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Abstract
Exciting new features have been described concerning 
neurogenic bowel dysfunction, including interactions 
between the central nervous system, the enteric ner-
vous system, axonal injury, neuronal loss, neurotrans-
mission of noxious and non-noxious stimuli, and the 
fields of gastroenterology and neurology. Patients with 
spinal cord injury, myelomeningocele, multiple sclerosis 
and Parkinson’s disease present with serious upper and 
lower bowel dysfunctions characterized by constipa-
tion, incontinence, gastrointestinal motor dysfunction 
and altered visceral sensitivity. Spinal cord injury is as-
sociated with severe autonomic dysfunction, and bow-
el dysfunction is a major physical and psychological 
burden for these patients. An adult myelomeningocele 
patient commonly has multiple problems reflecting the 
multisystemic nature of the disease. Multiple sclerosis 
is a neurodegenerative disorder in which axonal injury, 
neuronal loss, and atrophy of the central nervous sys-
tem can lead to permanent neurological damage and 
clinical disability. Parkinson's disease is a multisystem 
disorder involving dopaminergic, noradrenergic, se-
rotoninergic and cholinergic systems, characterized 

by motor and non-motor symptoms. Parkinson's dis-
ease affects several neuronal structures outside the 
substantia nigra, among which is the enteric nervous 
system. Recent reports have shown that the lesions in 
the enteric nervous system occur in very early stages 
of the disease, even before the involvement of the 
central nervous system. This has led to the postulation 
that the enteric nervous system could be critical in the 
pathophysiology of Parkinson's disease, as it could rep-
resent the point of entry for a putative environmental 
factor to initiate the pathological process. This review 
covers the data related to the etiology, epidemiology, 
clinical expression, pathophysiology, genetic aspects, 
gastrointestinal motor dysfunction, visceral sensitivity, 
management, prevention and prognosis of neurogenic 
bowel dysfunction patients with these neurological dis-
eases. Embryological, morphological and experimental 
studies on animal models and humans are also taken 
into account.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Exciting new features have been described concerning 
neurogenic bowel dysfunctions (NBD), including in-
teractions between the central nervous system (CNS), 
enteric nervous system (ENS), neurotransmission of  
noxious and non-noxious stimuli, and the fields of  gas-
troenterology and neurology. Patients with spinal cord 
injury (SCI), myelomeningocele (MMC), multiple scle-
rosis (MS) and Parkinson’s disease (PD) present with 
autonomic dysreflexia[1], serious upper and lower NBD 
characterized by constipation[2], incontinence, severe 
gastrointestinal (GI) motor dysfunction[3] and altered 
visceral sensitivity[4]. SCI is associated with severe auto-
nomic dysfunction, with bowel dysfunction as a major 
physical and psychological burden for these patients[5]. 
The outcome of  MMC patients is fraught with multiple 
problems reflecting the multisystemic nature of  the dis-
ease[6]. MS is a devastating autoimmune disease[7] with 
symptoms dependent on the clinical type and the site of  
lesions[8]. It has been considered a chronic, inflammatory 
disorder of  the central white matter in which demyelin-
ation results in the ensuing physical disability. Recently, 
MS is viewed as a neurodegenerative disorder in which 
axonal injury, neuronal loss, and atrophy of  the CNS 
can lead to permanent neurological and clinical disabil-
ity, in which mitochondrial DNA defects are involved[9]. 
PD is considered as a disorder involving dopaminergic, 
noradrenergic, serotoninergic, and cholinergic systems, 
characterized by motor and non-motor symptoms[10]. In-
terestingly, in recent years it has become evident that PD 
affects several neuronal structures outside the substantia 
nigra, between which are the ENS. Recent reports have 
shown that the lesions in the ENS occur at a very early 
stage of  the disease, even before the involvement of  the 
CNS. This has led to the hypothesis that the ENS could 
be critical in the pathophysiology of  PD, as it could 
represent a point of  entry for a putative environmental 
factor to initiate the pathological process[11]. This review 
covers the data related to etiology, epidemiology, clini-
cal aspects, pathophysiology, genetics, gastrointestinal 
motor dysfunction, visceral sensitivity, management, 
prevention, and prognosis of  NBD patients with these 
neurological diseases. Embryologic, morphological and 
experimental studies on animal models and humans are 
also taken into account.

LITERATURE REVIEW
Search strategy
A Medline search was performed using the following 
subject headings: spinal cord injury, neural tube defects 
(NTD), myelomeningocele, multiple sclerosis, Parkinson’
s disease, animal models, and human. The date of  the 
most recent search was February 28, 2011.

Selection criteria
Clinical, epidemiological, pathophysiological, motor dys-

function, visceral sensitivity and experimental studies on 
animal models and patients with SCI, MMC, MS, PD, as 
well as specific therapies for these neurological diseases 
involving bowel dysfunction were reviewed. Issues re-
lated to genetics, embryology, morphology, prevention 
and prognosis were also taken into account.

Data collection and analysis
A total of  177 articles were included in the analysis.

ETIOLOGY
SCI etiology is generally divided into traumatic and non-
traumatic causes[12].

The onset of  NTD occurs at 21-28 d of  embryonic 
development[13]. MMC results from lack of  closure 
of  the neural tube during this stage[14]. Its etiology is 
complex, involving both genetic and environmental fac-
tors[15]. A maternal effect as well as a gender-influenced 
effect, have been suggested as part of  its etiology[16]. 
Although there are more than 200 small animal models 
with NTD, most of  them do not replicate the human 
disease phenotype. The candidate genes studied for risk 
association with spina bifida include those important in 
folic acid metabolism, glucose metabolism, retinoid me-
tabolism, apoptosis, and those that regulate transcription 
in early embryogenesis[17].

MS is an etiologically unknown disease with no 
cure[7]. It is the leading cause of  neurological disability in 
young adults, affecting over two million people world-
wide. MS has been considered a chronic, inflammatory 
disorder of  the CNS white matter in which demyelin-
ation results in the ensuing physical disability. Recently, 
MS has become increasingly viewed as a neurodegenera-
tive disorder in which axonal injury, neuronal loss, and 
atrophy of  the CNS can lead to permanent neurological 
damage and clinical disability[9].

GI dysmotility in PD has been attributed to the pe-
ripheral neurotoxin action[18]. Recently, it has been sug-
gested that sporadic PD has a long prodromal period and 
several nonmotor features develop during this period. 
Hawkes et al[19] proposed that a neurotropic viral patho-
gen may enter the brain via nasal route with anterograde 
progression into the temporal lobe or via gastric route, 
secondary to the swallowing of  nasal secretions. These 
might contain the neurotropic pathogen that, after pen-
etration of  the epithelial lining, could enter the axons of  
the Meissner plexus and, through transsynaptic transmis-
sion, reach the preganglionic parasympathetic motor 
neurons of  the vagus nerve. This would allow retrograde 
transport into the medulla and from there into the pons 
and midbrain until the substantia nigra is reached[19]. A 
summary of  suggested pathogenesis of  GI disorders un-
derlying PD is shown in Table 1.

EPIDEMIOLOGY
Traumatic SCI represents a significant public health problem 
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worldwide[20]. Each year, 11 000 individuals are estimated to 
have SCI in the United States[21] with a mortality rate of  27.4 
per million people. An annual incidence of  33.6 per million 
is reported in Greece and 19.5 per million in Sweden[22], 
while in Denmark the number of  SCI patients is about 
3000.

NTD is the second most common birth defect, with 
an incidence of  1/1000. MMC is the most common sub-
type (66.9%)[16]. NTD is rarely reported in black Ameri-
cans and Japanese, but is not so rare in Cameroon and 
sub-Saharan black Africans, with an incidence of  1.9 
cases per 1000 births[23]. In Switzerland, the incidence of  
NTD in children is 0.13 per thousand, corresponding to 
9-10 affected newborns each year[15], while in Thailand, 
the incidence is 0.67 per 1000 births[24]. NTD is reported 
in adolescents aged 15-18 years[25] and in young adults 
aged 20-23 years[26].

MS affects young and middle-aged people[27], the mean 
age at disease onset is 30.7 ± 6.4 years, and it is believed 
that pregnancy, postpartum status and vaccines[8], as well 
as infection with Epstein-Barr virus[28], may influence the 
onset and course of  the disease. An increase in females 
and an almost universal increase in the prevalence and 
incidence have been reported, challenging the theory 
of  a geographical gradient of  incidence in Europe and 
North America[29]. It affects 100 000 people in the United 
Kingdom[30], with a prevalence of  30.9/100 000 in Her-
zegovina[31]. An association between the risk of  MS and 
the season of  birth suggested that decreased exposure to 
the sunshine in the winter leading to low vitamin D levels 
during pregnancy is an area that needs further research[32]. 

PD is the second most common neurodegenerative 
disease after Alzheimer’s disease[11], affecting one million 
people in the United States each year[33], and 20% of  the 
population aged > 65 years in Mexico[34]. It is described 
in sporadic and familial forms[35] (at least 2 individuals are 
affected within 2-3 consecutive generations of  a family).

