"),
downstream primer (5'-CTCCTTAATGTCACGCAC
GATTTC-3") and amplification length (498 bp). Both pairs
of primers were added into 25 pl. reaction system to react
under the proper PCR reaction conditions (denatured at
94°C for 45 s, renatured at 58°C for 45 s and elongated
at 72°C for 60 s, for 35 cycles). RT-PCR products were
isolated with 2% agarose gel, imaged through Alpha Image
2000 automatic imager and analyzed using Fluorchem V 2.0
Stand Alone software.

LOH analysis

Down-regulation of Apaf-1 gene expression was
correlated with allele loss at its 5 sites (D12S8327,
D1281657, D125393, D1281706 and D12S346). These
5 polymorphic sites were selected for LOH analysis.
DNA was extracted from tumor and normal tissues
using phenol/chlorine method. Primer sequences
derived from genome database (GDB) and amplification
conditions are listed in Table 1. Two percent agarose gel
electrophoresis revealed target genes but no hybrid band
in each specimen. PCR products were added into the
denatuting buffer (98% formamide, 10 mmol/L EDTA,
0.025% bromophenol blue and 0.025% xylene cyanol)
at a ratio of 1:1, mixed uniformly, denatured at 97°C
for 10 min and immediately placed into ice. Fifteen plL
of specimens was loaded in each hole, separated through
9% non-denaturing PAGE (in a 100 V low-temperature
water bath for 2-3 h) and the electrophoresis results were
analyzed through silver staining.

Methylation analysis at Apaf-1 promoter domain

DNA extracted from gastric cancer and adjacent normal
tissues was treated with Na2SOs, purified and recovered
with Wizard DNA clean-up (Promega Co.) for MSP
analysis. A 49-378 base zone rich in CpG at Apaf-1 cDNA
promoter domain was selected to design MSP primers,
including upstream primer (5'-GAGGTGTCGTAG
CGGTATTC-3"), downstream primer (5-CGAAAATTA

ACGAAATAAACGTC-3"), PCR reaction conditions
(denatured at 94°C for 45 s, renatured at 58°C for 45 s and
elongated at 72°C for 60 s, for 38 cycles) and amplification
length (221 bp). Methylating primers included upstream
ptimer (5-ATTTGAGGT GTTGTAGTGGTATTT G-3),
downstream primer (5'-ACCTCCAAAAATTAACAA
AATAAACAT-3"), PCR reaction conditions (denatured
at 94°C for 45 s, renatured at 56°C for 45 s, elongated
at 72°C for 60 s, for 38 cycles) and amplification length
(221 bp).

Statistical analysis

Statistical analyses were performed by the SPSS13.0
software package (SPSS, Inc, Chicago, IL). Continuous
Data were expressed as mean * SD. Continuous variables
were compared by /test when appropriate, whereas
categorical variables were compared by XZ test or Fishet’s
exact test when appropriate. Spearman rank correlation
was analyzed. P < 0.05 was considered statistically
significant.

RESULTS

Gene expression

The gene expression was increased 30%-70% in cancer
tissue samples with an increased difference between
Apaf-1/B-actin cDNA optical density ratios in gastric
cancer and adjacent normal tissue samples. In the present
study, Apaf-lexpression decreased in 48.57% (17/35) of
gastric cancer tissue samples (including expression loss
in 2 cases), paired # test with SPSS13.0 statistical software
showed that the relative Apaf-1 content was 0.96 £ 0.40
in adjacent normal tissue samples and 0.69 * 0.36 in
cancer tissue samples, respectively (# = 3.518, P < 0.01),
and Apaf-lexpression was significantly higher in adjacent
normal tissue samples than in cancer tissue samples.
Apat-1 mRNA expression did not increase in tumor tissue
samples (Figures 1 and 2).

LOH analysis

The data from 2 fragments (i.e. genome DNA was a
certain marked heterozygote in normal tissue or adjacent
normal tissue samples) were sufficient for LOH analysis,
but the data from one fragment were not sufficient for
LOH analysis. LOH meant that there was 1 band with
less genome DNA PCR amplification product or 1

www.wjgnet.com
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Figure 1 Expression of Apaf-1 mRNA. M: Marker, T: Tumor, N: Adjacent normal
tissue, Apaf-1 mRNA: 334 bp, marker: DL2000.

500 bp
250 bp

100 bp

Figure 2 Expression of f-actin mRNA. M: Marker; T: Tumor; N: Normal adjacent
tissue; p-actin mRNA: 498 bp; marker: DL2000.

Figure 3 LOH analysis of polymorphic sites of D12S327 (A), D12S1657 (B),
D128393 (C), D12S1706 (D), and D12S346 (E). T: Tumor tissue; N: Adjacent
normal tissue. Silver staining diagram showing Apaf-1 loss and LOH analysis
showing allele loss at 5 polymorphic sites of Apaf-1 gene in gastric cancer tissue.

band with significantly weaker signal of up to 50% in
cancer tissue samples than that in adjacent normal tissue
samples. As shown by LOH analysis of 5 polymorphic
sites for Apaf-1 gene in the present study, the LOH
detection rate was 34.29% (12/35), 8.57% (3/35),
57.14% (20/35), 11.43% (4/35) and 42.86% (15/35) at
single D128346, D1251706, D128327, D12S1657 and

www.wjgnet.com

Table 2 Correlation of Apaf-1, LOH and Apaf-1 mRNA

expression in gastric cancer tissue samples

mRNA expression of Apaf-1 gene (7) rs P
Down-regulation Up-regulation
More than + 13 5
2 sites (1)

0.487  0.003

- 4 13

Table 3 Correlation of Apaf-1 methylation and Apaf-1 mRNA

expression in gastric cancer tissue samples

mRNA expression of Apaf-1 (17) rs P
Down-regulation ~ Up-regulation

Apaf-1 gene + 16 1 0.886 10°
methylation (1) - 1 17
1T 2T 3T N 2N 3N

Marker M U MU M U M U M U M U

500 b,

250 b,

100 bp.

Figure 4 Methylation of Apaf-1 promoter. M: 212 bp methylation band; U: 221 bp
non-methylation band; T: Gastric cancer tissue.

D128393, respectively. However, the LOH detection rate
was 51.43% (18/35) at more than 2 sites (16.67% at 3
sites) (Figure 3), suggesting that the LOH of Apaf-1 gene
was correlated with the genesis of gastric cancer. Apaf-1
mRNA expression decreased significantly in 13 cases
(= 0.487, P = 0.003), indicating that the LOH of Apaf-1
gene was correlated with its decreased expression in gastric
cancer (Table 2 and Figure 3).

Promoter methylation

MSP analysis of methylation conditions for Apaf-1 gene
promoter showed that the methylation rate of Apaf-1
gene was 48.57% (17/35) in gasttic cancer tissue samples
and 17.14% (6/35) in adjacent normal tissue samples,
respectively (P < 0.05), demonstrating that Apaf-1
methylation was correlated with the genesis of gastric
cancer. Significant promoter methylation occurred in 16
of 18 gastric cancer tissue samples while the expression
of Apaf-1 mRNA was decreased (n= 0.880, P = 10'6),
displaying that promoter methylation was correlated with
decreased expression of Apaf-1 gene (Table 3 and Figure 4).
Promoter methylation and LOH of Apaf-1 gene occurred
at polymorphic sites in 17 of 18 gastric cancer tissue
samples and the expression of Apaf-1 mRNA was
decreased.

DISCUSSION

Human Apaf-1 gene is located at chromosome 12q23 to
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encode cytoplasm protein (130 KD). As an important
apoptosis factor, Apaf-1 gene participates in the pathway
of mitochondria-mediated apoptosis“z]. However, the
condition of Apaf-1 gene expression in gastric cancer and
the correlation between expression of Apaf-1 gene and
genesis of gastric cancer remain unclear. Although Apaf-1
is an important apoptosis factor and a tumor suppressor
genem%, few studies on the relationship between Apaf-1
gene and gastric cancer are available.

In the present study, Apaf-1 gene expression in gastric
cancer tissue samples was significantly lower than that in
adjacent normal tissue samples, suggesting that Apaf-1
gene plays an important role in genesis and progression of
gastric cancer.

According to the epigenetics theory on gene regulation,
methylation of gene fragments (especially promoter
domain) inhibits gene transcription, and acetylation of
gene-related histone up-regulates gene expression. One
of the carcinogenic mechanisms is gene silencing caused
by hyper-methylation of CpG islet at tumor suppressor
gene promoter domain and deacetylation of histone!' ™,
It was reported that Apaf-1 gene is a tumor suppressor
gene and seldom mutates, but has functional loss due
to LOH and promoter methylation™. Apaf-1 gene has
different effects and expression patterns in cancer tissue
of different sources. The lower (or inactive) expression
of Apaf-1 gene is related to methylation silencing in
acute leukemia and laryngeal squamous carcinoma™]
and LOH in colon cancer, ovarian cancer and malignant
melanocarcinoma” ™,

In the present study, Apaf-1 gene promoter was
methylated in 14 gastric cancer tissue samples with a
decreased expression of Apaf-1 as detected by the MSP
technique. Apaf-1 expression decreased in 13 gastric cancer
tissue samples with LOH at more than 2 sites (including
promoter methylation in 6 cases) as demonstrated by 9%
non-denaturing PAGE. These findings show that decreased
expression of Apaf-1 gene in gastric cancer tissue is due to
some complex reasons, among which, however, promoter
methylation and LOH at polymorphic sites play a major role.
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Abstract

AIM: To study the mechanism involved in the potentially
beneficial effect of ultra low dose aspirin (ULDA) in
prehepatic portal hypertension, rats were pretreated
with selective COX 1 or 2 inhibitors (SC-560 or NS-398
respectively), and subsequently injected with ULDA or
placebo.

METHODS: Portal hypertension was induced by portal
vein ligation. Platelet activity was investigated with an
/n-vivo model of laser induced thrombus production in
mesenteric circulation and induced hemorrhagic time
(IHT). Platelet aggregation induced by ADP and dosing
of prostanoid products 6-keto-PGFi., TXB2, PGE2 and
LTB4 were also performed.

RESULTS: The portal hypertensive group receiving a
placebo showed a decreased /n vivo platelet activity
with prolonged IHT, an effect that was normalized by
ULDA. SC-560 induced a mild antithrombotic effect in the
normal rats, and an unmodified effect of ULDA. NS-398
had a mild prothrombotic action in portal hypertensive
rats, similar to ULDA, but inhibited a further effect
when ULDA was added. An increased 6-keto-PGFi«
was observed in portal hypertensive group that was
normalised after ULDA administration. TXAz level after
ULDA, remained unchanged.

CONCLUSION: These results suggest that the effect
of ULDA on platelet activity in portal hypertensive rats,
could act through a COX 2 pathway more than the COX 1,
predominant for aspirin at higher doses.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Portal hypertension is a major complication of chronic
liver disease. In its pathophysiology, increased hepatic
resistance is followed by a hyperdynamic circulatory state!”,
This hyperdynamic state, in which nitric oxide (NO) and
prosatcyclin (PGl2) are important vasoactive substances,
induces a decreased platelet activity, even in the absence of
hepatic damage. Although NO plays an important role in
modifying platelet adhesion in portal hypertensionlzj, PGI,
a powerful vasodilator prostanoid with antithrombotic
properties, was also found increased in mesenteric vascular
bed".

Ultra low dose aspirin (ULDA) has shown proth-
rombotic activity when analysed in humans and in the
interface platelet-endothelial cell™, Previous papers have
shown the potentially beneficial effect of ULDA in portal
hypertensive animals normalizing altered platelet activity
and induced hemorrhagic time'”. Further experiments were
performed to clarify if this effect was mediated mostly
by a cyclooxigenase (COX) pathway or by modifying
NO synthesis, the two aspirin mechanisms of action”,
although a previous study with a different model suggested
that ULDA could decrease PGI: synthesis™. The same
in vivo Laser induced thrombus formation, was used
in portal hypertensive rats to investigate the effects of
Indomethacin, a non selective COX inhibitor, and I.-Nitro
Arginin Methyl Ester (NAME), a non selective inhibitor
of NO production. The results suggested that the effects
of ULDA were more influenced by COX pathway than by
NO synthesis inhibition”. Addition of ULDA in portal
hypertensive rats, when previously inhibiting COX with
Indomethacin, increased number of emboli and duration
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of embolization but blunted the normalization of induced
hemorrhagic time, suggesting probably a more selective
action on COX 1 or COX 2 pathway. TXAz, the main
product of arachidonic acid »ia the activity of COX 1 in
platelets, increases platelet aggregation and its synthesis
is inhibited by Aspirin. PGE2 and PGI2 are produced by
COX 1 and 2 mainly in endothelial cells. PGE2 has no
probable role in portal hemodynamic changes observed
in portal hypertensive rats'"”, but depending on its
concentration, it can modulate platelet aggregation by
regulating intracellular levels of cAMP!",

The present investigation was designed to clarify the
mechanism of the effects of ULDA in portal hypertension,
by using previous selective inhibition of cyclooxygenase
COX 1 or COX 2 (with SC-560 and NS-398 respectively).
Models of Laser induced Thrombosis and IHT were
used and plasmatic levels of 6-keto-PGFia (the stable
metabolite of PGlz), PGEz, TXB: (the stable metabolite
of TXAz2) and LTBs were determined.

MATERIALS AND METHODS

Animals

Male Wistar rats (200-250g) purchased from Delpre
Breeding Center (St. Doulchard, France) were housed
separately and acclimatized before use under conditions of
controlled temperature (25 = 2°C) and illumination (12 h
light/dark cycle). They were fed with standard rat chow
and water ad /ibitum. Animals received care in compliance
with the European Convention of Animal Care.

Surgical procedures

After one week of acclimatization, rats were randomized
and separated into two groups: one consisted of sham-
operated (Sh) rats and the other formed by portal
hypertensive (PH) rats. Portal hypertension was induced
by a calibrated portal vein stenosis, according to the
procedure described by Vorobioff ez al".

Rats were anesthetized with Ketamine (Panpharma,
Fougeres, France) 90 mg/kg body weight, i.m. and then
a midline abdominal incision was made. The portal vein
was located and isolated from the surrounding tissues. A
ligature of 3-0 silk was placed around the vein and snugly
tied to a 20 gauge blunt end needle placed along side the
portal vein. The needle was subsequently removed to yield
a calibrated stenosis of the portal vein. Sham-operated rats
underwent an identical procedure except that portal vein
was isolated but not stenosed.

Animals were housed during fourteen days after
the operation to develop portal hypertension in the
corresponding group.

Thrombus induction

Animals were anaesthetized with 200 mg/kg of thiopental
sodium (Pentothal®, Laboratories Abbott, Rungis, France)
a median laparotomy was performed. The intestinal loop
was placed on the microscope table and vascular lesions
were induced by Argon laser (Stabilite 2016, Spectra
Physics, France). The wavelength used was 514 nm and
the energy was adjusted to 120 mW. The laser beam was
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applied during 1/15 s. The dynamic-course of thrombus
formation was continuously monitored and recorded by
placing the laser beam coaxially into the inverted light
beam path of the microscope (Axiovert, Zeiss, France).
Microscopic images were recorded through a digital
camera (DX L107, color camera CCD, Basler, Vision
Technologies) to visualize and digitalize data coupled to a
Dell monitor. A schematic view of the apparatus used has
been previously described™”. Arterioles between 15 and
25 um diameter were used. The parameters assessed were
the number of emboli removed by blood flow and the
duration of embolisation (time between the first and the
last emboli occurring during a 10 min observation petiod).

Induced hemorrhagic time

An experimental model of induced hemorrhagic time
(IHT) was performed 10 min before thrombosis induction
by laser. The tail of the rat was immersed in water for
5 min at 37°C and sectioned 6 mm from the extremity.
IHT measured, corresponded to the time between the tail
section and the end of bleeding, expressed in seconds.

Biological analysis

Platelet aggregation study: Platelet aggregation was
made according to the method of Cardinal and Flower
on a Chrono Log 500 1§ aggregometer (Coultronics,
Margency, France) on the whole blood obtained from
the rat after laser experimentation. Platelet aggregation
was induced by ADP final concentration 5 ;,Lmol/L
(Laboratoire Diagnostica, Stago, France). Two parameters
were determined: Impedance, representing the maximum
amplitude of aggregation expressed in Ohms. Velocity of
aggregation expressed in ohms/min.

Prostanoids determinations: At the end of each
experiment, blood was collected by cardiac puncture and
centrifuged for 20 min at 4000 r/min to obtain Platelet
Poor Plasma (PPP). Concentrations of 6-keto-PGFia,
TXB2, PGE2 and L'TB4 were determined in plasma samples
using competitive binding Elisa tests (RaD Systems
Europe, Abingdon, UK) according to the manufacturer’s
instructions.

Drugs tested

The Aspirin solution was purchased from Boiron
Laboratories (Sainte-Foy-Les-Lyon, France). ULDA was
prepared as follows: 1 g of pure, finely powdered aspirin
was suspended in 99 mL of alcohol (70°). After being
vigorously shaken, 1 mL of this dilution was then mixed
with 99 mL of distilled water and vigorously shaken.
The last process was repeated 13 more times'" . Alcohol
and sterilized water following the above cited procedures
without adding the Aspirin was used as control. ULDA
or placebo were subcutaneously administered at a final
volume of 1 mL/kg rat weight.

Selective inhibitors of COX 1, SC-560 and of COX 2,
NS-398 were purchased from Cayman Chemical, (Ann
Arbor Michigan, USA). They were administered per
os at a dose of 10 mg/kg rat weight, suspended in
Carboxymethylcellulose (CMC) 5 g/L at a final volume
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of 1 mL/kg rat weight. The CMC solution was used as
placebo.

Protocol
Fourteen days after the corresponding operation, 216
rats were randomly assigned in 12 groups and treated as
follows:

CMC ASA. ULD THT Laser Induced
or or Thrombosis
SC-560 or Placebo
NS-398 Blood
sampling
Per os Subcutaneous
0 60 110 120 min
Groups

Groups, procedures and treatments are detailed in Table 1.

Statistical analysis

Data are expressed as mean = SEM and compared using
one way analysis of variance (ANOVA) followed by
Bonferroni multiple comparison test. A value of P < 0.05
was considered significant. Statistical calculations were
performed using GraphPad Prism version 4.00 for
Windows (GraphPad Software, San Diego California USA,
www.graphpad.com).

RESULTS

Thrombus induction and IHT

Groups with placebo (CMC): Portal hypertension
decreased the number of emboli (P < 0.05) and the
duration of embolisation (P < 0.05) and prolonged the
Induced Hemorrhagic Time (P < 0.01). ULDA induced
significant modifications to normalize these values (P < 0.01,
P < 0.001 and P < 0.001 for Number of Emboli, Duration
of Embolisation and IHT respectively). An increased
number of shots needed to start the embolisation was
observed in the portal hypertensive group, and this effect
also normalised after ULDA (P < 0.05).

Effects of SC-560, selective inhibitor of COX 1: After
the inhibition of COX 1, a non significant antithrombotic
effect was observed in the sham operated group, and
no further change in cirrhotic group. After ULDA, the
prothrombotic effect remained active for Number of
Emboli (P < 0.05) and IHT (P < 0.01) despite the opposite
effect of pre-treatment with SC-560. No changes were
observed in number of shots.

Effects of NS-398, selective inhibitor of COX 2: The
pre-treatment with NS-398 induced a decreased induced
hemorrhagic time in portal hypertensive rats, similar to the
effect of ULDA without COX inhibitors. No effect of
ULDA was seen after COX 2 inhibition (Figure 1A-D).

Table 1 Experimental groups

Group
Phase 1: 14 d
before treatments

Procedure and treatments
Phase 2: 120 min Phase 3: 60 min
before experiment before experiment

ShP Sham operated Placebo (CMC) Placebo (H20)
PHP Portal hypertension Placebo (CMC) Placebo (H20)
PHPAs Portal hypertension  Placebo (CMC) ULDA
ShP Sham operated SC-560 Placebo (H20)
PHP Portal hypertension ~ SC-560 Placebo (H20)
PHPAs Portal hypertension ~ SC-560 ULDA
ShP Sham operated NS-398 Placebo (H20)
PHP Portal hypertension NS-398 Placebo (H20)
PHAs  Portal hypertension NS-398 ULDA

ULDA: Ultra low dose aspirin; CMC: Carboxymethylcellulose; ShP: Sham-
placebo; PHP: Portal hypertension-placebo; PHPAs: Portal hypertension-
ULDA.

Biological analysis

Platelet aggregation induced by ADP (Figure 2A and
B): Platelet aggregation has shown a decreased velocity
in portal hypertensive animals and in sham operated
animals pretreated with SC-560. An increased velocity was
observed in portal hypertensive animals pretreated with
SC-560 or NS-398 and with ULDA. None of the observed
alterations were found in Amplitude and in Velocity.

Variations in metabolites of arachidonic acid (Figure
3A-D): 6 keto PGF1. (Figure 3A): This stable metabolite
of PGI2 was found increased in portal hypertensive rats
(P < 0.01). This increase was normalised by ULDA (P <
0.05) or SC-560 (P < 0.05).

TXB: (Figure 3B): Inhibition of COX 2 with NS-398
produced an increased level of TXB: in portal hypertensive
animals (XI group), that was not modified by ULDA
(P < 0.05 and 0.001 respectively).

PGE: (Figure 3C): An increase in PGE2 was observed
in portal hypertensive (PHP) group, treated with SC-560
(P <0.05).

LTB4 (Figure 3D): Dosage of L'TBs, a lipoxygenase (LOX)
metabolite of arachidonic acid, was performed as control
of experiment. No variations of production were found
when comparing the different groups.

DISCUSSION

ULDA has shown prothrombotic effects with an 7z vivo
model, testing the interaction between platelet and
endothelial cells™"?. Exploration of this effect in portal
hypertensive rats revealed a decreased number of emboli as
well as duration of embolisation and a prolonged IHT that
were normalised by ULDA administration. In the search
of an explanation for the mechanism involving this effect,
previous publications of L-NAME (an inhibitor of Nitric
Oxide synthesis) and Indomethacin (a nonselective COX
inhibitor) effects on portal hypertensive rats showed that
the effect of ULDA was more affected by Indomethacin
than by NAME’. Moreover, Indomethacin seemed to
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0
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SC-560
Groups
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NS-398

B Number of Emboli

Number
O NWDRAUIO N 0O

PHP PHAs
NS-398

Shp PHP PHAs
Placebo

Shp PHP PHAs Shp

SC-560
Groups

C Duration of embolisation

Shp PHP PHAs Shp  PHP PHAs Shp PHP PHAs
Placebo SC-560 NS-398
Groups
D IHT
350
300
250
¥ 200
150 h
100
50
0
Shp PHP PHAs Shp PHP PHAs Shp PHP PHAs
Placebo SC-560 NS-398
Groups

Figure 1 A: Study of laser induced thrombosis parameters; Number of shots
(expressed in number): *P < 0.05 vs ShP (Placebo); B: Study of laser induced
thrombosis parameters; Number of Emboli (expressed in number): °P < 0.05 vs
ShP (placebo); °P < 0.01 vs PHP (placebo); °P < 0.05 vs ShP (SC-560); C: Study
of laser induced thrombosis parameters; Duration of Embolisation (expressed in
minutes): °P < 0.05 vs ShP (placebo); °P < 0.001 vs PHP (placebo); D: Study of
Induced Hemorrhagic Time (expressed in seconds): °P < 0.01 vs ShP (placebo);
°P < 0.001 vs PHP (placebo); ‘P < 0.01 vs PHP (SC-560); "P < 0.001 vs PHP
(placebo).

have contradictory effects. Despite the antithrombotic
effect of Indomethacin, the zz vivo prothrombotic effect
of ULDA (increasing number of emboli and duration
of embolization) was increased, and its beneficial effect
of reducing IHT in portal hypertensive rats was blocked.
The present experiment was done to verify the hypothesis
that these contradictory modifications produced by
Indomethacin over ULDA’s prothrombotic effect were the
result of different ways in which COX 1 and 2 could affect
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Figure 2 A: Study of Platelet aggregation induced by ADP, Amplitude (expressed
in Ohm): °P < 0.05 vs PHP (SC-560); “P < 0.05 vs PHPASs (placebo); B: Study of
Platelet aggregation induced by ADP, Velocity (expressed in Ohm/min): °P < 0.05
vs ShP (placebo); °P < 0.01 vs ShP (placebo).

platelet-endothelial cell interaction.

The results found in this study corroborate the previously
described effects of ULDA in portal hypertensive rats,
normalizing number of emboli, duration of embolisation and
the THT”.

In rats with portal hypertension, an increase in 6-keto
PGFia was observed, probably due to the known increased
PGI2 production described for the mesenteric vascular bed
in this animal model”. The addition of ULDA normalised
this effect. As reported in an iz vitro model with a vascular
fragment, ULDA was active only in vascular fragments
with an elevated PGI> production'™. This last observation
is similar to our present results since the ULDA effect of
decreasing 6-keto PGFiq is observed only in the portal
hypertensive group.

The administration of SC-560, had a slightly
antithrombotic effect in sham operated rats, decreasing
non significantly the Number of Emboli. This could be
explained by a decrease in platelet synthesis of TXA2",
There was a decrease in 6-keto PGF1q in the portal
hypertensive group with COX 1 inhibition, and this
effect is probably due to the inhibition of the increased
production of PGI"*" and COX 1 over-expression
observed in this model of portal vein ligation"*"". Tt is
interesting to note that COX 1 inhibition had almost
not modified the prothrombotic effect of ULDA in
portal hypertensive animals and observed as an increase
in number of emboli (P < 0.05) and a decrease in IHT
(P <0.01).

The administration of NS-398 had not modified the iz
vivo parameters (NE, DE and IHT) in the Sham operated
group. In the portal hypertensive group, a non significant
tendency to increase NE and DE was observed, as well as a
statistically significant shortened IHT. After pre-treatment
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Figure 3 A: Plasmatic 6-keto PGF+. concentrations (expressed in ng/mL): °P <
0.01 vs ShP (placebo); P < 0.05 vs PHP (placebo); °P < 0.05 vs PHP (placebo); B:
Plasmatic TXB2 concentrations (expressed in ng/mL): "P < 0.001 vs PHP (placebo);
°P < 0.05 vs ShP (NS-398) and P < 0.001 vs PHAs (placebo); C: Plasmatic PGE>
concentrations (expressed in ng/mL): “P < 0.05 vs PHP (placebo); D: Plasmatic
LTB« concentrations (expressed in ng/mL).

with the selective COX 2 inhibitor, NS-398, ULDA
induced no further effect. There is an increase in TXB2
in the portal hypertensive group with COX 2 inhibition,
in which a decreased IHT was observed. Factors like
trauma-hemorrhage, shear stress and pressure variations
or lipopolysaccharide can modify TXA2 synthesis in the
liver or in endothelial cells"”". The increased TXB2 was
not modified by treatment with ULDA. It is interesting to
have, in the portal hypertensive group, an increased PGE2
after COX 1 inhibition and an increased TXB: after COX 2
inhibition, as if upon COX selective inhibition, the cell
switched to a prostanoid produced by the non inhibited
COX enzyme.

The effect of ULDA was confirmed in this study
with a prehepatic portal hypertension with a normal liver.
Further research will clarify if this potentially beneficial
effect is produced in rats with cirrhosis and ascities. Other
complex interactions can not be evaluated by this study.
For example, a recent publication has pointed out that
chronic COX inhibition with Indomethacin enhances the
collateral vascular responsiveness to Arginin-Vasopressin,
which is also able to activate plateletslzz’ZBJ.

In conclusion, despite that COX 1 inhibition caused
a mild antithrombotic effect in sham operated rats, the
prothrombotic effect of ULDA was not modified. COX 2
inhibition induced a mild prothrombotic effect over portal
hypertensive rats, similar to that observed with ULDA
alone confirming data of literature™ and the addition of
ULDA in this group produced no further changes. ULDA
induced a decrease in PGI2 in portal hypertensive animals,
without modifying TXA: levels. These results suggested a
predominant COX 2 inhibition by ULDA, opposite to the
predominant inhibition of COX 1 commonly observed
with ASA in usual doses.
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Abstract

AIM: To elucidate the mechanisms of hepatocyte
preconditioning by H:02 to better understand the
pathophysiology of ischemic preconditioning.

METHODS: The /n vitro effect of H202 pretreatment
was investigated in rat isolated hepatocytes subjected
to anoxia/reoxygenation. Cell viability was assessed with
propidium iodide fluorometry. In other experiments, rat
livers were excised and subjected to warm ischemia/
reperfusion in an isolated perfused liver system to
determine leakage of liver enzymes. Preconditioning
was performed by H:20: perfusion, or by stopping the
perfusion for 10 min followed by 10 min of reperfusion.
To inhibit Kupffer cell function or reduced nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase,
gadolinium chloride was injected prior to liver excision, or
diphenyleneiodonium, an inhibitor of NADPH oxidase, was
added to the perfusate, respectively. Histological detection
of oxygen radical formation in Kupffer cells was performed
by perfusion with nitro blue tetrazolium.

RESULTS: Anoxia/reoxygenation decreased hepatocyte
viability compared to the controls. Pretreatment with
H202 did not improve such hepatocyte injury. In liver
perfusion experiments, however, H202 preconditioning
reduced warm ischemia/reperfusion injury, which was

reversed by inhibition of Kupffer cell function or NADPH
oxidase. Histological examination revealed that H20:
preconditioning induced oxygen radical formation in
Kupffer cells. NADPH oxidase inhibition also reversed
hepatoprotection by ischemic preconditioning.

CONCLUSION: H:20: preconditioning protects hepato-
cytes against warm ischemia/reperfusion injury via
NADPH oxidase in Kupffer cells, and not directly. NADPH
oxidase also mediates hepatoprotection by ischemic
preconditioning.

© 2007 WJG. All rights reserved.
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INTRODUCTION

The interruption of hepatic blood flow followed by
reperfusion, called ischemia/reperfusion, causes liver

injury in a number of clinical interventions such as liver
transplantation, hepatic resection, abdominal surgery
with hepatic vascular occlusion, and hypovolemic
shock!"™, Especially in liver transplantation, ischemia/
reperfusion injury can lead to the primary dysfunction
of liver allografts; still the most feared complication
after liver transplantation because of the associated high
mortality, and the fact that there is no treatment other
than retransplantation””. The pathophysiology and
substantial mechanisms of hepatic ischemia/reperfusion
injury are increasingly well understood, and recent studies
have drawn attention to ischemic preconditioning as one
therapeutic strategy to decrease any injuryH’&mJ. Ischemic
preconditioning is a phenomenon by which brief periods
of ischemia followed by reperfusion render tissues
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resistant to subsequent prolonged ischemia/reperfusion.
This phenomenon was originally characterized in a canine
model of myocardial ischemia''!| and has since been
recognized in hepatic injury after ischemia/reperfusion in
animal models"*"", as well as in humans"".

We have recently reported that hepatoprotection of
ischemic preconditioning in rats is mediated by reactive
oxygen species (ROS) produced by Kupffer cells.
Moreover, we have shown that hepatic pretreatment with a
sublethal dose of H202 mimics the hepatoprotective effect
of ischemic preconditioning"”. Since H202 is produced
as a consequence of ROS metabolism, it may be possible
that H20z2 resulting from ROS production in Kupffer cells
directly affects hepatocytes, and induces their adaptive
response to ischemia/reperfusion injury. Therefore, in
this study we sought to elucidate the mechanisms of H202
preconditioning to better understand the pathophysiology
of ischemic preconditioning. We report here that H20O2
preconditioning did not protect hepatocytes directly, but
via Kupffer cells, as in ischemic preconditioning. We also
noted that the activation of reduced nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase in Kupffer cells
may play an important role in hepatoprotection of H20z,
as well as in ischemic preconditioning.

MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats weighing 180-240 g were

maintained on a commercial pellet diet and water ad /ibitum,
in a room under normal lighting conditions. All animals
received humane care in compliance with our institutional
and National Institutes of Health guidelines.

In vitro experiments

Isolation of hepatocytes: Rat hepatocytes were isolated
and cultured as previously described™. Rat livers were
minced after perfusion with 0.8 mg/mL collagenase (type
I; Worthington Biochemical Corporation, Lakewood,
NJ, USA) through the portal vein. Hepatocytes were
separated from non-parenchymal cells by centrifugation
at 50 X g for 2 min at 4°C. The viability of the collected
hepatocytes was = 95%, as determined by the trypan blue
exclusion test. Hepatocytes were resuspended in William’s
E medium containing 100 mL/L fetal calf serum,
27 mmol/L NaHCO3, 100 nmol/L insulin, and 10 nmol/L
dexamethasone at pH 7.4. Hepatocytes were then plated
on type I collagen-coated 96-multiwell plates (Asahi
Techno Glass Corporation, Tokyo, Japan) at a density of
4 x 10" cells/well and incubated overnight in an
atmosphere of 95% air/5% CO2 at 37°C.

Treatment of isolated hepatocytes: Isolated hepatocytes
were treated by incubation for 10 min at 37°C with
100 pL. Krebs-Ringer N-2-hydroxyethylpiperazine-N’-
2-ethanesulfonic acid (HEPES) buffer (KRH) at pH 7.4
containing various concentrations of H202, and washed
twice with KRH. We set doses of H20z up to 1 mmol/L
in accordance with earlier liver perfusion experimentsm].
Hepatocytes were then incubated in an anaerobic
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chamber under anoxic conditions using an AnaeroPack
(Mitsubishi Gas Chemical Corporation, Tokyo, Japan),
and subsequently subjected to reoxygenation at 37°C.
The oxygen concentration in the chamber decreased to
< 0.005% within 30 min after insertion of AnaeroPack.
Control hepatocytes were cultured under normoxic
conditions for the same length of time at 37°C.

Cell viability assay: Cell viability was determined by
propidium iodide fluorometry as previously described,
with some modification®. Hepatocytes were incubated
in 100 uL. KRH containing 30 umol/L propidium iodide,
after H2O2 treatment. Fluorescence from each well was
measured immediately before anoxic incubation and then
at given times after reoxygenation. Cell viability after
reoxygenation was calculated, with final fluorescence
corresponding to the 100% cell death obtained by addition
of 350 umol/L digitonin. We used a Cytofluor S4000
fluorescence reader (Applied Biosystems, Stafford, TX,
USA), employing 530 nm excitation and 645 nm emission
filters.

Liver perfusion experiments

Preconditioning before warm ischemia/repetrfusion
injury: Rats were anesthetized intraperitoneally with
50 mg/kg pentobarbital sodium, and the abdomen was
opened. Livers were perfused through the portal vein with
Krebs-Henseleit bicarbonate buffer (IKHB) saturated with
95% O2 and 5% CO2 at 30 mL/min for 10 min at 37°C.
For H20: preconditioning, livers were perfused with KHB
containing 1 mmol/L H202 for 10 min, and then perfused
with KHB for 2 min to wash out H202, as previously
described"”. For ischemic preconditioning, the perfusion
was stopped for 10 min, followed by reperfusion for 10
min. In control rats, livers were manipulated similarly
except for adding H20:2 or stopping the perfusion,
respectively.

Drug treatments: In some rats, 20 mg/kg gadolinium
chloride (GdCls; Wako Pure Chemical Industries, Tokyo,
Japan) was injected intravenously at 24 h before H202
preconditioning, under light ether anesthesia to inhibit
Kupffer cell function™”. GdCls was dissolved in saline,
and control rats were injected with the appropriate vehicle
solution. The efficacy of GdCls injection was confirmed
by immunohistochemical staining of liver sections with
anti-ED2 antibody in the preliminary experiments. In
other rats, diphenylenciodonium chloride (DPI; Sigma-
Aldrich, St. Louis, MO, USA), an inhibitor of NADPH
oxidase, at a final concentration of 10 umol/L, was added
to the perfusatem during H202 preconditioning, or the
reperfusion period after ischemic preconditioning. Livers
were then perfused with KHB for 10 min to wash out
DPI. DPI was dissolved in dimethyl sulfoxide (DMSO) at
20 mmol/L. Livers of vehicle-treated rats were perfused
with KHB containing 500 uL/L DMSO during each
preconditioning;

Warm ischemia/reperfusion: After H20:2 preconditioning
or ischemic preconditioning, livers were stored in KHB
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Figure 1 Viability of hepatocytes after anoxia/reoxygenation. (e): Viability of
hepatocytes cultured under normoxia consistently. Viability of hepatocytes,
pretreated with (0): 0 mmol/L; (¥ ): 0.03 mmol/L; (<): 0.1 mmol/L; (m): 0.3 mmoliL;
or (o): 1.0 mmol/L of H20:2 for 10 min before anoxia/reoxygenation.

at 37°C as previously described"”. After 40 min storage,
livers were reperfused in a recirculating system with 200
mL KHB saturated with 95% Oz and 5% COz2 at 37°C.
The perfusate was collected after 60 min of reperfusion
for determination of alanine aminotransferase (ALT) and
lactate dehydrogenase (LDH) activity.

Biochemical assays: Commercial kits (Wako Pure
Chemical Industries) were used to determine ALT and
LDH activity in the perfusates.

Determination of oxygen radical formation in Kupffer cells
after H:0: preconditioning

Livers were perfused through the portal vein with KHB for
10 min, and then perfused with KHB containing 1 mmol/L
H20: for 10 min. Subsequently, the livers were perfused
with KHB containing 500 mg/L nitro blue tetrazolium
(NBT; Sigma-Aldrich) for 10 min. Livers were then fixed
by infusion of 10% formalin, embedded in paraffin,
sectioned and stained with nuclear fast red. As formazan
deposition is formed by the reaction of NBT with oxygen
radicals in Kupffer cells, the number of formazan-positive
cells was determined as the mean in 10 different areas
of each section, observed by light microscopy at X 400
magnification (high power field).

Statistical analysis

All values are expressed as means + SE. The difference
between the means was analyzed with Student’s # test, after
confirming that the data passed normal distribution and
equal-variance tests. P < 0.05 was considered significant.

RESULTS

Effect of H202 preconditioning on anoxia/reoxygenation
injury of isolated hepatocytes

In the preliminary experiments, the viability of
hepatocytes exposed to anoxia for > 3-4 h decreased
after reoxygenation, compared to cells consistently

cultured under normoxic conditions. Anoxic culture for
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Figure 2 ALT and LDH activities in perfusate after ischemia/reperfusion
in an isolated perfused liver system from no preconditioning control, H202
preconditioning, GdCls-no preconditioning, and GdCls/H202 preconditioning rats.
Columns and bars represent means = SE from six rats in each group. °P < 0.01 vs
no preconditioning, °P < 0.05 vs vehicle treatment and H202 preconditioning. KU:
Karmen unit; WU: Wrablewski unit.

6 h resulted in a marked and rapid loss of cell viability
after reoxygenation. Accordingly, we set the anoxic
time to 5 h, and determined cell viability serially for 2 h
after reoxygenation. As shown in Figure 1, anoxia/
reoxygenation decreased hepatocyte viability linearly,
though the viability of normoxic controls was not affected
during the corresponding period. Preincubation with 0-1
mmol/L. H20: did not improve such anoxia/reoxygenation
injury, and the highest concentration of H202 somewhat
worsened cell viability.

Contribution of Kupffer cells to hepatocyte protection by
H:0: preconditioning

The results of the 7 vitro experiments suggested that H202
did not directly protect hepatocytes. We determined the
contribution of Kupffer cells in H202 preconditioning,
using an isolated perfused liver system. In untreated
controls, which were perfused for the corresponding
period without ischemia/reperfusion, ALT and LDH
activity in the perfusate was 4.4 £ 0.6 and 35.1 £ 7.9,
respectively (data not shown). As shown in Figure 2,
warm ischemia/reperfusion markedly increased ALT and
LDH activity in the perfusate to 37.4 £ 2.5 and 642 *
068, respectively, with H20O2 preconditioning significantly
reducing these values. GdCls pretreatment itself did not
change ALT and LDH activity after warm ischemia/
reperfusion. In the H2O2-preconditioned group, however,
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Figure 3 Oxygen radical formation in Kupffer cells after H202 preconditioning. A: Non-preconditioned livers; B: Livers after 10 min of H2Oz2 perfusion; C: Pretreatment with
GdCls and H202 perfusion; D: Treatment with DPI and Hz0: perfusion; E: The number of formazan-positive cells. Columns and bars represent means + SE from 3 rats in

each group. ®P < 0.01 vs non-preconditioned control; “P < 0.01 vs H20z perfusion.

GdCls pretreatment reversed the decrease in ALT and
LDH activity by H202 preconditioning.

Production of oxygen radicals in Kupffer cells after H:02
preconditioning

To elucidate the mechanisms of the contribution of
Kupffer cells in H202 preconditioning, we determined
oxygen radical production in Kupffer cells. Livers were
perfused with H20:2 for 10 min and then perfused with
NBT. When non-preconditioned livers were perfused with
NBT, formazan deposition did not develop (Figure 3A).
As shown in Figure 3B, H20: perfusion induced formazan
deposition in non-parenchymal cells. When rats were
pretreated with GdCls injection, H20:2 perfusion did not
induce such dense deposition (Figure 3C). Moreover,
formazan deposition did not develop after H2Oz perfusion
in livers in which DPI was added to the perfusate during
H202 perfusion (Figure 3D). The number of formazan-
positive cells from three rats in each group is shown in
Figure 3E; treatment with GdCls or DPI significantly
reduced the number of formazan-positive cells in H20z-
perfused livers to the non-preconditioned control level.

Contribution of NADPH oxidase to hepatoprotection by
H:0: preconditioning

To determine the contribution of NADPH oxidase to
the effect of H202 preconditioning, DPI was added to
the perfusate during H202 preconditioning, and livers
were then subjected to warm ischemia/reperfusion. We
confirmed that H2O:2 preconditioning decreased ALT
and LDH activity after warm ischemia/repetfusion in
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a reproducible fashion. DPI treatment reversed this
decrease in ALT and LDH activity induced by H202
preconditioning, although without H202 preconditioning,
DPI alone did not change these values (Figure 4).

Contribution of NADPH oxidase to hepatoprotection by
ischemic preconditioning

Finally, we determined whether DPI treatment could also
reverse the protective effect of ischemic preconditioning;
Ischemic preconditioning was performed with buffer
containing DPI and livers were subjected to warm
ischemia/treperfusion. As shown in Figure 5, ischemic
preconditioning significantly reduced the increase in ALT
and LDH activity after warm ischemia/teperfusion, with
DPI reversing the hepatoprotection induced by ischemic
preconditioning.