DIAGNOSIS, CLINICAL DATA AND 
SYMPTOMS
Neurophysiologic testing of  the sacral reflex is useful 

in the diagnosis of  sacral lower motor neuron lesions, 
and increased elicitability of  the penilo-cavernosus re-
flex is reported in patients with chronic SCI[36]. Patients 
with SCI may present[4] with brain anatomical changes 
of  loss of  motor control, chronic neuropathic[37] and 
abdominal pain[38], urinary[39]and sexual dysfunction[40], 
decubiti[41], neurogenic immune depression syndrome[42], 
and an increased risk of  having a depressive disorder[43]. 
Spinal cord lesions affect colorectal motility, anorectal 
sensation, anal sphincter function, and cause neurogenic 
constipation[44]. Defecation is abnormal in 68% of  cases, 
digital stimulation is required by 20%, suppositories 
by 10% and enemas by 28% of  cases. Time spent in 
each defecation is more than 30 min in 24% cases. In 
children aged four years or older, daily fecal inconti-
nence occurred in 14% and weekly incontinence in 14% 
cases[45]. SCI patients usually do not perceive the normal 
desire for defecation, rather describing it as abdominal 
distension, hardened or cool abdomen, hardening of  
the legs, abdominal pain, chills and dizziness, itching 
of  the head, and a feeling of  pain at the sacrum level[4]. 
Additionally, SCI subjects may develop autonomic dysre-
flexia in response to noxious stimulus[46]. Cardiovascular 
dysregulation, characterized by paroxysmal high blood 
pressure episodes, is the most prominent feature and is 
precipitated by manual emptying of  rectal contents and 
by gastric and bowel distension[47]. Regarding the gravity 
of  this issue, an NBD score (0-6 very minor, 7-9 minor, 
10-13 moderate and 14 severe)[48], an international bowel 
function basic[49] and extended[50] SCI data set, as well as 
an international standard to document the remaining au-
tonomic function after SCI[40] have been developed.

Prenatal screening with α-fetoprotein and ultraso-
nography have allowed the prenatal diagnosis of  NTD in 
current obstetric care[51]. In an animal model with naturally 
occurring spina bifida (curly tail/loop tail mouse), using 
standard enzyme linked immunosorbent assay techniques, 
detection of  amniotic fluid levels of  the neurofilament 
heavy chain, glial acidic fibrillary protein and S100B, 
seems to provide important information for balancing the 
risks and benefits, both to mother and child, of  in utero 
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  GI pathogenesis Disorder

  Peripheral neurotoxine action Interstitial cells of Cajal involvement[18]

  GI flora? Neurotropic viral pathogen GI disorders[19]

  GI flora? Helicobacter pylori Modified l-dopa pharmacokinetics[102]

  GI dysmotility: Early lesions in the enteric nervous system GI dysfunction[11,163]

  GI dysmotility: Disruption in parts of the CNS Neurogenic dysphagia[54]

  GI dysmotility: Lewy bodies in esophageal myenteric plexuses Manometric abnormalities[97,98]

  GI dysmotility: Reduction amplitude of peristaltic contractions Decreased gastric motility[105]

  GI dysmotility: Gastric pacemaker disturbances Gastric dysrhythmias[106]

  GI dysmotility: Loss of enteric dopaminergic neurons Changes in colon motility[173]

  Neurotransmitter dysfunction: Altered enteric nitrergic systems Disturbed distal gut transit[95]

  Neurohormone involvement: Neurotensin GI disorders[103]

  Levodopa Altered oral phase of deglutition[96]

  Monoamine dysfunction Nonmotor symptoms[176] 

Table 1  Suggested pathogenesis of gastrointestinal disorders underlying Parkinson's disease

GI: Gastrointestinal; CNS: Central nervous system.

Awad RA. Neurogenic bowel dysfunction



surgery for MMC[52]. Colorectal problems are common in 
children with MMC and their impact on the quality of  life 
becomes more severe as the child grows up.

Diagnosis of  MS is made according to the McDonald 
and the Poser criteria, with the McDonald criteria show-
ing a higher sensitivity for diagnosis[53]. Bowel symptoms 
are reported to be common in MS, including constipa-
tion (29%-43%) and fecal incontinence (over 50%), and 
34% of  patients spending more than 30 min a day man-
aging their bowel movement[30]. Neurogenic dysphagia 
is also present[54]. Autonomic dysreflexia may occur in 
MS[55], characterized by hypertensive attacks, palpita-
tions, difficulty in breathing, headaches and flushing[56]. 
Autonomic symptoms are disorders of  micturition, 
impotence, sudomotor and GI disturbances, orthostatic 
intolerance as well as sleep disorders[57]. Neuropsychiatric 
symptoms include abnormalities in cognition, mood and 
behavior (major depression, fatigue, bipolar disorder, 
euphoria, pathological laughing and crying, anxiety, psy-
chosis and personality changes). Major depression is a 
common neuropsychiatric disorder, with an approximate 
50% lifetime prevalence rate[58]. Pediatric MS has been 
identified as an important childhood acquired neurologic 
disease[59].

GI diagnosis in PD[60] includes history, clinical exami-
nation, barium meal, breath test, stomach scintigraphy 
and colonic transit time[61]. Oropharyngeal dysphagia 
is recognized by difficulty in transferring a food bolus 
from the mouth to the esophagus or by signs and symp-
toms of  aspiration pneumonia or nasal regurgitation[62]. 
PD is actually considered a neurodegenerative process 
that affects several neuronal structures outside the sub-
stantia nigra. Reports have shown that the lesions in 
the ENS occurred at a very early stage of  the disease, 
even before CNS involvement[11]. GI symptoms are very 
important, as GI diseases may also display neurological 
dysfunction as part of  their clinical picture[63]. PD pa-
tients have motor and non-motor fluctuations classified 
into three groups: autonomic, psychiatric, and sensory[64]. 
GI dysfunction is the most common non-motor symp-
tom which comprises sialorrhea, swallowing disorders[65], 
dysphagia[66], acid regurgitation, pyrosis[67], early satiety, 
weight loss, constipation[68], incomplete rectal emptying, 
the need for assisted defecation and an increased need 
for oral laxatives[69].

PATHOPHYSIOLOGY
Genetic factors
Data was obtained from 1066 NTD families, 66.9% with 
MMC, suggesting a maternal effect, as well as a gender-
influenced effect in the etiology of  NTD[16]. Telomerase, 
the reverse transcriptase that maintains telomere DNA, 
is important for neural tube development and bilateral 
symmetry of  the brain. However, it is reported that vari-
ants in the telomerase RNA component (TERC) are 
unlikely to be a major risk factor for the most common 
form of  human NTD, lumbosacral MMC[70].

The association between a polymorphism in the 
ABCB1 gene and PD has been observed. The ATP-bind-
ing cassette, sub-family B, member 1 (ABCB1) gene en-
coding P-glycoprotein (P-gp), has been implicated in the 
pathophysiology of  PD due to its role in regulating the 
transport of  endogenous molecules and exogenous toxins. 
ABCB1 polymorphisms thus constitute an example of  
how genetic predisposition and environmental influences 
may combine to increase the risk of  PD[71]. On the other 
hand, extensive ENS abnormalities in mice transgenic for 
PD-associated α-synuclein gene mutations precede CNS 
changes. Most PD is sporadic and of  unknown etiology, 
but a fraction is familial. Among familial forms of  PD, 
a small portion is caused by missense (A53T, A30P and 
E46K) and copy number mutations in SNCA, which en-
codes α-synuclein, a primary protein constituent of  Lewy 
bodies, the pathognomonic protein aggregates found in 
neurons in PD[72].

Gastrointestinal motor dysfunction and visceral 
sensitivity
Fecal incontinence in SCI, MMC and MS is mainly due 
to abnormal rectosigmoid compliance and recto-anal re-
flexes, loss of  recto-anal sensitivity and loss of  voluntary 
control of  the external anal sphincter[73]. On the other 
hand, constipation is probably due to immobilization, 
abnormal colonic contractility, tone and recto-anal re-
flexes, or side effects from medication. SCI patients have 
a higher incidence of  esophagitis and esophageal motor 
abnormalities[74], gastric stasis, paralytic ileus, abdominal 
distension[75], partial or complete loss of  the sensations 
upon defecation, constipation[75], hemorrhoids[76], and 
need for assisted digital evacuation than controls[75]. 
Studies have shown a range of  neurological alterations, 
such as low amplitude, slowly propagating abnormal 
peristaltic esophageal contraction[74], a decrease in phase 
Ⅲ of  the interdigestive motor complex[77], reduction in 
gastric emptying[78], delayed GI transit, higher colonic 
myoelectric activity, reduced emptying of  the left colon, 
and a suboptimal postprandial colonic response[79]. Vis-
ceral sensitivity testing according to Wietek et al[80] may 
be a future requirement, in addition to the American 
Spinal Injury Association (ASIA) criteria, in the assess-
ment of  the completeness of  cord lesions in patients di-
agnosed with complete spinal cord transection, as some 
report the sensation of  distension of  the rectum. In our 
laboratory, with barostat methodology, we found that 
complete supraconal SCI patients preserve rectal sensa-
tion, and present with impaired rectal tone and impaired 
response to food. This data supports the fact that baro-
stat sensitivity studies can complement ASIA criteria to 
confirm a complete injury. Our results also suggest that 
intact neural transmission between the spinal cord and 
higher centers is essential for noxious stimulus, but not 
for non-noxious stimuli, that patients with supraconal 
lesions may present PP visceral hypersensitivity, and that 
incontinence and constipation may not be related solely 
to continuity of  the spinal cord[4,81]. Suttor et al[82], using 
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a dual barostat in six cervical SCI patients without NBD, 
reported that intact neural transmission between the 
spinal cord and higher centres is not essential for normal 
colorectal motor response from feeding to distension. 
Lumbosacral neuropathy was demonstrated in 90% of  
SCI subjects[83] using translumbar and trans-sacral motor-
evoked potentials.