DISCUSSION

We have previously reported that brief liver perfusion
with a buffer containing a low dose of H20:2 reduces
warm ischemia/repetfusion injury similar to that with
ischemic preconditioning"”. However, the mechanisms
of such H202 preconditioning have not been clarified.
Since H20: is produced as a consequence of ROS
metabolism, and is now considered to be involved in not
only pathological, but also physiological mechanisms” ",
it may be that H2O2 derived from Kupffer cells induces
adaptation of hepatocytes to ischemia/reperfusion injury.
Accordingly, in the present study, we sought to determine
whether pretreatment with H202 directly protects
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Figure 4 ALT and LDH activities in perfusate after ischemia/reperfusion
in an isolated perfused liver system from no preconditioning control, Hz0:
preconditioning, DPI-no preconditioning, and DPI/Hz02 preconditioning rats.
Columns and bars represent means + SE from eight rats in each group. °P < 0.01
vs no preconditioning; °P < 0.01 vs vehicle treatment and Hz0: preconditioning.

isolated hepatocytes against subsequent warm ischemia/
reperfusion injury.

To simulate ischemia/reperfusion injury in vitro,
isolated rat hepatocytes were incubated under anoxic
conditions using an anaerobic chamber, and subsequently
subjected to reoxygenation, following a widely used
model™. Cell viability after reoxygenation was assessed
with propidium iodide fluorometry. Propidium iodide
binds to the double-stranded nucleic acids of permeable,
non-viable cells”, and the fluorescence is linearly related
to LDH release™. Therefore, the changes in fluorescent
intensity after anoxia/reoxygenation possibly represent
in vitro ischemia/repetfusion injury. As shown in Figure 1,
the viability of hepatocytes decreased slowly during anoxia
and then rapidly after reoxygenation, compared with cells
consistently maintained under normoxic conditions. These
results were similar to those previously reported that
showed necrotic hepatocytes after anoxia/ reoxygenation[zg].
We pretreated cells with H202 before such anoxia/
reoxygenation injury; however, the viability of hepatocytes
was not improved with any of the concentrations of H202
examined. Pretreatment with 1 mmol/L H20:2 for 10 min
even worsened hepatocyte viability, although liver perfusion
with the same concentration of H202 for 10 min reduced
warm ischemia/reperfusion injury in our eatlier study'”.
As some reports have indicated that isolated hepatocytes
have lower tolerance to H202 than those /# vivo,
because of the absence of a sinusoidal structure” ", the
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Figure 5 ALT and LDH activity in perfusate after ischemia/reperfusion in an isolated
perfused liver system from no preconditioning control, ischemic preconditioning,
DPI-no preconditioning, and DPI-ischemic preconditioning rats. Columns and bars
represent means + SE from six rats in each group. °P < 0.01 vs no preconditioning;
°P < 0.05 vs vehicle treatment and ischemic preconditioning.

present results might suggest that the effective dose of
H20: in in vitro conditions is different from that during
perfusion experiments. However, another interpretation is
that sublethal H202 concentrations did not directly protect
hepatocytes against warm ischemia/reperfusion injury.

Based on the hypothesis that Kupffer cells mediate
hepatoprotection by H202 preconditioning, we performed
liver perfusion experiments using rats in which Kupffer
cell function was inhibited by GdCls injection'zz’zﬂ. As
shown in Figure 2, GdCls alone did not change ischemia/
reperfusion injury, which showed that Kupffer cells were
not involved in the development of warm ischemia/
reperfusion injury in our model. Accordingly, it is
suggested that hepatoprotection by H202 preconditioning
cannot be ascribed to the suppression of the deleterious
function of Kupffer cells. Moreover, GdCls reversed the
effect of H202 preconditioning. As previously recognized,
inhibition of Kupffer cell function also reversed the effect
of ischemic preconditioningm‘. Therefore, we concluded
that H2O2 preconditioning protected hepatocytes via
Kupffer cells, as in ischemic preconditioning,

Kupffer cells are the principal source of oxygen
radicals after prolonged hepatic ischemia/reperfusionm
Moreover, even after a brief period of ischemia, Kupffer
cells predominantly produce oxygen radicals"”. If H20:
preconditioning protects hepatocytes via stimulation of
Kupffer cells, as in ischemic preconditioning, a brief
period of perfusion with H2O2 may induce oxygen radical
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formation in Kupffer cells. As NBT reacts with oxygen
radicals to form insoluble blue formazan, the NBT
perfusion technique enables one to evaluate oxygen radical
production iz sit”>*. As shown in Figure 3, histological
analysis indicated that H2O2 perfusion stimulated Kupffer
cells to produce oxygen radicals. It has been reported that
structural changes in Kupffer cells, or transient increases in
the phagocytosis of Kupffer cells, is induced by perfusion
with 0.7 mmol/L H20: for 10 min or 1 mmol/L H20:2 for
5 min, respectively™”", These observations support our
present findings; that stimulation of Kupffer cells with
1 mmol/L Hz20: for 10 min produced oxygen radicals.

Kupffer cells generate oxygen radicals by activating
NADPH oxidase from a wide variety of stimulations'™ "
However, it has never been determined whether H20:
activates NADPH oxidase in Kupffer cells. Therefore, we
sought to determine the contribution of NADPH oxidase
to oxygen radical production in Kupffer cells by brief
H20:2 perfusion. As shown in Figure 3, oxygen radical
formation induced by H20: perfusion was eliminated
by inhibition of NADPH oxidase with DPI. Some of
these histological findings suggested that even brief H202
perfusion induced oxygen radical formation via NADPH
oxidase in Kupffer cells. The active NADPH oxidase
complex, which is bound to the plasma membrane in
Kupffer cells, primarily produces superoxide anion radicals
by reducing extracellular oxygen with electrons from
cytosolic NADPH"*, Since DPI acts on the cytosolic
component of NADPH oxidase™ and H20: permeates
the cell membrane™* an increase in intracellular H20:2
concentration by H2Oz treatment might act on NADPH
oxidase in Kupffer cells. Subsequently, we examined the
contribution of NADPH oxidase to the effect of H20:
preconditioning against warm ischemia/reperfusion
injury. As shown in Figure 4, inhibition of NADPH
oxidase reversed the hepatoprotective effect of H202
preconditioning. Taken together with histological findings,
the results indicate that NADPH oxidase in Kupffer cells
mediates hepatocyte protection in H20: preconditioning.

Finally, we determined whether NADPH oxidase
contributes to the effect of ischemic preconditioning.
As shown in Figure 5, hepatocyte protection in ischemic
preconditioning was also reversed by inhibition
of NADPH oxidase. We concluded that H20:
preconditioning, as well as ischemic preconditioning
protects hepatocytes via NADPH oxidase in Kupffer cells.
Moreover, the present results suggest that extracellular
superoxide anion radicals produced by NADPH oxidase
in Kupffer cells play a crucial role in hepatocyte protection
by both H20:2 and ischemic preconditioning. Extracellular
free radicals do not permeate the cell membrane™*! and
directly oxidize the lipid bilayer of the cell membrane'.
Thus, experiments to investigate the contribution of
lipid peroxidation to hepatocyte preconditioning against
ischemia/reperfusion injury are presently underway in our
laboratory.

In conclusion, we report, to the best of our
knowledge, a novel finding that hepatocyte protection
against warm ischemia/reperfusion injury was achieved
via NADPH oxidase in Kupffer cells. This was induced
by preconditioning with a sublethal dose of H202
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petrfusion or brief ischemia/reperfusion. Based on the
results of an earlier study, we assumed that a sublethal
dose of H20: directly set off hepatocyte protection
against ischemia/reperfusion injury. However, the present
results reaffirmed the importance of Kupffer cells in
induction of ischemic tolerance in liver. In general,
Kupffer cells and their production of oxidative stress
arc considered to be a detrimental factor in hepatic
ischemia/reperfusion injury'™”. However, under sublethal
conditions, they actually could play a principal role in
hepatocyte preconditioning against such injury. According
to this concept, to obtain hepatoprotection, Kupffer cell
activation may have to be strictly controlled between
a steady-state level and a stimulated injurious level.
Investigations to elucidate how sublethal oxidative stress
induces these protective effects on hepatocytes are needed
to determine any clinical application.
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Background

As a therapeutic strategy against hepatic ischemia/reperfusion injury, which can
occur in a number of clinical settings such as liver transplantation and hepatic
resection, recent studies have drawn attention to ischemic preconditioning.
Ischemic preconditioning is a phenomenon in which brief periods of ischemia
followed by reperfusion render tissues resistant to subsequent prolonged
ischemia/reperfusion. The authors have previously shown that reactive oxygen
species derived from Kupffer cells mediate the hepatoprotection induced by
ischemic preconditioning, and pretreatment with a sublethal dose of H202 mimics
such hepatoprotection. However, the mechanism of H202 preconditioning or the
role of H20z in the preconditioning phenomenon has not been determined.

Research frontiers

Clinical investigations of ischemic preconditioning in human liver resection and
transplantation have recently been reviewed (World J Gastroenterology 2007; 13:
657-670). New findings about the beneficial role of reactive oxygen species in
some experimental settings are increasingly being reported.

Innovations and breakthroughs

Cell-specific investigations of ischemic preconditioning have rarely been reported.
The authors focused on Kupffer cells and their production of reactive oxygen
species, which are in general regarded as detrimental factors in hepatic injury, and
showed that, paradoxically, they mediated hepatoprotection induced by ischemic
preconditioning. In the present article, we also demonstrated that superoxide
anion radicals produced by NADPH oxidase in Kupffer cells were implicated in the
hepatoprotective effects of ischemic and H20: preconditioning.

Applications

Investigations into the mechanisms of ischemic preconditioning will enable
the establishment of a pharmacological preconditioning regime before liver
transplantation or hepatic surgery, leading to a reduction in ischemia/reperfusion
injury.

Terminology

Interruption of tissue blood flow followed by reperfusion causes tissue injury, called
ischemia/reperfusion injury. Ischemic preconditioning is a phenomenon whereby
brief periods of ischemia followed by reperfusion render tissues resistant to
subsequent ischemia/reperfusion injury.
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Abstract

AIM: To investigate the protective effects and
mechanisms of Baicalin and octreotide on renal injury of
rats with severe acute pancreatitis (SAP).

METHODS: One hundred and eighty SD rats were
randomly assigned to the model group, Baicalin-treated
group, octreotide-treated group and sham operation
group. The mortality, plasma endotoxin level, contents
of blood urea nitrogen (BUN), creatinine (CREA),
phospholipase Az (PLA2), nitrogen monoxide (NO), tumor
necrosis factor (TNF)-a, IL-6 and endothelin-1 (ET-1) in
serum, expression levels of renal Bax and Bcl-2 protein,
apoptotic indexes and pathological changes of kidney
were observed at 3, 6 and 12 h after operation.

RESULTS: The renal pathological changes were milder in

treated group than in model group. The survival at 12 h
and renal apoptotic indexes at 6 h were significantly
(P < 0.05) higher in treated group than in model group
[66.67% vs 100%; 0.00 (0.02)% and 0.00 (0.04)% vs
0.00 (0.00)%, respectively]. The serum CREA content
was markedly lower in octreotide-treated group than in
model group at 3 h and 6 h (P < 0.01, 29.200 £ 5.710
umol/L vs 38.400 + 11.344 umol/L; P < 0.05, 33.533 +
10.106 umol/L vs 45.154 £ 17.435 pmol/L, respectively).
The expression level of renal Bax protein was not
significantly different between model group and treated
groups at all time points. The expression level of renal
Bcl-2 protein was lower in Baicalin-treated group than in
model group at 6 h [P < 0.001, 0.00 (0.00) grade score
vs 3.00 (3.00) grade score]. The Bcl-2 expression level
was lower in octreotide-treated group than in model
group at 6 hand 12 h [P < 0.05, 0.00 (0.00) grade score
vs 3.00 (3.00) grade score; 0.00 (0.00) grade score vs
0.00 (1.25) grade score, respectively]. The serum NO
contents were lower in treated groups than in model
group at 3 h and 12 h [P < 0.05, 57.50 (22.50) and
52.50 (15.00) umol/L vs 65.00 (7.50) umol/L; P < 0.01,
57.50 (27.50) and 45.00 (12.50) umol/L vs 74.10 (26.15)
umol/L, respectively]. The plasma endotoxin content
and serum BUN content (at 6 h and 12 h) were lower
in treated groups than in model group. The contents of
IL-6, ET-1, TNF-a. (at 6 h) and PLA: (at 6 h and 12 h)
were lower in treated groups than in model group [P <
0.001, 3.031 (0.870) and 2.646 (1.373) pg/mL vs 5.437
(1.025) pg/mL; 2.882 (1.392) and 3.076 (1.205) pg/mL
vs 6.817 (0.810) pg/mL; 2.832 (0.597) and 2.462 (1.353)
pg/mL vs 5.356 (0.747) pg/mL; 16.226 (3.174) and
14.855 (5.747) pg/mL vs 25.625 (7.973) pg/mL; 18.625
(5.780) and 15.185 (1.761) pg/mL vs 24.725 (3.759)
pg/mL; 65.10 (27.51) and 47.60 (16.50) pg/mL vs 92.15
(23.12) pg/mL; 67.91 + 20.61 and 66.86 + 22.10 U/mL,
63.13 + 26.31 and 53.63 + 12.28 U/mL vs 101.46 +
14.67 and 105.33 £ 18.10 U/mL, respectively].

CONCLUSION: Both Baicalin and octreotide can protect
the kidney of rats with severe acute pancreatitis. The
therapeutic mechanisms of Baicalin and octreotide might
be related to their inhibition of inflammatory mediators
and induction of apoptosis. Baicalin might be a promising
therapeutic tool for severe acute pancreatitis.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Severe acute pancreatitis (SAP) is a fatal systemic disease
featuring acute onset, serious conditions, high incidence of
complications and 20%-30% of mortality mainly due to
multiple organ failure at its early stage[M. Octreotide has
been shown to exert its therapeutic effects on SAP mainly
via inhibiting pancreatin secretion, release of inflammatory
mediators and platelet aggregation, and reducing endotoxin
generation[sfgl. It is found to improve prognosis and lower
mortality by enhancing the kidney protection during SAP.
Baical skullcap root is an essential of “Qingyitang”, a rep-
resentative prescription of Traditional Chinese Medicine
for SAP. Baicalin is its main effective ingredient (mono-
mer). The 7n vitro experiment of Baicalin has confirmed it
has anti-bacterial, antiviral and anti-inflammatory activi-
ties. It also can inhibit platelet aggregation and eliminate
oxygen-free radicals. It was found in animal experiments
that Baicalin could reduce the generation of endotoxin. In
addition, Baicalein, which is the initial metabolite of Ba-
icalin, has potent effect in inhibiting pancreatin. All these
pharmacologic actions can inhibit SAP during its multiple
stagesm. It is difficult to popularize octreotide especially
in remote areas with poor economy since it features high
price, short half-life and inconvenient administration, while
Baicalin features low price, extensive routes of administra-
tion and preparation, multiple pharmacologic actions and
precise therapeutic effects.

The idea of Baicalin treatment of pancreatitis was
brought forward in 1999 and validated in 2000. At the
beginning, the one-time Baicalin injection viz vena dorsalis
penis or vena femoralis injection was applied, which re-
sulted in poor therapeutic effects. Later, it was found one-
time injection was inappropriate due to the short half-life
of Baicalin. The expected therapeutic effects could hardly
be met with one-time injection. In 2001, the intravenous
drip and large dosage were applied, which resulted in
sound therapeutic effects. The idea was originated from
the study of the principal on pancreatitis treated by Ba-
icalein injection. Baicalin is hydrolyzed into Baicalein. The
stability, solubility and therapeutic effects of Baicalin injec-
tion are all superior to those of Baicalein injection. In this
experiment, the feasibility of Baicalin treatment for SAP
has been studied by comparing the protective effects and
mechanisms of Baicalin and octreotide on kidneys of rats
with SAP.

MATERIALS AND METHODS

Experimental animals
Clean grade healthy male Sprague-Dawley (SD) rat, weigh-
ing 250-300 g, were purchased from the Experimental
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Animal Center of Medical School of Zhejiang University,
China.

Experimental reagents

Sodium taurocholate and sodium pentobarbital were
purchased from USA Sigma Company. Octreotide was
purchased from Swiss Pharmaceutical Company Novartis,
and 5% Baicalin injection (China National Invention Pat-
ent Number Z1.200310122673.6) was prepatred by the first
author at 305 mmol/L osmotic pressure. Plasma endo-
toxin tachypleus amebocyte lysate kit was purchased from
Shanghai Yihua Medical Science and Technology Corpora-
tion (Institute of Medical Analysis, Shanghai, China); the
calculation unit for content is EU/mL. Serum nitrogen
monoxide (NO) was purchased from Nanjing Jiancheng
Bioengineering Research Institute; the calculation units
for content is pmol/L. TNF-¢, ELISA kit was purchased
from Jingmei Bioengineering Corporation; the calculation
unit for content is pg/mL (ng/L). IL-6 ELISA kit was
purchased from Shanghai Shenxiong Biotech Company
(China); the calculation unit for content is pg/mL (ng/L).
Serum secretory phospholipase Az enzyme Assay ELA kit
(PLA2) was purchased from R&D system Ins; the calcula-
tion unit for content is U/mL. The serum endothelin-1
ELA kit (ET-1) was purchased from Cayman Chemical
Company (Catalog Number: 583151), the calculation unit
for content is ng/L (pg/mL). The Bax and Bcl-2 antibod-
ies were purchased from Santa Cruz Company, USA. The
main reagents for DNA 7z situ nick end-labeling (TUNEL)
staining (Takara In Sitn Apoptosis Detection Kit) was pur-
chased from TaKaRa Biotechnology (Dalian) Co., Ltd. PK
(protease K) was purchased from Sigma Company (USA).
DAB (biphenyldiamine) was purchased from China Hua-
mei Company, China.

Preparation of animal models

The improved Aho’s method"” was adopted to prepare
135 SAP rat models zia retrograde injection of 35 g/L so-
dium taurocholate to the pancreatic duct through epidural
catheter and duodenal papilla. The 135 SAP rat models
were randomly assigned to the model group, Baicalin-
treated group and octreotide-treated group, 45 rats in each
group, while other 45 rats were assigned to the sham op-
eration group (SO group). In sham operation group, only
exploratory laparotomy (i.e., entering abdominal cavity,
checking the pancreas and duodenum and then abdomen
closure) was performed. Thereafter, the above-mentioned
groups were randomly subdivided into 3-h, 6-h and 12-h
groups, 15 rats in each group. The rats were observed at
3, 6 and 12 h after operation for: (1) Mortalities of rats
in all groups followed by execution of rats and observa-
tion of gross pathological changes of kidney; (2) Kidney
tissue samples were collected, fixed in accordance with
relevant requirements and observed for the pathological
score changes of kidney under HE staining; (3) Tissue
microarray was applied to prepare the tissue microarray
sections (2 mm in diameter) and immunostained using SP
(streptavidin-peroxidase) method. Expressions of Bax and
Bcl-2 protein in the kidney tissue were observed under
light microscope, and grading was carried out based on
the percentage of positive cells as follows: (-) = positive
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cell count < 10%, (+) = positive cell count 10%-20%,
(++) = positive cell count 20%-50%, and (+++) = posi-
tive cell count > 50%; (4) TUNEL staining technique was
applied to detect apoptotic cells in the kidney and then
apoptotic index was calculated as follows: Apoptotic index
= apoptotic cell count/total cell count X 100%; (5) The
changes in blood urea nitrogen (BUN), creatinine (CREA),
phospholipase Az (PLA2), nitrogen monoxide (NO), tumor
necrosis factor (INF)-a, 1L-6 and endothelin-1 (ET-1)
contents in blood samples obtained from the heart were
determined; and (6) The correlations among these indexes
were analyzed.

Procedures

Fast but water restraint was imposed on all rat groups
12 h prior to the operation. The rats were anesthetized
by intra-peritoneal injection of 20 g/L sodium pentobat-
bital (0.25 mL/100 g), laid and fixed on table, routinely
shaved, disinfected and draped. After establishing the
right external jugular vein transfusion passage by using
the microinfusion pump for continuous transfusion
(1 mL/h per 100 g), 35 g/L sodium taurocholate was
administered to prepare SAP model. To establish model
control group, through median epigastrium incision, the
bile-pancreatic duct and hepatic hilus common hepatic
duct were confirmed, the pancreas was disclosed, the duo-
denal papilla inside the duodenum duct wall was identified,
and then a No. 5 needle was used to drill a hole in the
avascular area of mesentery. After inserting a segmental
eqidural catheter into the duodenal cavity »ia the hole, the
bile-pancreatic duct was inserted toward the direction of
papilla in a retrograde way, a microvascular clamp was used
to nip the duct end temporarily and meanwhile another
microvascular clamp was used to temporarily occlude the
common hepatic duct at the confluence of hepatic duct.
After connecting the anesthetic tube end with the transfu-
sion convertet, 35 g/L. sodium taurocholate (0.1 mI./100 g)
was transfused by retrograde transfusion using the micro-
injection pump (made by Zhejiang University) at a speed
of 0.2 mL/min. After 4 to 5 min post-injection, the micro-
vascular clamp and epidural catheter were removed. After
checking for bile leakage, the hole in the lateral wall of
duodenum was sutured. The anesthetic in the abdominal
cavity was absorbed up by disinfected cotton ball and then
the abdomen was closed. Sham operation group received
laparotomy zia upper midline incision, turning over of the
pancreas and duodenum and finally closure of the abdo-
men.

Dosage

In Baicalin-treated group, the animal experiments of
5% Baicalin injection have been completed including
the acute toxicity test and SAP rat treatment by small,
middle and large dose. The large dose (10 mg/h per 100
@) can achieve the best therapeutic effect and the dosage
referred to the result of the previous preliminary experi-
ment!"”. Ten minutes after successful modeling, Baicalin-
treated group was first injected 5% Baicalin injection
(10 mg/100 @) via the external jugular vein, followed by
continuous intravenous administration (10 mg/h per 100
@) by microinfusion pump. Octreotide-treated group was

first injected octreotide (0.2 pg/100 g) via the external
jugular vein, followed by continuous intravenous trans-
fusion (10 mg/h per 100 g) by microinfusion pump at
a transfusion speed of 0.2 ug/h per 100 g. All above-
mentioned dosages have been proved as effective dosages
in the previous preliminary experiment!"’, Both the sham
operation group and model control group were injected
normal saline of equivalent volume at the corresponding
time points after operation. The diameter of the drilling
needle is 2.0 mm.

Statistical analysis

The values were presented as mean + SD for normal dis-
tribution variables or median and quartile range for highly
skewed variables. The significance of differences among
the four groups was analyzed using Kruskal-Wallis test
for highly skewed data and analysis of variance (ANOVA)
for normal distribution data. Multiple comparisons were
subjected to Bonfferoni correction test. Chi-square test
was used to evaluate equality of frequencies for discrete
variables. Correlations were tested using Spearman rank
correlation coefficients. A P value less than or equal to
0.05 was considered statistically significant. All statisti-
cal analyses were conducted using SPSS version 11.5 for
windows.

RESULTS

Survival rate

The mortalities of model group were 0% (0/15), 13.33%
(2/15) and 33.33% (5/15) at 3, 6 and 12 h, respectively,
while those of Baicalin-treated group and octreotide-
treated group were 0% at different time points, indicating
a marked difference at 12 h (P < 0.05). The whole sham
operation group survived at different time points.

Serum BUN content

Serum BUN content was markedly higher in model group
and treated groups than in sham operation group at all
time points (P < 0.001). However, the content was not
significantly different between Baicalin- and octreotide-
treated groups at all time points. The content was lower
in Baicalin-treated group than in model group at 3 and
12 h (P < 0.05). The content was not different between
octreotide-treated group and model group at 3 h. The
content was lower in Baicalin-treated group than in
model group at 6 h (P = 0.001), lower in octreotide-
treated group than in model group (P < 0.05), and lower
in octreotide-treated group than in model group at 12 h
(P < 0.01) (Table 1).

Serum CREA content

The CREA content was significantly higher in model
group and treated groups than in sham operation group at
all time points (P < 0.001). However, no significant differ-
ence was found between Baicalin-treated group and model
group at all time points. The content was lower in octreo-
tide-treated group than in Baicalin-treated group at 3 h and
12 h (P < 0.01), and also lower in octreotide-treated group
than in model group at 3 h (P < 0.01) and 6 h (P < 0.05).

But no marked difference was observed between Baicalin-
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Table 1 Comparison of different indexes level in blood [M (Qr)]

Sham operation group Model group Baicalin treated group Octreotide treated group
Endotoxin 3h 0.016 (0.005) 0.053 (0.029) 0.027 (0.005) 0.033 (0.006)
(EU/mL) 6h 0.016 (0.010) 0.059 (0.037) 0.039 (0.019) 0.031 (0.010)
12h 0.014 (0.015) 0.060 (0.022) 0.034 (0.015) 0.042 (0.014)
BUN 3h 5.310 (0.940) 12.050 (4.030) 10.530 (3.625) 9.850 (3.020)
(mmol/L) 6h 5.500 (2.200) 17.390 (3.850) 12.220 (4.530) 13.930 (5.500)
12h 4.860 (1.590) 22.270 (11.375) 13.720 (4.380) 13.520 (9.810)
NO 3h 7.500 (5.000) 65.000 (7.50) 57.500 (22.50) 52,500 (15.00)
(umol /L) 6h 7.500 (5.000) 62.500 (38.75) 47.500 (37.50) 57.500 (15.00)
12h 74.100 (26.15) 57.500 (27.50) 45.000 (12.50)
TNF-o. 3h 3.900 (3.200) 41.440 (37.72) 44.930 (45.84) 39.300 (30.60)
(pg/mL) 6h 4.000 (1.700) 92.150 (23.12) 65.100 (27.51) 47.600 (16.50)
12h 5.3000 (3.000) 65.020 (26.81) 47.650 (25.52) 54.500 (41.40)
1L-6 3h 1.846 (0.346) 5.437 (1.025) 3.031 (0.870) 2.646 (1.373)
(pg/mL) 6h 1.743 (0.838) 6.817 (0.810) 2.882 (1.392) 3.076 (1.205)
12h 2.036 (0.818) 5.356 (0.747) 2.832 (0.597) 2.462 (1.353)
ET-1 3h 15.293 (4.231) 24.745 (1.011) 19.635 (6.065) 16.827 (3.775)
(pg/mL) 6h 16.275 (3.180) 25.625 (7.973) 16.226 (3.174) 14.855 (5.747)
12h 14.173 (2.556) 24.725 (3.759) 18.625 (5.780) 15.185 (1.761)

Table 2 Comparison of serum CREA content (mean + SD,
umol/L)

Groups 3h 6h 12 h
Sham operation group ~ 17.867 £2.890 21.467 £3.044 19.733 +3.150
Model group 38.400 £11.344 45154 £17.435 41.500 +£12.122
Baicalin-treated group ~ 37.615+9.483 39.867 +13.648 50.733 +29.310
Octreotide-treated group 29.200+5.710 33.533 £10.106 33.933 + 9.145

and octreotide-treated groups. Moreover, the content was
not different between octreotide-treated group and model
group at 12 h (Table 2).

Gross changes and light microscopic changes of kidney
Sham operation group: Macroscopically, the morphous
of kidney was normal without swelling, with no bleeding
points on surface of renal cortex. Microscopically, there
were normal structure of renal glomerulus, tubule and in-
terstitium in most rats without visible pathological change;
however, swelling and blurry boundary of renal tubular
epithelial cells, and stenosis of lumens were found in very
few rats.

Model group: Macroscopically, there was no gross
change in the kidney at 3 h; but were kidney swelling,
tension of renal envelope, scattered bleeding points on
surface of renal envelope, and slightly hemorrhagic urine
in pelvis in severe cases at 6 h and 12 h. Microscopi-
cally, there were capillary congestion of renal glomerulus,
swelling, scattered necrosis and blurry boundary of renal
tubule epithelial cell, stenosis or atresia of lumens, visible
protein cast (Figure 1A), interstitial edema and inflam-
matory cell infiltration at 3 h; and capillary congestion of
renal glomerulus, swelling and scattered necrosis of epi-
thelial cell of renal tubule (Figure 1B), interstitial edema
(Figure 1C) and inflammatory cell infiltration at 6 and 12
h. The floss and red cell with eosinophilic stainings were
found in renal glomerulus and homogenous or red cell
cast with eosinophilic staining in renal tubule (Figure 1D).
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There was lamellar necrosis of epithelial cell of renal tu-
bule in few rats.

Baicalin- and octreotide-treated groups: Macroscopi-
cally, the gross renal pathological changes were milder in
Baicalin- and octreotide-treated group than in model group
at 6 h and 12 h. Microscopically, there were less capillary
congestion of renal glomerulus, swelling of renal tubular
epithelial cell, floss and red cell with eosinophilic staining
in renal capsule and inflammatory cell infiltration in treated
group than in model group. Mild red cell cast was found
occasionally in renal tubule of treated group. There were
also renal interstitial edema and scattered necrosis of renal
tubular epithelial cell in few cases. There was no visible
difference between Baicalin- and octreotide-treated groups.
Better therapeutic effects were achieved in octreotide-
treated group.

Changes of pathological score of kidney in all groups
Pathological grading of kidney: The pathological grad-
ing of kidney was used (Table 3) and two pathologists pet-
formed the evaluation of degree of pathological changes
in pancreatic tissue in double-blind fashion.

Comparison of pathological score of kidney: The
score was significantly higher in model group, Baicalin- and
octreotide-treated groups than in sham operation group at
different time points (P <0.001). However, the score was
lower in Baicalin- and octreotide-treated groups than in mod-
el group at 6 h (P <0.05). The score was lower in octreotide-
treated group than in model group at 12 h (P <0.05). There
was not significant different between Baicalin- and octreo-
tide-treated groups at different time points (Table 4).

Expression of Bax protein in renal tissue

Bax-positive staining was located in the kytoplasm of re-
nal tubular epithelial cell (Table 5 and Figure 2A-E). The
expression level was not different among all groups at
12 h. The level was higher in model group and Baicalin-
treated group than in sham operation group at 3 h and
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Table 3 Pathological score standard of kidney

Figure 1 Light microscopic changes of
kidney (HE, x400). A: 3-h model group
showing protein cast in renal tubule; B
and C: 6-h model group showing scattered
degenerative necrosis in renal tubular
epithelial cells, and renal interstitial edema,
respectively; D: 12-h model group showing
visible red cell cast.

Table 5 Expression of Bax protein in kidney

Grade Observation indexes

I No cellular proliferation or fibrosis in renal glomerulus; no
capillary congestion or microthrombus; swelling and blurry
boundary of renal tubular epithelial cell; stegnosis or atresia of

lumens; protein cast and renal interstitial edema

I Glomerular capillary congestion, scattered necrosis in renal
tubular epithelial cell, interstitial edema and inflammatory cell
infiltration

I Il + lamellar necrosis of renal tubular epithelial cell

Table 4 Comparision of pathological score of kidney in all

groups [M (Qr)]

Groups 3h é6h 12h

Sham operation group 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Model group 2.00 (1.00) 2.00 (1.00) 2.00 (1.25)
Baicalin treated group 1.00 (1.00) 1.00 (1.00) 2.00 (1.00)
Octreotide-treated group 1.00 (1.00) 1.00 (1.00) 1.00 (1.00)

6 h (P < 0.05), and also higher in octreotide-treated
group than in sham operation group at 6 h (P < 0.05).
The expression level was not different between model
group and Baicalin-treated group at all time points.
Similarly, the expression level was not different be-
tween Baicalin- and octreotide-treated groups. The
level was lower in octreotide-treated group than in
model group at 3 h (P < 0.05) (Table 0).

Expression of Bcl-2 protein in renal tissue
Bcl-2-positive staining was located in the kytoplasm of re-
nal tubular epithelial cells. (Table 7 and Figure 3A-C). The

Groups n Pathologic grade
o ar e ++ +

Sham operation group (3 h) 15 15

(6h) 15 15

(12h) 15 15
Model group @Bh) 15 7 4 4

(6h)y 13 10 1 2

(12h) 10 7 1 1 1
Baicalin treated group  (3h) 15 11 3 1

(6h)y 15 10 4 1

(12h) 15 12 3
Octreotide treated group 3h) 15 12 3

(6h) 15 11 2 2

(12h) 15 10 4 1

level was higher in model group than in sham operation
group at all time points (P < 0.05). The level was higher
in Baicalin-treated group than in sham operation group at
12 h (P < 0.05), lower in octreotide-treated group than in
Baicalin-treated group (P < 0.05), lower in Baicalin-treated
group than in model group at 6 h (P < 0.001), and also
lower in octreotide-treated group than in model group at 6
and 12 h (P < 0.05) (Table 8).

Comparison of renal apoptotic index

The apoptotic cells were renal tubular epithelial cells. The
index was not different between model group and sham op-
eration group at different time points. Moreover, the index
was not different among all groups at 3 and 12 h. The index
was higher in Baicalin- and octreotide-treated groups than
in sham operation group and model group at 6 h (P < 0.05).
The index was not different between Baicalin- and octreotide-
treated groups at all time points (Table 9 and Figure 4A-D).
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Figure 2 Bax expression in different groups (x200). A: 12-h model group showing high (+++) Bax expression; B: 3-h Baicalin-treated with negative (-) Bax expression; C:
12-h model group showing moderate (++) Bax expression; D and E: 6-h octreotide-treated group showing mild (+) Bax expression.

Table 6 Comparision of Bax protein in kidney [M (Qz)] grade

score

Groups 3h 6h 12 h

Sham operation group 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Model group 1.00 (2.00) 0.00 (0.50) 0.00 (1.25)
Baicalin-treated group 0.00 (0.50) 0.00 (1.00) 0.00 (0.00)
Octreotide-treated group 0.00 (0.00) 0.00 (1.00) 0.00 (1.00)

Table 7 Expression of Bcl-2 protein in kidney

Groups n Pathologic grade
= + + + ++ +

Sham operation group (3 h) 15 15

(6 h) 15 15

(12h) 15 15
Model group 3h) 15 10 1 2 2

(6 h) 13 4 1 8

(12h) 10 7 1

Baicalin-treated group  (3h) 15 14 1

6h) 15 15

(12h) 15 11 4

Octreotide-treated group (3h) 15 13 2
6h) 15 15

(12h) 15 15

Comparison of plasma endotoxin content

The content was higher in model group and treated group
than in sham operation group at all time points (P < 0.001).
The content was not different between Baicalin- and
octreotide-treated groups at 6 and 12 h. The content was
lower in Baicalin- and octreotide-treated groups than in
model group at 3 h (P < 0.001), lower in Baicalin-treated

www.wjgnet.com

group than in octreotide-treated group at 3 h (P < 0.01),
lower in Baicalin-treated group than in model group at 6 h
(P < 0.05), lower in octreotide-treated group than in model
group at 6 h (P = 0.001), lower in Baicalin-treated group
than in model group at 12 h (P < 0.001), and also lower in
octreotide-treated group than in model group at 12 h
(P <0.01) (Table 1).

Comparison of serum PLA: content

Serum PLA2 content in model group and treated groups
significantly exceeded sham operation group at different
time points (P < 0.001). At 3 h, PLA2 content in Baicalin-
treated group was significantly less than model group and
octreotide-treated group (P < 0.01), but no marked differ-
ence was observed between octreotide-treated group and
model group. At 6 h and 12 h, PLA2 content in Baicalin-
and octreotide-treated groups was significantly less than
model group (P < 0.001). There was no marked difference
between Baicalin-treated group and octreotide-treated
group at 6 h, while octreotide-treated group had signifi-
cantly less PLA2 content than Baicalin-treated group at 12
h (P < 0.001) (Table 10).

Comparison of serum NO content

Serum NO content in model group, Baicalin-treated
group and octreotide-treated group significantly ex-
ceeded sham operation group at different time points
(P < 0.001). At 3 h and 12 h, Baicalin-treated and
octreotide-treated groups had significantly less serum
NO content than model group (P < 0.05). There was
no marked difference in serum NO content between
Baicalin-treated group and octreotide-treated group at
different time points (Table 1).
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Figure 3 Bcl-2 expression in different groups (x 200). A and B: 6-h model group showing high (+++) Bcl-2 expression; C: 6-h octreotide-treated group with negative (-)
Bcl-2 expression.

Table 8 Comparison of Bcl-2 protein in kidney [M (Qz)] grade
score

Groups 3h éh 12h

Sham operation group 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Model group 0.00 (2.00) 3.00 (3.00) 0.00 (1.25)
Baicalin-treated group 0.00 (0.00) 0.00 (0.00) 0.00 (1.00)
Octreotide-treated group 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

Comparison of serum TNF-o. content

Serum TNF-q, content in model group and treated groups
significantly exceeded sham operation group at different
time points (P < 0.001). There was no significant differ-
ence among model group, Baicalin-treated group and
octreotide-treated group at 3 h and 12 h. At 6 h, serum
TNF-a contents in Baicalin-treated group and octreotide-
treated group were significantly less than model control
group (P < 0.001); and octreotide-treated group had signif-

Table 9 Apoptotic index of kidney [M (Qr)] (%)

Groups 3h éh 12 h

Sham operation group 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Model group 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Baicalin-treated group 0.00 (0.01) 0.00 (0.02) 0.00 (0.00)
Octreotide-treated group 0.00 (0.00) 0.00 (0.04) 0.00 (0.00)

Figure 4 Apoptosis in different groups
(TUNEL, x 400). A: 6-h octreotide-treated
group showing apoptosis of renal tubular
epithelial cells; B: 6-h Baicalin-treated
group showing apoptosis of renal tubular
epithelial cells; C: 6-h model group with
no (-) apoptosis; D: 6-h octreotide-treated
group showing apoptosis of renal tubular
epithelial cells.

icantly less serum TNF-q content compared to Baicalin-
treated group (P < 0.01) (Table 1).

Comparison of serum IL-6 content

Serum IL-6 contents at 3 h and 6 h were significantly
higher in model control group and treated groups than in
sham operation group (P < 0.001). Baicalin-treated group
and octreotide-treated group had no significant differ-
ence in serum IL-6 content at all time points. Baicalin-
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Table 10 Comparison of serum PLA2 content (mean * SD,

U/mL)

Groups 3h 6h 12 h
Sham operation group 14.62 £3.02 17.49 £3.82 19.02 +£5.07
Model group 76.10+16.70 10146 +14.67 105.33 £18.10
Baicalin-treated group 56.25 £22.43 67.91£20.61  66.86 +22.10
Octreotide-treated group  74.37 +£19.94 63.13 £26.31  53.63 +12.28

and octreotide-treated groups had significantly lower
serum IL-6 content compared to model control group
at all time points (P < 0.001). The model control group
had significantly higher serum IL-6 content than sham
operation group at 12 h (P < 0.001), and so was Baicalin-
treated group (P < 0.01), but no significant difference
was found between octreotide-treated group and sham

operation group (Table 1).

Comparison of serum ET-1 contents

Serum ET-1 content in model group was significantly
higher than in sham operation group at all time points
(P < 0.001). At all time points, Baicalin- and octreotide-
treated groups had significantly lower serum ET-1 content
than model group (P < 0.001). Octreotide-treated group had
significantly lower ET-1 content compared to Baicalin-treat-
ed group at 3 h and 12 h (P < 0.01). At 3 h, Baicalin-treated
group had significantly higher ET-1 content than sham
operation group (P < 0.01), but no significant different was
found between octreotide-treated group and sham opera-
tion group. At 6 h, there was no marked difference between
Baicalin-treated group or octreotide-treated group and sham
operation group, or between Baicalin-treated group and
octreotide-treated group. At 12 h, octreotide-treated group
and sham operation group had no marked difference, and
Baicalin-treated group had significantly higher ET-1 content
than sham operation group (P < 0.001) (Table 1).

Comparison of correlations among various indexes
Correlation between apoptotic indexes and Bax and
Bcl-2 expression in the kidney: The apoptotic index of
Baicalin-treated group at 3 h and that of octreotide-treated
group at 3 h and 6 h was positively correlated with Bax
expression (P < 0.001). However, there was no correlation
between apoptotic index and Bcl-2 expression.

Correlation between pathological score change and
BUN and CREA of kidney: The pathological score of
sham operation group at 12 h was positively correlated
with BUN (P < 0.01) and CREA levels (P <0.05). The
pathological score of model group was positively correlat-
ed with CREA at 3 h (P = 0.01) and 6 h (P < 0.001). The
score of Baicalin-treated group at 3 h and 6 h was posi-
tively correlated with CREA (P < 0.05). The pathological
score of Baicalin-treated group was positively correlated
with BUN at 6 h (P < 0.05) and 12 h (P < 0.01). The
pathological scotre of octreotide-treated group at 3 h was
positively correlated with BUN and CREA (P < 0.05), and
that at 6 h and 12 h was positively correlated with CREA
(P <0.01) and BUN (P < 0.01), respectively.
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Correlation analysis among inflammatory media-
tors: PLA2 content at 12 h was positively correlated with
TNF-a in model group (P < 0.05), and TNF-q, was posi-
tively correlated with PLA2 content (P < 0.01) at 3 h.

DISCUSSION

This study demonstrated that there were milder renal path-
ological changes and lower serum BUN content in treated
groups as compared with model group. The survival rate
was higher in treated groups compared to model group. All
these indicate the potent therapeutic effect of Baicalin and
octreotide on rats with sever acute pancreatitis. Baicalin
showed superiority over octreotide in decreasing plasma
endotoxin and PLA2 content in SAP rats at 3 h, while oc-
treotide was found to be superior to Baicalin in alleviating
renal pathological changes and decreasing CREA, Bcl-2,
TNF-q, PLA2 (at 12 h) and ET-1 contents.

Regarding the mechanisms zzz which these two drugs
improve renal pathological changes, we mainly hypoth-
esized inhibition of inflammatory mediators and induction
of apoptosis.