In MMC, studies have revealed swallowing disorders 
characterized by difficulty in bolus formation, nasopha-
ryngeal and gastroesophageal reflux, tracheobronchial 
aspiration, and vocal cord paralysis[84], as well as a longer 
mean colonic transit time not related to the level of  the 
spinal lesion[85] and reduction in anal sphincter pres-
sure[86]. Ventriculoperitoneal shunt malfunction may oc-
cur in patients with MMC, and severe constipation that 
increases intra-abdominal pressure resulting in raised 
intracranial pressure, seems to be one of  the causes[87]. 
Visceral sensitivity studies with the barostat reveal that 
constipated children with MMC present with impaired 
rectal tone, impaired response to food and postprandial 
visceral hypersensitivity[88].

GI dysfunction occurs in MS as in other neurologic 
diseases[63]. Slow gastric emptying rate[89], increased co-
lonic transit time[90], absent PP colonic motor and myo-
electric responses[91], altered maximal contraction pres-
sures and anal inhibitory reflex threshold[92], impaired 
function of  the external anal sphincter, and increased 
thresholds of  conscious rectal sensation[93] have been re-
ported. Paradoxical puborectalis contraction is common 
in MS patients with constipation[94] and it seems that au-
tonomic dysreflexia occurs due to bladder distension[56]. 
A summary of  suggested pathogenesis of  GI disorders 
underlying spinal cord injury, myelomeningocele, and 
multiple sclerosis is shown in Table 2.

In PD, dysphagia, impaired gastric emptying and con-
stipation may precede its clinical diagnosis for years[61]. 
ENS involvement could be critical as it may represent 
a point of  entry for a putative environmental factor to 
initiate the pathological process[11]. On the other hand, 

the mechanisms related to enteric autonomic dysfunc-
tions may involve the enteric dopaminergic or nitrergic 
systems. It has been reported that rats with a unilateral 
6-hydroxydopamine lesion of  nigrostriatal dopaminergic 
neurons develop marked inhibition of  propulsive activity 
compared with sham-operated controls. Results suggest 
that disturbed distal intestinal transit may occur as a con-
sequence of  reduced propulsive motility, probably due 
to an impairment of  a nitric oxide-mediated descending 
inhibition during peristalsis[95]. Neurogenic dysphagia 
may also appear in PD. It may be caused by a disruption 
in different parts of  the CNS (supranuclear level, level 
of  motor and sensory nuclei taking part in the swallow-
ing process and peripheral nerve level) or a neuromuscu-
lar disorder[54]. It is also suggested that levodopa plays a 
role in the oral phase of  deglution in PD[96]. Dysphagia is 
present in up to 50% of  PD cases and seems to be cor-
related with manometric irregularities[97,98]. Castell et al[97] 
have described esophageal manometric abnormalities in 
73% of  PD patients characterized by complete aperistal-
sis or multiple simultaneous contractions (diffuse esoph-
ageal spasm) of  the distal esophagus. They also reported 
repetitive proximal esophageal contractions[99], a very 
interesting finding supporting a previous report of  a link 
between PD, achalasia[100], and scleroderma (e.g., PD and 
achalasia have Lewy bodies in the esophageal myenteric 
plexuses and the substantia nigra, as well as evidence 
of  degeneration of  the dorsal motor nucleus of  the 
vagus), and esophageal manometric abnormalities were 
found in these three diseases. A link between PD and 
Helicobacter pylori (H. pylori)[101] has also been described, 
where HP eradication may improve the clinical status 
of  infected patients with PD and motor fluctuations by 
modifying l-dopa pharmacokinetics[102]. Neurotensin, 
a 13 amino acid neurohormone located in the synaptic 
vesicles and released from the neuronal terminals in a 
calcium-dependent manner, is involved in the patho-
physiology of  PD and other neurodegenerative condi-
tions[103]. Constipation and gastric atony are important 
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Table 2  Suggested pathogenesis of gastrointestinal disorders underlying spinal cord injury, myelomeningocele and multiple sclerosis

Disease GI pathogenesis Disorder

Spinal cord injury Abnormal rectosigmoid compliance Fecal incontinence[73]

Myelomeningocele Loss of recto-anal sensitivity
Multiple sclerosis Loss of voluntary control of the external anal sphincter
Spinal cord injury
Myelomeningocele
Multiple sclerosis

Immobilization, abnormal colonic contractility, side effects of 
medication

Constipation[94]

Multiple sclerosis Paradoxical puborectalis contraction Constipation[94]

Multiple sclerosis Bladder distension Autonomic dysreflexia[56]

Myelomeningocele Severe constipation Ventriculoperitoneal shunt malfunction[87]

Myelomeningocele Visceral hypersensitivity Constipation and impaired rectal tone and response to 
food[88]

Myelomeningocele Higher spinal level of cord lesion, completeness of cord 
injury and longer duration of injury

Severe neurogenic bowel dysfunction[20]

Spinal cord injury Noxious stimulus Autonomic dysreflexia[46]

Spinal cord injury Manual emptying of rectal contents and
gastric and bowel distension

Cardiovascular dysregulation[47]
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non-motor symptoms[104]. There is a trend toward a de-
creased gastric motility in PD patients as compared with 
healthy controls due mainly to a significant reduction in 
the amplitude of  peristaltic contractions[105]; other au-
thors have found gastric dysrhythmias indicating gastric 
pacemaker disturbances[106]. Slow transit in the colon has 
been reported[107], and using ano-rectal manometry, de-
creased basal anal sphincter pressures, prominent phasic 
fluctuations on squeeze pressure, and a hyper-contractile 
external sphincter response to the rectosphincteric reflex 
have been documented. It has also been suggested that 
dystonia of  the external anal sphincter causes difficult 
rectal evacuation and the loss of  dopaminergic neurons 
in the ENS may lead to slow-transit constipation[73].

MANAGEMENT
Managing SCI bowel function is complex, time consum-
ing and remains conservative[75]. The use of  manual evac-
uation[108], treatment with oral laxatives[108] and abdominal 
massage[109] have all been reported. Transanal irrigation 
is reported safe and can be used in most patients suffer-
ing from NBD[110], its results represent a lower total cost 
than conservative bowel management[111]; however, its 
rate of  success is only 35% after 3 years[110]. Recent ap-
proaches include sacral neuromodulation[112] and dorsal 
penile/clitoral nerve neuromodulation for the treatment 
of  constipation, as well as magnetic stimulation for NBD 
treatment[113]. Other options include colostomy, ileos-
tomy, malone anterograde continence enema, and sacral 
anterior root stimulator implantation[114]. However, good 
quality research data is needed to evaluate the effects of  
these treatments for this condition.

For MMC patients with constipation, polyethylene 
glycol[44,115] and the use of  transanal irrigation[116] seem 
to be effective, however, a majority of  children found 
the procedure time consuming and did not help them to 
achieve independence at the toilet[117]. For incontinence, 
the approaches included intravesical[118] and transrectal 
electro-stimulation[119]; nevertheless these procedures 
lack well-designed controlled trials. For constipation and 
incontinence, biofeedback is used[120]. Surgical closure of  
MMC is usually performed in the early postnatal period, 
however, not all patients benefit from fetal surgery in the 
same way[121]. The management of  cervical MMC is early 
surgical treatment with microneurosurgical techniques. 
Surgical excision of  the lesions with intradural explora-
tion of  the sac to release any potential adhesion bands is 
safe and effective[122].

The current therapies for MS are few, symptom-relat-
ed, and experimental[7]. In patients seen due to constipa-
tion, incontinence, or a combination of  these symptoms 
a beneficial effect of  biofeedback was attributed to some 
but not to all patients[123]. Other approaches include oral 
administration of  probiotic bacteria, Lactobacillus casei 
and Bifidobacterium breve, which do not seem to exacerbate 
neurological symptoms[124]. An overactive bladder is suc-
cessfully treated in 51% of  cases with anticholinergic 

medication[125]. The use of  agonists or antagonists of  
prostaglandin-receptors may be considered as a new ther-
apeutic protocol in MS. The reason is that prostaglandins 
as arachidonic acid-derived autacoids play a role in the 
modulation of  many physiological systems including the 
CNS, and its production is associated with inflammation, 
which is a feature in MS[126].

Levodopa, a prodrug of  dopamine, is one of  the 
main treatment options in PD[127]. However, in contrast 
to motor disorders, pelvic autonomic dysfunction is of-
ten refractory to levodopa treatment[128]. One point to 
bear in mind is that treatments should facilitate intestinal 
absorption of  levodopa[128]. Current levodopa products 
are formulated with aromatic amino acid decarboxylase 
inhibitors such as carbidopa or benserazide to prevent 
the metabolism of  levodopa in the GI tract and systemic 
circulation[127]. Food appears to affect the absorption of  
levodopa, but its effects vary with formulations and stud-
ies suggest that a high protein diet may compete with 
the uptake of  levodopa into the brain, thus resulting in 
reduced levodopa effects[127]. Regarding disturbed motil-
ity of  the upper GI-tract, hypersalivation is reported to 
be reduced by anticholinergics or botulinum toxin injec-
tions[61] while therapy for dysphagia includes rehabilita-
tive, surgical, and pharmacologic treatments[129]. Regard-
ing constipation, tegaserod improves both bowel move-
ment frequency and stool consistency[130]. Mosapride 
citrate, a 5-HT4 agonist and partial 5-HT3 antagonist, in 
contrast to cisapride, does not block K (+) channels or 
D2 dopaminergic receptors[131]. Other prokinetics agents 
include metoclopramide, domperidone, trimebutine, cis-
apride, prucalopride, and itopride[132]. Polyethylene gly-
col[61], functional magnetic stimulation[133], and psyllium 
are also used[134]. However, the clinical significance of  
any of  these results is difficult to interpret and it is not 
possible to draw any recommendation for bowel care 
from published trials, until well-designed controlled trials 
with adequate numbers of  patients and clinically relevant 
outcome measures become available[134]. Recently, stem 
cells have been used as an alternate source of  biological 
material for neural transplantation to treat PD. The po-
tential benefits for this are relief  of  parkinsonian symp-
toms and a reduction in the doses of  parkinsonian drugs 
employed. However, the potential risks include tumor 
formation, inappropriate stem cell migration, immune 
rejection of  transplanted stem cells, hemorrhage during 
neurosurgery and postoperative infection[135].

PREVENTION AND PREDICTORS
An analysis of  predictors of  severe NBD in SCI shows 
that those with a cervical injury or a thoracic injury had a 
higher risk of  severe NBD than those with a lumbar spine 
injury. Also those classified as ASIA a had a 12.8-fold 
higher risk of  severe NBD than persons with ASIA D. 
Besides, a longer duration of  injury (≥ 10 years) was 
considered as another risk factor of  severe NBD. Mod-
erate-to-severe depression was associated with reduced 
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bowel function. The results showed that a higher spinal 
level of  cord lesion, completeness of  cord injury and a 
longer duration of  injury (≥ 10 years) could predict the 
severity of  NBD in patients with SCI[20]. It is reported that 
clinical variables are not the best predictors of  long-term 
mortality in SCI. Instead, the significant effect of  poor so-
cial participation and functional limitations seem to persist 
after adjustment for other variables[136]. 

Folic acid supplementation reduced the incidence 
of  NTD in several geographical regions. However, the 
incidence is still high and associated with a serious mor-
bidity[137]. A study done in newborn babies with NTD 
and their mothers revealed an association between NTD 
and decreased hair zinc levels, so large population-based 
studies are recommended to confirm the association 
between zinc and NTD[138]. The prevalence of  scoliosis 
in patients with MMC has been reported to be as high as 
80%-90%. A study aiming to determine clinical and ra-
diographic predictors of  scoliosis in patients with MMC 
reported that the clinical motor level, ambulatory status, 
and the level of  the last intact laminar arch are predictive 
factors for the development of  scoliosis. It is suggested 
that in patients with MMC, the term scoliosis should 
be reserved for curves of  > 20 degrees, it is also note-
worthy that new curves may continue to develop until 
the age of  fifteen years[139]. Other authors attempting to 
obtain a spine deformity predictor based on a neurologi-
cal classification performed at five years of  age report 
that groupⅠ(L5 or below) is a predictor for the absence 
of  spinal deformity, group Ⅲ (L1-L2) or Ⅳ (T12 and 
above) is a predictor for spinal deformity and group Ⅳ
is a predictor of  kyphosis. This data confirms that future 
spinal disorders are expected in some patients, while no 
spinal deformity is expected in others[140]. Other reports 
indicate that the horizontal sacrum is an indicator of  the 
tethered spinal cord in spina bifida aperta and occulta, as 
signs and symptoms indicative of  a tethered spinal cord 
appear to correspond to increases in the lumbosacral an-
gle[141]. It is also reported that behavior regulation prob-
lems in children with MMC are predicted by parent psy-
chological distress, and that more shunt-related surgeries 
and a history of  seizures predict poorer metacognitive 
abilities[142]. It seems that adults with MMC and shunted 
hydrocephalus may be at risk for decreased survival[143].

Inadequate serum vitamin D concentrations are as-
sociated with complications of  some health problems 
including MS, which support a possible role for vitamin 
D supplementation as an adjuvant therapy[144]. In addi-
tion, it has been suggested that the favorable effect of  
sunlight ascribed to an increased synthesis of  vitamin 
D may prevent certain autoimmune diseases, particu-
larly MS. For this reason, limited sunbathing should be 
publically encouraged[145]. It has also been suggested that 
altering the composition of  the gut flora may affect sus-
ceptibility to experimental autoimmune encephalomy-
elitis, an animal model of  MS[146]. This data could have 
significant implications for the prevention and treatment 
of  autoimmune diseases. In relation to this, an interest-

ing new proposal shows that the GI tract is a vulnerable 
area through which pathogens (such as H. pylori) may 
influence the brain and induce MS, mainly via fast axo-
nal transport by the afferent neurons connecting the GI 
tract to brain[147].

Symptoms such as dysphagia, impaired gastric emp-
tying and constipation may precede the clinical diagnosis 
of  PD by years and, in the future, these symptoms might 
serve as useful early indicators of  the premotor stage[61]. 
Motor handicaps, such as rigor and action tremor, are 
independent predictors of  solid gastric emptying[148]. It is 
currently recommended that the approach to PD should 
include strategies for detecting the disease earlier in its 
course and, eventually, intervening when the disease is 
in its nascent stage. The term Parkinson’s associated risk 
syndrome has been coined to describe patients at risk 
for developing PD. These patients may have genetic risk 
factors or may have subtle, early non-motor symptoms 
including abnormalities in olfaction, GI function, cardiac 
imaging, vision, behavior, and cognition[149].

EMBRYOLOGICAL, MORPHOLOGICAL 
AND EXPERIMENTAL STUDIES AND 
ANIMAL MODELS
Embryology and morphology
Considerable insight into both normal neural tube closure 
and the factors possibly disrupting this process has been 
reported in recent years, yet, the mechanisms by which 
NTD arises as well as its embryogenesis remain elusive[150]. 
Normal brain development throughout childhood and 
adolescence is characterized by decreased cortical thick-
ness in the frontal regions and region-specific patterns of  
increased white matter myelination and volume. Subjects 
with MMC show reduced white matter and increased neo-
cortical thickness in the frontal regions, suggesting that 
spina bifida may reflect a long-term disruption of  brain 
development that extends far beyond the NTD in the 
first week of  gestation[151]. These variations in the diffu-
sion metrics in MMC children are suggestive of  abnormal 
white matter development and persistent degeneration 
with advancing age[152]. 

In rat fetuses with retinoic acid induced MMC, the 
normal smooth muscle and myenteric plexus develop-
ment of  the rectum and normal innervations of  the 
anal sphincters and pelvic floor suggest that MMC is 
not associated with a global neuromuscular alteration in 
development of  lower GI structures[153]. Besides, fetal 
surgery for repair of  MMC allows normal development 
of  anal sphincter muscles in sheep. Histopathologically, 
in the external sphincter muscles, the muscle fibers were 
dense, while in the internal sphincter muscles, endo-
mysial spaces were small, myofibrils were numerous, and 
fascicular units were larger than those in unrepaired fetal 
sheep[154]. Studies in the development of  the pelvic floor 
muscles of  murine embryos with anorectal malforma-
tions, demonstrate that the embryos show an impaired 
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anatomic framework of  the pelvis possibly caused by 
neural anomalous development, whereas muscle devel-
opment proceeded physiologically. These results support 
the hypothesis that pelvic floor muscles may function in 
children with anorectal malformations, in whom neu-
ral abnormalities such as MMC have been ruled out, if  
the surgical correction is appropriately completed[155]. 
A mouse model was reported about the sharing of  the 
same embryogenic pathway in anorectal malformations 
and anterior sacral MMC formation[156]. Indeed, some of  
the brain malformations associated with MMC in human 
patients are also found in the uncorrected fetal lamb 
model of  MMC[157]. The late stage of  gestation is impor-
tant due to the presence of  morphological changes. A 
study of  in-utero topographic analysis of  astrocytes and 
neuronal cells in the spinal cord of  mutant mice with 
MMC revealed that at day 16.5 of  gestation there is a 
deterioration of  neural tissue in MMC fetuses, mainly in 
the posterior region, progressing until the end of  gesta-
tion with a marked loss of  neurons in the entire MMC 
placode. This study delineated the quantitative changes 
in astrocytes and neurons associated with MMC devel-
opment during the late stages of  gestation[158]. Data sup-
ported by other investigators show, in Curly tail/loop tail 
mouse fetuses, that around birth the unprotected neural 
tissue is progressively destroyed[159].

Traditionally, PD is attributed to the loss of  mesen-
cephalic dopamine-containing neurons; nonetheless, ad-
ditional nuclei, such as the dorsal motor nucleus of  the 
vagus nerve and specific central noradrenergic nuclei, 
are now identified as targets of  PD[160]. Early in 1988, 
Wakabayashi[161] described the presence of  Lewy bod-
ies in Auerbach’s and Meissner’s plexuses of  the lower 
esophagus, indicating that these are also involved in PD. 
Later on, the presence of  α-synuclein immunoreac-
tive inclusions in neurons of  the submucosal Meissner 
plexus, whose axons project into the gastric mucosa 
and terminate in direct proximity to fundic glands, was 
reported[162]. The authors propose that these elements 
could provide the first link in an uninterrupted series of  
susceptible neurons that extend from the enteric tract to 
the CNS. The existence of  such an unbroken neuronal 
chain lends support to the hypothesis that a putative 
environmental pathogen capable of  passing the gastric 
epithelial lining might induce α-synuclein misfolding 
and aggregation in specific cell types of  the submucosal 
plexus and reach the brain via a consecutive series of  
projection neurons. A recent study aimed at character-
izing the neurochemical coding of  the ENS in the colon 
of  a monkey model of  PD, showed that this element 
induces major changes in the myenteric plexus and to a 
lesser extent in the submucosal plexus of  monkeys. This 
data reinforces the observation that lesions of  the ENS 
occur in the course of  PD and that this might be related 
to the GI dysfunction observed in this pathology[163].