The endotoxin'" in plasma, and PLAP NO!M™ !
TNE-o""?" 1L-6" and ET-1"" in serum are all impor-
tant inflammatory mediators during SAP complicated
with multiple organ injury. They are important indexes of
severity and prognosis of acute pancreatitis and have two
important features in common: (1) Dual effects: These
inflammatory mediators, especially NO and ET-1, will
protect body in low concentration and injure body in high
concentration; and (2) There are interactions among differ-
ent inflammatory mediators. This experiment confirmed a
positive correlation between PLA2 and TNF-q. According
to many studies as well as our experiment, the concentra-
tions of these inflammatory mediators increase during
SAP®?. Our experiment demonstrated that almost all
indexes of inflammatory mediators were lower in treated
groups than in model group, while the indexes were not
different between Baicalin- and octreotide-treated groups,
thereby indicating that both drugs, with similar effects,
could lower the concentration of inflammatory mediators,
inhibit them and protect kidney.

Both necrosis and apoptosis are ways of death of in-
jured cells™. In contrast to necrosis, apoptosis does not
cause intense inflammatory reaction””, while necrosis will
cause systemic inflammatory response syndrome". At
present, a consensus has been reached on apoptosis of
pancreas during SAP™. When necrosis and apoptosis
coexist in pancreas and necrosis prevails, induction of
pancreatic apoptosis will result in a protective effect. We
believe this conclusion is also applicable to renal apoptosis,
which has been demonstrated by this experiment.

This experiment clearly showed that the renal patho-
logical changes were milder in treated group than in model
group. The renal apoptotic indexes at 6 h were markedly
higher in treated group than in model group. All these
indicate the renal pathological changes have been allevi-
ated after apoptosis of renal tubular epithelial cells. In
addition, the renal apoptotic indexes were not different
between model group and sham operation group, possibly
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because apoptosis had not occurred in model group or its
incidence was too low to be detected. The occurrence of
apoptosis of renal cells in treated groups, however, dem-
onstrated that both Baicalin and octreotide could induce
apoptosis. But some researchers believe the pathological
changes would be aggravated by renal apoptosis during
SAPP™ which is different from our view and therefore
worth discussing.

Bax and Bcl-2 are two important apoptosis-regulating
factors. The homo- ot heterodimerization between anti-
apoptotic Bcl-2 and proapoptotic Bax plays an important
role in the apoptosis regulating function of the Becl-2-
related proteins. Interestingly, in an excess of Bax, Bax/
Bax homodimers predominate, which promote apoptosis,
whereas an excess of Bcl-2 leads to the formation of
Bcl-2/Bax heterodimers, which inhibit apoptosis. Thus,
the ratio of Bcl-2 to Bax appears to be a critical determi-
nant of a cell’s threshold for undergoing apoptosis. No ex-
pression of Bcl-2 gene has been found normal pancreatic
tissue””. In addition, there has been no report on expres-
sion of Bcl-2 gene in normal renal tissue. It was found in
this experiment that the expression levels of both Bax and
Bcl-2 protein had increased during SAP, possibly because
the apoptosis-inducing and -inhibiting factors had been
enhanced simultaneously. As a result of the conflict of the
two factors, the apoptotic indexes were not different be-
tween model group and sham operation group. However,
the apoptotic indexes at 6 h were higher in treated group
than in sham operation group and model group, indicating
that the apoptosis of renal tubular epithelial cells occurred
because the apoptosis-inducing factor prevailed in treated
group. It was also found that the apoptotic indexes at
3 h were positively correlated with Bax in Baicalin-treated
group. The apoptotic indexes at 3 h and 6 h were positively
correlated with Bax in octreotide-treated group. But there
was no correlation between apoptotic indexes and Bcl-2.
Thus these data indicate that Bax might have participated
in the apoptosis of renal tubular epithelial cells. Compared
to model group, the expression level of Bcl-2 protein was
lower in Baicalin-treated group at 6 h, and in octreotide-
treated group at 6 h and 12 h, there by indicating that both
Baicalin and octreotide can lower the expression level of
Bcl-2 protein, enhance the apoptosis-promoting effect
of Bax dimmer and thus protect kidney and alleviate its
pathological changes.

The traditional histopathological section technique that
has been surpassed by tissue microarray (TMA) features
single sample and low efficiency™. The TMA we adopted
has advantages such as high throughput and reliable results
and great potential in oncopathologcial studyw’m. Cur-
rent studies are also mainly focused in this field*™". To
our knowledge, this is the first report on the application
of TMA to the pathological examination of pancreatitis
around the wotld.

In conclusion, both Baicalin and octreotide can allevi-
ate the renal pathological changes and improve the survival
of SAP rats by inhibiting inflammatory mediators, decreas-
ing the expression level of Bcl-2 protein and enhancing
the apoptosis-promoting effect of Bax dimmer to induce
the apoptosis of renal tubular epithelial cells. Tissue mi-
croarray is time- and energy-saving, highly efficient and

well representative in the pathological examination of pan-
creatitis. We believe Baicalin, a low-priced new drug with
precise therapeutic effects, is hopeful to play certain role in
SAP treatment in future.

COMMENTS

Background

Up to now, severe acute pancreatitis (SAP) is still an acute clinical disease
featuring multiple complications, high morality and difficult treatment. Recent
studies found octreotide, a somatostatin analogue, could effectively treat SAP.
However, octreotide is expensive, which has hindered its clinical application.
Therefore, an important direction of the current study is to find other cheap and
effective drugs. Baicalin injection (China National Invention Patent Number
Z1.200310122673.6) prepared by the first author would be one of the best choice
to treat SAP. In this experiment, the feasibility of Baicalin treatment of SAP has
been studied by comparing the protecting effects and mechanisms of Baicalin and
octreotide on kidneys of rats with SAP.

Research frontiers

Both Baicalin and octreotide can alleviate inflammatory reactions by inhibiting
the generation of inflammatory mediators and inducing renal cell apoptosis,
and thereby exert therapeutic effects on SAP. The mechanism of Baicalin- and
octreotide-induced renal cell apoptosis may be related to regulation of Bax and
Bcl-2 protein expressions. The therapeutic effects and mechanism of Baicalin on
SAP rats are similar to those of octreotide.

Innovations and breakthroughs

As a cheap medicine with extensive pharmacological actions, few side effects and
convenient administration, Baicalin can hopefully become a new drug for treating
SAP. The application of tissue microarrays in pathological examination of SAP has
several advantages, including time- and energy-saving, high efficiency and good
representativeness, and therefore is worth popularizing.

Applications

Both Baicalin and octreotide can alleviate the renal pathological changes and
improve the survival of SAP rats by inhibiting inflammatory mediators, regulating
the expression level of Bax and Bcl-2 protein and inducing the apoptosis of renal
tubular epithelial cell. Tissue microarray is time- and energy-saving, highly efficient
and well representative in the pathological examination of pancreatitis. We believe
Baicalin, a low-priced new drug with precise therapeutic effects, is hopeful to play
certain role in future SAP treatment.

Terminology

Baicalin is an important monomer of Baical skullcap root. Severe acute pancreatitis
(SAP) is a fatal systemic disease featuring acute onset, serious conditions, high
incidence of complications and 20%-30% of mortality.

Peer review

The authors analyzed the protecting effects and mechanism of Baical skullcap
root in the treatment of SAP in rats. The authors showed that Baicalin seems
to be equally effective as octreotide in terms of reduction of renal pathological
alterations. This study is well performed and the results merit further investigation.
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Abstract

AIM: To establish a scoring system for predicting the
incidence of postoperative complications and mortality in
general surgery based on the physiological and operative
severity score for the enumeration of mortality and
morbidity (POSSUM), and to evaluate its efficacy.

METHODS: Eighty-four patients with postoperative
complications or death and 172 patients without
postoperative complications, who underwent surgery
in our department during the previous 2 years, were
retrospectively analyzed by logistic regression. Fifteen
indexes were investigated including age, cardiovascular
function, respiratory function, blood test results,
endocrine function, central nervous system function,
hepatic function, renal function, nutritional status, extent
of operative trauma, and course of anesthesia. Modified
POSSUM (M-POSSUM) was developed using significant
risk factors with its efficacy evaluated.

RESULTS: The significant risk factors were found to
be age, cardiovascular function, respiratory function,
hepatic function, renal function, blood test results,
endocrine function, nutritional status, duration of
operation, intraoperative blood loss, and course of
anesthesia. These factors were all included in the scoring
system. There were significant differences in the scores
between the patients with and without postoperative
complications, between the patients died and survived
with complications, and between the patients died and
survived without complications. The receiver operating
characteristic curves showed that the M-POSSUM could
accurately predict postoperative complications and
mortality.
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CONCLUSION: M-POSSUM correlates well with
postoperative complications and mortality, and is more
accurate than POSSUM.

© 2007 WJG. All rights reserved.
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INTRODUCTION

With the progress in medical sciences, operative indica-
tions for many medical conditions are being expanded, the
range of operations is growing, with operative complica-
tions increased accordingly. Assessment of the functional
condition of organs and systems assists in quantifying the
operative risks. Assessment methods allow us to judge the

state of an illness and carry out the appropriate preven-
tive treatment immediately, thereby dectreasing operative
complications and mortality. Numerous scoring systems
arecurrently available, including the Glasgow coma scale
(GCS), acute physiology, age and cHealth evaluation II
(APACHE m)"| physiological and operative severity
scote for the enumeration of mortality and morbidity
(POSSUM)™ and others".

These scoring systems are important tools in decid-
ing the course of treatment. The best known and most
widely used scoring systems, APACHE II and POSSUM,
have limitations when applied to high-risk general surgi-
cal patients. APACHE 1I is best suited to intensive care
patients, but requires 24 h of observation, and weighing
tables for individual disease state. POSSUM is limited by
its somewhat subjective nature and incomplete evaluation
of cardiac signs. We propose the modified POSSUM (M-
POSSUM) as a reasonable, practical and objective scoring
system that can be used across a broad disease spectrum in
general surgery.
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MATERIALS AND METHODS

Patients

The study group included 84 patients with postoperative
complications who underwent surgery in our department
from May 2002 to May 2004, 16 of them died. The control
group included 172 patients without postoperative compli-
cations who were randomly selected during the same pe-
riod of time. General clinical characteristics of the patients
including age and gender are illustrated in Table 1. Diag-
noses in the malignancy group included colorectal cancer,

gastric carcinoma, pancreatic carcinoma, ampullary carci-
noma and breast cancer. Diagnoses in the benign group
included gastric ulcer, bowel obstruction, cholelithiasis and
hyperthyroidism. Concomitant diseases included hyperten-
sion, coronary heart disease, pneumopathy, diabetes mel-
litus, hepatitis and hepatic cirrhosis, cholelithiasis, anemia,
cerebrovascular disease and others.

The complications and deaths were caused by com-
mon illnesses. In this study, we defined complications as
outlined in the book “Clinical General Surgery-Diagnostic
Analysis and Treatment Gist”. Patients were divided into a
group of patients with complications and a group of pa-
tients without complications. The group of patients with
complications was further divided into a group of patients
who survived and a group of patients who died.

Methods
We recorded independent variables such as age, sex, func-
tion of all organs and systems, results of laboratory tests
and special investigations, duration of operation and vol-
ume of intraoperative blood loss. The dependent variables
were “complications or not” and “death or not” desig-
nated as “0” and “1.” We used logistic regression analysis
to determine significant risk factors and relative risk (RR).
The indices used were determined by our study results
and the prescribed targets and standards of APACHE
I and POSSUM. The remaining factors were assigned a
point value score (0, 1, 2, 3, or 4). Thus a 15-factor, five-
grade scoring system was developed. We compared the
difference in M-POSSUM values between various groups,
plotted receiver operating characteristic (ROC) curves
and calculated the area under the curves to determine the
accuracy of M-POSSUM in predicting perioperative and
postoperative complication and mortality rates.

Statistical analysis

All information was stored in a computer database. The
general clinical data were analyzed by chi-square test. Risk
factors were analyzed by logistic regression analysis. Dif-
ferences in quantitative data were analyzed by #test. A
ROC curve was used to evaluate the ability of M-POSSUM
to predict postoperative complications and mortality. All
these analyses were performed using the Statistical Package
for Social Sciences (SPSS) version 11.5.

RESULTS

High risk factor analysis
The RR and P were analyzed by logistic regression (Table 2).
Eleven significant variables determined were as follows:

age, cardiovascular function, respiratory function, blood

Table 1 General clinical profile of patients studied

Clinic data Postoperative Postoperative Postoperative
complications death complications
No. 84 16 172
Age (yr) 50-79 50-79 50-79
Average age 68.67 £12.47 59.64 +13.48 69.82+7.98
Gender (Male/Female) 55/29 11/5 109/63
Diagnosis, 1 (%)
Malignancy 76 (90.5) 12 (75.0) 162 (94.2)
Benign 8(9.5) 4(25.0) 10 (5.8)
Concomitant diseases, 11 (%)
Yes 14 (16.7) 1(6.3) 68 (39.5)
No 70 (83.3) 15 (93.7) 104 (60.5)

Table 2 Relative risk of all factors

Factors Suffered complications Died
RR P RR P

Age (yr) > 60 0.681 0.356 0.211  0.008

>70 2181 0.005 0391 0.091

>80 1469 0.356 0.549  0.569
Abnormal circulation system 2.074 0.014 1.092  0.869
ECG mild change 0.893 0.274 0.374  0.933
ECG ST-T change 3.817 0.031 1.928 0418
Abnormal respiratory system 3.581 0.000 1.723 0311
Liver function 3.438  0.000 16.007  0.000
Blood system 2,610  0.000 2.735  0.070
Renal function 4333 0.042 15.667  0.000
Gastrointestinal diseases 15.545 0.011 5571  0.046
Endocrine system 2.374  0.002 1.615  0.359
Nutrition 4.938  0.000 6.000  0.003
Central nervous system 1492  0.506 3.286  0.148
Operation time > 2 h 1.097  0.096 0.028  0.112
Operation time > 4 h 3.541 0.013 2.549  0.093
Operative hemorrhage > 300 mL 0.783  0.306 0481  0.216
Operative hemorrhage > 500 mL 2.347  0.007 3.392  0.027
Palliative excision of malignant tumor 0.693  0.047 2.014  0.082
Malignant tumor can’t excise 7.139  0.000 5175  0.000
BP <90/60 mmHg during operation ~ 5.429  0.000 13.105  0.000
Steadyperioperative ECG monitoring  7.781  0.000 16.001  0.000

test results, gastrointestinal function, endocrine function,
nutritional status, hepatic function, renal function, type of
incision and course of anesthesia.

Development of M-POSSUM

Using our study results as well as the prescribed targets and
standards of APACHE II and POSSUM, we wete able to
overcome the shortcomings of APACHE 1II and POS-
SUM, eliminate some non-significant variables, and deter-
mine the indices to be used. The remaining factors were
assigned a point value score (0, 1, 2, 3 or 4). Thus, a 15-fac-
tor, five-grade scoring system was developed (Table 3).

Evaluation of M-POSSUM

We compared the M-POSSUM scores of the groups (Table
4), which were significantly different in all groups. The
frequency distributional graph of M-POSSUM is shown
in Figure 1. The ROC curves and areas under them are
shown in Figures 2A and 2B, and Table 5. We were able
to use them to predict the morbidity and mortality rates
in postoperative patients and determine the accuracy of

M-POSSUM in predicting morbidity and mortality.
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Table 3 M-POSSUM system

Index 0 1 2 3 4
Age (yr) <60 60-69 70-79 = 80
Circulatory system Normal Car fun grade I, mild HP Car fun grade 1, Mod. HP, Car fun grade I, myocardial ~ Serious car, insuf,
Car Fun, and abnormal ECG, sinoatrial ~ well controlled by med, infarct < 3 mon, mod HP by AHF, mal HP
BP, ECG  bradycardia/tachycardia, low occasional atrial premature med, ectopic, arythm, ST-T
valtage of limb lead, BBB beats change, artrial fibrillation
Respiratory system  Normal  Long history of smoking, CB, Mild COPD, mild PF change, Mod COPD, Mod to serious Respiratory failure
asthma, URI, thick pulmonary ~ mild pneumo abnormal PF
markings
Liver function Normal  History of hepatitis/cirrhosis of TB 34.2-51.3 pmol/L TB > 51.3 umol/L
liver, TB < 34.2 pmol/L
Renal function Normal BUN =< 10.1 mmol/L, BUN 10.1-15 mmol /L, Renal failure need dialysis
Cr < 170 pmol/L Cr 170-300 umol /L
Gastrointestinal tract  Normal  History of chronic Active gastrointestinal Percutaneous intestinal Short bowel syndrome,
gastroenteritis, controlled diseases(hemorrhage/ fistula transplantation of
peptic ulcer perforation of ulcers, active small bowels
Crohn's disease
Blood system Normal  PLT/WBC decreased mildly, Hematopathy as stable Aplastic anemia,
Hb (rectified) > 85 g/L leukemia, hypersplenism syndrome,
WBC = 145 x 10°/L leukemia efc.
Endocrine system Normal Mild increased BG, UGLu (-), Mild increased BG, DM, astable with Diabetic nephropathy
treated hyperthyroidism, UGLu (+ - + +), and controlled oral medicine
hypothyroidism, acromegaly, DM, by oral medicine,
gout, rheumatoid disease hormonotherapy, active gout
Nutritional Status® Normal  Slight malnutrition Moderate malnutrition Cachexia
(albumin 30-35 g/L, (albumin < 30 g/L, mass
weight decrease < 2.5 Kg/m) decrease 2.5-5 kg/m);
Radiotherapy/chemotherapy
GCs 15 12-14 9-11 <8
Operative wound Mino (OPT <2h/ Mod (OPT 2-4 h/hemorrhage Major (OPT >4 h/hemorrhage M Major ™" (excision > 3

Anesthesia course

hemorrhage volume < 300 mL)

volume 300-500 mL)

volume > 500 mL)/Palliative
excision of Mal tumor
Arrhythmia/low BP<1/2h

organs) /Mal tumor
can’t excise
continual low BP/

cardio-pulmonary
resuscitation

Nor: Normal; Car: Cardiac; Fun: Function; BP: Blood pressure; HP: Hypertension; BBB: Bundle branch block; ECG: Electrocardiagram; Insuf: Insufficiency; AHF:

Acute heart failure; Mod: Moderate; Med: Medicine; Mon: Month; CB: Chronic bronchitis; URI: Upper respiratory infection; PF: Pulmonary function; TB: Total

bilirubin; BG: Blood glucose; UGLu: Urine glucose; DM: Diabetes mellitus; OPT: Operation time; Hm: Hemorrhage; Mal: Malignant; GCS: Glasgow coma score.
"Liver function consul bilirubin in Child-Pough; *Nutritional status consider albumin.

Table 4 M-POSSUM in all groups of patients

Group n M-POSSUM rtest

t P
No complication 172 6.51 £2.22 -13.723 0.000
Complication 84 11.04 £2.95
Alive 240 7.58 £2.83 -9.096  0.000
Dead 16 14.25+3.02
Alive with complication 68 10.28 +£2.38 -5.693  0.000

Predictive formula

Logistic regression analysis yielded statistically significant
equations for both morbidity and mortality. The morbidity
equation was InR/1-R = -7.287 + 0.765M-POSSUM (P =
0.000), and the mortality equation was InR/1-R = -10.000
+ 0.681M-POSSUM (P = 0.000). The predictive accuracy
of morbidity equation and mortality equation was 83.6%
and 94.1%, respectively.

DISCUSSION

In general surgery, postoperative morbidity rate ranges

www.wjgnet.com

15%-40%. Among patients at the age of 80 years or more
undergoing abdominal surgery, the morbidity is higher
and the mortality is about 4%”. While the range and
types of operation continue to expand and the treatment
guidelines for carcinoma change (progressively emphasiz-
ing radical treatment, safety and function), postoperative
morbidity and mortality are increasing. Scoring systems
are used to objectively assess and quantify the severity
of illness, determine prognosis, guide patient monitoring
and treatment, and avoid preventable deaths. Ideally, an
effective scoring system should also be able to provide
useful comparisons between surgeons, surgical units, hos-
pitals and regions.

In general surgery, patients at a higher risk are mostly
the elderly, who often suffer from concurrent diseases.
Most routine blood biochemistry tests cannot exactly
reflect any organ’s physiological status. Tests and special
investigations cannot replace detailed case histories and
overall somatoscopy. Baseline health status, previous com-
plications and concurrent diseases can all be found in case
history. The frequently used scoring systems, APACHE I
and POSSUM, have some limitations®'”. They lay stress
on physiological criteria, but not on hepatic function,
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Table 5 Area under ROC curves predicting morbidity and

mortality

Variaty Area sD P
M-POSSUM (predicting for morbidity) 0.901 0.020 0.000
M-POSSUM (predicting for mortality) 0.955 0.016 0.000

blood glucose level and nutritional status, all of which were
found to be independent factors affecting morbidity and
mortality in our study. The POSSUM has been modified
to form P-POSSUM, which is considered more accurate
in predicting clinical results™*. However, no other reports
support i1,

It has been accepted that age and morbidity is correlat-
ed with mortality. Elderly patients with concurrent diseases
are more likely to develop perioperative and postoperative
complications. In our study, a significant difference was
found in the number of concurrent diseases between the
groups of patients with and without complications. The
concurrent diseases associated with a higher morbidity
included high blood pressure, coronary disease, chronic
lung disease, diabetes and hepatic cirrhosis. This is identi-
cal with the results in previous reports. Baue''” reported
that the main causes of death after major operations are
acute respiratory distress syndrome (ARDS), stress ulcer,
renal failure, intra-abdominal abscess, multiple organ dys-
function syndrome (MODS) and systemic inflammatory
response syndrome (SIRS). In our study, the complications
in 16 patients who died were infection, fistula, and hem-
orrhage, leading to MODS and shock. We found that the
factors with the highest correlation with death were blood
pressure, electrocardiographic activity during anesthesia,
hepatic function, renal function, nutritional status, gas-
trointestinal function and volume of intraoperative blood
loss. Surgeons should therefore improve or correct such
abnormalities before operation, to prevent complications,
and should promptly identify and manage perioperative
and postoperative complications.

A metabolically active organism is in a state of constant
dynamic balance, and a static physiological index cannot
reflect the dynamic changes. In our study, the significant
independent factors were determined by linear multivariate

POSSUM Figure 1 Relative spot chart of
MPOSSUM  M-POSSUM and POSSUM with
APACHE APACHE 1.
MPOSSUM

O

+

20.00
A ROC curve

Source of the cure

-
-
POSSUM
— — APACHE II
—— M-POSSUM
0.0 H ! ! ! ! ]
0.0 0.2 0.4 0.6 0.8 1.0
ROC curve Source of the cure
1.0 —
—
/
08 // —— POSSUM
- — il
,/ APACHE
06 - f/ —— M-POSSUM
|
0.4 fJ
[
0.2 il
0.0 L L L L |
0.0 0.2 0.4 0.6 0.8 1.0

Figure 2 ROC curve of postoperative complications (A) and mortality (B). The red
curve (M-POSSUM) covers the biggest area (x 100%) and illustrates the accuracy
of M-POSSUM predicting the morbidity of post-operation before operation.

discriminant analysis.

In the present study, the main factors influencing mot-
bidity were gastrointestinal function, course of anesthesia,
nutritional status, renal function, respiratory function, he-
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patic function, cardiovascular function and a non-excisable
malignant tumor. The main factors influencing mortality
were hepatic function, renal function, nutritional status,
digestive tract function and a non-excisable malignant tu-
mor. These results can guide surgeons to maintain stable
blood pressure and monitor electrocardiographic activity
petioperatively, and to be cautious about operating on late-
stage malignant tumors, in order to decrease morbidity and
mortality.

In contrast to APACHE I and POSSUM, the present
scoring system is based on GCS, APACHE Il and POS-
SUM, supplemented with the following indices: hepatic
function (bilirubin), blood glucose level, gastrointestinal
function and nutritional status (albumin). However, body
temperature, heart rate, sodium and potassium, which are
always normal preoperatively in general surgery, are not
considered. To avoid repetition, duration of operation,
volume of intraoperative blood loss and surgery are con-
sidered an operative wound index for a malignant tumor.
M-POSSUM also takes blood pressure and electrocardio-
graphic activity into consideration during anesthesia.

The area under the ROC curve reflects the accuracy
of prediction. In general, the accuracy is low when the
area is in the range of 0.5-0.7, intermediate when the area
is between 0.7 and 0.9, and high when the area is greater
than 0.9. The ROC curves for morbidity and mortality
demonstrate that M-POSSUM is a more accurate predictor
than POSSUM. The predictive accuracy for morbidity and
mortality is 83.6% and 94.1%, respectively.

Using M-POSSUM, we can obtain a numerical estimate
of the health status of an individual patient prior to opera-
tion, enabling us to adjust the type and duration of opera-
tion and determine reasonably individualized postoperative
monitoring and treatment so as to decrease morbidity and
mortality in general surgery, especially in aged patients.

In conclusion, M-POSSUM is more accurate than
POSSUM and APACHE 1I in predicting postoperative
morbidity and mortality, and therefore seems to be a better
model for risk assessment.
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Background

With the development in surgical techniques, the surgical domain is enlarging
and more diseases are managed with surgery. The incidence of post-operation
complications and mortality is increasing because of the increasing number
of elderly and tumor patients. Surgeons should be able to evaluate patients
effectively preoperatively, by quantitating the operative risk, in order to decrease
the incidence of postoperative complications and mortality. An attempt was made
to achieve this in the present study.

Research frontiers
Modern surgeons are faced with many problems, such as an aging population
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and complicated critical trauma. There is a significant increase in the number of
patients suffering from advanced tumors and critical organ disease or dysfunction.
Therefore, it is important to increase curative effects and decrease failure rates
of therapy. These issues can be solved with the development of scoring systems
such as APACHE I, 1I, Il and POSSUM.

Innovations and breakthroughs

Three indices of POSSUM which are poorly correlated with postoperative outcome
(body temperature, serum electrolytes and type of surgery) were excluded from
M-POSSUM. Six indices which are better correlated with past history, course of
anesthesia, hepatic function, gastrointestinal function, endocrine function and
nutritional status were included. M-POSSUM correlates well with APACHE 1 and
POSSUM, and is superior to both of them.

Applications
M-POSSUM can decrease postoperative complications after targeted preoperative
therapeutic measures in intermediate and high risk patients.

Terminology
Scoring systems such as those defined by APACHE 1, II, Il and POSSUM, or

the American Society of Anesthesiologists (ASA) are used to quantify the severity
of an illness before treatment or surgery.

Peer review
This study is interesting and scientific and readable.
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Abstract

AIM: To identify risk factors related to pancreatic fistula
in patients undergoing distal pancreatectomy (DP) and
to determine the effectiveness of using a stapled and a
sutured closed of pancreatic stump.

METHODS: Sixty-four patients underwent DP during
a 10-year period. Information regarding diagnosis,
operative details, and perioperative morbidity or mortality
was collected. Eight risk factors were examined.

RESULTS: Indications for DP included primary pancreatic
disease (7 = 38, 59%) and non-pancreatic malignancy
(n = 26, 41%). Postoperative mortality and morbidity
rates were 1.5% and 37% respectively; one patient died
due to sepsis and two patients required a reoperation
due to postoperative bleeding. Pancreatic fistula
was developed in 14 patients (22%); 4 of fistulas
were classified as Grade A, 9 as Grade B and only 1
as Grade C. Incidence of pancreatic fistula rate was
significantly associated with four risk factors: pathology,
use of prophylactic octreotide therapy, concomitant
splenectomy, and texture of pancreatic parenchyma.
The role that technique (either stapler or suture) of
pancreatic stump closure plays in the development of
pancreatic leak remains unclear.

CONCLUSION: The pancreatic fistula rate after DP is
22%. This is reduced for patients with non-pancreatic
malignancy, fibrotic pancreatic tissue, postoperative
prophylactic octreotide therapy and concomitant
splenectomy.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Distal pancreatectomy (DP), first performed by Billroth in
1884, is defined as the resection of pancreatic tissue to the
left of the superior mesenteric vessels. This procedure was
infrequently performed in the past because the tumours
of the pancreatic tail and body were often irresectable at
the time of diagnosis and due to the general dissatisfaction
with this procedure for the management of chronic
pancreatitis. However, the advent and development of
imaging and diagnostic techniques has increased the
frequency of DP. Recently, the indications for DP include
malignant and benign pancreatic diseases, non-pancreatic
malignancies, chronic pancreatitis, and trauma.

Pancreatic fistula is the most common major
complication after DP, ranging from 5% to 40%. Pancreatic
leakage often leads to further complications, such as fluid
collections or intra-abdominal abscesses, wound infections,
respiratory complications, and sepsis'’. The appropriate
technique of closure the pancreatic stump is still under
controversial . The most common used techniques for
closure of the transected pancreatic parenchyma and for
prevention of pancreatic fluid extravasations from the
residual pancreatic tissue are the hand-sewn parenchymal
closure and the stapled closure.

The risk factors in the development of pancreatic
fistula are also unclear. The method of pancreatic stump
closure, malignancy, trauma, patient’s age, concomitant
splenectomy, or obesity are implicated as potentially
importantp’“.

The purpose of this study was to determine possible
risk factors that may be associated with the onset of
pancreatic fistula after DP and to identify if the method
of pancreatic stump closure plays a significant role in the
development of pancreatic fistula.
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Table 1 Main parameters for postoperative pancreatic fistula

grading™’

Grade A B C

Clinical conditions Well Often well Il appearing/bad
Specific treatment' No Yes/No Yes

Us/CT Negative Negative/Positive Positive
E’aeafizlrs;e?:kc)lralnage No Usually yes Yes

Reoperation No No Yes

Death related to fistula No No Possibly yes
Signs of infection No Yes Yes

Sepsis No No Yes

Readmission No Yes/No Yes/No

"Partial (peripheral) or total parenteral nutrition, antibiotics, enteral nutrition,
somatostatin analogue and/or minimal invasive drainage.

MATERIALS AND METHODS

A retrospective review of 64 patients who underwent DP
from January 1996 to December 2005 at the Department
of Digestive Surgery, Gemelli University Hospital of
Rome, was conducted.

Patients’ age, sex, indications for surgery, concomitant
splenectomy, additional procedures, methods of pancreatic
stump closure, and postoperative complications with a
specific focus on pancreatic leaks, mortality, and duration
of postoperative hospital stay were recorded. Operative
details also included operating time and the texture of
pancreatic parenchyma. No patient was excluded from the
series.

The indications for DP included ecither primary
pancreatic diseases or non-pancreatic malignancies. All the
operations were performed by same surgical team. Division
of the pancreatic parenchyma was by knife or linear
stapler (GIA), while the pancreatic remnant was either
closed by a linear stapler or by hand running absorbable
monofilament 3-0 sutures. One open drain was positioned
near the transected pancreas and it was removed when the
daily fluid output was lower than 10 mL or when amylase
concentration in the fluid drain was unremarkable in cases
of pancreatic leaks (< 300 IU).

We used prophylactic octreotide in the last 34 patients
(53%), postoperatively for 7 d, while in cases with fistula
the octreotide was prolonged until recovery. The dose of
octreotide was 0.5 mg three times a day.

Postoperative mortality and morbidity were registered
for 30 d or during the total hospitalisation time, if longer.
Postoperative pancreatic leaks were classified according to
the international accepted definition reported by Bassi e al”
for the international Study Group on Pancreatic Fistula
(Table 1). Suspicion and diagnosis of fistula based on
biochemical criteria included drainage of more than 10 mL
of fluid in 24 h, with an amylase content of more than 3
times the serum amylase activity (> 300 IU) for more than
10 d after surgery. The amount of fluid amylase collected
from the drainage tubes, as well as the serum amylase level
were evaluated daily until postoperative d 10, and longer in
cases with pancreatic fistula. The clinical criteria included
the presence of clinical symptomatology such as fever
greater than 38°C, leucocytosis with petipheral white blood

cells amount more than 10000 cells/mm’, intra-abdominal
pain or abscess, and the need of percutaneous drainage or
reoperation. Intra-abdominal collections were detected by
computed tomography (CT).

Oral feeding was generally started on second
postoperative day in patients with insignificant amylase
concentrations in the abdominal fluid collected by drainage
or in patients with Grade A fistula. Conversely, patients
with pancreatic fistula Grades B or C were kept with
nothing by mouth and were supported with partial or total
parenteral or enteral nutrition.

The following cight risk factors were analysed: age
(patients older or younger than the age of 70 years old),
gender, pancreatic disease or non-pancreatic malignancy,
technique of pancreatic stump closure, spleenic
preservation, texture of the pancreatic parenchyma (soft
or fibrotic tissue), additional procedures, and postoperative
use of octreotide. The texture of the pancreatic
parenchyma was adequately defined by histopathology
examination.

Statistical analysis

All data were reported as the mean * standard deviation
(SD) and/or median. The data were analyzed by means
of SPSS 12.01 statistical package for Windows. Mann-
Whitney U test and Chi-square test was used for group
comparison and Students’ 7 test to analyze normally
distributed quantitative data. P < 0.05 was considered
statistically significant.

RESULTS

All patients underwent DP for elective benign or
malignant, pancreatic or non-pancreatic diseases. There
were 30 males (47%) and 34 females (53%). The patients’
age ranged from 42 to 84 years (median age, 72.3 years).

The indications for surgery included 38 patients
(59%) with pancreatic disease and 26 patients (41%)
with non-pancreatic malignancy. Forty-three patients
(67%) underwent DP with splenectomy and one or more
additional procedures due to primary malignancy: 17 of
these patients (40%) had primary pancreatic malignancy
infiltrated surrounding organs and 26 patients (60%)
had non-pancreatic malignancy infiltrated pancreas. The
overall number of additional procedures was 57. Spleen
preserving DP was performed in 8 patients (13%); they
all had benign or borderline diseases, while DP with
splenectomy was performed in 13 patients (20%). The
patients” demographics, indications for surgery, operative
and technical factors are summarized in Table 2.

The median postoperative length of hospital stay, in
patients without fistula, was 11 d (range, 6-15 d); while in
patients with pancreatic fistula the median hospitalization
was prolonged: 23 d (range, 16-28 d).

The postoperative mortality rate was 1.5% (one patient
died due to sepsis), while the morbidity rate was 37%
(n = 24). The patient with sepsis had both pancreatic
and oesophago-jejunal fistula after total gastrectomy for
cardiac cancer. The last 7 years no mortality rate occurred.
Fourteen patients (22%) developed a pancreatic fistula; 4
of fistulas (28.6%) were classified as Grade A, 9 (64.3%)
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Table 2 Patients’” demographics, indications for surgery,

operative and technical factors

No. of patients (%)

Sex
Male 30 (47)
Female 34 (53)
Indications for surgery
Pancreatic
Cystadenoma 19 (30)
Adenocarcinoma 11 (17)
Neuroendocrine tumour 3(5)
Cystadenocarcinoma 3(5)
Chronic pancreatitis 1(1.5)
Lymphangioma 1(1.5)
Non-pancreatic
Gastric adenocarcinoma 16 (25)
Retroperitoneal sarcoma 4 (6)
Colonic adenocarcinoma 2(3)
Renal carcinoma 2(3)
Adrenal grand carcinoma 1(1.5)
Gastrointestinal stromal tumour 1(1.5)
Operations
DP + splenectomy 13 (20)
Spleen preserving DP 8 (13)
DP + splenectomy + additional procedure 43 (67)
Additional procedures
Gastrectomy 26 (46)
Colon resection 12 (21)
Adrenalectomy 10 (17)
Small intestine resection 5(9)
Nephrectomy 4(7)
Closure of pancreatic stump
Stapler 29 (45)
Suture 35 (55)

Table 3 Postoperative results

No. of patients (%)

Death 1(1.5)
Reoperation 2(3)
Complications
No 40 (63)
Yes 24 (37)
Pancreatic fistula 14 (22)
Grade A 4 (28.6)
Grade B 9 (64.3)
Grade C 1(7.1)
Intra-abdominal hemorrhage 2(3)
Intra-abdominal abscess 3(5)
Pulmonary 5(8)

as Grade B and only 1 as Grade C (7.1%). Two patients
(3%) required a second operation due to postoperative
intra-abdominal bleeding. None of patients required a
reoperation because of intra-abdominal abscess or fluid
collection; these patients were treated by percutancous
drainage. Postoperative results are showed in Table 3.
Pancreatic fistula was significantly more common in
patients who underwent DP for primary malignant or
benign pancreatic diseases (P = 0.04) and in patients who
did not receive postoperative prophylactic octreotide
therapy (P = 0.01). Of 26 patients who were operated
for non-pancreatic malignant disease, only 3 (11%)
experienced a leak, compared with 11 (29%) of the 38

www.wjgnet.com

Table 4 Incidence of pancreatic fistula after distal
pancreatectomy according to examined risk factors
Fistula
Patients No. Yes P
(n = 64) (n = 50) (n = 14) value
Age (yr) NS
<70 23 (36) 17 (34) 6 (43)
> 70 41 (64) 33 (66) 8 (57)
Sex NS
Male 30 (47) 23 (46) 7 (50)
Female 34 (53) 27 (58) 7 (50)

Pancreatic stump closure NS

Stapler 29 (45) 22 (44) 7 (50)
Suture 35(55) 28 (56) 7 (50)
Pathology 0.04
Pancreatic disease 38(59) 27 (54) 11 (79)
Non-pancreatic malignancy 26 (41) 23 (46) 3(21)
Octreotide therapy 0.01
Yes 34 (53) 30 (60) 4(28)
No 30(47)  20(40) 10(72)
Texture of pancreatic parenchyma 0.006
Soft 27 (42) 15(30) 12 (86)
Fibrotic 37(58)  35(70) 2(14)
Concomitant splenectomy 0.002
Yes 56 (87)  46(92)  10(71)
No 8 (13) 4(8) 4(29)
Procedures NS
Pancreatic resection only 21 (33) 14 (28) 7 (50)
Additional procedures 43 (67) 36 (72) 7 (50)

NS: No significant. Values in parentheses are percentages.

patients who were operated for pancreatic disease only.
Four (12%) of 34 patients who received octreotide
developed a pancreatic leak, compared with 10 (33%) of
30 patients who did not.

The potential relationship between the texture of
the pancreatic parenchyma and pancreatic leak was also
evaluated, considering the remnant stump including
resection margin: only 2 (5%) of the 37 patients with
fibrotic pancreatic tissue experienced a leak, compared
with 12 (44%) of the 27 patients with soft tissue (P = 0.000).
Finally, we observed significant statistical difference
comparing the patients who underwent concomitant
splenectomy with them who did not: 10 (18%) of 56
patients with concomitant splenectomy experienced a
pancreatic fistula, while 4 (50%) of 8 patients with spleen
preserving procedure developed a pancreatic leakage.

The other factors such as age, gender, technique of
pancreatic stump closure, and type of surgical procedures
were not significantly associated with pancreatic fistula
formation. The incidence of pancreatic fistula after DP
according to the eight examined risk factors is summarized
in Table 4.

DISCUSSION

In this report, we describe our 10-year experience with
DP for pancreatic and non-pancreatic benign diseases and
malignancies. Our findings identify the importance of
four risk factors in the development of pancreatic fistula:
fibrotic pancreatic parenchyma, non-pancreatic disease,
concomitant splenectomy, and postoperative prophylactic
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octreotide therapy were found to result in a statistically
significant reduction in the rate of postoperative pancreatic
leakage. No significant differences were found regarding
to the onset of pancreatic fistula according to the rest
of examined factors such as age, gender, technique of
pancreatic stump closure, and additional procedures.

Mortality and morbidity after DP have significantly
decreased the last decades'. In this study, we support that
DP can be performed with low petrioperative mortality
(1.5%), while the incidence of pancreatic fistula, which was
the most common postoperative complication, was 22%.
These results are in accordance with the most authors’
conclusions™ ",

In the past, in most of published studies there was no
definition of pancreatic fistula and the diagnostic criteria
for this had not yet been completely established. Balcom
et al"" defined fistula as the drainage of more than 30 ml.
of amylase-rich fluid, while Balzano e a/” used a strict
definition of fistula: > 5 ml for five days after the fifth
postoperative day. In this study, pancreatic leaks were
classified according to the International Study Group on
Pancreatic Fistula definition. Grade A of pancreatic
fistula, called transient fistula, has no clinical impact,
Grade B requires a change in management or adjustment
in the clinical pathway, while in Grade C, a major change
in clinical management or deviation from the normal
clinical pathway occurs. Our results showed that the
majority of pancreatic fistulas were belonged to Grade B.
These patients were supported with parenteral nutrition,
the drains were maintained in place, some of them were
covered by antibiotics and all were leaded to a delay in
discharge. The only patient with Grade C fistula died
postoperatively due to sepsis.

The appropriate closure of the pancreatic stump
after DP in order to reduce postoperative complications,
especially the incidence of pancreatic fistula, remains an
unsolved surgical problem. A great number of surgical
techniques and instruments for treating the resected
pancreatic surface and preventing pancreatic fistula after
DP has been proposed: hand-sewn suture™"", stapler™*"'"),
a combination of stapler and suture™”"" the use of
pledgetted suture!”, fibrin-glue sealing*'”, and prolamine
injection”. The most commonly used techniques of
pancreatic remnant management are the stapler and suture
closure. Stapler division of the pancreatic parenchyma
has already been found that is a simple, quick, and secure
method of pancreatic stump closure™®"”. The study by
Bassi et al'” is the only randomized controlled trial that
compared the two techniques. They observed that using
the stapler technique had better results in comparison
with the suture closure (stapler 14% »s hand suture
33%). Takeuchi ¢ al'! described a statistically significant
reduction in fistula rate after stapler closure, Fahy e al”
described suture closure as a risk factor for pancreatic
fistula, while Shechan ¢z @/” found that the suture closure
of the pancreatic remnant was supetior compared with the
stapler closure (25% vs 14% respectively). Finally, Kajiyama
et al™ and Bilimoria ¢z al” found no differences between
the two techniques. In our study, the authors’ technical
approach involved stapler and suture closure of the
resected pancreatic parenchyma; in 45% of the patients

the pancreatic parenchyma was closured using a linear
stapler (GIA), while in 55% of the patients an absorbable
monofilament 3-0 suture was used. We were unable to
determine the advantage of one method of pancreatic
remnant closure on the development of pancreatic fistula:
onset of fistula was observed in 24% of patients in stapler
group, and in 20% of patients in hand suture group.