Experimental approaches and animal models
Animal models used in MMC include an ovine model 

constituted by fetal lambs[164], fetal sheep[165], a Macaca 
mulatta model[166], a mice model[158], and a fetal rabbit 
model[167]. Several experimental approaches have been 
used. To study the correction of  a MMC-like defect in 
pregnant rabbits, a spinal defect was surgically created in 
some of  their fetuses at 23 d of  gestation. The spinal de-
fect was successfully repaired, and the fetal rabbit model 
was established for the study of  intrauterine correction 
of  an MMC-like defect[167]. A new gasless fetoscopic 
surgery for the correction of  a MMC-like defect in fe-
tal sheep served as an alternative to current techniques 
used for fetal endoscopic surgery[165]. A Macaca mulatta 
model was used for replicating MMC and to evaluate op-
tions for prenatal management, such as the collocation 
of  an impermeable silicone mesh which protects the 
spine from amniotic liquid with results similar to skin 
closure[166]. In-utero analyses of  astrocytes and neuronal 
cells in the spinal cord of  mutant mice with MMC using 
the curly tail/loop-tail mice model have been reported. 
At day 16.5 of  gestation, a deterioration of  neural tissue 
in MMC fetuses was observed mainly in the posterior 
region, progressing until the end of  gestation with a 
marked loss of  neurons in the entire MMC placode. 
These results support the current concept of  placode 
protection through in-utero surgery for fetuses with 
MMC[158]. Recently, the notion of  prenatal neural stem 
cell delivery to the spinal cord as an adjuvant to fetal re-
pair of  spina bifida has been proposed[164].

The main animal model in MS was developed in mice 
and is called experimental autoimmune encephalomyeli-
tis[7]. In this experimental model, it was reported that gut 
flora may influence the development of  experimental au-
toimmune encephalomyelitis[146], and that despite reported 
blood-brain barrier disruption, CNS penetration for small 
molecule therapeutics does not increase in MS-related 
animal models[168]. The migratory potential, the differen-
tiation pattern and long-term survival of  neural precursor 
cells in this experimental autoimmune encephalomyelitis 
mice model were investigated. The results suggest that 
inflammation triggers migration whereas the anti-inflam-
matory component is a prerequisite for neural precursor 
cells to follow glial differentiation into myelinating oligo-
dendrocytes[169]. A new exciting finding with this model is 
that a novel regulator of  leukocyte transmigration into the 
CNS, denominated extracellular matrix metalloproteinase 
inducer (EMMPRIN), indeed regulates leukocyte traffick-
ing through increasing matrix metalloproteinase activity. 
Amelioration of  the clinical signs of  experimental autoim-
mune encephalomyelitis by anti-EMMPRIN antibodies 
was critically dependent on its administration around the 
period of  onset of  clinical signs, which is typically associ-
ated with significant influx of  leukocytes into the CNS. 
These results identify EMMPRIN as a novel therapeutic 
target in MS[170].

Several experimental approaches in PD deal with 
GI issues using diverse animal models as rats, mice and 
primates. The advent of  transgenic technologies has 
contributed to the development of  several new mouse 
models, many of  which recapitulate some aspects of  the 
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disease; however, no model has been demonstrated to 
faithfully reproduce the full constellation of  symptoms 
seen in human PD[171]. As GI dysmotility in PD has been 
attributed in part to peripheral neurotoxin action, rats 
with salsolinol induced PD were studied to evaluate its 
effects on intramuscular interstitial cells of  Cajal, duo-
denal myoelectrical activity and vagal afferent activity. 
The results suggest a direct effect of  salsolinol on both 
interstitial cells of  Cajal and the neuronal pathways for 
gastro-duodenal reflexes[18]. Delayed gastric emptying 
and ENS dysfunction in the rotenone model of  PD sug-
gested that enteric inhibitory neurons may be particu-
larly vulnerable to the effects of  mitochondrial inhibi-
tion by Parkinsonian neurotoxins and provide evidence 
that Parkinsonian GI abnormalities can be modeled in 
rodents[68]. Studies assessing the responses of  myenteric 
neurons to structural and functional damage by neuro-
toxins in vitro reveal that neural responses to toxic factors 
are initially unique but then converge into robust axonal 
regeneration, whereas neurotransmitter release is both 
vulnerable to damage and slow to recover[172]. The pro-
totypical parkinsonian neurotoxin, MPTP, as a selective 
dopamine neuron toxin in ENS and used in a mouse 
model, shows loss of  enteric dopaminergic neurons and 
changes in colon motility[173] and its use in a primate 
animal model reveals changes in the myenteric plexus 
and, to a lesser extent, in the submucosal plexus. These 
models further reinforces the observation that lesions 
of  the ENS occur in the course of  PD which might be 
related to GI dysfunction observed in this pathology[163]. 
In order to determine the changes in the dopaminergic 
system in the GI tract, two kinds of  rodent models were 
used. In one, 6-hydroxydopamine was microinjected 
into the bilateral substantia nigra of  a rat. In the other, 
MPTP was injected intraperitoneally into mice. The re-
sults suggest that the different alterations of  dopaminer-
gic system observed in the GI tract of  the two kinds of  
PD models might underline differences in GI symptoms 
in PD patients and might be correlated with the disease 
severity and disease process[174]. In a similar rat model, it 
is reported that a unilateral 6-hydroxydopamine lesion of  
nigrostriatal dopaminergic neurons led to a marked inhi-
bition of  propulsive activity compared with sham-oper-
ated controls, suggesting that disturbed distal gut transit, 
reminiscent of  constipation in the clinical setting, may 
occur as a consequence of  reduced propulsive motility, 
likely due to an impairment of  nitric oxide-mediated de-
scending inhibition during peristalsis[95]. Observations in 
Parkinsonian primates showed that when the implanted 
undifferentiated human neural stem cells survived, they 
had a functional impact as assessed quantitatively by be-
havioral improvement in this dopamine-deficit model[175]. 
Nonmotor symptoms of  PD studied in an animal model 
with reduced monoamine storage capacity suggests that 
monoamine dysfunction may contribute to many of  the 
nonmotor symptoms of  PD, and interventions aimed 
at restoring monoamine function may be beneficial in 
treating the disease[176]. In a clinical approach, it was 

demonstrated that delay in gastric emptying did not dif-
fer between untreated, early-stage and treated, advanced-
stage PD patients, suggesting that delayed gastric empty-
ing may be a marker of  the pre-clinical stage of  PD[177].

CONCLUSION
This article reviews the current knowledge in all the fields 
of  the neurological diseases with neurogenic bowel dys-
function, and the common issues in need of  clarification. 
The hope is that with a full perspective of  the situation, 
researchers can generate new ideas that can be useful for 
prevention, cure, or at least for the mean time, a better 
quality of  life for the patient.
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Abstract
Adhesions are the most frequent complication of ab-
dominopelvic surgery, yet the extent of the problem, 
and its serious consequences, has not been adequately 
recognized. Adhesions evolved as a life-saving mecha-
nism to limit the spread of intraperitoneal inflammatory 
conditions. Three different pathophysiological mecha-
nisms can independently trigger adhesion formation. 
Mesothelial cell injury and loss during operations, tis-
sue hypoxia and inflammation each promotes adhesion 
formation separately, and potentiate the effect of each 
other. Studies have repeatedly demonstrated that inter-
ruption of a single pathway does not completely pre-
vent adhesion formation. This review summarizes the 
pathogenesis of adhesion formation and the results of 
single gene therapy interventions. It explores the prom-
ising role of combinatorial gene therapy and vector 
modifications for the prevention of adhesion formation 
in order to stimulate new ideas and encourage rapid 
advancements in this field.
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INTRODUCTION
Peritoneal adhesions are abnormal deposits of  fibrous 
tissue that occur in the peritoneal cavity as a result of  
surgery or peritonitis, or their combination. Adhesions 
occur in more than 90% of  patients following abdominal 
or pelvic surgery[1-3], and are only moderately reduced 
after laparoscopic surgical procedures compared to open 
surgery[4-8]. Adhesion reformation occurs postoperatively 
in 85% of  patients, regardless of  whether the adhesioly-
sis is performed via laparotomy or laparoscopy[9].

Intraperitoneal adhesions are a major source of  mor-
bidity, being the commonest cause of  intestinal ob-
struction[10,11], secondary female infertility, and ectopic 
gestation[12,13]. They may also cause chronic abdominal 
and pelvic pain[14,15]. Small bowel obstruction is the most 
serious consequence of  intra-abdominal adhesions. Ret-
rospective studies have shown that 32%-75% of  patients 
who require abdominal re-operation have adhesion-
related intestinal obstruction[16,17].

Adhesions result in a large surgical workload and cost 
to health care systems. An epidemiological study in the 
United States showed that 282  000 hospital admissions in 
1988 were due to adhesion-related disorders, and the cost 
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of  in-patient adhesiolysis was $1.18 billion[18]. In 1994, 1% 
of  all United States admissions involved adhesiolysis treat-
ment, resulting in $1.33 billion in health care expenditure[19]. 