Several studies have shown that fistula formation was
not related to the main pancreatic duct ligation™”, while
others reported the opposite’”. We ligated and closed
the main pancreatic duct with sutures in all patients after
DP thinking that may be helpful in reducing possible
pancreatic leaks. In almost all of them, we had no
difficulty to find out the pancreatic duct. However, there
was no significant difference according to the incidence
of pancreatic fistula in our study in comparison with the
literature studies™*"”,

Many authors state that the texture of the pancreatic
parenchyma seems generally to be one of the most
important risk factors responsible for the increased rate
of pancreatic fistula®”. The fibrotic pancreatic tissue
is believed to be less likely to pancreatic leakage. In
accordance with the reported studies, we observed that the
patients with soft pancreatic tissue had higher incidence of
pancreatic leakage compared with them who had fibrotic
pancreatic parenchyma (44% vs 5%, P = 0.000).

We used postoperative prophylactic octreotide
treatment in 53% of the patients and 12% of them
developed a pancreatic leak, compared with 33% of
patients who did not receive octreotide. However, the role
of this treatment still remains unclear. Two randomized
trials by Lowy ez a/'™ and Yeo ez al'” failed to identify a
decrease in the pancreatic leakage in patients underwent
pancreaticoduodenectomy, while Gouillat es al®
demonstrated a decreased leak rate in a randomized trial
of patients who underwent pancreaticoduodenectomy.
Buchler e a/*" reported that the use of octreotide
could prevent pancreatic fistula following pancreatic
resection. They showed that the incidence of
pancreatic fistula was 18% in the patients received
perioperative octreotide treatment and 37% in patients
received placebo after pancreatic resection. Suc e7 al®
also described the advantage of using octreotide after
pancreaticoduodenectomy.

The present report also highlights the importance of
the primary disease in development of pancreatic fistula
after DP: the patients underwent DP for pancreatic disease
only had a higher incidence of pancreatic fistula compared
with them who underwent DP for non-pancreatic
malignancies. There is no doubt that it represents a quite
strange observation because in patients with DP due
to extrapancreatic malignancies the pancreatic tissue is
generally softer than them who undergo DP for pancreatic
diseases and we have no scientific explanation. However,
new and larger studies are needed to determine if the
extrapancreatic malignancies are associated with lower
risk of pancreatic fistula after DP or not. Interestingly,
there are no studies in the literature, at our knowledge,
that examine the primary disease as significant risk factor
in the onset of pancreatic fistula. In published series,
only the underlying pancreatic disease have examined
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as a responsible factor for the occurrence of pancreatic
leakage™. This is the first study to show that primary
(pancreatic and non-pancreatic) disease is a risk factor for
postoperative morbidity after DP, especially for pancreatic
leakage (P = 0.04).

In this study, postoperative comparison suggests
that the patients underwent DP with splenectomy had a
significantly lower incidence of postoperative pancreatic
leakage compared with patients who underwent DP with
spleen preserving, In contrast, Balzano ef a/" reported that
their patients with spleen preservation had less pancreatic
leakage compared to patients with splenectomy (20%
vs 38%, P = 0.15), while Lillemoe ez al™ reported that
the patients who underwent a DP with splenectomy had
a similar complication rate (30% »s 29%) compared to
patients who underwent spleen preserving DP, but with no
specific focus on pancreatic leak.

Finally, we did not find a relation between the onset of
pancreatic fistula and demographic factors (age, gender)
nor with the technique of pancreatic closure (there has not
been any correlation between pancreatic texture and the
dissection technique used) and the additional procedures.
In our series, fistula occurred similarly in patients who
underwent pancreatic resection only and in patients who
underwent one or more additional procedures.

In conclusion, pancreatic fistula after DP affects 22%
of patients. None of the two techniques we used seemed
useful to significantly reduce this incidence. Based on
these findings, we support that the role that technique
(either stapler or suture) of pancreatic stump closure
plays in the development of pancreatic leak is unclear.
Both techniques are regarded as simple, quick and secure
although the fistula rate remains high. However, there is
a clearly determined relationship between the primary
pathology, the octreotide therapy, the texture of the
pancreatic parenchyma, the concomitant splenectomy and
the postoperative pancreatic fistula formation.
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Abstract

AIM: To investigate if there is a correlation between
electrical activity measured by electrogastrography (EGG)
and contractile activity of the stomach as measured
by antroduodenal manometry (ADM). We also studied
whether the underlying motility disorder could be
predicted from EGG parameters.

METHODS: We compared 21 parameters measured
from EGG with 8 parameters measured from ADM. The
ability of EGG to identify the underlying diagnosis was
tested by comparing EGG parameters for each diagnosis
group against other patients. The study comprised
recordings from 148 patients and 125 females. Their
median age was 45 (range 17-76) years.

RESULTS: We found few and weak correlations
between EGG and ADM. Specifically the correlation
between parameters reflecting the response to meal was
poor (r = -0.07, £ = 0.39). The discriminatory power
of EGG for underlying motility disorder was also low.
Patients with slow transit constipation (STC) showed
a lower postprandial power in normogastric (3.7 + 0.5
vs 4.0 £ 0.5) and tachygastric (3.5 + 0.4 vs 3.7 £ 0.4)
regions, a lower percentage of time with normogastria
[87.2 (56.5-100)% vs 95.7 (0-100)%], and a higher
percentage of time with tachygastria [9.3 (0-33)% vs
3.5 (0-100)%] and bradygastria [1.8 (0-20)% vs 0
(0-17.1)%]. Patients with irritable bowel syndrome had
a higher percentage of time with normogastria [96.5
(62.5-100)% vs 93.3 (0-100)%] and a less unstable
dominant frequency as measured by the instability
coefficient [15 (3-77) vs 24 (2-72)].

CONCLUSION: EGG and ADM seem to measure
different aspects of gastric motor activity but cannot

show a spatial correlation. The diagnostic value of EGG is
poor, but EGG may have some value for the identification
of patients with STC.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Electrogastrography (EGG) is a technique for record-
ing gastric myoelectric activity using cutaneous electrodes
placed on the abdominal wall overlying the stomach. EGG
detects thythm and power (amplitude) of gastric myoelec-
tricity. Studies have shown a good correlation between
cutancous EGG recordings and myoelectric signals re-
corded from gastric serosal leads”. However, there are ma-
jor concerns regarding the clinical usefulness of this non-
invasive procedure'.

EGG has been advocated as a diagnostic test in the
clinical evaluation of patients with unexplained nausea,
vomiting and other dyspeptic symptoms to gain insight
into the mechanisms of symptom generation. Conflicting
results have been obtained in previous studies. In some
studies, subsets of patients with upper abdominal symp-
toms have depicted prominent EGG abnormalities where-
as healthy volunteers rarely have exhibited EGG rhythm
or power disturbances™”. Other studies have found no
difference in EGG parameters between dyspeptic patients
and healthy volunteers'®”.,

Patients with systemic diseases such as Parkinson’s
disease!™, myotonic dystrophy", and diabetes mellitus'"”
show abnormal EGG findings. However, in patients with
progressive systemic sclerosis (which is usually associated
with poor gut motility), EGG shows unchanged param-
eters' . Similarly, EGG shows a greater variability compared
to normal volunteers but no typical EGG pattern could be
identified for different surgical procedures in surgical pa-
tients after cholecystectomy, Nissen fundoplication, subtotal

gastrectomy or vagotomy and gastric pull-up operationsm].

www.wjgnet.com
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Antroduodenal manometry (ADM) records lumen-
occluding contractions of the gastric antrum'”’, Under
physiological conditions there is a temporal correlation
between myoelectric slow waves and contractile activity of
the antrum. It is less clear if there is a spatial correlation
between electrical and contractile activity. A small study
in healthy females showed an unstable EGG peak power
during fasting and an increase in EGG peak power after a
solid test meal as indicative of a correlation between elec-
trical activity and gastric motor activity!'”. Tt is conceivable
that there should be a correlation between electrical activ-
ity measured by EGG and contractile activity measured by
ADM. It would be of interest to know if EGG can predict
gastric contractile activity. Surprisingly, a direct head to
head comparison between EGG and ADM has not been
done previously.

The aim of the present study was to compare measutes
of electrical activity determined by EGG and antral con-
tractile activity from antroduodenal manometry. We also
investigated whether EGG could differentiate between dif-
ferent undetlying diagnoses of motility disorders.

MATERIALS AND METHODS
Subjects

This was a retrospective analysis of data collected during
1994-2001. Adult patients suffering from various func-
tional and motility disorders of the gastrointestinal tract
were included in our study. All of them were subjected to
a combined EGG and ADM study as part of their clinical
work-up for suspected gastrointestinal motility disorders.
The two measurements were done simultancously using

two different systems, thus synchronous analysis was not
possible in this study.

Electrogastrography

This procedure has been described elsewhere!”. Briefly, a
single bipolar channel was used. The EGG signal was re-
corded using a specially designed digital recorder (Digitrap-
per-EGG, Medtronic Synectics, Stockholm, Sweden) and
sampled at a rate of 1 Hz. EGG recordings were examined
visually for artefacts and then categorized into excellent
(no artefacts), good (< 25% of recording time excluded
because of artefacts), fair (< 50% excluded) or poor qual-
ity (= 50% excluded). After exclusion of artefacts, the
remaining parts of the recordings were analysed with a
software provided by the vendor (Polygram version 6.40,
Medtronic Synectics, Stockholm, Sweden). This program
could analyse the EGG using fast Fourier transformations
of 256-s runs with an overlap of 196 s, so-called running
spectral analysis, and can also make a Fourier transforma-
tion of an entire period in order to obtain a single power
spectrum for that period. The parameters derived from the
automated analysis of EGG are shown in Table 1. Domi-
nant frequency instability coefficient (DFIC) and dominant
power instability coefficient (DPIC) are measures of the
variability of the EGG signal, which were computed as
the standard deviations divided by the mean value of the
dominant frequency and dominant power, respectively,
from the running spectral analysis of each period.

www.wjgnet.com

Table 1 Electrogastrography (EGG) and antroduodenal

manometry (ADM) variables

1 EGG variables
(1) Preprandial (fasting) and postprandial percentage of time with
dominant frequency in:
Bradygastria (0.5-2 cycles per minute)
Normogastria (2-4 cycles per minute) (0.5-2 cycles per minute)
Tachygastria (4-10 cycles per minute)
(2) Pre- and postprandial power attributed to the three frequency
bands (bradygastria, tachygastria and normogastria)
(3) Pre- and postprandial dominant power instability co-efficient
(DPIC)
(4) Pre- and postprandial dominant frequency instability co-efficient
(DFIC)
(5) Pre- and postprandial dominant frequency (DF)
(6) Pre and postprandial period dominant power (PDP)
(7) Power ratio (ratio of postprandial to preprandial power of
dominant frequency)
2 ADM variables
(1) Pre- and postprandial motility index (MI)
(2) Pre- and postprandial contractile frequency
(3) Pre- and postprandial median amplitude
(4) MI ratio (ratio between postprandial and preprandial
motility index)
(5) Amplitude ratio (ratio between postprandial and preprandial
amplitude)

Antroduodenal manometry

ADM was performed using a flexible catheter with either
6 or 8 water-perfused channels. The 6-channel catheter
has 3 channels spaced 2 cm apart for the recording of
antral motor activity whereas the 8-channel catheter has
5 channels spaced 1 cm apart for the same purpose. We
used a pneumo-hydraulic pump (Arndorfer Medical Spe-
cialties, Greendale, WI, USA) with catheters connected
to external pressure transducers. Data logging was done
with a Polygraph 12HR and the Polygram (Medtronic
Synectics, Stockholm, Sweden). The protocol included a
3-hour fasting period followed by a test meal (500 kcal
standardized mixed meal) and 2-hour post-prandial re-
cording“‘r’l. Numerical analysis was done on data from
the most distal recording site in the gastric antrum. Data
were extracted using the Polygram that was set to detect
contractions with an amplitude > 9 mmHg. We deter-
mined the mean frequency and amplitude of contractions
and motility index during the last hour before and the
first hour after intake of the test meal. The motility index
was calculated as the area under the curve above baseline
per time unit. We compared 8 variables from ADM with
21 variables from EGG (Table 1).

Statistical analysis

Normally distributed and lognormal data were expressed
as mean T SD and data with a non-normal distribution
were given as a median and full range. We used Student’
s #-test and Mann-Whitney U-test for assessing differ-
ences between the groups. Correlations were studied using
Pearson’s product moment correlation. Logistic regression
analysis was done to test EGG parameters for their dis-
criminatory value in predicting undetlying diagnoses. P <
0.05 was considered statistically significant.
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Table 2 Correlation matrix (r-values) for parameters from antroduodenal manometery and electrogastrography (7 = 144)

Parameters Pre MI' Post MI' MI ratio® Pre Freq Post Freq Pre Amp' Post Amp'  Amp Ratio'
Pre-Brady power' 0.15 0.01 -0.10 0.10 0.01 0.08 0.06 -0.01
Pre-Normo power' 0.06 0.03 -0.01 0.10 0.05 -0.01 -0.01 0.00
Pre-Tachy powerl 0.10 0.05 -0.03 0.13 0.07 0.01 0.00 -0.01
Pre-Brady DF% 0.06 -0.01 -0.05 0.05 0.01 -0.09 0.08 0.12
Pre-Normo DF% 0.05 0.09 0.06 0.08 0.08 0.06 0.14 0.06
Pre-Tachy DF% -0.03 -0.13 -0.11 -0.07 -0.12 -0.02 -0.18" -0.11
Pre-DFIC -0.04 0.04 0.06 -0.12 0.02 0.07 0.03 -0.04
Pre-DPIC -0.01 -0.13 -0.12 -0.12 -0.13 0.09 -0.10 -0.14
Pre-DF -0.08 -0.11 -0.05 -0.10 -0.10 -0.04 -0.17° -0.09
Pre-PDP' -0.09 0.01 0.08 0.00 0.03 -0.02 -0.04 -0.02
Post-Brady power' 0.04 -0.04 -0.07 0.13 -0.04 -0.10 0.02 0.09
Post-Normo power' 0.09 -0.01 -0.07 0.13 0.04 -0.03 -0.04 -0.01
Post-Tachy power' 0.08 0.01 -0.05 0.15 0.03 -0.06 -0.02 0.03
Post-Brady DF% 0.00 0.01 0.01 -0.02 -0.07 -0.06 0.01 0.05
Post-Normo DF% -0.03 -0.03 -0.01 -0.06 -0.04 0.06 0.06 0.00
Post-Tachy DF% 0.02 -0.04 -0.05 0.05 -0.02 -0.05 -0.09 -0.02
Post-DFIC 0.04 0.03 -0.01 0.11 0.08 -0.09 -0.11 -0.01
Post-DPIC -0.06 -0.1° -0.14 -0.09 -0.17° 0.02 -0.18° -0.15
Post-DF 0.04 -0.01 -0.04 0.06 0.00 -0.05 0.00 0.04
Post-PDP" 0.06 -0.01 -0.04 0.08 0.04 0.01 -0.02 -0.03
Power ratio’ 0.04 -0.04 -0.07 0.04 -0.01 -0.02 -0.04 -0.01

1Log values, ‘P < 0.05.

RESULTS

A total of 185 patients were eligible for the study but 37
were excluded either because of previous gastric resection
(n = 6), poor quality of the EGG recording (# = 23), or
because of a technical failure (# = 8) in the EGG system.
Another 4 patients were excluded from the comparison
between EEG and ADM because ADM recordings did
not show a recording from the antrum during the fast-
ing or the fed petiod or both. Thus, the study population
finally included 148 patients for comparing EGG param-
eters among various diagnosis groups and 144 patients for
assessing the correlation between EGG and ADM param-
eters. The median age of the patients was 45 (range 17-70)
years and 122 (82%) wete females. There were 52 patients
(35%) with IBS, 22 (15%) with enteric dysmotility (ED), i.e.
abnormal small bowel motor activity but no bowel dilata-
tion""", 26 (18%) with slow transit constipation (STC), 11
(7%) with chronic intestinal pseudo-obstruction (CIP), 13
(9%) with functional dyspepsia with or without gastropa-
resis and 24 (16%) with other diagnoses, including vatious
systemic and neurological diseases.

Comparison of electrogastrography and antral manometry
Few correlations were found between EGG and ADM.
The correlation matrix was analyzed between 21 EGG
parameters and 8 ADM parameters in this study (Brady =
bradygastria, Normo = normogastria, Tachy = tachygas-
tria, DF = dominant frequency, DFIC = dominant fre-
quency instability coefficient, DPIC = dominant power in-
stability coefficient, PDP = period dominant power, Amp
= amplitude, MI = motility index, Freq = frequency, Pre =
preprandial, Post = postprandial) (Table 2).

Postprandial contractile activity (amplitude, frequency
and motility index) showed weak, negative correlations
with the postprandial dominant power instability coef-
ficient. Preprandial tachygastria (reflected by the percent-

age of time with a dominant frequency in the tachygastric
region and dominant frequency) was also negatively cor-
related with postprandial contractile amplitude. The com-
parison between EGG response to meal ingestion (ratio
between postprandial and fasting power) and ADM re-
sponse to ingestion of a 500 kcal test meal (ratio between
postprandial and fasting motility index) revealed no corre-
lation (»=-0.07, P = 0.44, Figure 1).

Electrogastrography and underlying diagnosis

The ability of EGG to identify diagnostic groups was test-
ed by comparing EGG parameters for each group against
all other patients included. Table 3 shows the discriminato-
ry power of EGG for the larger patient groups. Variables
with a normal or log-normal distribution were expressed
as mean I SD), else as median and full range. Patients with
other diagnoses (# = 24) were not listed but included in
the calculation of differences. Significant P-values were
expressed as ‘P < 0.05, °P < 0.01, and ‘P < 0.001 (Brady:
bradygastria, Tachy: tachygastria, Normo = normogastria,
DFIC: dominant frequency instability coefficient, DPIC:
dominant power instability coefficient, DF: dominant fre-
quency, PDP: period dominant powet).

In general, the discriminatory power of EGG was low.
Only patients with STC in one diagnostic group, showed
a reasonable number of differences in postprandial EGG
parameters compared to those in all other diagnosis groups.
STC patients had a lower postprandial power in the not-
mogastric region (3.7 £ 0.5 »s 4.0 £ 0.5, P < 0.01) and in
the tachygastric region (3.5 £ 0.4 »5 3.7 £ 0.4, P < 0.05).
Similarly, the postprandial percentage of time with a domi-
nant frequency was higher in bradygastric and tachygastric
frequency bands and lower in the normogastric frequency
band of STC patients (Table 3). Patients with STC also
demonstrated a significantly lower postprandial dominant
power (2.1 £ 0.6 »5 2.4 £ 0.5) compared to other patients.

In patients with CIP, EGG during fasting showed a sig-
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1000 Figure 1 Scatterplot of motility index ratio and
power ratio in 144 patients (logarithmic scales).
Symbols indicate different qualities of the EGG
record: M = excellent; ®= good; and A= fair quality.
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Table 3 Electrogastrography parameters among various diagnostic groups

EGG parameter

Chronic intestinal pseudo-

Enteric dysmotility

Irritable bowel syndrome

Functional dyspepsia/

Slow transit constipation

obstruction (7 = 11) (n = 22) (n =52) gastroparesis (7 = 13) (n = 26)
Preprandial
Log Brady power 29+04 28+0.5 2.7+0.5 27+04 26+04
Log Normo power 3.8+0.5" 37+05 3.6+0.5 3.6+05 35+05
Log Tachy power 3.7+04" 35+0.5 33+04 34+04 33+04
Brady DF% 2.7 (0-16.2) 1.8 (0-17.5) 0(0-15.2) 0(0-10.3) 2(0-14.3)
Normo DF% 89.7 (0-100) 88.2 (36.2-100) 92.0 (38.6-100) 89.8 (59-100) 87.7 (30.8-100)
Tachy DF% 6.0 (0-100) 8.8 (0-61.7) 5.1 (0-61.4) 6.5 (0-73.7) 6.1 (0-69.2)
DFIC 22 (3-51) 32 (5-68) 23 (3-75)° 31 (1-70) 30 (3-69)
DPIC 77 (40-165) 67 (33-169) 64 (39-145) 65 (31-101) 60 (47-159)
DF 3.05 (2.58-11.25) 3.05 (2.34-3.98) 3.05 (2.11-6.05) 3.05 (2.58-3.75) 3.05 (2.11-8.91)
Log PDP 24+0.6° 20+05 21+0.6 21+05 1.9+05
Postprandial
Log Brady power 3.0+04 3.0+05 29+04 2905 2.8+0.5
Log Normo power 41+£03 4105 4.0+£05 41+£0.7 3.7£05
Log Tachy power 3.9+04 3.8+0.5 3.6+04 3.8+0.6 35+04"
Brady DF% 0(0-5.8) 0 (0-5.0) 0 (0-14.5) 0(0-17.1) 1.8 (0-20)
Normo DF% 92.3 (0-100) 96.1 (32.1-100) 96.5 (62.5-100)" 95.5 (32-100) 87.2 (56.5-100)*
Tachy DF% 5.8 (0-100) 1.8 (0-66) 3.1 (0-18.8) 1.9 (0-21.1) 9.3 (0-33)"
DFIC 18 (4-63) 16 (2-62) 15 (3-77) 27 (5-56) 27 (8-72)°
DPIC 67 (59-81) 56 (35-110) 70 (34-129) 61 (30-82) 64 (39-108)
DF 3.05 (2.58-9.14) 3.28 (2.34-9.61) 3.05 (2.58-3.75) 3.28 (2.11-10.08) 3.05 (2.34-3.75)
Log PDP 25+05 25+05 24+05 25+0.8 21+0.6°
Log Power ratio 02+05 05+04 04+04 05+0.6 02+05

nificantly higher power in the tachygastric region (3.7 + 0.4
v5 3.3 £ 0.4, P < 0.05) and a higher period dominant power
(2.4 £ 0.7 5 2.0 £ 0.5) compared to patients without CIP.
In patients with IBS there was a higher percentage of time
with a normogastric dominant frequency in the postpran-
dial period and a more stable dominant frequency mea-
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sured by DFIC during both preprandial and postprandial
periods (Table 3).

Twenty patients underwent gastric emptying studies.
Five of them had delayed gastric emptying. No significant
differences were found in EGG parameters among pa-
tients with or without delayed gastric emptying.
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DISCUSSION

To the best of our knowledge, this is the largest series of
simultaneous recordings of EGG and ADM in patients
with motility disorders of the gut. In the present study, we
studied the relationship between EGG parameters and an-
tral manometric findings. We also tried to evaluate the role
of EGG in discriminating between various motility disor-
ders of the gastrointestinal tract. EGG is not capable to
record spike activity, hence the major electrical indicator of
contractile activity is absent in its recordings. However, an
increase in wave amplitude on EGG (referred to as power
from the spectral analysis) can be asserted as a reflection
of contractile activity. It has been observed that EGG
power increases after certain drugs or meals that stimulate
motility and decreases after drugs or meals that inhibit
motility""”. Therefore, to measure the significance of EGG
powet, it is best to compare EGG changes before and af-
ter the test meal given during EGG recording . We found
few and weak correlations between ADM findings and
EGG parameters, especially no correlation between the
motility index ratio and the power ratio. This is contrary
to the findings of another study"”, where the EGG power
ratio was significantly but weakly correlated with the motil-
ity index ratio. The number of patients in that study was,
however, only 16. A partial correlation has also been found
in children between the postprandial increase in amplitude
of gastric electrical activity and antral motor activity”. Tn
the present study, a more stable dominant powet, i.e. lower
DPIC, was associated with a higher contractile activity and
tachygastria during the preprandial period was associated
with lower amplitudes of contraction during the postpran-
dial period, but the correlations were weak in both cases.

One important reason for a poor correlation between
EGG-recorded electrical activity and ADM-recorded mo-
tor activity of the stomach could be that EGG recordings
are sensitive to the degree of gastric wall distension and its
approximation to the anterior abdominal wall. An underly-
ing motility disorder of the gut might cause the gastric wall
to distend inappropriately in response to the test meal and
therefore lead to an inadequate EGG recording of gastric
myoelectric activity. In light of the weak correlation be-
tween ADM and EGG found in other studies' ™' and our
observations, we think that EGG and ADM can measure
two different aspects of gastric motor activity and a spatial
relation cannot be fully determined between EGG and
ADM.

Surprisingly, STC in the only diagnostic group stood
out as clearly different from the other diagnostic groups
on the basis of EGG parameters. Patients with STC exhib-
ited differences mainly in the postprandial EGG param-
eters. Many studies have demonstrated a decrease in the
density of interstitial cells of Cajal ICC) in patients with
slow transit constipation“()’m. It is possible that observed
postprandial changes in EGG parameters might be the re-
flection of a more generalized gastrointestinal myoelectri-
cal dysfunction in STC patients secondary to depletion of
ICC and other neuroenteric abnormalities. Further studies
are needed to validate the EGG findings in patients with
STC in the present study.

It was reported that EGG is diagnostically useful in
adult patients with CIP"*?

. Moreover, a comparison be-

tween normal subjects and children with CIP could reveal
a significant increase of preprandial values for tachygasttria
and period dominant frequency and a decrease in not-
mogastria and an increase in total tachygastria values in
postprandial period™®. In our study, the CIP patients had
a significantly higher power on EGG in the tachygastric
region and a higher PDP during fasting,

Another field of interest among researchers interested
in evaluating the clinical usefulness of EGG is functional
dyspepsia with or without gastroparesis. Studies have
shown abnormal EGG patterns such as abnormal slow
wave propagation and coupling™, lower power ratio, lower
postprandial level of increment in dominant power and a
higher instability coefficient”*” in patients with functional
dyspepsia. However, abnormal parameters are not the
same in different studies. Interestingly, significantly more
gastric arrhythmias have been found in oesophageal reflux
patients with dyspeptic symptoms than in those with no
dyspeptic symptoms®”’.

Contradictory findings can ben found when capabil-
ity of EGG is assessed to predict delayed gastric empty-
ing. It was reported that patients with impaired gastric
emptying show a significantly lower percentage of normal
gastric slow waves and a lower postprandial increment in
dominant power™. On the other hand, another study con-
ducted in patients with systemic sclerosis has not found
any correlation between delayed gastric emptying and
EGG abnormalities"". In our study, no difference in EGG
parameters was found between dyspeptic patients with
delayed gastric emptying and those with normal gastric
emptying, possibly due to a small number of patients with
gastric emptying.

Our study has certain limitations. One of them was the
retrospective design of the present series, which is unlikely
to have influenced the results of the present study con-
cerning the correlation between EGG and ADM. On the
other hand, the comparison of EGG parameters between
different diagnostic groups was hampered by a small num-
ber of patients in certain groups. Another limitation was
the absence of a control group to compare with patients
with motility disorders. In the present series, however,
comparison of both EGG and ADM comparison was
available in each patient. In our opinion, the assessment
of correlation between EGG and ADM is not affected by
the absence of a control group. We used a single channel
EGG instead of a multiple channel EGG in our study.
Novel multi-channel EGG can study the propagation and
coupling of slow waves in the stomach, and is perhaps
more helpful than single channel EGG in the diagnosis of
gastric dysfunction™. Tt is possible that registrations from
multiple channels would have a better chance to detect
correlations with contractile activity, not least because sam-
pling error from multiple channels would be smaller than
those from a single channel. However, no data are avail-
able from comparisons between ADM and multi-channel
EGG.

A high exclusion rate of patients in our series was due
to EGG recordings that were not interpretable. Motion
artefacts were common despite the stationary condition of
the patients. Care was taken in preparing the skin so that
the impedance between any two electrodes was less than
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10 ohms. Nevertheless, many recordings exhibited low
frequency aberrations and shifts of baseline. Moreover,
various technical problems, such as faulty electrode cables
or malfunction due to static electricity, also resulted in ex-
clusion of a significant number of patients from analysis.
We have not come across any account for such failures of
EGG recording in previously published studies.

In short, no consistent relationship was observed be-
tween EGG and ADM in this series. No evidence was
found in this study to favour a spatial correlation between
the parameters measured by EGG and ADM. Moreover,
the ability of EGG to identify motility disorders was gen-
erally poor in this study.

In conclusion, EGG findings in STC patients are inter-
esting but further studies are required to validate the role
of EGG in STC patients.

COMMENTS

Background

Electrogastrography is to measure the electrical activity of the stomach from
electrodes attached to the abdominal surface. The usefulness of this technique
for the diagnosis of gastrointestinal diseases is yet unknown. However, since
electrical activity is pivotal for motor function, it is believed that measurement of
electrical activity should reveal important diagnostic information in patients with
motility disorders.

Research frontiers

The correlation between measures derived from electrogastrography and other
techniques such as manometry has received little attention. Such correlations
are important for understanding the relation between different measurement
techniques.

Innovations and breakthroughs

This is a head-to-head comparison of electrogastrography and antroduodenal
manometry, i.e. measurement of contractile activity of the stomach done at the
same time from a large number of patients with gastrointestinal motility disorders.

Applications

This study could not show any correlation between antroduodenal manometry
and electrogastrography, suggesting that the two techniques can measure
different aspects on gastric motor function. The study also showed that the ability
of electrogastrography to identify patients with different diagnoses was poor.
To the surprise of the authors, patients with slow transit constipation, a severe
form of intractable constipation, were the only group of patients identified by
electrogastrography. The reason for this is not clear, but it is known from previous
research that patients with slow transit constipation have a lack of pacemaker cells
in the gut, which could explain why they also had disturbed electrical rhythm in the
stomach.

Terminology

Correlation is a measure of the relative correspondence of two sets of data.
Manometry is the measurement of (in this case, intraluminal) pressure over time.
Motility disorders comprise a large number of disorders that affect gastrointestinal
motor activity. The most common disorder is irritable bowel syndrome.

Peer review

This is a well written paper on a subject with a considerable debate. Whether
electrogastrography and antroduodenal manometry can measure different aspects
of gastric motor activity needs to be further studied.
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Abstract

AIM: To assess values of 24-h esophageal pH-monitoring
parameters with dual-channel probe (distal and proximal
channel) in children suspected of gastroesophageal
reflux disease (GERD).

METHODS: 264 children suspected of gastroesophageal
reflux (GER) were enrolled in a study (mean age
x = 20.78 £ 17.23 mo). The outcomes of this study,
immunoallerrgological tests and positive result of oral
food challenge test with a potentially noxious nutrient,
enabled to qualify children into particular study groups.

RESULTS: 32 (12.1%) infants (group 1) had
physiological GER diagnosed. Pathological acid GER was
confirmed in 138 (52.3%) children. Primary GER was
diagnosed in 76 (28.8%) children (group 2) and GER
secondary to allergy to cow milk protein and/or other
food (CMA/FA) in 62 (23.5%) children (group 3). 32
(12.1%) of them had CMA/FA (group 4-reference group),
and in remaining 62 (23.5%) children neither GER nor
CMA/FA was confirmed (group 5). Mean values of pH
monitoring parameters measured in distal and proximal
channel were analyzed in individual groups. This analysis
showed statistically significant differentiation of mean
values in the case of: number of episodes of acid GER,
episodes of acid GER lasting > 5 min, duration of the
longest episode of acid GER in both channels, acid GER
index total and supine in proximal channel. Statistically
significant differences of mean values among examined
groups, especially between group 2 and 3 in the case
of total acid GER index (only distal channel) were
confirmed.

CONCLUSION: 24-h esophageal pH monitoring
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confirmed pathological acid GER in 52.3% of children
with typical and atypical symptoms of GERD. The similar
pH-monitoring values obtained in group 2 and 3 confirm
the necessity of implementation of differential diagnosis
for primary vs secondary cause of GER.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Acid gastroesophageal reflux (GER) in children at any
age, could be the reason of various clinical manifestation
(typical and atypical) of variable intensity, dependent
on the range of reflux (high reflux, low reflux)"™”. On
the basis of reflux symptoms it is hardly possible to
differentiate primary GER from GER secondary to
allergy to cow milk protein and/or other food (CMA/
FA)"", In children suspected of gastroesophageal reflux
disease (GERD), 24-h esophageal pH-monitoring is a
diagnostic procedure that enables to confirm or exclude
pathological reflux of acid gastric contents into esophagus
ie. acid GER"™™. Diagnostic procedure, including food
allergy contribution in GER, is necessary to distinguish
primary GER from secondary GER. Such procedure
includes immunoallergological tests i.e. Prick tests,
clgE, sIgE[z’lz’ﬂ’Zﬂ. Positive result of food oral challenge
test with potentially noxious nutrient (biological trial)
confirmed contribution of food allergy in triggering
off reflux symptoms™*, Comparative analysis of 24-h
intraesophageal pH monitoring with dual-channel probe
(distal and proximal channel) in children suspected of
gastroesophageal reflux disease (GERD).
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MATERIALS AND METHODS

264 children suspected of GERD, of both sexes (140
boys-53.0% and 124 girls-47.0%) were enrolled in a study.
Patients were 1.5 mo to 102 mo old, mean age y = 20.78
+ 17.23 mo. Information gathered at interview revealed
that various gastrointestinal diseases appeared in family
histories of all patients.

24-h esophageal pH monitoring

24-h intraesophageal pH-monitoring was performed
with antimony dual-channel pH monitoring probe
(distal channel/distal and proximal channel) and a device
recording the values Digitraper MK I, Synectics Medical.
Antimony electrode was calibrated with buffer solutions
of pH = 7.0 and pH = 1.0. pH-monitoring probe, 2.1
diameter, was positioned in esophagus through one of
the nostrils and pharynx with distal channel (2) at the
height of 3-5 c¢m, and proximal channel (1) at 10, 15 or 20
cm above the upper edge of lower esophageal sphincter
(LES). To localize the probe Strobel’s mathematical mode,
radiological examination, and manometry of LES were
carried out”"™”,

The type of dual-channel probe (sensors spacing 5,
10 or 15 cm) and its positioning in esophagus depended
on the age of a patient (various lengths of esophagus)
and clinical manifestation of GER (typical or atypical
symptoms). The analysis of the type of reflux (acid/non-
acid) was based on the pH monitoring values recorded in
distal channel (2).

Recording from proximal channel (1) of the probe
above LES (at various height) enabled the assessment of
the range of reflux (high/low reflux) and the control of
the proper positioning of the probe. It was also possible to
compare the number of acid and non-acid refluxes in both
positions of pH-monitoring, Esophageal pH monitoring
always began in the morning, after fasting all night. The
study lasted 24 h and comprised night sleep.

Patients discontinued particular medicines 3 d
before the test. Among these medicines were: antacids,
gastrokinetics, medications affecting tension of LES.
Proton pomp inhibitors, H2-receptor antagonists were
discontinued 7 d before the test™.

Computer calculations of measurements obtained
from both channels concerned the following pH-
monitoring parameters: number of episodes of acid GER
(intraesophageal pH below 4.0), number of episodes
of acid GER lasting more than 5 min (so-called “long
episodes”), reflux index i.e. the percentage of time that
the pH is below 4.0. ESPGHAN diagnostic criteria were
implemented in diagnosis of acid GER in examined
children"*"?,

In children below 2 years of age the values of
intraesophageal pH-monitoring were juxtaposed against
normative values (borderline values) of Vandenplas ez al"!"
and another authors"™"”.

In older children (above 2 years of age) the borderline
values at quantitative and qualitative assessment of
pathological GER in both channels were! "1 total
number of acid GER episodes (pH < 4.0/24 h) = 50;

number of episodes of acid GER lasting more than 5 min

< 2; the petrcentage of time with pH below 4.0 (%)-total
acid GER index = 5.0%; the percentage of time with pH
below 4.0 (%0)-acid GER index supine = 2.5%.

Differentiation of pathological acid GER

In order to differentiate pathological GER into primary
(idiopathic) and secondary - triggered off or aggravated by
CMA/FA, the own diagnostic and therapeutic algorithm
was administered in examined children. This algorithm
comprises selected immunoallergological tests' >,

Skin tests (Prick): (1) with 12 native food allergens i.c.
fresh (cow’s milk, soya, of hen’s egg white, hen’s egg yolk,
chicken’s meat, beef, wheat flour, peanuts, bananas, fish,
orange, white sesame); (2) with 9 commercial inhalant
allergens (SmithKline Beecham-USA) (house dust mites,
grass , trees, bushes and weeds pollens, dog’s fur, cat’s fur,
mixed feathers, wool).

71 out of 138 children, of different age, with
pathological acid GER and 32 children with CMA/
FA exclusively, underwent these test once in order to
confirm or exclude the ability of early IgE-dependent
hypersensitivity to food allergens and/or inhalant allergens
(atopic factor influence and or cross reactions) to trigger
off symptoms observed. Results of control tests were the
point of reference in assessment of reaction to allergens.
The diameter of blister = 3 mm assessed after 15-20 min
of allergen placement was concerned a positive result of
skin Prick tests, compared to negative result of negative
control.

Eosinophilia: One-time assessment of relative
eosinophilia in full blood count and its analysis were
petformed in 138 children with pathological acid GER
and in 32 children with CMA/FA exclusively. Impropet
percentage value of cosinophilia, determined in full blood
count, was > 5%.

Total IgE concentration (¢ IgE) in serum-assessed
with Fluoro-Fast method (3M Diagnostic Systems,
USA): One-time assessment of serum IgH concentration
was done in 170 children-138 with acid GER and 32 with
CMA/FA exclusively. Serum ¢ IgE concentration > 50
IU/mlL. was considered as elevated in examined children.
Taking into cosideration restricted specificity of one-time
measurement of total IgE in diagnosis of atopy, this test
was performed together with determination of specific Ig
in this particular class for selected food allergens.

Qualitative and quantitative assessment of specific
IgE against food allergens (a-s IgE) and inhalant
allergens (i-s IgE) with Fluro-Fast method (3M
Diagnostic Systems, USA): Assay of allergen specific Ig
concentration in examined children enabled confirmation
of IgE-dependent pathomechanism of food allergy and
determination of food allergens. These tests appeared
to be helpful in cases where tests cannot be performed
or their results are doubtful, due to various reasons. 103
patients suspected of allergy, with positive Prick tests
results (food allergens and/or inhalant allergens and
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increased total serum IgE concentration) underwent
qualitative and quantitative assessment of a-s IgE and i-s
IgE. Positive results of specific IgE were: a/a-s IgE against
cow milk proteins, hen’s egg white, hen’s egg yolk, soy, fish,
orange b/i-s IgE against grass, trees, bushes and weeds
pollens, house dust mites and cat’s fur, assayed in serum-
presence supported in class = 2-5.

Oral food challenge test””": Open or blind oral food
challenge test (depending on the age of patient) was
carried out in order to establish causative relationship
between food and clinical symptoms, regardless of
pathogenetic mechanisms of allergy (IgE-dependent
or IgE-non-dependent)®. The first stage of diagnostic
procedure preceding the beginning of oral food challenge
tests was eliminatory diet implementation, lasting 4
wk in 138 children with acid GER. Diet depended
on elimination of the most common food allergens,
suspected of triggering off symptoms in examined
children. Eliminatory diet was determined on the basis
of information gathered from medical history of past
nutrition and the results of additional tests (skin Prick
tests, s IgE)[ZS’ZGJ. At the time of study, patients didn’
t receive or had maximally reduced antillergic and/or
antihistaminic medications. 138 children at various
age, with pathological acid GER, after eliminatory diet
implementation (milk-free and/or hypoallergic diet)
underwent 204 biological oral food challenge tests; 138
(67.6%) with cow’s milk and 66 (32.4%) with other
food. In order to establish primary diagnosis, open
food challenge test was performed in the 104 youngest
children (below 3 years of age) and blind food challenge
test in 34 children (above 3 years of age) with mainly
cow’s milk (low-lactose Bebilon, Ovita Nutricia) or
with other potentially noxious nutrients™* Every time
child spent 1-3 d at hospital (Laboratory of Allergy
Diagnostics, of I Department of Pediatrics). Time of
appearance of biological reaction in examined child was
counted from the last food challenge up to 48-72 h after
intake of specific nutrient in native, blind form. Every
patient examined received every day observation chart for
reporting intensity of clinical manifestation. In case of
cow’s milk allergy or soy milk allergy and/or other food
allergy the time of challenge test lasted 4 wk. Positive
result of food challenge test and/or positive results of
immunoallergological tests enabled to qualify a selected
62 children into group 2-children with GER secondary to
FA.

In order to exclude the cause of secondary GER other
than food allergy, the results of additional examinations
performed in patients were analyzed. Among these
examinations were: chest and upper gastroinestinal
tract X-ray with barium swallow, X-ray or computed
tomography of sinuses (in school children). On the basis
of the aforementioned examinations, the type, localization
and character of coexisting ailments were assessed. In
order to confirm or exclude infectious cause of the
symptoms presented, the following tests were taken into
consideration: full blood count, erythrocyte sedimentation
rate, CRP, ASO, protein fraction pattern, concentration of
IgA, IgM, IeG, IgG antibodies against Helicobacter pylori and
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Table 1 Qualification of 264 children suspected of GERD into
study groups (at diagnosis)

Examined children with reflux symptoms
Age range (mo)
Sex Number >1.5-4 >4-16 >16-102
n % n % n % n %

Groups of
examined children

Group 1 physiological Boys 17 64 17 64 -

GER n =32 Girls 15 57 15 57 - - -
Group 2 Boys 39 148 - - 23 87 16 6.1
Primary GER n =76 Girls 37 14 - - 21 79 16 61
Group 3 Boys 33 125 - - 16 61 17 64
GER+CMA/FAn=62 Girls 29 11 - - 14 53 15 57
Group 4 reference group Boys 19 72 - - 7 26 12 45
CMA/ FA n=32 Girls 13 49 - - 519 8 3
Group 5GER (-) + CMA/ Boys 32 121 - - 8 3 24 91
FA (-)n =62 Girls 30 114 - - 10 38 20 76
Total 264 100 32 121 104 39.4 128 485

iron level. Moreover, bacteriological examinations were
performed in some children (tests of blood, urine, faeces,
bile, pharyngeal and nasal excretion). Pilocarpine test
(chlorine concentration in perspiration) was performed to
exclude cystic fibrosis. Moreover, metabolic screening was
done by assaying lactic acid, ammonia, acid-base balance
. 29,13,34]
parameters in blood .

Assignment of children into study groups

264 children were assigned into specific study groups
(Table 1) after consideration of the results of 24-h
esophageal pH monitoring, complex differential diagnosis,
oral food challenge test with noxious nutrient, eliminatory
diet, and nutrition analysis.

Acid GER was diagnosed in 170 children. Out of 170
patients (64.4%) with acid GER, of both sexes i.e. 89 boys
and 81 girls, 32 (12.1) infants with physiological GER
(group 1) were selected. This selected group consisted of
17 boys (6.4%) and 15 gitls (5.7%), aged 1.5-4 mo (mean
age y = 2.2 £ 0.48 mo).

The diagnosis was put forward on the basis of the
number of reflux episodes exclusively, recorded during
pH monitoring. The results of remaining parameters
were within the normative reference values (age-related
normative values). Due to physiological character of
reflux (not complicated), typical for the youngest patients,
these infants were not the subject of prospective clinical
observation and further clinical analysis.

In 138 children (52.3%) pathological acid GER was
diagnosed and classified into primary and secondary
GER. These children were assigned into group 2
and 3. Group 2 constituted 76 patients (28.8%) with
pathological primary acid GER, of both sexes (39
boys-14.8%, 37 girls-14.0%), aged 4-102 mo (mean age y
= 25.2 + 27.28 mo). In group 3 were 62 patients (23.5%),
of both sexes (33 boys-12.5%; 29 girls-11.0%), aged 74
mo (mean age y = 21.53 £ 17.79 mo) with pathological
GER secondary to CMA/FA.

Acid GER was not confirmed in 94 (35.6%) out of 264
patients with symptoms suggesting GERD. These children
were qualified into groups 4 and 5. Group 4-the reference
group constituted 32 patients (12.1%), of both sexes (19
boys-7.2%;13 gitls-4.9%), aged 7-69 mo (mean age y = 23.7
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Table 2 Statistically analysis of selected parameters of 24-h pH-monitoring in 264 children suspected of GERD; pH-monitoring with 1-

or 2- channel probe

Groups of examined children
with specific ailment

pH-monitoring parameters-distal channel
range of values; mean; standard deviation (+ SD); median; statistical significance (P)

n = 264 Number of episodes of Number of episodes of acid GER Duration of the longest Total acid GER Acid GER index
acid GER (pH < 4) (pH < 4), lasting > 5 min episode of acid GER (min) index (%) (supine position) (%)
Statistical significance between the groups (P)

Group 2 and 3 P =0.0001 NS

Group 2 and 4 P =0.0001 P =0.0001

Group 2 and 5 _ _ _ P =0.0001 P =0.0001

Group 3 and 4 P=0.0001 P=0.0001 P=0.0001 P =0.0001 P =0.0001

Group 3 and 5 P =0.0001 P =0.0001

Group 4 and 5 NS NS

0 Group 1
1000 | sGow!  RESULTS
50,00 n grOUP i 24-h pH monitoring
. r | Grou . . .
" .Groug 5 Prehrmnary comparative agaly.sm of selected valu.es of 24-h
B 60.00 - intraesophageal pH monitoring parameters with single-
g channel probe (distal channel) was carried out in 32 children
5 40.00 - 12.1%) (group 1) and with dual-channel (distal and proximal
1% P
g channel) in 232 children (87.9%) (groups 2, 3, 4 and 5).
§ 20000 The results of the analysi ted in Tables 2, 3 and
e %,_T_L - e results o e analysis are presente 1p ’fl e-s , 3 an
0.00 Figures 1-6 Results of pH esophageal monitoring in group 1

Episodes of acid GER (pH < 4)
lasting > 5 min

Episodes of acid GER (pH < 4)

Figure 1 Summary analysis of number of episodes of acid GER (pH < 4) and
episodes of acid GER (pH < 4) lasting > 5 min of 24-h pH-monitoring in 264
children suspected of GERD; pH-monitoring with 1'- or 2-channel probe. 'Values
of pH-monitoring parameters in group 1 did not undergo comparative analysis with
corresponding values in remaining groups.

* 12.63 mo) with symptoms typical for cow milk allergy
and/or other food allergy (CMA/FA). Group 5 constituted
62 patients (23.5%) (32 boys-12.1%; 30 girls-11.4%), aged
4-102 mo (mean age y = 31.3 = 27.98 mo).

Neither reflux cause nor allergic cause of the symptoms
were confirmed in these children, and hence they were not
the subject of prospective observation and further clinical
analysis.

The study was approved by local Bioethical Committee
of the Medical University of Bialystok and informed
patrental consent was obtained from parents of examined
children.

Statistical analysis

The statistical analysis of the results comprised
arithmetical mean, standard deviation, minimal and
maximal values and median-for measurable features and
quantitative percentage distribution for qualitative features.
To compare the groups, features compatible with normal
distribution, assessed with Kolomogorov compatibility
test, were assessed together with the post hoc Bonferroni
one-way analysis of variance. Features non-compatible
with the distribution underwent Kruskal-Wallis test and if
the differences were statistically significant, Mann-Whitney
test was applied. Statistical significance was P < 0.05.
Calculations were performed with the help of statistical
package SPSS’12.0 PL.

did not undergo comparative analysis with respective values
obtained in children from remaining groups. Pathological
acid GER was diagnosed in 138 children (52.3%), in 76
children primary GER (group 2) and in 62 children GER
secondary to CMA/FA (group 3). Pathological acid GER
was not confirmed in 94 children (35.6%), out of which
32 had CMA/FA diagnosed (group 4-reference group).
In remaining 62 children neither GER nor CMA/FA
were confirmed (group 5). The values of esophageal pH
monitoring parameters obtained in individual groups: 2, 3,
4, and 5 were compared against ecach other. The analysis
of mean values of pH monitoring parameters measured in
children from individual groups is presented as follows.

According to the number of episodes of acid GER (pH < 4)
Distal channel (Table 2, Figure 1): In children with
primary GER (group 2) the mean value of the parameter
(x = 75.68 £ 25.61) was similar to mean value (y = 74.6
+ 16.02) in children with GER and CMA/FA (group 3).
These values are higher than mean number of episodes of
acid GER, constituting y = 18.56 * 11.74 and y = 12.6
7.74 in group 4 and 5, respectively.

Proximal channel (Table 3, Figure 2): In children from
group 2 mean value of the examined parameter (y = 61.45
+ 20.43) was similar to mean value (y = 62.48 £ 14.67) in
children from group 3. These values are higher than mean
number of episodes of acid GER y = 10.5 * 45and y =
5.36 * 2.09 in group 4 and group 5, respectively.

According to number of episodes of acid GER lasting > 5
min

Distal channel (Table 2, Figure 1): In children from
group 2 mean value of this parameter (y = 5.17 £ 1.95)
was lower than mean value (y = 8.87 £ 3.65) in children
from group 3. At the same time these values are higher
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Table 3 Summary analysis of selected parameters of 24-h pH-monitoring in 232 children suspected of GERD; pH-monitoring with 2-

channel probe

Groups of examined children
with specific ailment

pH-monitoring parameters-proximal channel
range of values; mean; standard deviation (+ SD); median; statistical significance (P)

n =232 Number of episodes of Number of episodes of acid GER Duration of the longest Total acid GER Acid GER index
acid GER (pH < 4) (pH < 4), lasting > 5 min episode of acid GER (min) index (%) (supine position) (%)
Statistical significance between the groups (P)
Group 2 and 3
Group 2 and 4
Group 2and 5 P =0.0001 P =0.0001 P =0.0001 P =0.0001 P =0.0001
Group 3 and 4
Group 3 and 5
Group 4 and 5
100.00 | O Group 2 30.00 0 Group 2
" = Group 3 = Group 3
3 80.00 f m Group 4 2500 - m Group 4
@ mGroup 5 m Group 5
a 20.00 -
%5 60.00 £
. £ 15.00 -
2 40.00 =
s 10.00 -
=
20.00 5.00 -
0.00 = -

0.00

Episodes of acid GER (pH < 4)  Episodes of acid GER (pH < 4)

lasting > 5 min

Figure 2 Summary analysis of number of episodes of acid GER (pH < 4) and
episodes of acid GER (pH < 4) lasting > 5 min of 24-h pH-monitoring in 232
children suspected of GERD; pH-monitoring with 2- channel probe.

30.00 OGroup 1
0 Group 2
25.00 - m Group 3
H Group 4
20.00 - mGroup 5
C
£15.00 -
=
10.00 +
5.00 +
0.00

Duration of the longest episode of acid GER

Figure 3 Summary analysis of duration of the longest episode of acid GER of
24-h pH-monitoring in 264 children suspected of GERD; pH-monitoring with 1'- or
2- channel probe. "Values of pH-monitoring parameters in group 1 did not undergo
comparative analysis with corresponding values in remaining groups.

than mean values of parameters y = 0.33 * 0.49 and y =
0.15 £ 0.36 measured in group 4 and 5, respectively.

Proximal channel (Table 3, Figure 2): In children from
group 2 mean value of parameter measured (y = 3.96 *
1.37) was lower than mean value in group 3 (y = 5.87 £
3.64). At the same time these values are higher than mean
values of episodes of acid GER lasting more than 5 min:
¥ = 028 £ 0.46 and y = 0.11 £ 0.32 in group 4 and 5,
respectively.

According to the duration of the longest episode of acid
GER (minutes)
Distal channel (Table 2, Figure 3): In children from
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Duration of the longest episode of acid GER

Figure 4 Summary analysis of duration of the longest episode of acid GER of
24-h pH-monitoring in 232 children suspected of GERD; pH-monitoring with 2-
channel probe.

group 2 mean value of this parameter (y = 17.45 = 8.21)
was higher than mean value (y = 14.61 £ 7.68) in children
from group 3. These values were higher than mean time

of the longest episode of acid GER: y = 2.08 £ 1.05 and
y = 1.4 £ 0.66 in group 4 and 5, respectively.

Proximal channel (Table 3, Figure 4): In children from
group 2 mean value of parameter measured (y = 12.91
t+ 5.14) was higher than mean value (y = 9.51 £ 3.78)
in children from group 3. At the same time these values
are higher than mean time of the longest episode of acid
GER: ¢ =0.67 £ 0.49 and y = 0.44 + 0.62 in group 4 and 5,
respectively.

According to total acid GER index (%)

Distal channel (Table 2, Figure 5): In children from
group 2 mean value of this parameter (y = 13.42 * 5.52)
was lower than mean value (y = 17.17 * 6.90) in children
from group 3. These values are higher than mean values
of total acid GER index: y = 2.69 £ 1.07 and ¢ = 3.1 £ 0.78
in groups 4 and 5, respectively.

Proximal channel (Table 3, Figure 6): In children from
group 2 mean value of this parameter (y = 11.26 £ 4.18)
was higher than mean value (y = 10.47 £ 3.8) in children
from group 3. At the same time these values were higher
than mean values of total acid GER index: y = 0.91 £ 0.68
and y = 0.37 £ 0.16 in group 4 and 5, respectively.

According to acid GER index, supine position (%)
Distal channel (Table 2, Figure 5): In children from
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Total acid GER index

Acid GER indec (supine position)

Figure 5 Summary analysis of total acid GER index and acid GER index (supine
position) of 24-h pH-monitoring in 264 children suspected of GERD; pH-monitoring
with 1'- or 2-channel probe. 'Values of pH-monitoring parameters in group 1 did
not undergo comparative analysis with corresponding values in remaining groups.

30.00 + o Group 2
m Group 3
25.00 [ m Group 4
m Group 5
g 20.00
S
$ 15.00 -
o
[
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5.00
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Total acid Ger index  Acid Ger index (supine position)

Figure 6 Summary analysis of total acid GER index and acid GER index (supine
position) of 24-h pH-monitoring in 232 children suspected of GERD; pH-monitoring
with 2- channel probe.

group 2 mean value of this parameter (y = 6.96 £ 2.64)
was lower than mean value (y = 7.67 £ 2.87) in children
from group 3. These values were higher than mean values
of supine acid GER index: y = 1.09 * 1.06 and ¢ = 0.39
1 0.31 in groups 4 and 5, respectively.

Proximal channel (Table 3, Figure 6): In children from
group 2 mean value mean value of parameter measured
(x = 6.41 £ 2.64) was lower than mean value (y = 7.16 £
2.76) in children from group 3. These values were higher
than mean value of supine acid GER index: y = 0.43 + 0.22
and y = 0.09 £ 0.11 in groups 4 and 5, respectively.

The comparative analysis carried out between group
2 and 3 (children with GER) and between group 4 and
5 (children without GER) proved statistically significant
differentiation (P < 0.05) of mean values (abnormal
distribution) in the case of: number of episodes of acid
GER, number of episodes of acid GER lasting more than
5 min and duration of the longest episode of acid GER
in both channels (distal and proximal) as well as acid GER
index: total and supine, in proximal channel exclusively.

This analysis also confirmed statistically significant
differences (P < 0.05) of mean values (normal distribution)
in the case of total acid GER index, in distal channel
exclusively, among individual groups, especially between
group 2 (children with primary GER) and group 3 (children
with GER secondary to CMA/FA). However, in the
case of supine acid GER, in distal channel, no statistical
significance of its mean values between group 2 and group

Table 4 Type of graphic recording of intraesophageal pH in

264 examined children suspected of GERD at diagnosis

Groups of examined 24-h intraesophageal pH-monitoring - preliminary study
children Pathological recording  Regular recording
(physiological)
Phasic Non phasic Phasic Non phasic
n % n % n % n %

Group 1!

Physiological GER - - - - - - 32 100
n =32 (100.0%)

Group 2

Primary GER - -
n="76 (100.0%)

Group 3

GER + CMA/FA 9
n =62 (100.0%)

Group 4

reference group = = = = 3 94 29 90.6
n =32 (100.0%)

Group 5

GER () +CMA/FA (-) - - - - - - 62 100
n =62 (100.0%)

76 100 - - - -

145 53 85 - - - -

!Children excluded from further prospective clinical studies.

3 was confirmed.

On the basis of pH monitoring recording at pre-
liminary examination in children of individual groups
(Table 4), phasic recording of intraesophageal pH
monitoring values was registered in 9 children (14.5%)
with pathological GER secondary to CMA/FA (group 3)
and in 3 children (9.4%) with CMA/FA exclusively (group
4-reference group).

DISCUSSION

Of 264 examined children, acid GER was confirmed in
170 (64.4%) of them on the basis of 24-h esophageal pH
monitoring, In 138 of these children (52.3%) GERD was
confirmed.

Age of examined children did not reveal statistically
significant differences among individual groups. Among 138
children, GERD was more often attributed to acid GER in
boys (72-52.2%) in compatison to gitls (66%-47.8%).

On the basis of the results of immunoallergological
tests and verifying positive oral food challenge test” %%,
pathological acid GER in 138 children was divided into
primary (28.8% of children, group 2) and secondary to
CMA/FA (23.5%, group 3). At the same time, on the basis
of complex differential diagnosis other causes of acid
GER were excluded.

Among 264 children with family history of gastrointestinal
tract diseases, acid GER was not confirmed in 94 of them
(35.6%).

The assumption of esophageal pH monitoring was that
the higher the electrode sensor was positioned, the less
number of short-term reflux episodes was recorded, and
the total time of reflux is shortened, which is consequent
upon better efficiency of neutralizing mechanisms and the
ability to self-purification of this part of esophagus!*****,

The results of our studies do not support the stated
hypothesis completely because the mean values of analyzed
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pH monitoring parameters in proximal channel were not
lower (not statistically significant) than in distal part of
esophagus in children with GERD in groups 2 and 3.

Percentage values of the number of episodes of acid
GER recorded in proximal channel accounted for 81%, in
group 2 and 84% in distal channel, in group 3.

The number of episodes of acid GER lasting more
than 5 min recorded in proximal part of esophagus
accounted for 76% in group 2, whereas in distal part of
esophagus made 66%, group 3.

The duration of the longest episode of acid GER
recorded in proximal part of esophagus constituted 74%,
group 2, whereas in distal part of esophagus it accounted
for 65%, group 3. Total acid GER index recorded in
proximal part of esophagus made 84%, group 2 and in
distal patt of esophagus 61%, group 3. Supine acid GER
index in proximal part of esophagus accounted for 92%,
group 2 and in distal part of esophagus it made 93%,
group 3.

In children with primary GER (group 2) and
secondary GER (group 3), the mean values of individual
pH monitoring parameters did not reveal significant
difference between both channels. On the basis of the
results obtained, it appears that there was no significant
quantitative difference in the episodes of acid GER,
reaching both distal and proximal channel, regardless of
the age of examined children.

It was shown that reflux episodes in proximal channel
were similar in number only in patients with primary GER
(group 2) and those with GER secondary to CMA/FA
(group 3). It may be assumed that high gastroesophageal
reflux reaching proximal channel is particularly meaningful
in children of both groups, but with atypical symptoms,
especially of respiratory tract (silent reflux), therefore
suggesting the possibility of microaspiration of gastric
content into the bronchial tree™™ ™",

Silent reflux in children below 3 years of age, with
recurrent infections of respiratory tract in past history
was confirmed on the basis of pH monitoring with
single-channel probe in 56% and 57% of children’s
gastroenterological centers in Poland™*",

According to these data the diagnostic value (sensitivity)
of 24-h esophageal pH monitoring in detecting
pathological GER accounted for 89% in all patients
examined with this type of probe but made only 84% in
patients with atypical symptoms.

On the basis of 24-h esophageal pH monitoring with
dual-channel probe in children with symptoms out of
gastrointestinal tract, within the same age group, in own
studies the higher percentage of high gastroesophageal
reflux was reported, which accounted for 77.4% and 88.3%
in both groups, respectively. The results of own studies
give information on the intensity of acid GER reaching
distal and proximal part of esophagus, and mean values
of examined pH monitoring parameters in distal and
proximal part of esophagus reveal statistical significance
between the groups. The comparable results of supine
acid GER index in distal channel constitute an exception.
This differentiation of pH monitoring parameters between
the groups appears to be helpful in predicting, who of the
examined children is at risk of primary GER, and which
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symptoms are consequent upon GER secondary to CMA/
FA. The result of preliminary study s also important, in
which the increasing number of reflux episodes reflecting
the higher value of reflux index, and it was comparable in
distal and proximal channel, in both study groups.

Italian authors reported the interpretation of graphic
recording of intraesophageal pH monitoring, in which
they showed a phasic decrease of values after milk meal
and their rapid increase after the following meal in children
with GER and/or CMAP",

Quantitative characteristics of patients of individual
groups proved that this phasic recording of pH was a
common feature in 9 children (14.5%) with GER and
CMA/FA (group 3) and in 3 children (9.4%) with CMA/
FA (group 4-reference group), which accounted for 12 out
of 94 children with cow milk allergy. Interestingly enough,
this type of recording of pH monitoring was not observed
in any of the children with GER but without allergy.

In conclusion, pH monitoring performed in children
with typical and atypical GERD symptoms enabled to
diagnose acid GER in 52.3% of all examined patients.
In order to define the extent of reflux i.e. the dynamics
of each reflux episode, dual-channel probe should be
used to intraesophageal pH recording in distal and
proximal channel. Finally, similar pH monitoring results
obtained in both study groups with GERD confirm that
pH monitoring is clinically important for diagnosing of
acid GER but not for differential diagnosis for between
primary and secondary GER patients. This support the
necessity of early implementation of complex differential
diagnosis that enables to distinguish the causes of primary
GER from the causes of GER secondary to FA. This
causal differentiation leads to necessity of defining proper
treatment strategy. It also influences the efficacy of
treatment and natural history of gastroesophageal reflux
disease in children and the young,
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Abstract

AIM: To assess the trends in the incidence of
inflammatory bowel disease (IBD) over 23 years in the
same area and to identify genetic factors related to
incidence evolution.

METHODS: Patients with IBD arising from North-
western Greece were systematically recorded through
the 1983-2005 period. Trends in disease incidence
and genetic patterns related to CARD15 variants were
documented and correlated.

RESULTS: A total of 447 patients with IBD were
recorded (23.5% Crohn’s disease, 72.7% Ulcerative
colitis and 3.8% indeterminate colitis). Mean annual
incidence rates of CD and UC were 0.9/100000 (95% CI
0.1-1.7) and 2.7/100000 (95% CI 1.7-4.1) inhabitants,
respectively. There was a statistically significant increase
of CD incidence (P < 0.01) during the study period, in
contrast to the UC incidence. There were no statistical
differences in CARD15 variants over the study period.

CONCLUSION: The incidence of CD in North-western
Greece has risen disproportionately to that of UC in the
21st century. This is not related to alterations of genetic
background though.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Inflammatory bowel disease (IBD) encompasses two
distinct clinicopathological entities, Crohn’s disease (CD)
and ulcerative colitis (UC), possessing different etiological
and epidemiological correlations. Both are considered
of unknown actiology, and various endogenous and

exogenous factors have been etiologically implicated,
leading to the concept of a multifactorial pathogenetic
process involving interplay of environmental risk factors
and immunologically triggered alterations!". Environmental
factors have for long been incriminated in the
pathogenesis of both forms of IBD, usually based on data
of geographic or temporal variation of disease incidence.
A global north-south variation in the incidence of IBD
has been reported”. In Europe, the EC-IBD population
based study showed a higher incident of UC (11.8/100 000
vs 8.7/100000) and CD (7.0/100000 and 3.9/100000,
respectively) in Northern compared to Southern Europe®.
Such variations do exist in the overall prevalence of each
form, with variable data on the incidence trends of CD in
recent yearsH"()], but an invariable increase in CD incidence
in Southern European regions”. Evaluation of the factors
triggering this evolving incidence may allow for identifying
major endogenous or exogenous factors related to the
pathogenesis of the disease.

In North-western Greece, an area traditionally
categorized to the poorest of Europe, previous studies
have shown rarity of CD and common appearance of
UC during the previous decades™". This study assesses
current evolution of incidence of CD and correlates these
trends with genetic (CARD15 mutations) factors.

MATERIALS AND METHODS
Study area

The study area, North-western Greece, represents a
population of 506142 inhabitants according to the
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National Census of 2001, including four Districts situated
on the mainland (Districts of loannina, Arta, Preveza and
Thesprotia) and two Districts situated in islands (Districts
of Corfu and Letkada). Urban residents represented about
40% of the total population, residing mainly in the District
capitals.

Case identification and diagnostic criteria
Cases have been recorded in the frame of a systematic
recording system for IBD, using multiple sources of
retrieval, developed in this defined area of North-western
Greece between January 1983 and December 2005. The
health care system in our area includes both a National
Health Service and a private sector. All gastroenterologists
are members of North-western Greece Gastroenterology
Group and were updated about the methods and aims of
this study both through newsletters and meetings. The
system records cases from the following sources: (1) in-
and outpatients referred to the Hepato-gastroenterology
Unit of the loannina University Hospital; (2) patients
referred to outpatient Gastroenterology clinics in
Districts hospitals and (3) patients referred to the private
gastroenterologists practicing inside the area. A review of
collected data was performed in the University Hospital
of loannina, by two investigators (ME and EVT).
Diagnosis of CD and UC was based on typical clinical,
radiological, endoscopic and histological criteria and the
diagnosis of intermediate colitis (IC) was only set when a
distinct diagnosis of UC or CD could not be established.
CD was classified according to the Vienna System"" and
UC according to Lennard-Jones'"”. Perianal disease was
defined by the presence of perianal abscesses, fistulae
or ulcers, but not by the presence of skin tags. A final
diagnosis of CD, UC, or ulcerative proctitis (UP) though
was made by two expert gastroenterologists and recorded
as definite, probable, or possible following criteria
previously published”. Phenotypic details were obtained
on 2 occasions by retrospective case-note review between
January and December 2005 by 2 investigators (ME and
EVT). Duration of follow-up was defined as the interval
between diagnosis and latest case-note review. Details
regarding other demographic characteristics were further
supplemented by a patient interview or completed postal
questionnaire. During the last year blood was collected
from all CD patients. An incidence case was defined as any
IBD patient, diagnosed during the study petiod, resident in
the study area for at least one year before the diagnosis. All
patients first diagnosed during the study period 1983-2005
were included in the study. All patients included in the
study were evaluated at least twice during the study period.
The study protocol conformed to the ethical guidelines
of the Declaration of Helsinki.

Genotyping

Three NOD2/CARD15 variants previously identified
as being independently associated with Crohn’s disease,
R702W, G908R, L1007 fsinsC"""* were genotyped.
Each individual reaction contained primers to amplify
a nonpolymorphic genomic control sequence. A single
thermocycling program was used for all reactions. The

Table 1 Demographic characteristics of IBD patients diagnosed

during the period 1983-2005, in northwest Greece

Crohn’s disease  Ulcerative colitis

Total numbers of patients 105 325
Region of origin
Ioannina 59 140
Arta 5 10
Preveza 2 36
Thesprotia 5 21
Corfu 33 113
Lefkada 1 5
Male: female (ratio) 66:39 (1.69) 208:117 (1.77)
Age at diagnosis (yr) (mean + SD) 33.2+129 457 +16.1
(range) (18-70) (18-93)
Men 33.4+129 473+15.1
Women 331+£13.2 429+173
Follow up (mo) (mean + SD) 92.9+72.3 119.6 £73.8
(range) (4-264) (5-276)

products were electrophorerized on 1% agarose gels with
ethidium bromide and viewed under ultraviolet light. An
image was recorded digitally. Healthy controls match for
age and gender with CD patients were randomly selected
from Blood Donors in University Hospital of loannina
and District Hospital of Corfu.

Statistical analysis

Incidence rates were calculated as the number of cases
per 100000 inhabitants, and 95% Confidence Intervals
were estimated using the normal distribution. Population
data were based on databases of the National Statistical
Service (National Censuses 1981, 1991, and 2001). The
significance of time trends of incidence rates was tested
using the y’-trends in proportion test. Frequency and
susceptibilities of NOD2/CARD15 variants among CD
patients, UC patients and controls was compared with the
chi-square test. Odds ratios (OR) were calculated with the
chi-squared distribution test and 95% confidence intervals
(95% CI). The Fisher exact test was used for comparing
differences between allele frequencies in patients and
controls. The P values obtained were two-tailed and
statistical significance was assumed below 0.01. Inference
was aided by GraphPad InStat (version 3.00; GraphPad
Software).

RESULTS

During the study period, a total of 447 IBD cases were
recorded in the study area. One hundred and five patients
were diagnosed with CD (23.5%), 325 with UC (72.7%),
and 17 with Indeterminate Colitis (3.8%). The majority
of the patients were derived from the regions of loannina
and Corfu, accounting for 92% of the total CD cases and
78% of the total UC cases.

The main demographic and clinical characteristics of
CD and UC patients are presented in Table 1.

A familial history of IBD was present in 11 patients
(2.5%). Terminal ileal localization of the disease was
present in 35 (33.3%), ileocolonic in 28 (26.7%) and
colonic in 42 (40%) of the CD patients; stenotic discase

www.wjgnet.com
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Figure 1 Trends in standardised incidence of Crohn’s disease (CD) and Ulcerative
colitis (UC) (Northwestern Greece 1983-2005).

Table 2 Evolution of genetic, demographic and clinical

correlations of Crohn’s disease through the study period

Period  Any M:F Mean CD:UC
CARD15 ratio age ratio,

CD:UC CD:UC Perianal
ratio, b  ratio,

mutation (yr) cumulative region of region
loannina of Corfu
Pre-1994 46.10% 14 304 0.23 0.26 0.2 13.80%
1995-1999 61.90% 3.4 354 0.32 0.46 0.3 27.20%
2000-2005 46.90%  1.55 33.1 0.61 >1 0.5 31.30%
Total 51% 183 328 0.36 0.38 0.32 25.50%

was recorded in 23 (21.9%), fistulating in 25 (23.8%)
and perianal disease in 26 (24.8%) CD patients. Of the
UC patients, 71 (21.8%) had pancolitis, 99 (30.5%) had
proctitis, and 155 (47.7%) had left-sided UC.

Mean annual crude incidence rates of CD and UC
were 0.9 and 2.9/100000 inhabitants, respectively. Age-
adjusted incidence rates were 0.9/100000 (95% CI 0.1-1.7)
and 2.7 (95% CI 1.7-4.1), respectively. The age-adjusted
mean annual incidence rate of IC was 0.2/100000 (95%
CI 0.1-0.4).

The incidence of CD was higher in men than in
women. The highest incidence rate was found in the age
group 18-44 years for men and women. UC incidence was
higher in men also. The highest incidence rate was found
in the age group 45-64 for both sexes.

There was a statistically significant increase of CD
incidence (P < 0.01) during the study period, while the
incidence of UC increased slightly and not in a statistically
significant manner (Figure 1). As a consequence, the ratio
of CD to UC practically doubled, surpassing 1 in the
district of Ioannina, the largest population district and
centre of the study, in the year 2002, and remaining above
1 for the following years (Table 2).

When demographic and clinical parameters were
evaluated in correlation with the increase in CD incidence,
age, gender, and regional patient distribution did not
exhibit any statistically significant trends. There were
also no differences in the percentages of patients with
terminal ileal or colonic localization, and stenotic or
fistulating disease during the pre-1995 period, compared

www.wjgnet.com

Table 3 CARD15 variant allele frequencies

Genotype Mutant allele P; OR (95% CI)
Samples -/~ -/+ +/+ frequency (%)
R702W
CD 85 8 B 7.29 0.015; 3.85
(1.24-11.93)
ucC 171 9 0 2.5 0.78;1.26
(0.38-4.13)
Control 96 4 0 2
GI908R
CD 83 13 0 6.77 0.70; 0.83
(0.39-1.78)
ucC 156 24 0 6.66 0.61; 0.82
(0.42-1.58)
Control 84 16 0 8
Leu1007fsincC
CD 52 36 8 27.08 <0.0001; 7.06
(3.46-14.37)
ucC 166 9 5 5.27 1;1.06 (0.48-2.32)
Control 90 10 0 B

-/-, homozygous wild-type; -/+, heterozygous; +/+, homozygous mutant.
CD: Crohn'’s disease; UC: Ulcerative colitis; OR: Odds Ratio; CI: Confidence
Interval. The CARD15 gene variants determined in 96 CD patients (from 102
living CD patients out of 105, from our cohort 6 refused genetic test), 180 out
of 300 living UC patients and 100 randomly chosen healthy blood donors.

to the 1995-1999 and the 2000-2005 periods. A statistically
significant increase in the percentage of patients with
perianal disease was observed in the latter two periods
compared to the pre-1995 period (Table 2).

The association of CD with mutations in the three
casual CARD15 variants is shown in Table 3.

There were no statistically significant differences on
any mutations over time (Table 2).

DISCUSSION

North-western Greece is comprised of the mainland
district of Epirus and the islands Corfu and Lefkada. Due
to geographical reasons and relatively underdeveloped
transport facilities to the rest of Greece the region can
be considered secluded, and thus an ideal frame for
epidemiological analysis of certain diseases. We have
shown in the past that UC was a common entity in this
region, while CD on the contrary was all too rare, with
the CD:UC ratio in the 1980 s and early 1990 s being near
0.1”"". Herein, the results of this 23-year period study,
clearly show a rapid and sustained increase in CD incidence
from 2000 on in North-western Gtreece, an increase that
overturned the CD:UC ratio in the largest province of the
study, the region of loannina, by 2002.

These findings are in accordance with formerly
published studies showing an increasing trend for CD"*,
In these studies the increasing trend was often related to
increasing age at diagnosis and could thus be related to
improvements in average survival and surveillance (global
increase®" or a higher proportion of older patients™**%),

This is not the case in our study in which the majority
of CD patients are young, similar to other studies'™"”!
and the average patient age has not altered significantly
over the years. Furthermore this increase could not be
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attributed to enhanced surveillance and patient reporting;
characteristically, the increase in incidence is predominantly
expressed in the region of loannina, which, hosting
the study centre for the past 25 years, guarantees total
patient reporting and absence of bias. Moreover, a similar
increase was not observed for UC during this period. This
rising incidence suggests that unknown triggering factors
continue to work in North-western Greece. To explain this
increase in CD incidence throughout the period 1983-2005
we hypothesized that certain etiologic factors exist, and
we evaluated the potential role of genetic susceptibility
changing slowly over time in this incidence trend.

Although there are differences in ethnic, racial and
geographic distribution™, the genetic association of
CD with CARD15 is undoubtedly replicated widely at
present[24’25]. There were no significant differences in the
prevalence of CARDI15 variants during the study period
in our study, indicating an absence of alterations in the
genetic background. The prevalence of the three CARD15
vatiants is similar with that found in cohorts in central
Europe and much higher than in northern Europe™. Yet
these results are different from two other Greek studies:
the first, based on the island of Crete outlined the rarity
of SNP 13*, an inconsistency that may be attributed to
the fact that Crete is an isolated geographic region where
this mutation does not seem to predispose to the disease,
or to the relatively small size of the examined sample. The
relatively higher frequencies in all three SNPs in the second
study may be attributed to patient selection (hospitalized
patients in a period of time, high proportion of ileocolonic
disease)””. Our study, being population based, may be
more representative of prevalence of CARD15 variants in
Greece.

One could speculate that the increased incidence of
CD recorded in recent years may actually reflect increase in
detection, but not incidence of colonic disease, more easily
recognized through increased endoscopy implementation.
Although the total number of endoscopies performed
naturally increased over time, there was no difference in
endoscopy success rates, furthermore significant trends
in disease localization over time were not recorded, apart
from the already mentioned perianal CD (data not shown).

A potential criticism of the recruitment methods used
in this study would be that ascertainment might have
been incomplete, missing patients with CD or those with
mild ulcerative proctitis who might have never required
gastroenterologic consultation or hospital admission.
However in the Greek population, during the time period
of this study, there was an almost universal admission
policy for investigation of IBD. Although North-western
Greece has a relatively small population and isolated
geographic area, this has actually been a great advantage
and has resulted in a comprehensive study of the entire
population, excluding any case leaks to other centers or
existence of not notified cases followed-up by general
practitioners.

In conclusion, we have shown that a significant
increase in CD incidence in a secluded geographical
region of Greece where CD was previously rare is not
related to any alterations in the genetic profile or typical
demographical factors. The study being population based

outlines the need for further investigation of the interplay
of environmental factors and disease.
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Background

The incidence of Crohn’s disease and ulcerative colitis varies greatly between
specific geographic areas, and is supposed to be related to exogenous factors
such as affluence and dietary habits, as well as endogenous factors such
as genetic predisposition. North-western Greece was characterized by a low
incidence of Crohn’s disease (CD) although Ulcerative Colitis (UC) was not
uncommon according to a previous study undertaken in the early 1990s.

Innovations and breakthroughs

The present study is one of the few to evaluate genetic predisposition to Crohn’s
disease and ulcerative colitis through time in a given area. The presence of
absence of relation to incidence evolution allows for evaluation of the etiological
role of genetic predisposition in disease.

Applications
Similar studies, when applied in larger areas, may be hampered by planning
difficulties though.

Terminology

NOD2/CARD15 mutations are mutations of a specific genetic locus that have
been shown to interfere with altered immune response and induce increased
predisposition to the development of Crohn’s disease.

Peer review

The author examined the relation between the change in the annual incidence
rates of IBD patients and CARD15 variants in North-western Greece. Although the
incidence of CD has significantly increased during the study period, there was no
statisitical differences in NOD2/CARD15 variants among the Groups. The data is
interesting and certainly provides the new evidences in this research field.
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Abstract

AIM: To investigate the role of reactive oxygen species
in the ulcer-aggravating effect of lead in albino rats.

METHODS: Albino Wistar rats were randomly divided
into three groups and treated orally with 100 mg/L (low
dose) or 5000 mg/L (high dose) of lead acetate for 15
wk. A third group received saline and served as control.
At the end of wk 15, colorimetric assays were applied
to determine the concentrations of total protein and
nitrite, the activities of the oxidative enzymes catalase
and superoxide dismutase, and lipid peroxidation in
homogenized gastric mucosal samples.

RESULTS: Exposure of rats to lead significantly
increased the gastric mucosal damage caused by
acidified ethanol. Although the basal gastric acid
secretory rate was not significantly altered, the
maximal response of the stomach to histamine was
significantly higher in the lead-exposed animals than
in the unexposed control group. Exposure to low and
high levels of lead significantly increased gastric lipid
peroxidation to 183.2% + 12.7% and 226.1% % 6.8%
of control values respectively (P < 0.0). On the other
hand, lead exposure significantly decreased catalase and
superoxide dismutase (SOD) activities and the amount of
nitrite in gastric mucosal samples.

CONCLUSION: Lead increases the formation of gastric
ulcers by interfering with the oxidative metabolism in the
stomach.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Reactive oxygen species (ROS) have been shown to be to
be involved in the etiology of many inflammatory disorders
of the gastrointestinal system"”. This is evidenced by
the increased oxidative stress by pro-ulcerative factors
in the gut such as H pylor/™", use of non-steroidal anti-
inflammatory drugslsj, smokingm, psychological stress,
corticosteroid use”, and loss of sleep!™. Lipid peroxidation
(LPO), a result of the reaction of oxyradicals and
polyunsaturated acids, has been suggested as an attack
factor in the gastric mucosa”. Also GSH, an endogenous
sulfthydryl compound, is an important substance in the
cellular defense system''”.,

Nitric oxide (NO) depletion also plays significant
roles in the pathogenesis of gastric ulcers. NO along with
superoxide (02.) and the products of their interaction
initiate a wide range of toxic oxidative reactions causing
tissue injury'', Large amounts of NO, generated primarily
by iNOS, can be toxic and pro-inflammatory. Likewise,
neutrophils too produce oxidants and release granular
constituents comprising lytic enzymes performing an
important role in inflammatory injury' .

Although lead acetate does not initiate any excess
generation of reactive oxygen species in a cerebral
synaptosomal suspension, it has a marked ability to
enhance the pro-oxidant properties of ferrous iron in
the same system!'"”)
induced by I-glutamate!”, Recent studies suggest that
accumulated lead exposure is related to several chronic
disorders of aging including disorders that have been
associated with oxidative stress” ", Sass'"” first reported
that lead poisoning in dogs is associated with perforating
gastrointestinal ulcers. Bercowitz and Laufer” observed
that gastrointestinal ulcer patients had accumulated lead
in their teeth, thus suggesting a relationship between
lead and ulcer. In a previous study, we reported that long
term exposute of rats to lead predisposes the stomach to
higher ulcerogenic effects of indomethacin and acidified
ethanol™. However, the exact mechanism(s) by which lead

. It also amplifies oxidative stress
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promotes gastric ulceration is not yet understood. The
objective of the present study thus was to investigate the
involvement of ROS in the aggravation of ulceration in
the stomach of lead-exposed rats.

MATERIALS AND METHODS

Chemicals and animals

Lead acetate and urethane were obtained from BDH
chemicals Ltd, Poole. England. Epinephrine, 5,5-dithio-
bis-2-nitrobenzoic acid, hydrogen peroxide, sodium
pentobarbitone, and thiobarbituric acid (TBA) were
purchased from Sigma (St Loius, MO USA). All other
reagents were of analytical grade and were obtained from
the British Drug Houses, Poole, UK.

Young male albino Wistar rats (80-90 g) were obtained
from the small animal house, College of Medicine,
University of Ibadan, Nigeria. They were randomly divided
into three groups with adequate matching of weight. They
were kept in wire meshed cages and fed with commercial
rat pellets (Ladokun Feeds Ltd, Ibadan, Nigeria) and
allowed to take water ad libitum.

Lead treatment

Animals were exposed to lead as previously described™.
The high lead group (HiPb) was given 5000 mg/L lead
acetate in drinking water daily while the low lead group
(LoPb) received 100 mg/L. lead acetate in drinking water.
The control animals received only drinking water. At the
end of a 15 wk exposure, blood samples were collected
from the rats for analysis of the Packed Cell Volume (PCV),
red and white blood cell counts, and neutrophile numbers
by standard methods. Afterwards, ulcer was induced as
follows.

Induction of experimental ulcer

Acidified ethanol was used to induce experimental gastric
ulcers. Thirty six hours fasted rats were given 1.0 mL
of HCl/ethanol mixture containing 0.15 mol/L HCl in
70% ml./L ethanol™. Four hours after administering the
ulcerogen and under sodium pentobarbitone anaesthesia
(60 mg/kg, ip), the animals were sacrificed. The stomachs
were removed, inflated with 10 mL of 2% formaldehyde
for 10 min to fix the tissue walls and opened along the
greater curvature. The hemorrhagic lesions were stretched
out on a glass plate and their sizes were estimated using
an underlying graph paper with a 1 mm’ grid. Lesion areas
were summed up per stomach and expressed as % of total
mucosal area.

Measurement of gastric acid secretion

Gastric acid secretion was studied in the 3 groups using
a modification of the method originally described by
Ghosh™. The animals were fasted for 24 h at the end
of the 15 wk lead treatment. Under urethane anaesthesia
[250 g/L urethane (6 mL/kg body, ip)], the animals
were surgically prepared for in situ stomach perfusion.
The pylorus was semi-transected at its junction with the
duodenum and a pyloric cannula inserted and tied into
place. An oesophageal cannula for infusion from a flow
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meter (Watson-Marlow Inc., USA) was passed through the
mouth to the stomach. Ten minute effluent samples (10.0
+ 0.1 mL each) were collected via a pyloric cannula and
titrated against 0.01 mol/L. NaOH using phenolphthalein
as indicator. Acidity was expressed in mol/L/L per min
life. After obtaining a consistent basal acid output, each
animal was injected 2z a femoral vein cannula with either
9 g/L NaCl or histamine acid phosphate.

Biochemical analysis

At the end of chronic lead exposure, the animals were
killed under deep ether anaesthesia and the stomachs
were removed. Each stomach was cut open through the
greater curvature, rinsed in normal saline, weighed, and
homogenized in 10 mL KCI (pH = 7.4). The homogenate
was subsequently used for total protein estimation. The
protein content of the gastric mucosa was estimated by the
method of Lowry ¢z al” using bovine serum albumin as a
standard.

Determination of lipid peroxidation. Lipid
peroxidation was assayed by measuring the thiobarbituric
acid reactive (TBAR) products using the procedure of
Walls ez al™, Briefly, the homogenate was supplemented
with 0.75 g/L. TBA in 0.1 mol/L. HCL The reactants were
then supplemented with 5 mL n-butanol-pyridine mixture,
shaken vigorously for 1 min and centrifuged for 10 min at
4000 r/min. Absorbance was then read at 532 nm and the
results expressed as nmol TBA per 100 mg wet tissue.

Determination of catalase activity. Activity of
catalase in gastric mucosa was determined according to
the procedure of Sinha®’. This method is based on the
reduction of dichromate in acetic acid to chromic acetate
when heated in the presence of H20:, with the formation
of perchromic acid as an unstable intermediate. The
chromic acetate so produced is measured calorimetrically
at 530 nm.