Adhesions and their associated complications are of  
rising medico-legal interest. Physicians worldwide need to 
be aware of  the increasing burden of  medico-legal claims 
arising from the complications of  intra-abdominal adhe-
sions. Successful medico-legal claims include cases of  
bowel perforation after laparoscopic division of  adhesions, 
delays in the diagnosis of  adhesion obstruction of  the 
small bowel, infertility as a result of  adhesions, and pain[20].

Currently, there is no effective method for preventing 
adhesion formation or reformation[21]. A better under-
standing of  the pathogenesis of  adhesion formation at 
the cellular and molecular level would undoubtedly help 
to develop more effective treatment strategies[3].

PATHOGENESIS
Vicious triad of trauma, hypoxia, and inflammation
The peritoneum is lined by mesothelial cells loosely at-
tached to the basement membrane, which can readily 
be detached by the slightest trauma[22]. After injury to 
the peritoneum, a local inflammatory reaction causes in-
creased vascular permeability in blood vessels supplying 
the damaged area, followed by an exudation of  serosan-
guinous fluid rich in fibrin and inflammatory cells, ulti-
mately leading to the formation of  a fibrin matrix. Nor-
mally, the plasminogen activator activity (PAA), which 
resides in the mesothelial cells and submesothelial fibro-
blasts, degrades the fibrinous mass, resulting in healing 
of  peritoneal surfaces (within three to five days) without 
adhesions. However, if  the level of  PAA is diminished, 
the fibrinous mass persists and the underlying fibroblasts 
migrate into the fibrinous mass. The fibroblasts then 
deposit extracellular matrix, including collagen and fibro-
nectin, leading to adhesion formation. Over time, the ad-
hesion may provide the framework for vascular ingrowth, 
during the process of  angiogenesis[3,23,24].

The pathogenesis of  adhesions involves three impor-
tant trauma-induced processes (Figure 1): (1) trauma in-
duces inhibition of  the fibrinolytic and extracellular ma-
trix (ECM) degradation systems[25,26]; (2) trauma, as well 
as foreign bodies, incites an inflammatory response with 
the production of  cytokines, mainly transforming growth 
factor-β (TGF-β1), a key regulator of  tissue fibrosis[27-29]; 
and (3) trauma also induces tissue hypoxia as a result of  
interruption of  the blood supply to mesothelial cells and 
submesothelial fibroblasts, leading to increased expres-
sion of  hypoxia inducible factor-1 α (HIF-1α)[30,31] and 
vascular endothelial growth factor (VEGF), responsible 
for collagen formation and angiogenesis[32].

MOLECULAR CROSSTALK
Sticky connected pathways
Molecular pathways involved in fibrinolysis inhibition, 
inflammation, and tissue hypoxia crosstalk and potentiate 

the effect of  each. The principal molecular aberrations 
included in this crosstalk are the reduction of  tissue plas-
minogen activator (tPA) and upregulation of  TGF-β1 
and HIF-1α.

INHIBITION OF FIBRINOLYSIS AND 
MATRIX DEGRADATION
The role of  fibrinolysis in adhesion formation/reforma-
tion is to breakdown the fibrin clots that are formed 
during the healing process. The inactive proenzyme, plas-
minogen, is converted to plasmin by the action of  tPA. 
Plasmin degrades fibrin and thus limits adhesion forma-
tion. Experimental and clinical studies have identified the 
presence of  PAA in the mesothelium[33,34] and that tPA 
is the major (95%) physiological mediator of  PAA[35,36]. 
Both mechanical and chemical injury reduce peritoneal 
PAA, with a progressive reduction in PAA in the first 
hours following a surgical operation, followed by com-
plete loss of  fibrinolytic activity up to 72 h after the oper-
ation[37,38]. Laparoscopic surgery also decreases peritoneal 
tPA[39]. This reduction in PAA is the result of  reduced 
tPA production and increased release of  plasminogen 
activator inhibitors 1 and 2 (PAI-1, PAI-2) by mesothelial, 
endothelial, and inflammatory cells[3,40]. Extensive human 
and animal studies confirmed the central role of  altered 
tPA/PAI-1 balance in adhesion formation and demon-
strated that this imbalance is more exaggerated in severe 
adhesions[25,26,34,40]. 

Plasmin also activates latent matrix metalloproteinases 
(MMPs) involved in extracellular matrix (ECM) degrada-
tion. The proteolytic activity of  MMPs is regulated in part 
by their physiological inhibitors, tissue inhibitors of  MMPs 
(TIMPs). It has been shown that MMPs and TIMPs are ex-
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Figure 1  The role of trauma, hypoxia, and inflammation in modulating mo-
lecular crosstalk in adhesion formation. tPA: Tissue plasminogen activator; 
PAI-1: Plasminogen activator inhibitors 1; MMP: Matrix metalloproteinase; TIMP: 
Tissue inhibitors of MMP; TGF-β1: Transforming growth factor-β; TNF-a: Tumor 
necrosis factor-a; IL: Interleukin; HIF-1a: Hypoxia inducible factor-1a; VEGF: 
Vascular endothelial growth factor; CTGF: Connective tissue growth factor.



pressed in the human peritoneum, in adhesion fibroblasts, 
and in serosal layers of  several intraperitoneal organs with 
and without adhesions[3,41,42]. Chegini et al[43] demonstrated 
that serosal tissue of  intraperitoneal organs obtained dur-
ing open surgery expresses more tissue inhibitor metal-
loproteinase-1 (TIMP-1) than matrix metalloproteinase-1 
(MMP-1), and that adhesions express elevated levels of  
TIMP-1 and a lower ratio of  MMP-1 to TIMP-1 com-
pared with intact parietal peritoneum. The association 
between the imbalance of  MMP/TIMP production and 
adhesion formation has been confirmed in another study 
in women undergoing laparoscopy[29]. 

INFLAMMATION AND THE ROLE OF 
TRANSFORMING GROWTH 
FACTOR-β-1
Several studies have demonstrated that during the acute 
phase of  the inflammatory response, mesothelial cells and 
peritoneal macrophages produce a variety of  cytokines, 
including TGF-β1, tumor necrosis factor α (TNF-α), 
interleukin-1 (IL-1), and IL-6. These pro-inflammatory 
cytokines, individually and synergistically, stimulate the 
production of  PAI-1 and reduce the synthesis of  tPA 
by human mesothelial cells (Figure 1)[3,44-46]. TGF-β not 
only interacts with the fibrinolytic system and ECM, but 
also with many other cellular mediators involved in the 
process of  adhesion formation. TGF-β1 overexpression 
by the peritoneum, as well as increased concentrations of  
TGF-β in the peritoneal fluid, has been associated with 
increased incidence of  adhesion formation in both hu-
mans and animals[3,27,47,48].

Several studies demonstrated that increased TGF-β1 
is associated with a reduction of  tPA and an increase of  
PAI-1 release[27,49,50], an excess of  TGF-β1 leads to an in-
crease in the severity of  adhesions formed[27,51], whereas 
an inhibitory antibody to TGF-β1 decreased adhesion 
formation[52]. TGF-β1 contributes to the synthesis of  the 
ECM by stimulating fibroblastic cell production of  col-
lagen and fibronectin[53-55]. TGF-β also antagonizes ECM 
resorption by decreasing the activity of  MMPs through 
decreasing MMP-1 and increasing TIMP-1 expression 
from mesothelial cells[3,56,57]. This impairment of  MMP 
activity prevents the ECM deposition that occurs early 
in wound healing from being adequately remodeled and 
degraded when necessary, as healing progresses.

THE ROLE OF HYPOXIA IN ADHESION 
FORMATION
Several lines of  evidence have demonstrated that peri-
toneal tissue hypoxia plays a key role in adhesion for-
mation[58-61]. During laparotomy, tissue injury including 
trauma, desiccation, and vascular disruption (due to liga-
tures and other vascular hemostatic methods, including 
cauterization) reduces oxygen supply to the peritoneum. 

Laparoscopic surgery was shown to be less adhesiogenic, 
not only because it is less traumatic, but also due to ele-
vated peritoneal tissue oxygen tension levels compared to 
those during laparotomy[58]. However, adhesions during 
laparoscopic surgery increase with duration of  pneumo-
peritoneum and with insufflation pressure. These effects 
were attributed to desiccation and compression of  the 
capillary flow in the superficial peritoneal layers by the 
pneumoperitoneum. The addition of  oxygen to the in-
sufflation gas decreases adhesion formation[59]. Moreover, 
supplemental perioperative oxygen was found to increase 
peritoneal tissue oxygen tension and to reduce the sever-
ity of  adhesions[61].

Hypoxia negatively modulates all pathways involved in 
adhesion formation. Hypoxia decreases tPA and increases 
PAI expression in human peritoneal fibroblasts in vitro[62] 
and in peritoneal tissues in vivo[61], thereby decreasing plas-
min, inhibiting lysis of  fibrin, and increasing adhesion 
formation. The PAI-1 gene contains oxygen responsive 
promoter sequences, namely hypoxia response element 
(HRE-1 and HRE-2), to which HIF-1α binds and in-
duces gene expression[63]. Hypoxia was found to increase 
expression of  TIMP-1, but not MMP-1, in both perito-
neal and adhesion fibroblasts[55], thus decreasing matrix 
degradation. Hypoxic conditions in cultured human 
mesothelial cells and peritoneal fibroblasts also increased 
the expression of  TGF-β1[55,64,65]. Hypoxia resulted in 
increased expression of  collagen 1 mRNA in both peri-
toneal and adhesion fibroblasts[55,66], probably through the 
production of  superoxide[66]. Moreover, hypoxia induces 
proliferation while inhibiting apoptosis in fibroblasts 
from adhesion, thus favoring adhesion formation[67]. 
Finally, hypoxia increases VEGF production through ac-
tivation of  HIF-1α in normal and adhesion fibroblasts in 
vitro[68] and in vivo in human adhesion mesothelial cells[69] 
and in animal adhesion tissues[30,70]. VEGF plays a central 
role in angiogenesis and its role in adhesion blood ves-
sel development has been established[71]. Furthermore, 
TGF-β1 stimulates VEGF and connective tissue growth 
factor (CTGF) expression[72]. CTGF stimulates increased 
expression of  ECM fibronectin, collagen 1, and laminin, 
while CTGF knockdown inhibits ECM production in-
duced by TGF-β1 in human mesothelial cells[73].