Determination of SOD activity. For determination of
SOD activity, samples of gastric mucosal homogenates
were taken as described above. A method originally
described by Misra and Fridovich® as reported by
Magwere ¢ al”” was employed. This method is based
on the ability of superoxide dismutase to inhibit the
autoxidation of epinephrine caused by O: generated by
xanthine oxidase reaction.

Determination of nitrite in gastric mucosa. The gastric
mucosa was cooled in ice-cold distilled water before
homogenization (100 g/L). The crude homogenate was
centrifuged at 21.000 g for 20 min at 4°C. Aliquots of
the supernatants were taken to determine nitrite levels.
The amounts of nitrite were measured in the gastric
mucosa by performing the Griess reaction. 100 mL of
sample were incubated with 100 mL of Griess reagent
(Sigma) at room temperature for 20 min. Nitrite level was
determined by measuring the absorbance at 550 nm using
a spectrophotometer (DU 640B, Beckman, Fullerton,
California, USA)**?,

Determination of gastric mucous. Adherent gastric
glandular mucous was measured by the method of Corne
et al™. Excised gastric glandular portion of the stomachs
were transferred for 2 h to 0.1% Alcian blue dissolved
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Table 1 Effects of lead exposure on acidified ethanol-induced

gastric injury (mean + SEM, n = 8)

Treatment  Mass gain Mucosal Total Gastric
(% of initial damage score protein mucus
mass) (% of total (mg/g) (mg/g)
mucosal area)
Control 433+44 6.94 +£0.42 9.80+0.01 31.0+0.31
Low lead 17.4+6.3" 9.72 + 0.65" 750+014 28.0+0.27°
High lead 63+51" 12.50 + 0.51" 6.20+0.01 23.0+0.24"

P < 0.05 vs control.

in buffer solution containing 0.1 mol/L sucrose and
0.05 mol/L sodium acetate (pH adjusted to 5.8 with
hydrochloric acid). After washing the stomach twice in 0.25
mol/L sucrose (15 min and 45 min), the dye complexed
with mucous was eluted by immersion in 10 mL aliquots
of 0.5 mol/L MgClz for 2 h. The resulting blue solution
was shaken with equal volumes of diethyl ether and
the optical density of the aqueous phase was measured
spectrophotometerically at 605 nm.

Statistical analysis

All values presented in tables are expressed as mean *
SEM. The appropriate comparisons between groups were
made using Student’ #test. The difference between the
groups is taken to be significant at P < 0.05.

RESULTS

Development of gastric lesions
Administration of acidified ethanol caused severe damage
to the rat stomachs under investigation. The site of the
formation of lesions is the corpus mucosa. The mean
ulcer score in the control animals was 6.94% £ 0.42%.
The severity of lesions was markedly increased by chronic
exposure to both low and high lead concentrations (Table 1,
P < 0.05). Also shown in Table 1 is the result of the total
protein and adherent mucous content of the glandular
stomach. Long term exposure to lead significantly
decreased both gastric mucous and protein contents, the
inhibition being greatest in the high lead treated group.
Basal rate of gastric acid secretion was not significantly
affected by lead exposure. However, the maximal response
of the stomach of lead-exposed animals to histamine was
significantly higher than those of the unexposed control
group (Figure 1).

Lipid peroxidation and gastric antioxidant enzymes

Lipid peroxidation (measured as the amount of TBA
reactants in the gastric mucosa) in the unexposed control
animals was 595 + 82 mmol/g tissue. Exposure of rats to
low and high lead levels significantly increased gastric TBA
reactant level to 183.2% + 12.7% and 226.1% £ 6.8% of
the control value, respectively (Figure 2A). On the other
hand, SOD activity in the intact gastric mucosa (control
group) averaged 334 £ 22 nkat/g. Exposure of rats to low
and high lead levels significantly decreased SOD activity
to 78% £ 3% and 66% * 6% of the control, respectively
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Figure 1 Gastric acid secretory output after administration of histamine (1 mg/kg)
in rats (*P < 0.05, °P < 0.01 vs control).

(Figure 2B). Similarly, lead exposure decreases gastric
mucosal catalase activity to 88.22% F 3.21% and 55.29% *
2.15% of the control, respectively (Figure 2C).

Gastric mucosal nitrite concentration

The control gastric mucosal nitrite level was 62.4 + 4.2
nmol/g tissue (Figure 3). Chronic exposure of rats to lead
for 15 wk depleted the gastric nitrite level to 51.6 £ 3.1
nmol/g tissue (P < 0.05) and 49.7 + 2.5 nmol/g tissue
(P <0.01).

DISCUSSION

The present study investigated the role of oxidative stress
in the ulcer-promoting action of prolonged lead exposure
in rats. The doses and the duration of lead treatment used
in our study have been shown to cause significant high
blood lead levels in previous studies”". Thus, there is
no doubt that the animals had high blood lead levels. The
acidified ethanol model has been used widely to produce
gastric mucosal damagem. We observed that long-term
exposure of rats to lead given through drinking water
significantly increased the incidence of gastric ulcer
produced by the ulcerogen. This agrees with our previous
report in which lead was shown to aggravate gastric ulcers
induced by indomethacin and acidified ethanol™”.

It is well established that gastric acid secretion plays
a role in gastric ulcer. Moreover, many anti-ulcerogenic
drugs act by reducing the acid secretion™. The present
result suggests that basal gastric acid secretory rate was
not significantly affected by prolonged lead treatment.
However, maximal stimulation by the established
secretagogue, histamine, was markedly increased in the
lead exposed rats. We had eatlier reported that acid output
from pylorus ligated stomach of lead exposed rats was
increased by lead treatment. Further studies may therefore
be required using different acid secretory models before
a conclusion can be made on the exact effect of lead
exposure on gastric acid secretion.

Lipid peroxidation has been implicated in the etiology
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Figure 2 TBA reactants, superoxide dismutase and catalase activities in gastric
mucosa of rats exposed to chronic lead treatments (mean + SEM, n=8, °P < 0.05
vs control).

of damage to subcellular membranes and then injury
in the cell. In the present study, lipid peroxidation, as
measured by the amount of TBA reactants, was increased
by lead exposure. The implication of this is that lead
causes an increase in the formation of free radicals,
which, if not mopped up by free radical scavengers as
SOD, CAT, or glutathione, will expose the stomach to
inflammation.

Wapnir et al”” reported that juvenile rats fed a diet
containing 1% lead acetate for 7 wk suffered from
malabsorption of certain amino acids, as the intestinal
absorption of glycine, lycine, and phenylalanine were
decreased. Furthermore, administration of HCIl and
ethanol has been shown to produce ulcerative lesions and
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Figure 3 Gastric mucosal nitrite concentration in lead exposed rats (mean + SEM,
n=8rats, °P < 0.05, °P < 0.01 vs control).

increased lipid peroxidation in the gastric mucosa with
depletion of endogenous antioxidants”". The result of this
study showed a significant decrease in the protein glandular
protein level of the rats given low and high doses of lead
acetate. This may also explain the significant low levels of
the antioxidizing enzymes SOD and CAT observed in the
treated groups.

In gastroprotection, the first line of antioxidative
enzyme is SOD which catalyses the dismutation
of superoxide radical anion (Oz2) into less noxious
hydrogen peroxide (H202). H20: is then inactivated by
the degradation into water by catalase or glutathione
peroxidasepf”%]. Depletion of these enzymes, as evident
by the results of this study, therefore predisposes the
stomach to a greater impact of the free radicals produced
via increased lipid peroxidation, hence increased ulcer
formation following lead exposure.

Apart from the free radical scavenging enzymes,
another agent that has been widely believed to be
involved in the regulation of various gastric functions
and in the modulation of gastric mucosal integrity is
nitric oxide (NO). This is evidenced by reports showing
that suppression of NO production by NO synthase
inhibitor worsens gastric lesions induced by ethanol
P73 N O has also been suggested to prevent
infiltration by neutrophils, which are a source of
superoxide radical anions”™. The reduction in the gastric
tissue nitrite in the lead treated groups in the present
study is therefore indicative for a reduced protective
capacity of endogenous NO.

In summary, chronic exposure of rats to lead intensifies
HCl/ethanol-induced gastric mucosal damage and this
may be related to reduced gastric contents of endogenous
NO and the antioxidative enzymes SOD and CAT.

COMMENTS

Background

A number of humans are occupationally exposed to high levels of lead through
paints, car exhausts battery fumes, etc. Lead exposure also occurs through
ingestion with food and via inhalation. Previous studies in dogs and rats have
shown that long-term exposure to high level lead in drinking water predisposes the
stomach to ulcer. The mechanism of this effect of lead is not understood.

in rats
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Research frontiers

Oxidative stress has been shown to be a major causative factor for many
diseases, including gastrointestinal ulcers. The hotspot of this study is to
examine if the increased susceptibility of the stomach to ulcer after prolonged
lead exposure can be explained (partly or totally) by an increased oxidative
stress in the stomach.

Innovations and breakthroughs

The results of this study show that chronic exposure of rats to lead intensifies
HCl/ethanol-induced gastric mucosal damage and this may be related to reduced
gastric contents of endogenous nitric oxide and antioxidative enzymes.

Applications
The study suggests that prolonged exposure to lead may be a factor in the etiology
of gastrointestinal ulcers.

Terminology

Oxidative stress: a condition of increased oxidant production in animal
cells characterized by the release of free radicals and resulting in cellular
degeneration. Free radicals damage components of the cells’ membranes,
proteins, or genetic material by “oxidizing” them-the same chemical reaction that
causes iron to rust; Lead: a soft heavy toxic malleable metallic element; bluish
white when freshly cut but tarnishes readily to dull grey; Lead poisoning: Lead can
come into the body in a number of ways: through water that goes through lead
pipes, through badly canned food and through small pieces of paint. Victims of
lead poisoning may get headaches, dizziness, confusion, and problems seeing.
They may also become slowly paralyzed, starting with the hands. In very serious
cases, it can cause death.

Peer review
This is an interesting and generally well written paper with some new information.
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Abstract

AIM: To evaluate attenuating properties of N-acetylcysteine
(NAC) on oxidative stress and liver pathology in rats with
non-alcoholic steatohepatitis (NASH).

METHODS: Male Sprague-Dawley rats were randomly
divided into three groups. Group 1 (control, 7 = 8) was
free accessed to regular dry rat chow (RC) for 6 wk.
Group 2 (NASH, n = 8) was fed with 100% fat diet for 6
wk. Group 3 (NASH + NACx, 7 = 9) was fed with 100%
fat diet plus 20 mg/kg per day of NAC orally for 6 wk. All
rats were sacrificed to collect blood and liver samples at
the end of the study.

RESULTS: The levels of total glutathione (GSH)
and hepatic malondialdehyde (MDA) were increased
significantly in the NASH group as compared with the
control group (GSH; 2066.7 + 93.2 vs 1337.5 £ 31.5
umol/L and MDA; 209.9+ 43.9 vs 3.8 1.7 umol/g
protein, respectively, 7 < 0.05). Liver histopathology
from group 2 showed moderate to severe macrovesicular
steatosis, hepatocyte ballooning, and necroinflammation.
NAC treatment improved the level of GSH (1394.8 = 81.2
umol/L, P < 0.05), it did not affect MDA (150.1 + 27.0
umol/g protein), but led to a decrease in fat deposition
and necroinflammation.

CONCLUSION: NAC treatment could attenuate oxidative
stress and improve liver histology in rats with NASH.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Non-alcoholic steatohepatitis (NASH) is a liver disease
characterized by macrovesicular steatosis, hepatocyte
necrosis, inflammation, Mallory bodies, and fibrosis'".
NASH is closely associated with the metabolic or insulin
resistance syndrome”. This is a cluster of disorders, such
as obesity, diabetes mellitus, dyslipidemia, arteriosclerosis,
and hypertension, with insulin resistance as a common

feature”. In initial phases, during which fat accumulates

in the liver, no clinical symptoms are evident. In advanced
stages, fibrosis is detectable, which might progress into
cirrhosis in some patientsm.

There are many models of NASH-like liver injuries
in animals as the genetic model of 0b/0b micem, the
methionine and choline deficient diet model®”), and a
model with high-fat liquid diet in which 71% of energy is
derived from fat, 11% from carbohydrates, and 18% from
protein,

Oxidative stress is believed to play an important
role in pathogenesis of NASH. It is likely involved in
the progression of disease from steatosis to NASH and
potentially cirrhosis. It has been shown that chronic
oxidative stress, generated through the oxidation of
cytotoxic free fatty acids, can lead to upregulation of
cytokines"”! induction of the liver cytochrome P450
enzyme 2E1 (CYP2E1), and depletion of hepatic
antioxidant concentration'”, In addition, enhanced lipid
peroxidation leads to the generation of byproducts, such
as 4-hydroxynonenal (4-HNE) and malondialdehyde
(MDA), which have been shown to further stimulate
cytokine production. They are involved in hepatic stellate
cell activation”, fibrogenesis, and enhanced extracellular
matrix protein deposition.

According to the concepts of pathogenesis of
NASH, these might make a wise basis for the use of
antioxidants or drugs that could protect hepatocytes
from oxidative stress. N-acetylcysteine (NAC) is a
glutathione precursor which increases glutathione levels
in hepatocytesm. Increased glutathione levels, in turn,
limit the production of reactive oxygen species (ROS)
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which cause hepatocellular injury”. Oral NAC treatment
(1 g/d) of 11 NASH patients for 3 mo was demonstrated
to improve liver function test significantly at the end of
treatment period" . In a controlled study, NAC (600 mg/d)
was administered to NASH patients for 4 wk, and a
significant improvement in aminotransferase levels was
found". Although NAC was shown to improve liver
function test in NASH patients, the mechanism remained
unclear. Treatment of NASH with diet or diet plus
NAC could attenuate oxidative stress as well as improve
biochemical parameters and liver histopathology. However,
the result of addition of NAC is not better than diet
treatment alone!"". Therefore, this study was conducted
to determine the effects of NAC on oxidative stress and
liver pathology in a rat model of 100% fat diet induced
NASH™.

MATERIALS AND METHODS

Animal preparation

This study was approved by the Ethics Committee of
the Faculty of Medicine, Chulalongkorn University,
Bangkok, Thailand. Male Sprague-Dawley rats weighing
220-260 g from the National Laboratory Animal Center,
Mabhidol University, Salaya, Nakorn Pathom were used.
The animals were allowed to rest for a week after arrival
at the Animal Center, Department of Physiology, Faculty
of Medicine, Chulalongkorn University. They were kept
at a controlled temperature of 25 * 1°C under standard
conditions (12 h dark: 12 h light cycle), fed with regular
dry rat chow ad libitum, and had freely access to drinking
watet.

Experimental protocols

Rats were randomly divided into three experimental
groups. Group 1: Fed ad libitum with regular dry rat chow
for 6 wk (control group, 7 = 8). Group 2: Fed ad libitum
with 100% fat diet for 6 wk to induce NASH (NASH
group, # = 8). Group 3: Fed ad libitum with 100% fat diet
plus 20 mg/kg per day of NAC orally NASH + NACz
group, # = 9) for 6 wk.

All rats were weighed weekly. They were sacrificed to
collect blood, serum, and liver samples at the end of the
study, 20 h after the last NAC treatment. The diagram of
the experiment was shown as follow.

At the end of the study, all rats were anaesthetized
using intraperitoneal injection of an overdose (45 mg/kg)
of sodium pentobarbital, and the abdominal walls were
opened. Blood was drawn by cardiac puncture for total
glutathione assay and biochemical assay. The livers were
excised quickly and cleaned in iced-cold NSS. One lobe
of the liver was collected for MDA measurement, the
remaining liver was fixed in 40 g/I. formaldehyde solution
for histological examination.

Total glutathione determination

Total glutathione levels were quantified using Cayman’s
GSH assay kit. This assay uses glutathione reductase
for determination of glutathion. The sulfhydryl group
of glutathion reacts with DTNB (5, 5’-dithiobis-2-
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nitrobenzoic acid, Ellman’s reagent) and produces a
yellow colored 5-thio-2-nitrobenzoic acid (TNB). The
mixed disulfide, GSTNB (between glutathion and TNB)
that is concomitantly produced, is reduced by glutathione
reductase to recycle glutathion and to produce more TNB.
The rate of TNB production is directly proportional to
this recycling reaction which is in turn directly proportional
to the concentration of glutathionn in the sample.
Measurement of the absorbance of TNB at 405 nm
provides an accurate estimation of glutathion in the
sample.

Hepatic malondialdehyde (MDA) determination

One lobe of the liver was removed and weighed. One gram
of the tissue was placed in a test tube containing 2.25 ml.
homogenization buffer (11.5 g/L KCl) and homogenized
in an ice box using a homogenizer at a rotational speed of
12000 t/min for 1 min. MDA was quantified by using the
thiobarbituric acid reaction as described by Ohgawa ez a/'.
MDA levels in the samples were determined the linear
regression equation from a standard curve. The content
of lipid peroxide is expressed as nmol of MDA/g of wet
weight, and the total protein was determined by the Lowry
method""” to correct the MDA level which is expressed in
terms of umol/g protein.

Histopathological examination

The remaining liver samples were fixed in 40 g/L
formaldehyde solution at room temperature. They were
processed by standard methods. Briefly, tissues were
embedded in paraffin, sectioned at 5 um, stained with HE,
and then picked up on glass slides for light microscopy.
An experienced pathologist blinded to the experiment
evaluated all samples. All fields in each section were
examined for grading of steatosis and necroinflammation
according to the criteria described by Brunt ez al",

The severity of steatosis was scored on the basis of
the extent of involved parenchyma as 1 if fewer than 33%
of the hepatocytes were affected, as 2 if 33%-66% of the
hepatocytes were affected, as 3 if more than 66% of the
hepatocytes were affected, and as 0 if no hepatocytes were
affected.

Hepatic necroinflammation was graded from 0 to 3;
score 1 (mild) = sparse or mild focal zone 3 hepatocyte
injury/inflammation, score 2 (moderate) = noticeable
zone 3 hepatocyte injury/inflammation, score 3 (severe) =
severe zone 3 hepatocyte injury/inflammation, and score
0 = no hepatocyte injury/inflammation.

Statistical analysis

The data were expressed as mean £ SEM using the SPSS
version 11.5 for Windows program. Statistical comparisons
between groups were analyzed by ANOVA and post
hoc comparisons were done with Bonferroni correction.
P < 0.05 were considered significant.

RESULTS

Body mass and general condition
The body mass at 6 wk of the NASH group and NASH
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Table 1 Body mass and serum biochemical parameters in all
groups

Parameter Control NASH NASH + NAC:20
(mean + SEM) (n = 8) (n = 8) n=29)

Body mass (g) 239.0+227  2451+1.0 2514+17

at the beginning

at 6 wk 4384 +9.7 197.0 £8.1° 207.8 £6.9°

AST (U/L) 86.8+4.3 53.6 +£9.3" 65.6 +8.7

ALT (U/L) 402424 23.0+1.9° 254+5.7°
Cholesterol (g/L) 71.8+1.8 948 +3.1° 91.4+35"
Triglycerides (g/L) 90.3 +£19.1 147.8 £32.6 89.2+282

P < 0.05 vs control.

Table 2 Effects of NAC on liver histology in rats with NASH
(scores)

Group n Steatosis Necroinflammation

0 1 2 3 0 1 2 3

Control 8 8 - - - 8 - - -
NASH 8 - - 5 3 - 5 2 1
NASH + NACx» 9 - 6 2 1 3 4 1 1

+ NACx group were decreased compared to the control
(197.0 £ 8.1 g, 207.8 £ 6.9 g vs 438.4 £ 9.7 g, P < 0.05).
Despite weight loss, the general condition of 100% fat
diet-fed rats remained good throughout the observation
periode. After the first 6 wk, rats were fed with regular
dry rat chow for additional 4 wk. The body mass was
significantly increased in all groups (Table 1).

Serum biochemical parameters

Serum biochemical parameters in the control and the
experimental groups are given in Table 1. Serum AST
and ALT activities decreased significantly in the NASH
group when compared to the control group (AST;
53.7+ 93 U/L »s 86.8 £ 4.3 U/L, ALT; 23.0 + 1.9
U/L »s 40.1 + 2.4 U/L, P < 0.05). Serum ALT but not
AST activity returned to control levels in the NASH
+ NACz group (ALT 25.4 £ 5.7 U/L; AST 65.6 £
8.7 U/L). Serum cholesterol was significantly higher
in the NASH group and NASH + NAC2 group than
that in the control group (94.8 £ 3.1 g/L, 91.4 £ 3.5
g/Lws71.8 £ 1.8 g/L, P < 0.05), whereas there were
no significant differences in serum triglycerides (Table 1).

Total glutathione level in whole blood

Whole blood total glutathione levels were significantly
higher in the NASH group compared to the control group
(2066.7 + 93.8 umol/L »s 1337.5 + 31.5 ymol/L, P < 0.05).
Glutathion in NASH + NACx group was significantly
lower than in the NASH group (1394.8 £ 81.2 umol/L »s
2066.7 + 93.8 umol/L, P < 0.05.

Hepatic MDA content

MDA was elevated significantly in the NASH group when
compared to the control group (209.9 £ 43.8 umol/g
protein »s 3.8 + 1.7 umol/g protein, P < 0.05). There was
no statistical significant difference in MDA levels in NASH
+ NACu group (150.1 * 27.0 umol/g protein).

Histopathological examination

Liver sections from rats fed with the regular dry rat
chow had normal morphological appearance. In the
NASH group, all animals developed moderate to severe
macrovesicular steatosis, hepatocyte ballooning, mild to
moderate inflammation, and regeneration of hepatocytes
(Table 2). NAC treatment improved steatosis and
necroinflammation scores in animals of the NASH +
NAC20 group when compared with the NASH group

(Figure 1).

DISCUSSION

Histopathology of NASH is similar to that of ethanol-
induced hepatitis with the presence of macrovesicular
steatosis, hepatocyte ballooning, necroinflammation,
Mallory bodies, and fibrosis'". To study the pathogenesis
of or therapeutic options for NASH, there are many
models that can be used including a genetic model (obese
rats), a model of methionine and choline deficient diet,
a model of high fat liquid diet, and a 100% fat diet™>",
In this study, 100% fat diet was chosen to induce NASH
in Sprague-Dawley rats as this procedure is fast, easy, and

provides a comparable pattern of pathological changes as
in humans although this model represents malnutrition
induced steatohepatitis.

By feeding rats with 100% fat diet, the hepatic lesions
of NASH were apparent within 6 wk. Histopathological
examination showed macrovesicular steatosis, hepatocyte
ballooning, Mallory bodies, and mild to moderate
inflammation. One hundred percent fat diet caused
mobilization of free fatty acid (FFA) from adipose tissue
and transport into hepatocytes. In this condition, the liver
failed to synthesize apolipoprotein that is required for
packaging and exporting fat from the liver, triglycerides
(TG) thus accumulate in the liver'"”, -oxidation of FFA in
hepatocytes produces reactive oxygen species (ROS) which
activate lipid peroxidation™. ROS and lipid peroxidation
cause direct damage to hepatocytes by disrupting
membranes, protein, and DNA®*, Hepatocyte damage
and lipid peroxidation products induce an inflaimmatory
response.

AST and ALT are useful screening tests for detecting
liver injury™. They are found in hepatocytes and can not
diffuse out of the cells in the physiological condition.
When the hepatocyte is injured, plasma membrane can
be disrupted and the leakage through extracellular fluid
of the enzyme occurs where they can be detected at
abnormal levels in the serum®. AST and ALT activities
have been found to be increased in NASH rats" ", In
contrast, AST and ALT activities decreased significantly
with 6 wk of 100% fat diet in this study. The decreased
serum transaminases may be due to poor nutrition or
hepatocyte death. Rats fed with 100% fat diet derived
main energy from fat, when there were low in vitamin
and mineral contents. The decreased AST and ALT levels
were probably due to nutritional deficiency of pyridoxal
phosphate which is a cofactor for both AST and ALT to
catalyze the transfer of the ot amino group from aspartate
or alanine to o-ketoglutarate with made the release of
pyruvate, oxaloacetate, and glutamate[23]. In addition,
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Figure 1 Hematoxylin and eosin staining of liver tissue. A, B: control; C, D: NASH, fed with 100% fat diet group showed macrovesicular steatosis, ballooning changes,
Mallory bodies, hepatocyte necrosis, and infiltration of inflammatory cells; E, F: NASH + NACzo, showed the improvement in steatosis and necroinflammation (A, C, E: x 10; B,

D, F:x40).

oxidative stress condition may be a cause of hepatocyte
death, therefore, aminotransferases can not be produced.

In 100% fat diet-fed rats, body mass decreased
significantly (P < 0.05) as compared to the control group.
While serum cholesterol significantly increased, serum TG
level was unchanged. Feeding with 100% fat diet for 6 wk
caused a loss of body mass that may be due to a metabolic
imbalance of carbohydrate, protein, and fat. Moreover,
100% fat diet contained highly saturated fat which may
increase blood cholesterol concentration by 15% to
25%. This result was from an increase of fat deposition
in the liver which then provides the increased quantities of
acetyl CoA in the liver cell for production of cholesterol™.
The increased cholesterol was found in this experiment
and had been observed in another study that used 10%
lard oil and 2% cholesterol supplement adding into the
standard diet"™”,

FFA causes oxidative stress that has the potential to
induce NASHY. FFA in the body is increased and this
is associated with state of starvation'”. Stored FFA can
be mobilized from adipose tissue through lipolysis'®.
FFA metabolism increases the production of ROS
which activated lipid peroxidation. Consequences are
the disruption of membranes and the production of
reactive metabolites such as MDAP", This study found
high hepatic MDA levels in 100% fat-diet fed rats in
accordance with studies by others™?. Glutathione is
the major intracellular non-protein antioxidant and plays
a crucial role in the detoxification of free radicals™",
Serum level of glutathione was increased in patients
with NASH". Similarly in this experiment, an increasing
in total glutathione in whole blood with 100% fat diet
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feeding could be explained by compensatory protection
mechanism against oxidative stress.

NAC is a thiol compound that acts directly as
free radical scavenger and as a precursor of reduced
glutathione'™. Therefore, treatment with 20 mg/kg
of NAC improved the total glutathione level to
normal level in NASH + NACx group and improved
necroinflammation score. Because of some limitations of
out study, such as dose of NAC, time for treatment, and
the number of animals, the effect of NAC on reducing
hepatic MDA level remained unclear. In our previous
study, diet treatment alone and diet plus NAC groups,
total glutathione, serum AST, ALT, cholesterol, TG, and
hepatic MDA returned to normal levels as in the control
group. In addition, the pathological changes of liver in
these groups were improvedm]. These results emphasized
how crucial the nutritional composition of the diet is.
Good proportion of nutrients (i.c., carbohydrate, lipid, and
protein) is essential for growth and maintenance. These
nutrients supply energy, promote growth, repair body
tissues, and regulate metabolic processesM

In conclusion, feeding with 100% fat diet for 6 wk
induced macrovesicular steatosis, hepatocyte ballooning,
and inflammation in rats similar to histopathology of
NASH. Treatment with NAC in NASH could improve
oxidative stress and liver histopathology.

COMMENTS

Background
Non-alcoholic steatohepatitis (NASH), in advanced stages, can cause liver fibrosis,
eventually progressing to cirrhosis in some patients. Oxidative stress is believed
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to play an important role in pathogenesis of NASH. N-acetylcysteine (NAC) is a
glutathione precursor which increases glutathione levels in hepatocytes. Increased
glutathione levels, in turn, limit the production of reactive oxygen species (ROS)
which cause hepatocellular injury that could protect hepatocytes from oxidative
stress.

Research frontiers

NAC is a thiol compound that acts directly as free radical scavenger. In the
pathogenesis of NASH, prevention of oxidative stress could protect hepatocytes
from injury. The hotspots of this study indicate that NAC treatment could attenuate
oxidative stress and improve liver histology in rats with NASH.

Innovations and breakthroughs

According to a previous report, oral NAC treatment of NASH patients for several
months was found to significantly improve aminotransferase levels. However,
the mechanism remained unclear. This study is a novel and well conducted
experimental study showing the efficacy of NAC on improvement of total glutathion
level and hepatic MDA in rats with NASH. Furthermore, treatment with NAC
showed improvement in steatosis and necroinflammation.

Applications
Our data indicate that NAC treatment could attenuate oxidative stress and improve
liver histology in rats with NASH.

Terminology

NASH is a liver disease characterized by macrovesicular steatosis, hepatocyte
necrosis, inflammation, Mallory bodies, and fibrosis. In initial phases, during which
fat accumulates in the liver, no clinical symptoms are evident. In advanced stages,
fibrosis is detectable, eventually progressing to cirrhosis. NAC is a glutathione
precursor which increases glutathione levels in hepatocytes. Increased glutathione
levels, in turn, limit the production of ROS which cause hepatocellular injury.

Peer review

This is an experimental work on a steatosis model in the rat, induced by 100% fat
diet in which the co-administration of NAC protects against fat induced liver injury.
This is a very interesting and well conducted experimental study showing the
efficacy of NAC in preventing biochemical and histological alterations secondary to
a fat rich diet.
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Abstract

AIM: To give the evidence for rationalizing surgical
therapy for early gastric cancer with different lymph
node status.

METHODS: A series of 322 early gastric cancer patients
who underwent gastrectomy with more than 15 lymph
nodes retrieved were reviewed in this study. The rate
of lymph node metastasis was calculated. Univariate
and multivariate analyses were performed to evaluate
the independent factors for predicting lymph node
metastasis.

RESULTS: No metastasis was detected in No.5, 6
lymph nodes (LN) during proximal gastric cancer
total gastrectomy, and in No.10, 11p, 11d during for
combined resection of spleen and splenic artery and in
No.15 LN during combined resection of transverse colon
mesentery. No.11p, 12a, 14v LN were proved negative
for metastasis. The global metastastic rate was 14.6%
for LN, 5.9% for mucosa, and 22.4% for submucosa
carcinoma, respectively. The metastasis in group II was
almost limited in No.7, 8a LN. Multivariate analysis
identified that the depth of invasion, histological type and
lymphatic invasion were independent risk factors for LN
metastasis. No metastasis from distal cancer (< 1.0 cm
in diameter) was detected in group II LN. The metastasis
rate increased significantly when the diameter exceeded
3.0 cm. All tumors (< 1.0 cm in diameter) with LN
metastasis and mucosa invasion showed a depressed
macroscopic type, and all protruded carcinomas were >
3.0 cm in diameter.

CONCLUSION: Segmental/subtotal gastrectomy plus
D1/D1 + No.7 should be performed for carcinoma (< 1.0
cm in diameter, protruded type and mucosa invasion).

Subtotal gastrectomy plus D2 or D: + No.7, 8a, 9 is
the most rational operation, whereas No.11p, 12a,
14v lymphadenectomy should not be recommended
routinely for poorly differentiated and depressed type
of submucosa carcinoma (> 3.0 cm in diameter). Total
gastrectomy should not be performed in proximal, so
does combined resection or D2*/Ds lymphadenectomy.

© 2007 WJG. All rights reserved.

Key words: Lymph node; Metastasis; Surgery; Early
gastric cancer

Xu YY, Huang BJ, Sun Z, Lu C, Liu YP. Risk factors for lymph
node metastasis and evaluation of reasonable surgery for
early gastric cancer. World J Gastroentero/ 2007; 13(38):
5133-5138

http://www.wjgnet.com/1007-9327/13/5133.asp

INTRODUCTION

Gastric cancer is still one of the important causes of
cancer-related death in China. Although early gastric
cancer accounts for less than 10% of gastric cancers,
excellent outcome of surgery has been reported, with a
5-year survival rate higher than 90%". In the past 20
years, most surgeons considered D2 lymphadenectomy
the standard and optimal surgical procedure for patients
with early gastric cancer. Even total gastrectomy and Ds
lymphadenectomy with combined resection of other
organs have been used to achieve curative (Ro) resection””,
The lymph node metastasis rate of early gastric cancer
is reported to be 11%-18% and 70%-80% patients will
undergo over-surgery with D2 lymphadenectomy“’4’8’(”.
Consequently, investigating the risk factors for lymph
node metastasis is the key to rational surgery of ecarly
gastric cancer, which may improve the 5-year survival
rate of patients and their quality of life. This study was to
retrospectively analyze the location, frequency, degree of
and risk factors for lymph node metastasis in 322 patients
with eatly gastric cancer, in order to rationalize surgical
therapy.

MATERIALS AND METHODS

Patients
Between February 1972 and August 2000, a consecutive
series of 322 early gastric cancer patients underwent

www.wjgnet.com
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Table 1 Site and frequency of lymph node metastasis of cancer
in the lower and middle thirds of stomach

. Frequency of
The lower third LNM

of the stomach

. . Frequency of
The middle third LNM

of the stomach

Possitive % Possitive %

Group 1 Group 1
No.3 12 4.9 No.1 5 48
No.4 16 6.5 No.3 6 9.7
No.5 3 12 No.4 0 0.0
No.6 14 57 No.5 1 1.6
No.6 1 1.6
Total 85 14.3 Total 8 12.9
Group 2 Group 2
No.1 1 0.4 No.7 3 4.8
No.7 13 5.3 No.8a 1 1.6
No.8a 7 29 No.9 0 0.0
No.9 2 0.8 No.11p 0 0.0
No.11p 0 0.0 No.12a 0 0.0
No.12a 0 0.0
No.14v 0 0.0
Total 18 73 Total 4 6.5

LNM: Lymph node metastasis; No.1: Right paracardial LN; No.3: LN along
the lesser curvature; No.4: LN along the greater curvature; No.5: suprapyloric
LN; No.6: Infrapyloric LN; No.7: LN along the left gastric artery; No.8a: LN
along the common hepatic artery (anterosuperior group); No.9: LN around
the celiac artery; No.11p: LN along the proximal splenic artery; No.12a: LN
in the hepatoduodenal ligament (along the hepatic artery); No.14v: LN along
the superior mesenteric vein.

gastrectomy at the Department of Oncologic Surgery, First
Affiliated Hospital, China Medical University. The patients
(242 men and 80 women) ranged in age from 19 to 80 (53.8
T 12.3) years participated in the study. Eatly gastric cancer
was located in the lower third of stomach (I./LM) of 145
patients, in the middle third (M/ML/MU) of 14 patients,
in the upper third (U/UM) of 11 patients, and in whole
stomach (UML) of 4 patients. A total of 292 patients
underwent distal gastrectomy, 10 proximal gastrectomy,
20 total gastrectomy, 2 combined resection of spleen, and
3 combined resection of transverse colon mesentery. D1
lymphadenectomy was performed in 57 patients; D1 +
No.7 in 58 patients; D1 + No.7, 8a, 9 in 63 patients; D2 in
107 patients; and D:" or Ds in 37 patients. The methods
of pathology diagnosis, lymph node grouping and surgery

have been desctibed previously' .

Pathology

Serial section of specimens was performed for an accuracy
pathological diagnosis. Mucosa carcinoma was diagnosed
in 152 patients and submucosa carcinoma in 170 patients
based on the depth of invasion. Protruded type was found
in 23 patients, flat type in 38 patients, and depressed type
in 263 patients, respectively in the light of macroscopic
appearance. The tumor diameter ranged from 0.4 to 14.0
(3.2 £ 1.8) cm. Well or moderately differentiated tumor
was found in 142 patients, and poorly differentiated tumor
in 180 patients according to their histological type. Mass
type was observed in 102 patients, nest type in 91 patients
and diffused type in 129 patients, respectively, based on
the histological growth pattern. Lymphatic vessel invasion
occurred in 19 patients.

www.wjgnet.com

Statistical analysis

All data were analyzed by SPSS11.5. The correlation
between clinicopathological factors and nodal involvement
was evaluated by univariate analysis. Multivatiate analysis
was performed to evaluate the independent factors
for predicting lymph node metastasis. P < 0.05 was
considered statistically significant.

RESULTS

Evaluation of lymphadenectomy

Five patients underwent combined resection of other
organs due to misdiagnosis as advanced gastric carcinoma.
Depressed type of mucosa and submucosa carcinoma
was diagnosed in 2 and 3 patients, respectively. Proximal
gastric cancer without metastasis in No.10, 11p, 11d lymph
nodes was diagnosed in 2 patients undergoing combined
resection of spleen and splenic artery. Distal gastric cancer
without metastasis in No.15 lymph node was diagnosed in
3 patients undergoing combined resection of transverse
colon mesentery. No.5, 6 lymph nodes were negative
in 20 patients with proximal gastric cancer after total
gastrectomy.

Metastasis of distal gastric cancer was found in 2 out
of the 37 patients undergoing extended lymphadenectomy
(> D2). Depressed type of mucosa and submucosa
carcinoma was found in the 2 patients. Metastasis of
group [ lymph nodes was detected both in 285 patients
with middle and distal gastric cancer who underwent <
D2 lymphadenectomy. The detection rate was 12.9% and
14.3%, respectively. A frequent metastasis of No.7, 8a
lymph nodes (6.5%-8.2%) and an occasional metastasis
of No.9 lymph nodes were also found. No metastasis was

detected in No.11, 12a, 14v lymph nodes (Table 1).

Relationship between frequency of lymph node metastasis
and location of focus
The number of retrieved lymph nodes in all patients was
more than 15, ranging from 15 to 75 (median, 16). Lymph
node metastasis was detected in 47 patients (14.6%),
and the number of metastatic lymph nodes ranged from
1 to 16 (median, 2). Of the patients with lymph node
metastasis, 33 were male (13.6%), 14 female (17.5%).
Distal gastric cancer was diagnosed in 38 patients (15.5%),
middle gastric cancer in 9 (14.5%), protruded type in
3 patients (14.3%), flat type in 4 patients (10.5%),and
depressed type in 40 patients (15.2%). The diameter of
tumor was < 1.0 cm in 5 patients (19.5%), 1.1-2.0 cm in
13 patients (11.2%), 2.1-3.0 cm in 6 patients (10.0%), > 3.0
cm in 23 patients (19.2%). Mucosa carcinoma was found
in 9 patients (2.9%), submucosa carcinoma in 38 patients
(22.4%), poorly differentiated carcinoma in 35 patients
(19.4%), well or moderately differentiated in 12 patients
(8.5%), mass type in 15 patients (14.7%), nest type in 12
patients (13.2%), diffused type in 20 patients (15.5%),
negative lymphatic invasion in 36 patients (57.9%), and
positive lymphatic invasion in 11 patients (11.9%).

Of the 245 patients with distal gastric cancer, 35 had
metastasis in group [ lymph nodes (14.3%), and 18 in group
II lymph nodes (7.3%). Metastasis was detected in all group
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Table 2 Comparison of clinicopathological features between

patients with and without lymph node metastasis

Factors Node negative Node positive P value

Dissected nodes (mean + SD) 19375 20.8+6.9 0.188
Age, yr (mean * SD) 53.9+121 529+13.2 0.606
Tumor maximum 3118 35:18 0197
diameter (cm, mean + SD)
Gender

Male 209 33

Female 66 14 0.465
Tumor location

Upper 11 0

Middle 53 9

Lower 207 38 0.435

Total 4 0
Depth of invasion

Mucosa 143 9

Submucosa 132 38 <0.001
Histological type

Differentiated 130 12

Undifferentiated 145 35 0.007
Macroscopic type

Protruded 18 3

Flat 34 4 0.746

Depressed 223 40
Growth manner

Mass 87 15

Nest 79 12 0.891

Diffuse 109 20
lymphatic invasion

Negative 267 36

Positive 8 11 < 0.001

Differentiated: Papillary and tubular adenocarcinoma; Undifferentiated:
Poorly differentiated adenocarcinoma and signet-ring cell carcinoma;
Protruded: I and Il a; flat: II'b; depressed: 1T c and III.

Table 3 Logistic regression analysis for variables associated with

lymph node metastasis in EGC

Explanatory variables Odds ratio 95% CI P value
Depth of invasion 3.67 1.62-8.30 0.002
Histological type 3.39 1.39-8.27 0.007
Lymphatic invasion 8.41 2.86-24.74 <0.001
Tumor maximum diameter 1.23 1.0-1.49 0.042
Gender 1.10 0.46-2.21 0.981
Age 0.99 0.97-1.03 0.726
Tumor location 0.60 0.29-1.23 0.161
Growth manner 0.58 0.26-1.30 0.186
Macroscopic type 1.14 0.56-2.34 0.715

CI: Confidence interval. Depth of invasion, histological type, lymphatic
invasion and tumor maximum diameter are the independent risk factors
correlated with lymph node involvement.

[ lymph nodes with a frequency of 5.7% for No.6, 6.5%
for No.4, 4.9% for No.3, and 1.2% for No.5, respectively.
In group Il lymph nodes, the most frequent metastasis was
detected in No.7 lymph nodes (5.3%) and No.8a lymph nodes
(2.9%), and less frequent metastasis in No.9 lymph nodes
(0.8%), No.1 lymph nodes (0.4%). Metastasis of group Il
lymph nodes was detected in only 2 patients.

Of the 62 patients with middle gastric cancer, 8 had
metastasis of group I lymph nodes (12.9%), and 4 had
metastasis of group II lymph nodes (6.5%). The rate

of metastasis of group [ lymph nodes was 9.7% for
No.3, 4.8% for No.1, 1.6% for No.5, and 1.6% for No.0,
respectively. Metastasis of No.7 (4.8%) and No.8a (1.6%)
lymph nodes was detected in group I lymph nodes. No
lymph node metastasis was detected in the 11 patients with
proximal gastric cancer.

Risk factors correlated with lymph node involvement

In this series, the mean number of retrieved lymph nodes
was 19.3 = 7.5 in patients without lymph node metastasis,
and 20.8 = 6.9 in patients with lymph node metastasis.
The difference was not significant (IF' = 1.741, P = 0.188).
The univariate analysis showed that three variables were
significantly indicative of lymph node metastasis: depth
of invasion, histological type, and lymphatic invasion
(P < 0.001). The lymph node metastasis rate of poorly
differentiated submucosa carcinoma with positive
lymphatic invasion was significantly higher than that
of well differentiated mucosa carcinoma with negative
lymphatic invasion (Table 2).

The multivariant analysis showed that all the variables
(depth of invasion, histological type, and lymphatic
invasion) remained significant, indicating that the
independent risks were correlated with lymph node
involvement. The lymph node metastasis of submucosa
carcinoma was 3.7 times higher than that of mucosa
carcinoma. The lymph node metastasis of poorly
differentiated carcinoma was 3.4 times higher than that
of well differentiated carcinoma. The positive lymphatic
invasion was 8.4 times higher than that of negative
lymphatic invasion. The maximum diameter of the tumor
was also an important variable correlated with lymph node
involvement (OR = 1.23, P = 0.042), the rate of lymph
node metastasis was associated with the maximum tumor

diameter (Table 3).

Relationship between lymph node metastasis and
clinicopathological factors for distal gastric cancer
Metastasis of distal gastric cancer hardly went beyond
group [ lymph nodes when the maximum tumor diameter
was < 1.0 cm. Corresponding to the increased maximum
diameter, the rate of metastasis in group I lymph nodes
was increased, but often limited in No7, 8a lymph nodes.
Only when the maximum tumor diameter was > 3.0 cm,
could metastasis of No.1 and 9 lymph nodes be detected.
Compared with protruded type of carcinoma, in which
metastasis could only be detected in group I lymph nodes,
depressed type of carcinoma often had combined metastasis
in both group I and Il lymph nodes, and the number
of metastasis lymph nodes would increase significantly.
Metastasis of mucosa carcinoma was detected in all group
[ lymph nodes. Metastasis of poorly differentiated and
depressed types of mucosa carcinoma in No.1 lymph nodes
was detected in only 1 patient, whose tumor diameter was
> 3.0 cm. Metastasis of submucosa carcinoma was detected
in both group I and I lymph nodes, and the rate of lymph
node metastasis was significantly higher than that of
mucosa carcinoma (P < 0.01). Metastasis of pootly and well
differentiated carcinoma was detected in group I and II
lymph nodes, but the metastasis rate of poorly differentiated
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Table 4 Depth of invasion, histological type, macroscopic type, lymphatic penetration of lymph node metastasis and tumor maximum

diameter in the lower third of stomach

Group 1 metastasis (person)

Group 2 metastasis (person)

Factors
No.3 No.4 No.5 No.6 Total Pvalue No.1 No.7 No.8a  No.? Total P value

Tumor maximum diameter (cm)

< 1.0 1 0 0 3 4 0 0 0 0 0

1.1-2.0 4 4 2 4 11 0 3 3 0 5

2.1-3.0 0 2 1 0 5 0 1 0 0 1

>3.0 7 10 0 7 17 0.143 1 9 4 2 12 0.018
Histological type

Diff 4 4 0 4 8 2 0 1 2

Undiff 8 12 3 10 27 0.025 1 11 7 1 16 0.006
Depth of invasion

M 1 4 2 3 9 1 0 0 0 1

Sm 11 12 1 11 26 0.010 0 13 7 2 17 <0.001
Growth manner

Mass 5 5 0 5 10 0 4 8 1 7

Nest 3 3 2 2 8 0.669 3 2 1 4 0.689

Diffuse 4 8 1 7 17 1 6 2 0 7
Macroscopic type

Protruded 0 2 0 0 2 0 0 0 0 0

Flat 1 2 0 1 8 0 2 0 0 2

Depressed 11 12 3 13 30 0.819 1 11 7 2 16 0.501
Lymphatic invasion

Negative 10 13 2 11 27 1 8 6 2 13

Positive 2 3 1 3 8 <0.001 0 5 1 0 5 <0.001

Diff: Differentiated histological type; Undiff: Undifferentiated histological type; M: Mucosa; Sm: Submucosa.

carcinoma was significantly higher than that of well
differentiated carcinoma (P < 0.05). The metastasis rate of
positive lymphatic invasive carcinoma was also significantly
higher than that of negative lymphatic invasive carcinoma

(P < 0.01) (Table 4).

DISCUSSION

Since 1980's, D2 lymphadenectomy has been widely accepted
as the standard surgery for eatly gastric cancer, especially for
submucosa carcinoma. However, it was reported that D

lymphadenectomy does not increase the long-term sutvival of
patients, compared with Di or Di" lymphadenectomy'™"",
Since lymph node metastasis remains one of the
most important predictors for survival, reduction in
lymphadenectomy will probably result in residue of metastatic
lymph nodes. Unnecessarily extended resection will induce a
series of complications, which also result in a poor quality of
life. Thus, it is important to standardize the optimal extent of
lymph node dissection by investigating lymph node metastasis
of early gastric cancer.

In the present study, total gastrectomy for carcinoma
in the upper third of stomach was selected according to
the status of No.5 and 6 lymph nodes. Metastasis was
not detected in all proximal gastric cancer patients after
total gastrectomy. Considering the complications after
total gastrectomy, it was not used as a routine operation
for proximal early gastric cancer. Furthermore, metastasis
was not detected in No.10, 11p, 11d lymph nodes after
combined resection of spleen or splenic artery and in
No.15 lymph nodes after combined resection of transverse
colon mesentery. Therefore, we conclude that combined
resection of other organs should not be performed in
catly gastric cancer. In our study, most patients undergoing
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combined resection were due to adhesion of serosa
and transverse colon mesentery or due to inflammatory
swelling of inflammatory splenic hilum lymph nodes.
Thus, estimating the depth of invasion accurately is the
key to optimal surgery. Endoscopic ultrasonography
and three-dimensional spiral CT (3DCT) provide more
accurate information on the depth of invasion. It was
reported that 70%-80% of ecarly gastric cancers can be
diagnosed by endoscopic ultrasonography combined with
three-dimensional CT"*".

Whether D2 lymphadenectomy for early gastric
cancer should be performed remains controversial. Many
researchers consider D1+ No.7, 8a or D1+ No.7, 8a, 9
lymphadenectomy as the standard operation for most of
early gastric cancers'”'". In our seties, no metastasis of
middle and distal gastric cancer was detected in No. 11p, 12a,
14v lymph nodes, suggesting that neither dissection of No.
11p, 12a, 14v lymph nodes nor D2 T /Ds lymphadenectomy
is necessary for distal eatly gastric cancer.

It was reported that the lymph node metastasis rate is
0%-3% for mucosa carcinoma and 20% for submucosa
carcinoma. It has been shown that 9%-16% of metastatic
lymph nodes atre detected in group I, 4%-6% in group II,
and 0.3%-1% in group M"". In this study, the metastasis
rate in group [ and Il lymph nodes is consistent with the
reported data. The metastasis rate in group Il was 7.3% for
distal cancer and 6.5% for middle cancer, higher than that in
former studies.

It has been widely accepted that the status of lymph
node involvement is closely correlated with the depth
of invasion, but the relationship between metastasis and
focus diameter, histological type and macroscopic type
is still controversial™*"""? Kunisaki ez a/'" reported
that mucosa carcinoma (> 3.0 cm in diameter) has a
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higher lymph node involvement, while there is no distinct
correlation between the diameter, macroscopic type,
histological type and metastasis of submucosa carcinoma.
Shimoyama ez a/'” found that the metastasis rate for
intestinal submucosa carcinoma (< 1.5 cm in diameter)
and diffused submucosa carcinoma r (< 1.0 cm in
diameter) is very low (3%), and limited in group I lymph
nodes. If the diameter went beyond the former cut-
point, the rate of metastasis would increase significantly
and No.7, 8a, 9 lymph nodes (2.3%) could be detected
even in group II lymph nodes. Gotoda ez a/*" reported
that lymph node metastasis of well differentiated mucosa
carcinoma (< 3.0 cm in diameter) is seldom detected.
Whereas lymph node metastasis of submucosa carcinoma
(> 3.0 cm in diameter) with positive lymphatic invasion
increase significantly.

In our study, no metastasis of distal gastric cancer
(= 1.0 cm in diameter) with mucosa invasion was
detected in group II lymph nodes. The rate of metastasis
in group II lymph nodes significantly increased when
the tumor diameter was > 3.0 cm. All the carcinomas
(< 1.0 cm in diameter and/or mucosa invasion) with
lymph node involvement showed depressed macroscopic
type. The diameter of protruded carcinoma with lymph
node involvement was > 3.0 cm. Multivariate analysis
showed that the depth of invasion, histological type and
lymphatic penetration were independent risk factors for
lymph node metastasis and the maximum diameter was
also an important factor. Our study also revealed the
relationship between metastasis of distal gastric cancer in
group Il lymph nodes and the diameter, histological type,
depth of invasion and lymphatic invasion of the tumor.
The rate of involved lymph nodes significantly increased
compared with poorly differentiated, sub-mucosa
carcinoma and positive lymphatic invasion, suggesting that
the following high risk factors for lymph node metastasis
of distal gastric cancer in group Il lymph nodes are tumor
diameter > 3.0 cm, depressed type, pootrly differentiated
submucosa carcinoma and positive lymphatic invasion.
Standard D2 lymphadenectomy should be performed to
achieve curative (Ro) resection in such patients.

In summary, selection of reasonable surgery for early
gastric cancer should be based on the pathobiologic
behaviour of the tumor. Segmental/subtotal gastrectomy
plus Di/D1+ No.7 lymphadenectomy should be
performed for carcinoma (< 1.0 cm in diameter,
protruded type and mucosa invasion). Subtotal gastrectomy
plus D2 or D1+ No.7, 8a, 9 lymphadenectomy is the most
rational operation for poorly differentiated and depressed
type of submucosa carcinoma (> 3.0 cm in diameter),
whereas No.11p, 12a, 14v lymphadenectomy should not
be performed routinely. Total gastrectomy should not
be performed for proximal gastric cancer. Combined
resection of other organs or D2"/Ds lymphadenectomy
should always be avoided.
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It has been widely accepted that the status of lymph node involvement is closely
correlated with the depth of invasion, but the relationship between metastasis and
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for survival, reduction in lymphadenectomy will probably result in residue of
metastatic lymph nodes. Unecessarily extended resection will induce a series of
complications, which also result in a poor quality of life.

Innovations and breakthroughs

The results of this study show that depth of invasion, histological type and
lymphatic invasion are independent risk factors for lymph node metastasis. There
is a relationship between the pathobiologic behavior of tumor and reasonable
surgery for early gastric cancer.

Applications
With the knowledge of the risk factors and rules of lymph node metastasis, clinical
doctors can select surgery for early gastric cancer more reasonably.

Terminology

D lymphadenectomy: Lymph node dissection according to the Japanese Gastric
Cancer Association (JGCA) criteria. Lymph node dissection is divide into D1
lymphadenectomy, D2 lymphadenectomy and Ds lymphadenectomy.
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The authors rationalized surgical therapy for early gastric cancer with different
lymph node status and suggest that segmental/subtotal gastrectomy plus D+/D1 +
No.7 should be performed for carcinoma (< 1.0 cm in diameter, protruded type
and mucosa invasion). Subtotal gastrectomy plus Dz or D1+ No.7, 8a, 9 is the
most rational operation for poorly differentiated and depressed type of submucosa
carcinoma (> 3.0 cm in diameter), whereas No.11p, 12a, 14v lymphadenectomy
should not be recommended routinely. Total gastrectomy or D2'/Ds lymphadenectomy
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Abstract

AIM: To investigate the effects of Cromolyn Sodium
(CS) pretreated prior to reperfusion on the activity
of intestinal mucosal mast cells (IMMC) and mucous
membrane of the small intestine in ischemia-reperfusion
(IR) injury of rats.

METHODS: Thirty-two Sprague-Dawley (SD) rats were
randomly divided into four groups: sham group (group
S), model group (group M), high and low dosage of
CS groups, (treated with CS 50 mg/kg or 25 mg/kg,
group C1 and C2). Intestinal IR damage was induced
by clamping the superior mesenteric artery for 45 min
followed by reperfusion for 60 min. CS was intravenouly
administrated 15 min before reperfusion. Ultrastructure
and counts of IMMC, intestinal structure, the expression
of tryptase, levels of malondisldehyde (MDA), TNF-q,
histamine and superoxide dismutase (SOD) activity of the
small intestine were detected at the end of experiment.

RESULTS: The degranulation of IMMC was seen in
group M and was attenuated by CS treatment. Chiu’s
score of group M was higher than the other groups. CS
could attenuate the up-regulation of the Chiu’s score,
the levels of MDA, TNF-a, and expression of tryptase
and the down-regulation of SOD activity and histamine
concentration. The Chiu’s score and MDA content were
negatively correlated, while SOD activity was positively
correlated to the histamine concentration respectively in
the IR groups.

CONCLUSION: Pretreated of CS prior to reperfusion
protects the small intestine mucous from ischemia-
reperfusion damage, the mechanism is inhibited IMMC
from degranulation.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Mast cell degranulation is an important component of
inflammatory tissue responsesm. Bortolotto proved that
ischemia-reperfusion injury was depending upon the pres-
ence of mast cells in skeletal muscle™.

Intestinal mucosal mast cells (IMMCs) are particularly
frequent in close proximity to epithelial surfaces where
they are strategically located for optimal interaction with
the environment and for their putative functions for host
defense.

Some studies on the role of IMMC in small intes-
tine ischemia-reperfusion injury have been reported™”.
Lindestrom and his colleagues' found the eosinophils and
mast cells in rat ileum gradually increased after intestine
ischemia (60 min)/reperfusion (60 min), and reported that
the epithelium permeability increased significantly after
ischemia-reperfusion. The researches of Kanwar and Sch-
rammls’q
adherence, resupination, recruitment, and the intestinal
mucosal injury. Boros!” reported that mast cell degranula-
tion prior to ischemia may induce a potentially protective
mechanism in the small bowel mucosa and decrease isch-

were focused on mast cells stimulating neutrophil

emia-reperfusion injury in the dog;

Cromolyn Sodium (CS) is a MC membrane stabilizer.
MC-stabilization protocols were proved to reduce the leu-
kocyte recruitment”. Kimura reported that the intestine
ischemia and reperfusion could induce a decrease in the
mucosal histamine content, an increase in plasma hista-
mine levels, and an significantly enhance in mucosal per-
meability. However, MAR-99, another mast cell stabilizer,
can prevented these changes by pretreatment prior to isch-
emia. Kalia"” found that all ketotifen-pretreated animals
(1 mg/kg orally twice daily for 3 d before ischemia)
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survived after ischemia-reperfusion and ketotifen could
abrogate the leukocyte adherence induced by ischemia-
reperfusion within the villus mucosal capillaries and sup-
plying arterioles and largely prevented pulmonary injury.

The above studies proved that IMMC are associated
with the small intestine injury after ischemia-rreperfu-
sion, and MC membrane stabilizer pretreatment prior to
ischemia can protects against the injury, such as CS and
MAR-99. While the studies about the intestinal mucosal in-
jury with CS pretreatment after the small intestine ischemia
before reperfusion were few. Oxidative stress is one of the
mechanism about the small intestine ischemia-reperfusion
injury has been generally acknowledged. We hypothesized
that CS have an influence on the oxidative stress during the
small intestine ischemia-reperfusion, and the purpose of
our present study was to investigate whether CS pretreat-
ment prior to reperfusion could protect against eatly in-
testinal mucosal damage induced by ischemia-reperfusion
through inhibition of IMMC degranulation or oxidative
stress. To test our hypothesis, we showed in a rat IR gut
injury model: (1) the ultrastructure and counts of IMMC
in the early reperfusion; (2) mucosal damage with CS pre-
treatment; (3) expression of tryptase in the IMMC; and (4)
the levels of malondisldehyde (MDA), TNF-q, histamine
and superoxide dismutase (SOD) activity of the small in-
testine in rats.

MATERIALS AND METHODS

Acute ischemia-reperfusion injury of the intestinal mucosa
in rats

Thirty-two healthy Sprague-Dawley rats (200-250 g,
provided by Animal Center of Sun Yat-Sen University
and approved by the University Animal Study Com-
mittee) were randomly divided into four groups each
of which contained 8 rats. Laboratory temperature was
kept at 25°C-27°C. Sutgery was conducted under general
anesthesia with intra-peritoneal sodium pentobarbital
(45 mg/kg) after they were fasted for 18 h. Tracheotomy
was petrformed for ventilation. The right femoral vein was
cannulated for fluid infusion and drugs.The rat abdomen
was opened and its superior mesenteric artery (SMA) was
found and clamped for 45 min. Then the clamp was re-
leased and reperfusion of the splanchnic region was main-
tained for 60 min (in M group). In control group, SMA
was found but not clamped and i.v. saline solution via the
right femoral vein at 30" min after the start of experiment
(sham group). In another two groups, the same operation
was done and CS (50 mg/kg or 25 mg/kg, The dosage and
method of CS pretreatment according to Cordeiro e al'’
for Cromolyn sodium is pootly absorbed by oral.) was
given via right femoral vein 15 min before the opening of

the clamp (C1 and C2 groups).

Preparation of specimens and measurements

After ischemia-reperfusion, the rats were killed and
paunched rapidly. A segment of 0.5-1.0 cm intestine was
cut from 5 cm to terminal ileum and fixed in 4% formal-
dehyde polymerisatum, then embedded in paraffin for sec-
tion. Another segment of small intestine was washed with
frozen saline and dried with suction paper and at -70°C.
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The segment of small intestine was stained with he-
matoxylin-ecosin. The damages of intestinal mucosa were
evaluated by two different pathologist according to the cti-
teria of Chiu’s method"”. Criteria of Chiu grading system
consists from 5 subdivisions according to the changes of
villus and gland of intestinal mucosa: grade 0, normal mu-
cosa; grade 1, development of subepithelial Gruenhagen’s
space at the tip of villus; grade 2, extension of the space
with moderate epithelial lifting; grade 3, massive epithe-
lial lifting with a few denuded villi; grade 4, denuded villi
with exposed capillaries; and grade 5, disintegration of the
lamina propria, ulceration and hemorrhage.

Transmission electron microscopy

Intestines were immersed and fixed in 2.5% glutaraldehyde
overnight at 4°C and washed three times in PBS. Then they
were postfixed in aqueous 1% OsOs and 1% KsFe (CN)s
for 1 h. After three times of PBS washes, the tissue was
dehydrated through a graded series of 30% to 100% ctha-
nol and 100% propylene oxide and then infiltrated in 1:1
mixture of propylene oxide and Polybed 812 epoxy resin
for 1 h. The infiltration solution was changed to 100% res-
in. After 24 h of infiltration, the tissue was embedded in
molds and cured at 37°C overnight, followed by additional
hardening at 65°C for 2 d. Ultrathin (70 nm) sections wete
collected on 200-mesh copper grids and stained with 2%
uranyl acetate in 50% methanol for 10 min, followed by 1%
lead citrate for 7 min. Sections were photographed using a
Hitachi H-600 transmission electron microscope (TOSHI-
BA, Japan) at 80 kV onto electron microscope film.

Detection of concentration of protein in intestine
Intestinal tissues were homogenized with normal sa-
line. Intestinal protein quantitation was by the Bradford
method"” with a BSA standard using kits were provided
by Shenerg Biocolor BioScience & Technolgy Company,
Shanghai, China.

Detection of content of MDA in the intestine

Intestinal tissues were homogenized with normal saline.
MDA content was determined by the TBA method (Ji-
ancheng Bioengineering Ltd, Nanjing, China). Homog-
enate (0.1 mL) was taken to detect MDA content. Briefly,
0.1 mL 8.1% SDS, 0.8 ml. acetic acid buffer, 0.8 mI. 0.8%
TBA and 0.2 mL distilled water were added into the sam-
ple tubes and one standard tube (containing 0.1 mL tetrae-
thoxypropane). All the tubes were then incubated at 100°C
for 1 h. After cooled at -20°C for 5 min, 2 mL of n-butyl
alcohol was added into the sample, which was then vibrat-
ed for 1 minute and centrifuged for 10 min at 3000 r/min.
The supernatant of the samples were assayed to detect
absorbance at 532 nm; and the results were expressed as
nmol/mL. The content of MDA in intestine was calcu-
lated as millimicromole per milligram of protein.

Detection of activity of SOD in the intestine

Intestinal tissues were made into a homogenate with not-
mal saline, frozen at -20°C for 5 min and centrifuged for
15 min at 4000 r/min. Supernatants were transferred into
fresh tubes for evaluation of SOD activity. SOD activity
was evaluated with an SOD detection kit according to the
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Group C1

manufacturer’s instructions (Jiancheng Bioengineering Ltd,
Nanjing, China). Results were expressed as nmol/ml.. The
activity of SOD in the intestine was calculated as U per
milligram of protein.

Detection of the concentration of TNF-o. in the intestine
Intestinal tissues were made into a homogenate with normal
saline, frozen at -20°C for 5 min and centrifuged for 15 min
at 4000 r/min. Supernatants were transferred into fresh tubes
for evaluation of concentration of TNF-q, (Biosource, USA)
using a commercially available ELISA kit in accordance with
the manufacturer’s instructions, results wetre expressed as pg/
mlL. The concentration of TNF-q in the intestine was calcu-
lated as picogram per milligram of protein.

Detection of the concentration of histamine in the intestine
Intestinal tissues were made into a homogenate with not-
mal saline, frozen at -20°C for 5 min and centrifuged for
15 min at 4000 r/min. Supernatants were transferred into
fresh tubes for evaluation of concentration of histamine
(RapidBio Lab, USA) using a commercially available ELI-
SA kit in accordance with the manufacturer’s instructions,
results were expressed as ng/mL. The concentration of
histamine in the intestine was calculated as nanogram per
milligram of protein.

Immunohistochemical detection of tryptase in intestine

Five um thick sections were prepared from paraffin-
embedded tissue. After deparaffinization, endogenous
peroxidase was quenched with 3% H20: in deionised wa-
ter for 10 min. Nonspecific binding sites were blocked by
incubating the sections in 10% normal rabbit serum for
1 h. The sections were then incubated with polyclonal rat
anti-mast cell tryptase (dilution 1: 50) for 30 min at 37°C,

Figure 1 Microscopic appearance
after hematoxylin and eosin staining
(x 200). In the model group, there
are multiple erosions and bleeding
in mucosal epithelial layer; the villus
and glands were normal and no
inflammatory cell infiltration was
observed in mucosal epithelial
layer in sham group; these mucosal
changes are ameliorated by
treatment with Cromolyn Sodium
(group C1 and group C2).

Group C2

followed by incubation with biotinylated goat-anti-rat IgG
at room temperature for 10-15 min. After 3 X 5 min PBS
rinses, the horseradish-peroxidase-conjugated streptavidin
solution was added and incubated at room temperature for
10-15 min. The antibody binding sites were visualized by
incubation with a diaminobenzidine-H202 solution. The
sections incubated with PBS instead of the primary anti-
body were used as negative controls. Brown-yellow gran-
ules in the cytoplasm were recognized as positive staining
for tryptase. We calculated the tryptase positive mast cells
and their intensity in 5 representative areas at X 400 mag-
nification by Image-Pro Plus 5.0 (USA).

Statistical analysis

Data were expressed as mean * SD and analysis of vari-
ance was performed using SPSS 11.0 software. One-way
analysis of variance was used for multiple comparison,
least significant difference test (LSD-t) was used for
intra-group comparison or Tamhane’s T2 test was used
if equal variances was not assumed. Pearson analysis was
used for the correlation in the ischemia and reperfusion
groups. Differences were considered significant when
P was < 0.05.

RESULTS

Changes of intestinal mucosa under light microscope

The villus and glands were normal and no inflammatory
cell infiltration was observed in mucosal epithelial layer in
sham group. Multiple erosions and bleeding were observed
in model group. Light edema of mucosa villus and infiltra-
tion of few necrotic epithelial inflammatory cells neutro-
phil leukomonocyte were found in mucosa epithelial layer
in C2 and C1 groups (Figure 1).

www.wjgnet.com
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Table 1 Changes of IMMC counts, expression of tryptase, and

Chiu’s score in small intestine in various groups (mean + SD)

Group n IMMC (n/field)  Expression of tryptase Chiu’s score
S 8 1042 126 +4 04+05
M 8 25+8° 173 +4° 49+04°
C1 8 15+2° 138 +3"¢ 2.4 +0.5%
2 8 17 +2° 155 + 8> 2940.4%%

P < 0.05, °P < 0.01 vs Group S; ‘P < 0.01 vs Group M; °P < 0.05, ‘P < 0.01 vs
Group CI1.

Chiu’s score of small intestinal structure

The Chiu’s score in sham group was the lowest, while in
the model group it was the highest in the four groups
(P < 0.05). The Chiu’s score in C1 group was significantly
lower than in C2 group after treated with CS (P < 0.05)
(Table 1).

Changes of ultrastructure of small intestinal

The ultrastructure of small intestinal was normal in group
S. There was seen the karyopyknosis of epithelial cell of
small intestine in group M, the nuclear membrane was
more irregularity, and the swelling microvillus became
shorter and thicker, most of the microvillus were shedding.
The nucleus of epithelial cell of small intestine in group
C1 and C2 was deflated, the nuclear membrane was irregu-
larity, and the light swelling microvillus became shorter
(Figure 2).

Changes of ultrastructure of IMMC

The ultrastructure of IMMC was normal in sham group.
There were abundant vacuolus with a reduction granula-
tion in their endochylema in model group. There were few
swollen granules with a reduction in IMMC homogeneity
in C1 and C2 group (Figure 3).

Changes of MDA in small intestine

The content of MDA in intestine of model group was the
highest in all experimental groups, it decreased significantly
compared with the model group after treated with CS
(P < 0.05) and there was no significant difference com-
pared with the sham group (P > 0.05) ( Table 2).

Changes of activity of SOD in small intestine

The activity of intestinal SOD decreased significantly in
ischemia-reperfusion injury groups compared with the
sham group (P < 0.05), treated with CS it increased sig-
nificantly compared with the model group (P < 0.05), and
there was no significant difference between group C1 and
C2 (P> 0.05) (' Table 2).

Changes of TNF-o. in small intestine

The concentration of TNF-q of intestine in model group
rats was higher than the other three groups (P < 0.05).
There were no significant difference in sham group, C1
group and C2 group (P > 0.05) (Table 2). There was a pos-
itive correlation between the Chiu’s score and the concen-
tration of TNF-q in the ischemia and reperfusion groups
(r=0.734, P < 0.05).
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Sham group

Model group

Group C1

Group C2

Figure 2 Changes of ultrastructure of small intestinal in each group (x 10000).
The ultrastructure of small intestinal was normal in group S. There were seen
the karyopyknosis of epithelial cell of small intestine in group M, and the nuclear
membrane was more irregularity, and the swelling microvillus became shorter
and thicker, most of the microvillus were shedding. The nucleus of epithelial cell
of small intestine in group C1 and C2 was deflated, the nuclear membrane was
irregularity, and the microvillus became shorter and light swelling.

Changes of histamine in small intestine

The histamine concentration of intestine in the model and
C2 groups decreased significantly compared with the sham
group (P < 0.05), it increased significantly after pretreated
with CS compared with the model group (P < 0.05). There
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Group C2 (x 8000)

g ) N 3
Sham group (x 5000) Model group (x 6000) Group C1 (x 8000)

Figure 3 Ultrastructure of intestinal mucosal mast cells of rats in each group. There are abundant vacuolus with a reduction of granulation in their endochylema in model
group; there are filled with granulation endochylema and there is no vacuolus in their endochylema in sham group, these changes of ultrastructure are ameliorated by
treatment with Cromolyn Sodium (group C1 and C2).

Table 2 Changes of TNF-oa, MDA content, SOD activity and histamine concentration in small intestine in various groups (mean + SD)

Group n TNF-o (pg/mg protein) MDA (nmol/mg protein) SOD (U/mg protein) Histamine (ng/mg protein)
S 8 3.7+04 0.44 +0.09 1792 +15.3 57+05
M 8 47 +04° 0.66 + 0.07° 130.6 +10.6° 42+04°
C1 8 3.8+04° 0.45 + 0.06" 147.9 +12.4 53 +0.6°
2 8 3.9+0.4¢ 0.47 +0.07* 145.3 +15.7°¢ 48+0.6™

‘P <0.05,"P < 0.01 vs Group S; °P < 0.05, “P < 0.01 vs Group M.

were no significant difference between C1 and C2 groups
(P > 0.05) (Table 2). The Chiu’s score and MDA content
were negatively correlated to the histamine concentration
respectively (r = -0.676, P < 0.05 or » = -0.452, P < 0.05),
while the SOD activity was positively correlated to the
concentration of histamine in the ischemia and reperfu-

sion groups (r = 0.579, P < 0.05).

Counts and expression of trypatse of IMMC

Expression of tryptase in sham group was the lowest,
while in the model group it was the highest in the four
groups (P < 0.05), and the expression of tryptase in C1
group was significantly lower than in C2 group (P < 0.05).
The number of IMMC increased significantly in ischemia-
reperfusion injury groups compared with the sham group
(P < 0.05), no difference was compared among the three
groups (P > 0.05) (Table 1, Figure 4).

DISCUSSION

IMMC are located in close proximity to submucosal col-
lecting venules, which are primary targets of leukocyte-
endothelial interactions during ischemia-reperfusion
injure. IMMC are particularly frequent in close proximity
to epithelial surfaces where they are strategically located
for optimal interaction with the environment and for their
putative functions for host defense. They sense the foreign
material invading the mucosa in an appropriate inflamma-
tory response, and were considered as one of components
of the fourth level of mucosal defense!". Acute inflam-
mation could lead to increase of IMMC counts and release
of a multi-faceted spectrum of proinflammatory media-
tors by IMMC such as cytokines and chemokines, and MC

have the capacity to coordinate trafficking of leukocytes!”,
Boros'"” proved that intestinal ischemia induced the release
of a variety of IMMC-derived inflammatory compounds
and resulted in a spectrum of injury ranging from revers-
ible permeability changes to structural mucosal damage.

The ischemia time of small intestine rats’ model is
from 30 min to 60 min""", here we used the median time
(45 min). Cizova reported that the concentration of thio-
barbituric acid reactive substances was increased at the
end of the ischemia lasting from 30 to 90 min™”, and CS
plasma life in vivo is very short. Thus the reperfusion time
in our study was watched in 60 min, it was the ecarly reper-
fusion according to Hamar ez al’. All of previous studies
were focused on the MC membrane stabilizer pretreatment
prior to ischemia, and had proved that IMMC were associ-
ated with the damage to intestinal mucosal after the small
intestine ischemia-reperfusion. While the main purpose of
our study was to see whether pretreatment with CS prior
to reperfusion also have the protective effects during early
reperfusion after the small intestine ischemia.

Tryptase is one of the specificity markers of IMMC™,
We counted the IMMC counts through the expression
of tryptase using immunohistochemical methods which
is more accuracy than oluidine blue staining. Our study
found that the expression of tryptase and IMMC counts
increased significantly in 60 min reperfusion injury in
model group. There were abundant vacuolus in IMMCs in
the model group after they were degranulated by electron
microscope. IMMC is the main source of histamine in
intestine. The levels of intestinal histamine includes the
concentration of histamine intra- and extro-IMMC. The
level of intestinal histamine is mainly represent of the con-
centration of histamine intra-IMMC as the extracellular
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histamine released from IMMC in the gastrointestinal tract
is rapidly cleared and degmdedl23J and the more IMMC de-
granulate, the lower concentration of histamine is found in
intestine™. Our study found the histamine level decreased
significantly in model group while IMMC counts increased,
suggesting that IMMC may degranulate and release hista-
mine in 60 min reperfusion.

Histamine has many pathophysiological roles, and it is
an important messenger in the gut™. Akerstrom ef a/*" re-
ported that anti-histaminergic pretreatment could decrease
the trauma-induced leakage of albumin by mechanisms
which may involve readjustments of pressures and flows in
capillaries as well as a prevention of histamine effects on
capillary permeability on a model of mechanical intra-ab-
dominal trauma in rats. Our results found that the intesti-
nal histamine concentration decreased after early ischemic-
reperfusion, and there was a negative corrletion between
the small intestinal Chiu’s score and the level of histamine
in the intestine. This result suggested that histamine took
part in the ischemia-reperfusion intestinal mucosal dam-
age.

TNF-q is an inflammatory cytokine that may be an
important mediator in the development of reperfusion-
induced tissue injury and lethality”". Grewal”™ demonstrat-
ed that treatment of rats with anti-TNF antiboies could
prevent neutrophil influx, tissue injury. Our study found
that the intestinal TNF-q concentration increased after
ischemic-reperfusion; and there was a positive correlation
between the small intestinal Chiu’s score and the level of
TNF-a in the intestine. This result suggested that TNF-o
also took part in the ischemia-reperfusion intestinal mu-
cosal damage. Althrough the most intestinal TNF-q is
considered by some one from the mast cells™. it has been

www.wjgnet.com

Figure 4 Immunohistochemical
detection of tryptase in small
) intestinal of rats in each group
' (x400). Expression of tryptase and
number of IMMC are increased in
. the model group; these changes
were ameliorated by treatment with
- | Cromolyn Sodium (group C1 and
L 4 - "t CZ)

“ - w".

Wi

group C2

proved that many sorts of cells also release the TNF-a be-
sides the mast cells. We believe the increase of the TNF-a
is contributed by many factors.

CS is a stabilizing agent of mast cell which prevents
histamine and TNF-q released from IMMCP”. Szabo
et al’Y reported that 30 min segmental ischemia and
120 min reperfusion induced significant tissue injury, el-
evated the segmental vascular resistance, and decreased in-
tramucosal pH (pHi), and CS pretreatments prior to isch-
emia significantly inhibited the permeability changes, but
did not influence the pHi and morphological alterations
induced by ischemia-reperfusion, they conclude that intes-
tinal mast cells and mast cell-induced reactions contribute
to the mucosal permeability alterations during reperfusion,
but play only a minor role in ischemia-reperfusion-induced
structural injury. Pretreatment with CS protecting against
degranulation, caused a significant impairment of plasma
exudation at 30 min of inflammation corresponding to a
significantly decreased level of histamine, one of the most
potent vasoactive factors released from activated mast
cells™,

The results in our study showed that the injury of small
intestinal villus and microvillus was alleviated after CS pre-
treatment prior to reperfusion and that the ultrastructure
of IMMC was basically normal. The expression of trypt-
ase and TNF-o concentration were also alleviated by CS
pretreatment prior to reperfusion, and the concentration
of histamine in intestine was increased compared with the
model group after CS pretreatment prior to reperfusion.
The results indicated that CS decreased ischemia-reperfu-
sion injury by prevention of IMMC degranulation, thus it
decreased the release of histamine and TNF-q. This pro-
tection may be dose-dependent as high dose of CS with



Hei ZQ et a/. Cromolyn sodium attenuates intestine reperfusion injury 5145

more powerful effect.

There were many teports about intestinal ischemia and
reperfusion resulted in the increase of MDA and decrease
of SOD activity, toxic-free oxygen radicals are produced in
the ischemic tissue™. Our study also demonstrated that
ischemia-reperfusion injury elevated the oxygen radicals
and lipid radicals. Frossi”” reproted that oxidative stress
could induce a pro-type 2 inflammatory response and de-
granulation of mast cells. Fukuishi™ found the compound
48/80, a typical histamine liberator elicited superoxide
anion generation in mast cells in a dose-dependent fash-
ion. These studies indicated that degranulation of mast
cells was able to induce oxidative stress injury and oxygen
radicals could make mast cells to degranulate. In this study
we found there were correlations among the MDA, SOD
activity and the concentration of histamine, the other find-
ings of our study were that MDA content increased and
SOD activity decreased remarkably in the model group,
while pretreatment by cromolyn sodium prior to reperfu-
sion could attenuate the up-regulation of MDA content
and the down-regulation of SOD activity. The results were
indicating that IMMC degranulation and oxidative stress
can affect each other, and the less IMMC degranulation
can make less oxidative stress. Future studies are need to
focus on the relationships 7 vitro.

In conclusion, pretreatment of Cromolyn Sodium pri-
or to reperfusion could attenuate early reperfusion injury
after the small intestine ischemia in rats. The mechanisms
includes: inhibitied IMMC from degranulation, decreased
the release of histamine and TNF-¢, from IMMC, and de-
creased oxidative stress.

COMMENTS

Background

Intestinal mucosal mast cells (IMMCs) is associated with the mucosal damage.
The aim of this study was to investigate the effects of Cromolyn Sodium (CS)
pretreated prior to reperfusion on the activity of IMMC and mucous membrane of
the small intestine in ischemia-reperfusion (IR) injury of rats.

Research frontiers

Previous studies proved that IMMC are associated with the small intestine injury
after ischemia-reperfusion, and MC membrane stabilizer pretreatment prior to
ischemia can protects against the injury, such as CS and MAR-99.

Innovations and breakthroughs

While the studies about the intestinal mucosal injury with CS pretreatment after
the small intestine ischemia before reperfusion were few. Oxidative stress is
one of the mechanism about the small intestine ischemia-reperfusion injury has
been generally acknowledged. We hypothesized that CS have an influence on
the oxidative stress during the small intestine ischemia-reperfusion, and the
purpose of our present study was to to investigate whether CS pretreatment prior
to reperfusion could protect against early intestinal mucosal damage induced by
ischemia-reperfusion through inhibition of IMMC degranulation or oxidative stress.

Applications

Pretreated of CS prior to reperfusion protects the small intestine mucous
from ischemia-reperfusion damage, the mechanism is inhibited IMMC from
degranulation.

Terminology

Restoration of blood supply to tissue which is ischemic due to decrease in normal
blood supply. The decrease may result from any source including atherosclerotic
obstruction, narrowing of the artery, or surgical clamping. It is primarily a procedure

for treating infarction or other ischemia, by enabling viable ischemic tissue to
recover, thus limiting further necrosis. However, it is thought that reperfusion can
itself further damage the ischemic tissue, causing REPERFUSION INJURY.

Peer review

This paper reports an experimental study very well designed and performed and
very elegant results and discussion. The final conclusions are nicely shown. Their
english is of good quality. The purpose of this paper was to determine whether
cromolyn sodium reduces or prevents injury of the small intestine of rats following
ischemia-reperfusion. To this end the authors perform a number of biochemical
measurements (MDA, TNFalpha, histamine, SOD) as well as ultrastructural
studies of mast cells and microscopical investigations of the small intestine.
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Abstract

AIM: To study mutations in the P-type ATPase (ATP7B)
gene responsible for Wilson disease (WD) in the Eastern
Chinese population, and the possible correlation of
specific mutations with clinical characteristics.

METHODS: Mutations of the ATP7B gene were sought
by means of direct sequencing in 50 Eastern Chinese WD
patients of Han ethnic origin.

RESULTS: Two novel mutations, Asp96Gly and
Asp196Glu, were first identified. We also compared the
characterization of mutations in ATP7B with the clinical
findings, and a significant correlation with hepatic
manifestations between patients carrying the Arg778Leu
mutation and those without was found.

CONCLUSION: Gene sequencing analysis was shown to
have a high detection rate and accuracy. It may become
the first priority in screening of WD patients.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Wilson disease (WD, hepatolenticular degeneration) is
an autosomal recessive disorder with an incidence of
1 in 35000 to 100000 live births"™. Tt is characterized
by pathological copper accumulation in different
tissues, especially in the liver and brain. As a result of
defective putative copper-transporting ATPase in the
liver, copper remains in the liver and causes hepatic
dysfunction. The clinical presentation of WD consists
of hypoceruloplasminemia, presence of Kayser-Fleischer
(KF) rings, and hepatic, psychiatric and/or neurological
disturbance!”. Treatment of WD has progressed from
chelation therapy using D-penicillamine and trientine
to the more recent use of zinc, and finally to liver

transplantation for fulminant presentationm. Timely
diagnosis and treatment may protect patients from severe
organ damage. The diagnosis of WD is determined by
clinical presentation and laboratory testing for KF rings,
hepatic injury and low serum ceruloplasmin. However,
some asymptomatic patients do not receive effective
treatment before irreversible injury is present. Genetic
diagnosis may detect presymptomatic patients, in whom
initiation of prophylactic therapy can effectively prevent
the otherwise inevitable hepatic and neurological injury™”,

Mutations in the P-type ATPase (ATP7B, MIM#277900)
gene are responsible for WD. The ATP7B gene, which
was identified in 1993, is located on chromosome 13q14.3,
which spans a genomic region of ~80 kb. It comprises
21 exons and encodes for a P-type copper-transporting
ATPase™ ", Direct mutation analysis has been performed in
many WD patients and > 200 different ATP7B mutations
have been detected" . H1069Q is the most common
type of mutation, with an allelic frequency of 10%-40% in
European patients'"'?, However, Arg778Leu in exon 8 is
the most frequently observed mutational type in Chinese,
Japanese and Korean patientslﬂ’zzj. It has been reported
that the Arg778Leu mutation may be correlated with
hepatic manifestations in Chinese patients'”. However, the
mutations in Chinese patients with WD, and the possible
correlation of specific mutations with clinical characteristics,
have not been addressed.

In the present study, mutations of the ATP7B gene
were sought by means of direct sequencing in 50 Eastern
Chinese WD patients of Han ethnic origin, who comprise
99% of the population of mainland China. We also

www.wjgnet.com



5148 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

October 14, 2007 Volume 13  Number 38

compared the characterization of mutations in ATP7B
with the clinical findings, and report the preliminary results
of the genotype/phenotype correlation.

MATERIALS AND METHODS

Subjects

A total of 50 unrelated Han ethnic subjects (24 female, 26
male) in mainland Eastern China were diagnosed as being
affected by WD. They were mainly from Zheijang, Anhui
and Fujian Provinces. They were recruited when they
came to the hospital for seeking assistance. The diagnosis
was based on the presence of hepatic disturbance, typical
neurological symptoms, KF rings, biochemical tests (low
serum concentrations of ceruloplasmin and copper, and
high urinary and hepatic copper content). Each of these
patients had a score of at least 3 according to a scoring
system based on clinical and biochemical parametersm]
DNA samples from 100 healthy Chinese individuals
(50 female, 50 male) were screened to determine whether
the missense/splicing mutations identified in this study
were present in the normal population. The healthy
subjects were mainly students in our teaching hospitals.
Informed consent was obtained from all patients or their
parents before inclusion in the study.

PCR and DNA sequencing

Anticoagulated blood samples were obtained from the WD
patients. Genomic DNA was isolated from peripheral blood
lymphocytes by a DNA extractor kit (Qiagen, Germany).
All 21 exons of ATP7B were amplified by polymerase
chain reaction (PCR). PCR was performed in a 50-pL.
reaction volume containing 800 ng genomic DNA, 2.5 U
Taq polymerase (Takara, Japan), 12.5 pmol each primer, 3
mmol/L MgClz, 200 umol/L each dNTP, and 1 X PCR
Buffer (Takara, Japan). The PCR reaction conditions were as
follows: 15 min initial activation step at 94°C; 35 cycles of
denaturation at 94°C for 30 s, annealing at 55°C for 30 s and
extension at 72°C for 120 s; and a final extension at 72°C
for 10 min. PCR products were visualized on 2% agarose
gel containing ethidium bromide, and subsequently purified
using QIAEX T (Qiagen, Germany). Direct sequencing was
performed using an ABI 377 fluorescent sequencer (Applied
Biosystems, Foster City, CA, USA).