CURRENT PREVENTION THERAPIES
Rules of disengagement
Single therapeutic strategies have failed to completely 
prevent peritoneal adhesions because of  the multifacto-
rial nature of  adhesion pathogenesis[74]. As these multi-
factorial etiologies act independently and synergisctically 
in adhesion formation, it is imperative to simultaneously 
address the major molecular aberrations, including reduc-
tion of  tPA and upregulation of  TGF-β1 and HIF-1α, 
for any therapeutic strategy to be successful. The current 
preventive approaches of  reducing surgical trauma, use 
of  physical barriers or administration of  single pharma-
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ing adhesion development. One of  the most extensively 
studied pharmacological agents that has demonstrated 
consistent success is recombinant tPA (reviewed in Ref  
92)[79-92]. Experimental studies have reported reduction 
in adhesion formation and reformation using intraperi-
toneal recombinant human tPA in a variety of  delivery 
methods and preparations, without impairing the healing 
of  bowel anastomosis and without reduction in wound 
strength or causing hemorrhagic complications[79,80,92,93]. 
The action of  tPA is localized to fibrin deposits; there-
fore, fibrinolytic activity is limited to this site, which 
prevents indiscriminate fibrinolysis[90]. Similar experiences 
were obtained in studies using neutralizing antibodies for 
PAI-1[94], TGFβ-1[45,52,95], TNF-α and IL-1[96], IL-6[97], and 
for VEGF[98,99]. However, these agents have short half-
lives (few minutes) limiting their fibrinolytic effect for a 
sufficient duration of  time (three to five days) until com-
plete healing of  peritoneal surfaces[92,100].

Gene therapy
Local molecular therapy is inherently limited; therefore, 
an alternative strategy using gene therapy has been re-
cently employed to correct molecular aberrations induced 
by surgical trauma in a regulated manner during the 
period of  remesothelialization. Postoperative peritoneal 
adhesion is an attractive target for gene therapy because 
of  several inherent biological features. The disease is 
localized to the site of  peritoneal trauma and develops 
over a short period of  time, extending for the first few 
days following surgical trauma. These characteristics lend 
themselves perfectly to gene therapy using non-integrat-
ing vectors. The vector can be applied locally following 
completion of  the operation, and the short duration of  
gene expression would cover the period of  altered mo-
lecular aberrations (e.g., depressed tPA, elevated PAI-1, 
TGF-β1, HIF-1α, etc.) following surgery. Nevertheless, 
gene therapy for peritoneal adhesions is still in its infancy, 
with very few in vivo studies reported in the literature 
(Table 1).

Using different vectors, the five gene therapy studies 
reported in the literature were able to express therapeutic 
nucleic acids (transgenes or small interfering RNA) in the 
peritoneal tissues after intra-peritoneal administration in 
a rat adhesion model for at least seven days post-admin-
istration[31,101-104]. This duration of  expression is enough 

cological agent or gene therapy have all failed to achieve 
satisfactory results.

Surgical precautions
The general surgical precautions aiming at minimizing 
surgical trauma include meticulous surgical techniques, 
delicate purposeful tissue handling, achieving optimal he-
mostasis, minimizing the risk of  infection, and avoiding 
contaminants (e.g., fecal matter) and the use of  foreign 
materials (e.g., talcum powder) when possible[74,75]. How-
ever, these surgical techniques alone are not effective.

Physical barriers
Physical barriers work by separating surgically injured 
tissues during the initial postoperative time period while 
remesothelization is occurring, a process that is usually 
expected to take three to five days[74]. Currently, three 
barriers, Interceed® (Johnson and Johnson, Gynecare, 
Somerville, NJ), Seprafilm® (Genzyme, Cambridge, MA), 
and ADEPT® (Baxter, Deerfield, IL), are approved by the 
Food and Drug Administration (FDA) for clinical use in 
the United States[74]. Although barriers have shown some 
success[74,76], this experience is not universally confirmed[77]. 
In fact, the FDA warns surgeons that when Interceed is 
used laparoscopically, patients have more adhesions than 
patients in the control group[76]. In the United States, 
ADEPT is only approved for laparoscopic gynecological 
surgery, and is contraindicated for patients with infection 
or allergies to cornstarch, as well as procedures involving 
laparotomy incision, bowel resection, or appendectomy. 
If  used in these contraindicated procedures, patient may 
experience dehiscence, cutaneous fistula formation, anas-
tomotic failure, ileus, and/or peritonitis. Thus, application 
and adoption of  this product have been very limited[76]. 
Furthermore, the surgeon must predict the potential sites 
of  adhesion formation in order to determine the place-
ment site and to optimize barrier function[78].

Molecular therapy
A multitude of  pharmacological agents, including re-
combinant proteins and antibodies, have demonstrated 
moderate success in reducing adhesion formation in dif-
ferent experimental adhesion models. These agents are 
applied locally into the peritoneal cavity, and work by 
correcting aberrant molecular pathways operative dur-

Table 1  In vivo  adhesion prevention gene therapy studies

Ref. Vector/dose Nucleic acid Adhesion reduction (%)

Atta et al[101] Adenovirus, 5 × 107 pfu tPA gene 34
Guo et al[102] Plasmid, 100 mg, sonoporation Smad7 gene 37
Guo et al[103] Adenovirus Sphingosine kinase-1 gene 62
Segura et al[31] Polyethylenimine cationic polymer, 2-4 nmol siRNA HIF-1a 36 to 52

siRNA PAI-1
Liu et al[104] Adenovirus, 1 × 109 pfu HGF gene 56

tPA: Tissue plasminogen activator; siRNA: Small interfering RNA; HIF-1α: Hypoxia inducible factor-1α; PAI-1: Plasminogen activator inhibitors 1; HGF: 
Hepatocyte growth factor.
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to cover the time required for complete healing of  the 
mesothelial cell layer of  the peritoneum. The mechanism 
of  adhesion reduction differed among these studies. Two 
studies showed that an adenovirus encoding the genes 
of  hepatocyte growth factor (HGF) itself  or its down-
stream signaling molecule sphingosine kinase 1 (SK-1) 
could achieve adhesion reduction via a stimulatory effect 
on proliferation and migration of  mesothelial cells[103,104]. 
The altered tPA/PAI-1 balance occupies a central role 
in adhesion formation and two studies tackled this mo-
lecular imbalance. Atta et al[101] used an adenovirus vector 
encoding human tPA, while Segura et al[31] employed a 
cationic polymer containing siRNAs to PAI-1 and HIF-
1α to downregulate PAI-1, either directly or through its 
gene inducer, HIF-1α. The expression of  TGF-β1 was 
attenuated by overexpressing its down-stream Smad2/3 
natural inhibitor Smad7 using plasmid vector[102].

The moderate success in adhesion reduction in these 
gene therapy studies supports the concept that the multi-
factorial nature of  molecular aberration during adhesion 
formation should be collectively and simultaneously ad-
dressed for any therapeutic strategy to be effective. This 
concept does not contradict, but reinforces, the estab-
lished hypothesis of  the central role of  tPA reduction fol-
lowing surgical trauma in adhesion formation. In a recent 
study of  adhesion prevention from our laboratory using 
an adenovirus vector encoding human tPA, we verified 
that overexpression of  human tPA resulted in abrogation 
of  the elevated fibrogenic molecules PAI-1, TIMP-1, and 
TGF-β1. The study showed that the reduction of  these 
molecules depends on the concentration of  the expressed 
human tPA protein[101]. Further analysis showed that there 
are significant negative correlations (at 0.01 level, 2-tailed) 
between human tPA and either of  PAI-1 (Spearman’s r = 

-0.89), TIMP-1 (r = -0.73), TGF-β1 (r = -0.87), or adhe-
sion score (r = -0.87) (Figure 2).

Prospects
Gene therapy for the prevention of  peritoneal adhesions 
has not been fully explored. Two potential developments 
for safe and effective gene therapy studies for adhesion 
prevention include combinatorial gene therapy and vec-
tor modifications.

COMBINATORIAL GENE THERAPY
The multifactorial nature of  adhesion formation propos-
es that a combinatorial gene therapy would be more ef-
ficacious than a single gene therapy approach. For exam-
ple, this could include overexpression of  the fibrinolytic 
tPA gene together with downregulation of  fibrogenic 
genes, such as TGF-β1 and/or HIF-1α. Overexpres-
sion is achieved through delivery of  an exogenous gene, 
while downregulation is accomplished by the delivery of  
small interfering RNA (siRNA) molecules. Upon deliv-
ery, siRNAs complement with specific mRNAs resulting 
in their degradation, thus enabling the specific silencing 
of  a single gene at the cellular level. As discussed above, 
single gene overexpression or silencing was moderately 
successful in reducing experimental adhesions[31,101]. The 
synergistic effects from the combined fibrinolysis stimu-
lation and fibrogenesis inhibition, however, remain to be 
confirmed.