Analysis of genotype-phenotype correlations

We analyzed the correlation between Arg778Leu genotype
and WD phenotype, including age of onset and initial
symptoms. Data were analyzed using SPSS 13.0. Age of
onset of symptoms was compared using Student’s 7 test.
Categorical variables were compared between groups
by the y° test or Fisher's exact test. Differences were
considered to be significant at the P < 0.05 level.

RESULTS

Mutation analysis

DNA from the 50 patients with WD was screened for
mutations. Exons 1-21 were PCR-amplified and the
products were sequenced bidirectionally. Mutations in

www.wjgnet.com

ATP7B were found in at least one of the alleles in all the
patients with WD, distributed throughout the gene. In
eight patients, only one allelic change was detected, which
suggests that the other one might have been located in the
introns or regulatory regions. We identified five different
mutations (Table 1). Two different mutations found in
exons 8 and 13 account for about 77% of all 100 WD
alleles studied, thereby indicating that these exons are
important regions for detecting mutations in Eastern
Chinese patients with WD. The most frequent mutation,
Arg778Leu, was found in 32 (64%) patients, in at least one
allele. The frequency of the other most prevalent mutation
Pro992Leu was 27%. In the copper-binding domain,
we found two novel mutations: one non-conservative,
which replaced a highly conserved acidic amino acid with
a small non-polar amino acid (Asp96Gly); and the other
conservative (Asp196Glu), but lying at a highly conserved
position in Menkes disease and other copper-transporting
ATPases. The two novel mutations were both missense
mutations, and the nucleotide changes wete not found in
the 100 normal individuals. The novel features of these
mutations were identified according to the database that
is maintained by the University of Alberta (http://www.
medicalgenetics.med.ualberta.ca/wilson/index.php).

DNA polymorphism

Seven DNA sequence polymorphisms were identified
(Table 2). DNA sequence polymorphisms were those
nucleotide changes that either did not modify the amino
acid sequence of the polypeptide, resulted in conservative
changes in the amino acid residues, or that were found
in normal chromosomes or chromosomes with known
discase-causing mutant alleles. In order to clarify these
nucleotide and amino acid sequence changes were
mutations or polymorphisms, we analyzed 100 normal
individuals with direct sequencing of their PCR products.
The nucleotide changes present in those 100 normal
individuals were considered to be polymorphisms, and
those which were not present, were considered to be
mutations.

Genotype-phenotype correlations

A total of 50 patients with WD were analyzed. The mean
age of patients at disease manifestation was 8.9 £ 1.9
years (median, 8 years; range, 4-13 years). Thirty patients
(60%) had a primary hepatic manifestation, 13 showed a
primary neurological manifestation, and five had combined
hepatic and neurological manifestations. Two patients
(4%) identified by family screening had no symptoms; they
were classified as asymptomatic, and were not included in
analysis of genotype-phenotype correlations.

We identified 18 homozygotes and 14 heterozygotes
for Arg778Leu. In the 32 patients carrying Arg778Leu,
25 (78.1%) had hepatic manifestations (age of onset,
8.1 £ 1.7 years). There were a total of 18 patients (36%)
without the Arg778Leu mutation, 10 (55.6%) with hepatic
manifestations (age of onset, 9.2 + 2.3 years). The
Arg778Leu homozygous patients were not significantly
younger at the time of symptom onset (8.5 £ 2.1 years),
compared with compound heterozygotes (7.9 = 1.8
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Table 1 Mutations identified in WD chromosomes

Mutation Nucleotide change Exon Predicted effect Frequency of WD alleles (%) Frequency of WD alleles in
Caucasian patients (%)
Asp96Gly 287A>G 2 Disrupts Cu 1 8 novel
Asp196Glu 588C>A 2 Disrupts Cu 2 2 novel
Arg778Leu’ 2333G>T 8 Disrupts TM4 50 2
Pro992Leu’ 2975C>T 13 Disrupts Ch/TM6 27 2
Val1216Met’ 3646G>A 17 Disrupts ATP binding 3 <1

"Mutation previously described”. *Mutation previously described". *Mutation previously described".

Table 2 Polymorphism identified at the ATP7B locus

Frequency (%)

Polymorphism Nz;‘:: gt;de Exon Healthy individuals  Patients
(n = 100) (n = 50)
75 A>C' 5'UTR 38 10
-123 del CGCCG'! 5'UTR 10 25
S406A" 1216 T>G 2 35 30
V4561 1366 G>C 3 36 22
L770L° 2310 C>G 8 2 50
K832R* 2495 G>A 10 27 30
S1166S° 3498 C>T 16 19 20

"Polymorphism previously described”. *Polymorphism previously
described". *Polymorphism previously described!.

years). However, the number of Eastern Chinese patients
with hepatic manifestations among those carrying the
Arg778Leu mutation was significantly greater than that
among those without the mutation (XZ =5.26, P < 0.05).

DISCUSSION

Mutation analysis is important in the early diagnosis of
patients with a family history of WD, as well as in prenatal
diagnosis. Here, we report a group of 50 subjects affected
with WD, analyzed by direct sequencing of the entire
coding sequence of ATP7B gene. We found mutations
in 50 patients. The detection rate of mutation was 92%.
Seventy-seven percent of the mutations detected were
lying in exons 8 and 13. According to this study, we
recommend screening of exons 8 and 13 by sequence
analysis. Mutations in exons 14 and 18, which have
been found to have a high frequency among Caucasian
patientsmm, were not detected in our study. As reported
previouslym}, Arg778Leu was the most common WD
chromosomal mutation detected in the present study (50%).
However, Arg778Gln was not detected in our study, which
is similar to the results of previous research in Shanghaim].
The unusual high frequency of codon 778 mutation
may have been due to sampling disequilibrium or to the
presence of a founder effect among the Eastern Chinese
population. Pro992Leu was the second most frequent
allele, with a frequency of 27%. The above-mentioned two
mutations accounted for ~80% of all mutations detected
in our study. In eight patients, only one allelic change was
detected, which suggests that the other change might be
located in the introns or regulatory regions. Incomplete
assessment of intronic and regulatory sequences may have

accounted for the second unidentified mutation.

We could not find any significant difference between
Arg778Leu homozygosity and heterozygosity with regard
to the mean age of onset of symptoms, although Wu
et al” have reported that the average age of onset in 18
Chinese homozygotes was significantly lower than that
in 11 Chinese compound heterozygotes for Arg778Leu.
However, the number of patients with hepatic manifes-
tations among those carrying Arg778Leu mutation was
significantly greater than that among patients without
the mutation. Caca ¢ al”” have reported that symptoms
in most His1069Gln homozygotes started between 16
and 25 years of age. In our study, symptoms in most
Arg778Leu homozygotes (15/18) started before 10 years
of age, which suggests that the age of onset in Arg778Leu
homozygotes in Eastern Chinese patients is earlier than
that in His1069Gln homozygotes in East German patients.
His1069GlIn is the most common WD mutation found in
the European populationmm, but it was not detected in
our study in Fastern Chinese patients.

Molecular diagnosis of pre-symptomatic WD patients
is important in the control of disease progression and
treatment. Mutation detection in WD is challenging
because of the presence of a large number of mutations
in a 4.4-kb coding region in 21 exons spread over 80 kb
of genomic DNA. The mutation detection rate among
the WD chromosome was > 90% in our study. This
gene sequencing analysis method was shown to have a
high detection rate and accuracy. It may become the first
priority in the screening of WD patients.

COMMENTS

Background
Direct mutation analysis has been performed in many WD patients, and more than
200 different ATP7B mutations have been detected.

Research frontiers

The mutations in the Chinese population with WD, and the possible correlation
of specific mutations with clinical characteristics have not been investigated. In
the present study, mutations of the ATP7B gene were sought by means of direct
sequencing in 50 Eastern Chinese patients of Han ethnic origin with WD.

Innovations and breakthroughs

Two novel mutations were identified in our normal individuals. The novel features
of the mutations were identified according to a database that is maintained by the
University of Alberta.

Peer review
It is an interesting manuscript. The first concern is on the study population. The
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subjects were from mainland Eastern China, which covers a large area. More
specific information on subject source, which clinic they attended, and conditions
under which they were recruited would be helpful.
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Abstract

Sirolimus is an immunosuppressant with expanding use
in pediatric organ transplantation, dermatology and
rheumatology. We report two cases of children who
developed asthma like symptoms and were diagnosed
with interstitial lung disease, which responded to
discontinuation of sirolimus. Pediatricians should be
aware about the pulmonary side effects of sirolimus.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Sirolimus (rapamycin) is a macrolide immunosuppressant
with increasing use in various pediatric subspecialities“’zj.
Its dose-related side effects leading to thrombocytopenia
and hypercholesterolemia are widely known. Pulmonary
toxicity associated with sirolimus therapy has only been
recently recognized as a potentially setious complication'”.,
Among the twenty-eight children (18 with liver transplant
and 10 with small bowel transplant) treated with sirolimus
in our center, two developed pulmonary complications

which are described in this case report.

CASE REPORT

Case 1

A 2-year-old girl with microvillous inclusion disease
underwent combined small bowel and liver transplantation
(CSBLTx). She received tacrolimus and prednisolone
according to our immunosuppression protocol. She
developed severe rejection at the age of 2 years due to
poor compliance with medications. Sirolimus (0.1 mg/kg per
day) was added to her immunosuppression regime aiming at
levels of 8-10 ng/ml. for both tacrolimus and sirolimus.

Four months after starting sirolimus treatment,
she developed a perforation near the anastomotic site
of the intestinal allograft and sirolimus was stopped.
She remained generally well in the next year, but in
view of deteriorating renal function, and persistent
hypomagnesaemia, the tacrolimus dose was halved (target
level 3-5 ng/ml.) and sirolimus was added (target level 8-10
ng/mL). Two months after commencing sirolimus she
acquired adenovirus infection which required mechanical
ventilation and reduction of immunosuppression (target
level of tacrolimus and sirolimus 3-5 ng/mL). After
the reduction of immunosuppression, she showed an
uneventful recovery.

During the next 5 mo (now 4 years and 9 mo after
transplantation), in which sirolimus was re-introduced,
she developed a dry cough and increased respiratory
rate with mild subcostal recession. Her clinical
examination was otherwise unremarkable. Initially she
had no response to bronchodilators for possible asthma.
Pulmonary function tests were normal. Her chest
X-ray showed some loss of volume in the left lower
lobe and coarse interstitial shadowing throughout both
lung fields. Immunofluorescence and viral culture of
nasopharyngeal aspirates and broncho-alveolar lavage
(BAL) including adenovirus were all negative. The BAL
fluid grew haemophilus influenzae, which was treated with
amoxicillin. Blood cultures for fungi and bacteria were
negative, as was PCR for CMV and EBV. A high resolution
CT scan of the chest demonstrated fine nodular changes
in the interstitial air spaces. A lung biopsy was considered
but deferred. Sirolimus-associated pulmonary toxicity was
suspected and sirolimus was discontinued. Her respiratory
symptoms of cough and dyspnea improved within 3 mo
and her chest X-ray changes resolved within 6 mo.

Case 2
A 9-mo-old boy with Hirschprung disease with
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Figure 1 Chest X-ray showing bilateral interstitial shadowing and nodularity.

total aganglionosis extending proximally to the
pylorus underwent CSBLTx. He was commenced on
tacrolimus and prednisolone according to our standard
immunosuppression protocol. An episode of moderate
acute rejection 10 d after transplant was treated with a
single dose of steroids and two doses of basiliximab four
days apart. Sirolimus (0.14 mg/kg) was commenced 6 wk
after transplant. The aim was to maintain tacrolimus
and sirolimus levels at 8-10 ng/mL and 6-8 ng/mL,
respectively. Five months after commencing sirolimus,
he showed features of bone marrow suppression with
neutropenia and anemia. A bone marrow aspirate showed
myeloid maturation arrest and responded well to weekly
injection of granulocyte colony stimulating factor for 3 mo
and supportive treatment.

In view of bone marrow suppression, the dose of
sirolimus was reduced to maintain a level 4-6 ng/mL.
Seven months after introduction of sirolimus, he presented
with a persistent dry cough and breathlessness on exertion.
Respiratory examination was normal. Chest X-ray
showed bilateral interstitial shadowing and nodularity
(Figure 1), but overnight pulse oximetry observation was
normal. A comprehensive evaluation for post-transplant
lymphoproliferative disease (PTLD), including biopsies
from upper GI endoscopy, liver biopsy, and ileoscopy
was negative. EBV PCR titer was low with a level of
1000 genome copies/mL. Investigations for respiratory
infection, including BAL, revealed no infection and special
staining for pneumocystis carinii pneumonia, acid-fast
bacilli staining and immunochemistry for cytomegalovirus
and Epstein-Barr virus were negative. A high resolution
CT scan revealed thickening of the interlobular septae
with fine nodular changes (Figure 2). A lung biopsy was
considered and deferred. Following discontinuation
of sirolimus, his symptoms resolved within 4 wk, but
radiological changes were not resolved after 18 mo of
follow-up.

DISCUSSION

The resolution of clinical symptoms and improvement

in radiological changes after withdrawal of sirolimus in
our patients, with the absence of other infectious factors,
strongly implicates that sirolimus is the causative factor for
the pulmonary changes.

www.wjgnet.com

Figure 2 CT scan of the chest showing thickening of the interlobular septae with
fine nodular changes.

Sirolimus-associated pulmonary toxicity is mostly
described in the adult literature and actually represents a
spectrum of clinico-pathologic syndromes characterized
clinically by dyspnea, cough, fever, fatigue or haemoptysis,
and histologically by the presence of organizing
pneumonia, interstitial pneumonitis, focal fibrosis or by the
presence of alveolar haemorrhage'. In the largest report
on sirolimus-associated pulmonary toxicity in adult kidney
transplant recipients, features of pneumonitis were seen
within 6-12 mo after commencing sirolimus therapy"”. Our
patients showed a similar time course .

The children in this report exhibited ‘asthma like’
symptoms with recurrent episodes of dry cough and
breathlessness on exertion. In children on immuno-
suppressive drugs, the diagnostic challenge is to rule out
opportunistic infections. Lung biopsy looking for any
histological changes was not performed due to the invasive
nature of the procedure and resolution of the symptoms
and radiological changes on cessation of sirolimus. A
review of drug history did not identify any other medicines
in the complex cases, which could give rise to the ‘asthma’
like symptoms.

The management consists of excluding other etiologies,
especially opportunistic infections, and discontinuation
or dose reduction of sirolimus”. As in the previous
reports, respiratory symptoms resolved within 2-4 wk after
cessation of sirolimus therapy with improvement of CXR
changes in 6-18 mo, which is consistent with other case
reports[3’5]. We opted to stop the treatment as the long-
term outcome of interstitial lung changes in children is
not known. It is possible that the degree of reversal of
pulmonary symptoms depends on the extent and the
chronicity of parenchymal and interstitial changes. The
children reported were on low dose steroids as a part of
their immunosupression regime and developed interstitial
lung disease despite being on steroids.

The exact pathogenic mechanism of sirolimus-induced
pulmonary toxicity is not known. Possible mechanisms
include idiosyncratic cell-mediated autoimmune response
due to the exposure of cryptic antigens and T cell-
mediated delayed type hypersensitivity reaction™. Of the
28 children (10 with small bowel transplant, 18 with liver
transplant) treated with sirolimus in the liver unit at BCH,
two children with small bowel transplant developed the
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changes, while none of the children with liver transplants
developed this complication. It is entirely possible that
the complication may be related to the higher intensity of
immunosuppression used in the children with intestinal
transplantation. However, a simple dose-dependant toxicity
reaction seems less likely since other dose-dependent side
effects such as thrombocytopenia or hypercholesterolemia
were absent. Morath C ¢z a/” have documented that
an increase in sirolimus levels 3 wk prior to the onset
of symptoms and an older age are the risk factors for
developing interstitial lung disease. Similar observations
could not be made from our two cases.

In conclusion, with the expanding use of sirolimus
in children, the appearance of persistent respiratory
symptoms, especially cough and dyspnea, should alert
the pediatrician to the possibility of sirolimus-associated
pulmonary toxicity and the drug may have to be
discontinued.
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Abstract

We report a cirrhotic patient with duodenal vascular
ectasia and spontaneous bleeding. The bleeding was
successfully controlled with argon plasma coagulation.
Duodenal vascular ectasia may be a cause of upper
gastrointestinal bleeding in patients with cirrhosis, and
argon plasma coagulation may be effective and safe to
achieve hemostasis of this lesion.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Vascular ectasia of the duodenum is rarel'l and an
uncommon source of upper gastroduodenal bleeding. It is
associated with chronic illnesses such as aottic valve disease
and end-stage renal disease when patients are under long-
term hemodialysis®*. Gallagher ¢ a/ reported a patient
with small bowel capillary dilatation and cirrhosis, and
suggested that small bowel capillary dilatation appears to
be unique in patients with portal hypertension, and may

play a role in causing gastrointestinal bleeding. However,

www.wjgnet.com

to our knowledge, only a few cases of duodenal vascular
ectasia have been reported in patients with cirrhosisP?. We
report a case of upper gastrointestinal bleeding in a patient
with cirrhosis and duodenal vascular ectasia, which was
successfully controlled by atgon plasma coagulation (APC).

CASE REPORT

A 62-year-old man was admitted because of melena,
dizziness, and anemia with a follow-up history for chronic
hepatitis B infection, liver cirrhosis, and hepatocellular
carcinoma. About a 2 cm-sized tumor mass was located in
subcapsular portion of segment 7. After two sessions of
transarterial chemoembolization for the tumor mass, no
visible tumor was found. He visited the emergency room
two years ago because of hematemesis, and an endoscopic
examination revealed esophageal varices with bleeding,
which were treated with endoscopic band ligation.

Physical examination revealed blood pressure of 100/80
mmHg, pulse rate of 72 beats per minute, respiratory
rate of 14 breaths per minute, and body temperature of
36.8°C. He was alert and oriented to person, place, and
time. His sclera was nonicteric and conjunctiva was pale.
Chest and heart examinations were normal. Abdominal

examination revealed a distended abdomen with prominent
shifting dullness. Pitting edema was noted in both lower
extremities.

The results of initial laboratory tests were as follows:
white blood count (WBC) = 3700/mm’, hemoglobin =
7.3 g/dL, platelets = 34000/mm’, prothrombin time =
23.8 s, international normalized ratio = 2.05, C-reactive
protein = 82.6 mg/dL, total bilirubin= 2.07 mg/dL, direct
bilirubin = 0.96 mg/dL, protein = 5.23 g/dL, albumin =
2.83 g/dL, alanine aminotransferase = 67 IU/L, aspartate
aminotransferase = 62 IU/L, gamma-glucuronyl transferase
= 38 TU/L, alkaline phosphatase = 87 IU/L, glucose =
142 mg/dL, blood urea nitrogen (BUN)/creatine(Ct) =
19.57/0.75 mg/dL, and Na/K/Cl = 120/4.1/87 mEq/
ml. Paracentesis revealed clear yellow-colored ascitic fluid,
which on analysis showed 0/mm?® WBC, 2000/mm? red
blood cells, 242 mg/dL glucose, and 252 mg/dL protein.
The serum o-fetoprotein concentration was 6.2 ng/ml. He
was positive for hepatitis B surface antigen and negative for
hepatitis B envelope antigen.

Bleeding from the esophageal varices was suspected and
urgent endoscopic examination was performed. However,
the urgent endoscopy showed small esophageal varices
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Figure 1 Endoscopy showing a vascular ectasia with active bleeding on the
second portion of duodenum.

Figure 2 Biopsy from duodenal mucosa showing grossly dilated blood vessels
(arrowheads) in the Brunner’s glands (HE, x 100).

with no evidence of bleeding, and unexpectedly, vascular
ectasia with oozing was found on the duodenal bulb
and second portion (Figure 1). Endoscopic biopsy was
performed on the vascular ecstatic mucosa and histological
examination revealed grossly dilated blood vessels in
the Brunner’s glands at the mucosal layer (Figure 2).
To achieve hemostasis, APC (Arco-2000, Soring,
Germany) was performed (argon gas flow = 1.5 L./min,
power = 50 W), which controlled the bleeding without
any complications such as bowel perforation (Figure 3).
Follow-up endoscopic examination after one week showed
minimal blood oozing on the telangiectatic duodenal
mucosa, and a second session of APC was performed
(Figure 4A). After endoscopic treatment, his hemoglobin
concentration did not decrease and his symptoms
improved, and the patient was discharged.

Two months after discharge, endoscopic examination
revealed a remnant vascular ectatic duodenal mucosa but
no spontaneous bleeding (Figure 4B).

DISCUSSION

Upper gastrointestinal bleeding is one of the most frequent
causes of morbidity and mortality during the clinical
course of liver cirrhosis®!" and has an overall mortality
rate of 24% at six weeks and 40% at one yeat. A recent
study showed that gastroesophageal varices (59.1%)
comprise the most frequent bleeding lesion in patients
with cirrhosis™. Others have reported a similar frequency

Figure 3 Induction of hemostasis by APC (Arco-2000, Soring, Germany) (left) with
blood 0ozing controlled without complications (right).

Figure 4 A one-week follow-up endoscopy showing the successfully controlled
blood oozing from vascular ectasia on the second portion of the duodenum with
APC (A) and a two-month follow-up endoscopy showing the ectatic vascular
duodenal mucosa with no further spontaneous bleeding (B).

[12,14,15]

of esophageal varices bleeding, ranging 49%-72%
Peptic ulcer bleeding is the second most frequent type of
bleeding lesion (15.7%)".

Upper gastrointestinal vascular ectasia is recognized
as an increasingly important source of gastrointestinal
bleeding, and can present as that of ecither overt or of
an obscure causel'®"). Gastric antral vascular ectasia
(GAVE) is a distinct vascular abnormality involving
mainly the gastric antrum. Endoscopic examination shows
linear, friable red streaks radiating from the pylorus.
Angiodysplastic lesions are typically discrete, flat, or slightly
raised bright-red lesions 2-10 mm in size, often with fern-
like margins and a surrounding pale rim™). The clinical
presentation is either chronic, low-grade bleeding, which
often leads to iron-deficiency anemia, or acute bleeding
with hematemesis or melena. Patients may have recurrent
episodes of bleeding which require multiple transfusions,
and become transfusion dependent™. A recent study
showed that 29% of patients with vascular ectasia also
have chronic liver diseases™!.

By definition, GAVE occurs only in the antrum.
Howevet, ectopic ectasia has been reported in the cardiac
region', gastric corpus™, duodenum™*4, and possibly in

www.wjgnet.com
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the colon?. Astaldi and Strosseli®™! suggested that small
bowel biopsies from patients with hepatic cirrhosis might
show vascular stasis arising from portal stasis. Bank ez a/*?
have noted a ‘striking increase in vascularity of the villi’
in a small bowel biopsy of a patient with cirrhosis and
esophageal varices. Gallagher ¢f a/*! suggested that capillary
dilatation is probably caused by increased pressure in the
portal system.

To our knowledge, only a few cases of vascular ectasia
of the duodenum have been reported in patients with
cirthosis®7. In one report, histology of the endoscopic
duodenal biopsy revealed grossly dilated capillaries in the
villi of the duodenum and jejunum, the patient received a
portacaval shunt, but died postoperatively®™. Arendse ez a/!
reported a fatal case of vascular ectasia of the duodenum
in a patient with cirrhosis, which was revealed by autopsy.
Cales e a/" reported an ectasia in a patient with cirrhosis,
which was revealed by autopsy. The patient was treated
with endoscopic sclerotherapy and a portosystemic shunt
to control the bleeding, although neither was successful.
Our study seems to be the first to report successful control
of bleeding from vascular ectasia of the duodenum by
APC in a patient with cirrhosis.

We attempted to treat bleeding from duodenal vascular
ectasia by APC and found a certain improvement on
endoscopic examination of the duodenum. However,
we did not eradicate the duodenal vascular ectasia. Pavey
et al® treported that patients with GAVE require mote
sessions to fully control the bleeding and more transfusion
than patients with angiodysplasia. Our patient also seemed
to need more sessions of APC to completely eradicate
ectasia, although this was not possible because he did not
visit our hospital after the last endoscopic examination.

Before the widespread availability of therapeutic
endoscopy, vascular ectasia was treated with surgical
resection””?¥. More recently, upper gastrointestinal
vascular ectasiae have been treated with various endoscopic
techniques including heater probe coagulation®), bipolar
electrocautery?” and Nd: YAG laser??¥ and APCP. APC
is a no-touch electrocoagulation technique in which a high-
frequency monopolar alternating current is delivered to
the tissue through ionized argon gasP**l. The advantages
of this method include the technical ease in treating large
areas and the ability to achieve superficial coagulation with
a controllable depth of injury. The treated areas heal faster
and the endpoint of therapy can be reached sooner®*.
In our patient, to reduce the risk of bowel perforation, we
applied irradiation for 4-6 s with a current of 50 W, and
were able to successfully control the bleeding without any
serious complications.

In conclusion, duodenal vascular ectasia may be
a cause of upper gastrointestinal bleeding in patients
with cirrhosis. APC can be used as an effective and safe
therapeutic tool to achieve hemostasis of this lesion.
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Abstract

We describe the clinical, imaging and cytopathological
features of solid pseudopapillary tumor of the
pancreas (SPTP) diagnosed by endoscopic ultrasound-
guided (EUS-guided) fine-needle aspiration (FNA). A
17-year-old woman was admitted to our hospital with
complaints of an unexplained episodic abdominal pain
for 2 mo and a short history of hypertension in the
endocrinology clinic. Clinical laboratory examinations
revealed polycystic ovary syndrome, splenomegaly and
low serum amylase and carcinoembryonic antigen (CEA)
levels. Computed tomography (CT) analysis revealed
a mass of the pancreatic tail with solid and cystic
consistency. EUS confirmed the mass, both in body
and tail of the pancreas, with distinct borders, which
caused dilation of the peripheral part of the pancreatic
duct (major diameter 3.7 mm). The patient underwent
EUS-FNA. EUS-FNA cytology specimens consisted of
single cells and aggregates of uniform malignant cells,
forming microadenoid structures, branching, papillary
clusters with delicate fibrovascular cores and nuclear
overlapping. Naked capillaries were also seen. The nuclei
of malignant cells were round or oval, eccentric with fine
granular chromatin, small nucleoli and nuclear grooves
in some of them. The malignant cells were periodic acid
Schiff (PAS)-Alcian blue (+) and immunocytochemically
they were vimentin (+), CA 19.9 (+), synaptophysin
(+), chromogranin (-), neuro-specific enolase (-), al-
antitrypsin and al-antichymotrypsin focal positive.
Cytologic findings were strongly suggestive of SPTP.
Biopsy confirmed the above cytologic diagnosis. EUS-
guided FNA diagnosis of SPTP is accurate. EUS findings,
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cytomorphologic features and immunostains of cell block
help distinguish SPTP from pancreatic endocrine tumors,
acinar cell carcinoma and papillary mucinous carcinoma.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Solid pseudopapillary tumor of the pancreas (SPTP) is
a rare neoplasm with a reported frequency of between
0.17% and 2.7% of all nonendocrine tumors of the pan-
creas!, and 6.5% of all pancreatic tumors and tumor-like
lesions resected in one large institute”. This tumor seems
to preferentially occur in young females with a reported
mean age of 25 to 30 years, ranging 11-73 years™’. In
the elderly population it has been suggested that SPTP
tend to be malignant[4’5]. It was first described by Frantz in
1959, Multiple descriptive names have been used for this
tumor, including papillary epithelial neoplasm, papillary/
cystic neoplasm, solid-and-papillary epithelial neoplasm,
papillary-cystic carcinoma, solid-and papillary neoplasm,
low-grade papillary neoplasm, and the Frantz tumor'". The
WHO pancreatic tumor working group recently recom-
mended the use of the term solid-pseudopapillary neo-
plasm®, a term that has been widely used and accepted by
pathologists and clinicians in daily pracdcelg’loj.

Almost 610 SPTPs, including more than 57 diagnosed
by percutaneous fine-needle aspiration (FINA), have been
reported since the initial description in 1959, In recent
years, image-guided FINA has been increasingly performed
for pancreatic lesions. Endoscopic ultrasound (EUS)-
guided FNA can have an important role and provide an
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accurate preoperative diagnosis particularly when the EUS
findings of the mass are inconclusive. EUS-guided FNA
can differentiate SPTP from other pancreatic neoplasms
of similar radiologic and cytologic appearance but with
different biologic behaviour and treatment, such as pancre-
atic endocrine tumors, acinar cell carcinoma, and papillary
mucinous carcinoma""", The cytomorphology of this
tumor is highly characteristic, with features that are distinc-
tive from those of other cystic and solid tumors of the
pancreas. It is important that this tumor is accurately di-
agnosed because management protocols differ from other
tumor types originating in the pancreas.

In this paper, we describe the clinical, imaging, cyto-
morphologic features and differential diagnosis of a new
case of SPTP diagnosed by EUS-guided FNA with a re-

view of the literature.

CASE REPORT

A 17-year-old woman was admitted with complaints of an
unexplained episodic pain for 2 mo and a short history of
hypertension in the endocrinology clinic of our hospital
(Athens General Hospital, Greece). Clinical laboratory
examinations revealed polycystic ovary syndrome (PCOs),
splenomegaly and low serum amylase and carcinoembry-
onic antigen (CEA) levels. CT-scan revealed a mass of the
pancreatic tail with solid and cystic consistency.

EUS-guided FNA was performed using 22-gauge
needles via a transgastric approach. Smears were made at
the bedside in the endoscopy suite. The aspirated material
was smeared onto glass slides, air-dried, and immediately
stained with rapid Hemo-color stain for specimen adequa-
cy assessment and preliminary diagnostic interpretation.
Other smears also were fixed immediately in 95% alcohol
for subsequent Papanicolaou staining. Additional aspirated
material was fixed in formalin, embedded in paraffin, and
processed for routine histologic examination using stan-
dard techniques. Staining with periodic acid Schiff (PAS)
and Alcian-blue (AB) stains was performed. Immunohisto-
chemical stains for vimentin (Dako; 1:100), neuron-specific
enolase (NSE) (Dako; 1:100), synaptophysin (NovoCastra,
Newecastle UK), chromogranin (Dako; 1:800), CA 19.9
(Dako), al-antitrypsin (Dako; 1:3200), al-antichymotrypsin
(Dako; 1:800), wete also petformed. Avidin-biotin peroxi-
dase complex technique was used.

Smears and cell block sections were examined with an
emphasis on the evaluation of cytomorphologic features
and immunohistochemical results.

EUS confirmed a mass, both in body and tail of the
pancreas, with distinct borders, which caused dilation of
the peripheral part of the pancreatic duct [major diam-
eter (m.d.) 3.7 mm]. More specifically the tumor mass
was solid and cystic, hypoechoic and heterogenous with a
size measuring 65.4 mm X 54.2 mm (Figure 1). The EUS
differential diagnosis included serous cystadenoma, mu-
cinous cystadenoma, mucinous cystadenocarcinoma, ad-
enocarcinoma with cystic degeneration, endocrine tumor
and SPTP.

Smears were hypercellular and characteristically showed
branching papillary arrangements composed of delicate
fibrovascular cores and microadenoid structures with at-

Figure 1 Endoscopic ultrasound image (EUS) showing a mass in body and tail of
the pancreas.

Figure 2 Papillary arrangement composed of delicate fibrovascular core with
attached monotonous cuboidal neoplastic cells (A) and adenoid structures
composed of cuboidal neoplastic cells (B) (PAP, x 400).

tached monotonous cuboidal neoplastic cells (Figure 2A-
B). The nuclei of malignant cells were round or oval, ec-
centric with finely granular chromatin, small nucleoli and
in some of them nuclear grooves. Cytoplasm was granular
or finely vacuolated with wispy borders. No mitotic activ-
ity or significant atypia was observed. The architectural
features were more evident in the cell block sections.
Histochemically, tumor cells revealed PAS Alcian-blue (+)
(Figure 3A-B). Immunostains performed on the cell block
yielded vimentin positivity (Figure 4A), CA 19.9 positivity
(Figure 4B), synaptophysin, al-antitrypsin and al-antichy-
motryspin focal positivity whereas NSE and chromogranin
were negative. These findings were strongly suggestive of
SPTP.
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Figure 3 Staining with periodic acid Schiff (PAS) (A) and Alcian-blue (AB) (B) (x 400).

DISCUSSION

Solid-pseudopapillary neoplasm is an exceedingly rare
pancreatic tumor with a reported frequency of less than
1% of all pancreatic diseases. Most of these reports are in
the form of small case series with only few reports with
greater than 50 cases identified in the literature.

It predominantely occurs in adolescent gitls and young
women with a reported frequency of 87% to 90% (mean
age of 25 to 35 years)®”. Such a striking predilection of
SPTP occurring in women has suggested a hormonal influ-
ence on the pathogenesis of this tumor!™'”, Cases occut-
ring at the first decade of life are rare and less than 10%
of SPTP cases have been reported in patients older than
40 years™. Occurrence of SPTP in men is rare, account-
ing for 7% of cases”"

Clinically, SPTP may present as an abdominal mass
with discomfort or pain, or it may be an incidental find-
ing in work up for unrelated conditions. These tumors are
generally large with a mean diameter of 10.3 cm and ap-
proximately 72% arise in the body and tail of the pancreas
and less frequently in the head”. Unusual presentations
of SPTP include multicentricity[zz’zsl, occurrence in extra-
pancreatic sites such as mesocolon™, retroperitoneum™,
omentum™ liver™ and duodenum®. In our case, the sex
(female), age (17 years old) and tumor localization (body
and tail of the pancreas) were typical of SPTP.

In most patients, the tumor follows an indolent clinical
course and complete resection is often curative™ . Up to
15% of cases have shown aggressive behaviour consisting
of extension into adjacent blood vessels and organs, local
recurrence and distant metastasis™”*>**"". However, even
metastatic SPTPs are growing slowly and have excellent
prognosis. Only one death, due to metastatic spread of
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Figure 4 Immunostain for vimentin (A) and CA 19.9 (B) (x 400).

SPTP has been reported”™. Also, spontaneously regressing
tumors have been reported””.

Benign-appearing SPTP might contrast with cellular
anaplasia present in the metastatic deposits”™. Thus, there
are no histological features that can predict aggressive
clinical behaviour. Proposed pathologic features related
to aggressive behaviour or metastatic potential include
diffuse growth pattern, venous invasion, nuclear pleomor-
phism, mitotic rate, necrosis and areas of dedifferentia-
tion™. Most SPTPs display diploid DNA content. How-
ever, DNA aneuploidy is more prominent in malignant
SPTPs"). Chromosomal abnormalities, including double
loss of X chromosomes and trisomy for chromosome 3,
and unbalanced translocation between chromosomes 13
and 17 have been found in SPTP associated with aggres-
sive behaviour and might be indicators of possible meta-
static potential”™*. Thus, since the malignant potential of
SPTP is difficult to determine, this tumor is considered a
low malignant or borderline malignant potential.

The histogenesis of SPTP has been, and to date re-
mains, elusive. Multiple theories have been proposed, in-
cluding origin from small duct epithelium, derivation from
acinar cells, endocrine pancreas, totipotential stem cells,
or primitive cells capable of differentiating exocrine and
endocrine™” ™ along with genital ridge-related cells that
are incorporated in the pancreas during early embryogen-
esis™. Another recent report showed that SPTP is positive
for melanocytic markers (S-100 protein, human melanoma
black 45 (HMB45) and melanoma antigen recognized by
T-cells 1 (MART-1) by immunohistochemistry and dem-
onstrated the presence of premelanosomes and melano-
some granules in the tumor cells by transmission electron
microscopy, suggesting that this tumor may be of neural
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crest origin®™. Also, predilection in young women suggests
that sex hormones play a role in the histogenesis or pro-
gression of this tumor. However, the ER and PR expres-
sion are not consistent in the literature. Using a binding es-
say, Ladanyi ¢/ /" demonstrated the expression of ER in
SPTP and proposed that this tumor is hormone sensitive.

Diagnosis of SPTP is important for the clinical man-
agement of patients with this tumor. Diagnostic modali-
ties including CT and magnetic resonance imaging can
only suggest a diagnosis of SPTP. CT findings include an
encapsulated lesion with well-defined borders and variable
central areas with cystic degeneration, necrosis, or hemot-
rhage. Calcifications may occasionally be seen. Magnetic
resonance imaging is helpful for identifying the character-
istic internal signal intensities of blood products, which
help distinguish this tumor from other cystic pancreatic
tumors'*

In recent years, advances in technology have permitted
the performance of fine-needle aspiration biopsy under
EUS guidance™ . The overall accuracy of EUS is superi-
or to CT scan and magnetic resonance imaging for detect-
ing pancreatic lesions. It has been shown that EUS alone
(94%) is more sensitive than CT scan (69%) and magnetic
resonance imaging (83%) for detecting lesions, especially
when they are smaller than 3.0 cm™". EUS permits a better
evaluation of SPTPs, but the findings also are not specific.
A small SPTP, often a monocystic tumor most frequent
in males, might have the EUS appearance of a solid en-
docrine neoplasm, and it might be difficult to distinguish
between the two'".

An accurate preoperative diagnosis is highly desirable,
since local surgical excision is usually curative and this is
possible by EUS-guided FNA cytology. Bondeson e# al™
were the first to correctly diagnose SPTP by preoperative
FNA.

Since then, to our knowledge, cytologic findings of
percutaneous FNA-diagnosed SPTP have been described
in 57 cases™"**" " However, only few cases have
been diagnosed by EUS-guided FNA™ FNA cytomor-
phologic features are highly characteristic and distinct
from those of other cystic or solid tumors of the pancreas.
On aspirated matrials, the most frequent features are the
presence of marked cellularity with pseudopapillary frag-
ments composed of fibrovascular stalks lined with one to
several layers of tumor cells intermingled with discohesive
neoplastic cells"*****!l Careful evaluation of smears for
mitotic activity is recommended, since this parameter has
recently been considered one predictive criterion for bio-
logic aggressiveness[sﬂ. Inter or intracellular pink hyaline
globules, mucus-like globules, as in our case, surrounded
by stromal cells and cellular debris are also frequent fea-
tures.

Immunohistochemically, most SPTPs are immunoreac-
tive for vimentin (vim), al-antitrypsin (AAT), al-antichy-
motrypsin (AACT)®, occassionally positive for neuron-
specific enolase and synaptophysin (syn)"”, and nonreactive
for §-100, CA 19.9 and chromogranin A. In our case,
SPTP was vim (+), AAT (+), AACT (+), CA 19.9 (+) and
syn (+). The above-mentioned cytologic and immunohis-
tochemical features are strongly suggestive of SPTP.

The differential diagnosis of SPTP includes pancreatic

neuroendocrine tumort, acinar-cell carcinoma, papillary
mucinous carcinoma and intraductal papillary mucinous
tumor. Pancreatic endocrine tumors predominantly occur
in older patients and can be associated with a variety of
clinical syndromes. These tumors share some cytological
features with SPTP. The presence of rosettes without pap-
illary structures and typical “salt and pepper” chromatin
indicates a pancreatic endocrine tumor”™', Additionally,
these tumors express neuroendocrine markers such as
chromogranin, neuron-specific enolase, and synaptophysin
which are usually nonreactive in cases of SPTP. Acinar-
cell carcinoma occurring in a wide range of age, is more
commonly observed in males, and shows no predilection
for head, body or tail location in the pancreas. Aspirates
are cellular and composed only of acinar neoplastic cells
containing enlarged nuclei with irregular membranes and
distinct nucleoli. Patients with papillary mucinous carci-
noma often have a single, large unilocular cystic mass and
the neoplastic cells are columnar with cytoplasmic vacu-
oles, variable nuclear anaplasia, prominent nucleoli and
mucinous background that should not be mistaken for the
myxoid stroma”*”’. Also, the thick, glistening and viscid
mucus almost always present in intraductal papillary muci-
nous tumor is an important feature that distinguishes this
neoplasm from SPTP",

In conclusion, we believe that EUS-FNA provides an
excellent cellular yield and an overall sensitivity for the
diagnosis of SPTP. Clinical correlation, radiological find-
ings and cytomorphologic features from EUS-guided FNA
achieve the accurate diagnosis of SPTP.
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Style for book references

Authors: the first author should be typed in bold-faced letter. The surname
of all authors should be typed with the initial letter capitalized and followed
by their name in abbreviation (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.
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Journals

Eng/z:/)  journal article (list all anthors and include the PMID where applicable)

Grover VP, Dresner MA, Forton DM, Counsell S, Larkman DJ, Patel N,
Thomas HC, Taylor-Robinson SD. Current and future applications of
magnetic resonance imaging and spectroscopy of the brain in hepatic
encephalopathy. World | Gastroenterol 2006; 12: 2969-2978  [PMID:
16718775]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin ], Yang FD. Immunologic effect of
Jianpi Yishen decoction in treatment of Pixu-diarrhoea. Shzjie Huaren
Xiaohna Zazhi 1999; T: 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 U S A 2006; In

press
Organization as author
4 Diabetes Prevention Program Research Group. Hypertension,

insulin, and proinsulin in participants with impaired glucose tolerance.
Hypertension 2002; 40: 679-686 [PMID: 12411462]

Both personal authors and an organization as author

5 Vallancien G, Emberton M, Harving N, van Moorselaar R]J; Alf-One
Study Group. Sexual dysfunction in 1, 274 European men suffering
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12771764]
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6 21st century heart solution may have a sting in the tail. BM] 2002; 325:
184 [PMID: 12142303]

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
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9 Outreach: bringing HIV-positive individuals into care. HRS.A Careaction
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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 Tumour Conference; 2001 Sep
13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
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2002: Proceedings of the 5th European Conference on Genetic
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Statistical data
Present as mean £ SD or mean * SE.

Statistical expression
Express / test as 7 (in italics), I test as I (in italics), chi square test as y’ (in
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sample number as 7 (in italics), and probability as P (in italics).

Units
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is at: http://www.wjgnet.com/wjg/help/15.doc
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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 commonly used
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