SAFE AND EFFICIENT VECTORS
Viral vectors
Delivery of  therapeutic nucleic acid molecules to target 
tissues is accomplished using either viral vectors or non-
viral carrier systems. Replication-deficient recombinant 
adenovirus vectors have become the most widely used 
viral vectors for in vivo gene transfer[101]. Adenovirus vec-
tors have many positive attributes, including their ability 
to provide efficient in vivo gene transfer to both dividing 
and non-dividing cells, their high in vivo stability, and their 
non integrating nature into the host genome. These mer-
its make adenoviral vectors suitable for proof-of-principle 
experimental studies. However, the clinical application of  
virus-mediated gene delivery in vivo is hampered by virus-
induced acute inflammation, which could be fatal, high 
immunogenicity, and low tissue specificity. The broad tro-
pism of  adenovirus allows the virus to infect many cell 
types and is responsible for virus dissemination to distant 
organs. Various modifications of  adenoviral vectors are 
underway to enhance the targeting of  adenoviral vectors 
towards adhesion fibroblasts, which will provide effective 
and safe methods for localized treatment of  postopera-
tive peritoneal adhesions. 

Nonviral vectors
Given the unresolved safety limitations of  viral vectors, 
significant research efforts have been directed towards 
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Figure 2  Correlation analysis was performed using two-tailed Spearmen 
rank correlation test between tPA with respect to PAI-1 (line A, marker 〇), 
TIMP-1 (line B, marker ◇), TGF-β1 (line C, marker ▽) or adhesion score 
(line D, marker □). Values of tPA, PAI-1, TIMP-1, and TGF-β1 concentration in 
adhesion tissues were logarithmically transformed to obtain a normal distribu-
tion before statistical analysis. There was significant negative correlations (P < 
0.01) between human tPA and either of PAI-1 (Spearman rank correlation coef-
ficient, r = -0.89), TIMP-1 (r = -0.73), TGF-β1 (r = -0.87), or adhesion score (r = 
-0.87). tPA: Tissue plasminogen activator; PAI-1: Plasminogen activator inhibi-
tors 1; TIMP: Tissue inhibitors of MMP; TGF-β1: Transforming growth factor-β.
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the development of  non-viral (plasmid-based) delivery 
systems. Plasmids are extrachromosomal genetic elements 
able to replicate autonomously and to be maintained in 
a host cell. Plasmids, the most basic forms of  non-viral 
gene therapy, carry two main units: a eukaryotic transcrip-
tion cassette and the bacterial amplification unit (Figure 
3). The first bears genetic elements intended for gene 
expression in mammalian (eukaryotic) cells, such as the 
enhancer/promoter sequences for gene expression; 5′ 
untranslated region (5′ UTR), the gene of  interest and 
polyadenylation (polyA) sequence. The bacterial amplifica-
tion unit commonly contains an origin for plasmid DNA 
replication (ori) in bacteria and, generally, an antibiotic 
resistance selection marker[105]. Plasmids do not enter cells 
efficiently because of  their large size, hydrophilic nature 
(due to negatively charged phosphate groups), and their 
susceptibility to nuclease-mediated degradation. Plasmid 
DNA and siRNA are stable for only 0.5 and 2 h, respec-
tively in human serum[106]. Plasmids can be delivered to 
cells either naked (carrier-free) by direct injection, electro-
poration, ultrasound etc., or complexed with cationic lipids 
(lipoplexes), cationic polymers (polyplexes), peptides or 
inorganic nanoparticles[107]. Two promising recent modifi-
cations of  plasmid vectors, minicircles and CpG-depleted 
vectors, are briefly discussed below. Evaluating the rapid 
progress in the field of  cationic liposomes and polymers 
is, however, beyond the scope of  this brief  review, and the 
reader is referred to excellent recent reviews[107,108].

Minicircle vectors
Limitations of  conventional DNA plasmid vectors are re-
lated to their size (> 3 kb). Moreover, bacterial sequences 
contain immunotoxic cytidine-phosphate-guanosine 
(CpG) dinucleotides motifs, which are approximately four 
times more prevalent in bacterial than mammalian DNA. 
Bacterial CpG dinucleotides have been identified to be 
major contributors to the low and short-lived transgene 
expression (transgene silencing) in vertebrates after non-
viral gene delivery. These bacterial sequences can also 
interfere with short hairpin RNA (shRNA, precursor 
of  siRNA) expression[106,109]. To overcome these limita-

tions, highly safe and efficient vector systems for gene 
transfer in eukaryotic cells called minivectors (minicircles) 
were developed[110]. Minicircles are supercoiled minimal 
expression cassettes, derived from conventional plasmid 
DNA by site-specific recombination in vivo in Escherichia 
coli. As a result, two well-defined circular molecules are 
generated from the parent conventional plasmid, termed 
minicircle (mammalian expression cassette) and miniplas-
mid (bacterial backbone elements). Further purification 
of  the minicircle renders it therapeutically applicable[105]. 
Thus, minicircle DNA lacks the bacterial backbone se-
quence consisting of  an antibiotic resistance gene and an 
origin of  replication. Minicircle DNA is low in immuno-
genicity due to its lower content of  bacterial unmethylated 
CpG dinucleotides. In addition to their improved safety 
profile, minicircles have been shown to greatly increase 
the efficiency of  transgene expression in various in vitro 
and in vivo studies, compared to the conventional plasmid 
with the same transgene expression cassette. It has been 
reported that a minivector incorporating short hairpin 
RNA efficiently transfected adhesion fibroblasts and was 
shown to be stable in human serum for > 48 h[107].

CpG-depleted vectors
Bacterial DNA is rich in unmethylated CpG dinucleo-
tides, in contrast to mammalian DNA, which contains 
a low frequency of  CpG dinucleotide, which are mostly 
methylated. Recognition of  unmethylated CpGs present 
in the bacterial backbone could trigger an innate immune 
response following detection in the endosome by toll-
like receptor 9 (TLR9)[109] and initiate a signaling cascade, 
leading to the production of  proinflammatory cytokines. 
As plasmids used in in vivo gene therapy studies are pro-
duced in Escherichia coli (E. coli), their CpGs are unmethyl-
ated and induce immune responses through this host de-
fense mechanism. Recently, plasmids that are completely 
devoid of  CpG dinucleotides have been developed. 
These plasmids yield high levels of  transgene expression 
both in vitro and in vivo, and, in contrast to CMV-based 
plasmids, allow sustained expression in vivo[111,112]. In these 
CpG-free plasmids, all elements required for replication 
and selection of  the plasmid in E. coli and for gene ex-
pression in mammalian cells (e.g., promoter, polyadenyl-
ation signal, reporter gene, etc.) either naturally lack CpG 
dinucleotides, were modified to remove all CpGs, or are 
entirely synthesized.

CONCLUSION
Gene therapy for the prevention of  postoperative perito-
neal adhesions is still in its infancy. The potential applica-
tions of  this strategy have not been fully explored. The 
recent explosive progress in advanced nonviral gene de-
livery systems, coupled with the newly developed less im-
munogenic and more efficient expression plasmids, will 
undoubtedly accelerate research studies in gene therapy 
for peritoneal adhesions.

Enhancer Promoter

5’ UTR

An
tib

iot
ic 

re
sis

ta
nc

e 
ge

ne

O
ri

PolyA

Tr
an

sg
en

e
Figure 3  Skeleton of a conventional plasmid. Ori: Origin of replication. 

Atta HM. Gene therapy for peritoneal adhesions



5055 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

REFERENCES
1	 Parker MC, Wilson MS, van Goor H, Moran BJ, Jeekel J, 

Duron JJ, Menzies D, Wexner SD, Ellis H. Adhesions and 
colorectal surgery - call for action. Colorectal Dis 2007; 9 
Suppl 2: 66-72

2	 Liakakos T, Thomakos N, Fine PM, Dervenis C, Young RL. 
Peritoneal adhesions: etiology, pathophysiology, and clini-
cal significance. Recent advances in prevention and man-
agement. Dig Surg 2001; 18: 260-273 

3	 Cheong YC, Laird SM, Li TC, Shelton JB, Ledger WL, Cooke 
ID. Peritoneal healing and adhesion formation/reformation. 
Hum Reprod Update 2001; 7: 556-566 

4	 Gutt CN, Oniu T, Schemmer P, Mehrabi A, Büchler MW. 
Fewer adhesions induced by laparoscopic surgery? Surg En-
dosc 2004; 18: 898-906 

5	 Krähenbühl L, Schäfer M, Kuzinkovas V, Renzulli P, Baer 
HU, Büchler MW. Experimental study of adhesion forma-
tion in open and laparoscopic fundoplication. Br J Surg 1998; 
85: 826-830 

6	 Garrard CL, Clements RH, Nanney L, Davidson JM, Rich-
ards WO. Adhesion formation is reduced after laparoscopic 
surgery. Surg Endosc 1999; 13: 10-13 

7	 Polymeneas G, Theodosopoulos T, Stamatiadis A, Kourias 
E. A comparative study of postoperative adhesion forma-
tion after laparoscopic vs open cholecystectomy. Surg En-
dosc 2001; 15: 41-43 

8	 Molinaro F, Kaselas C, Lacreuse I, Moog R, Becmeur F. 
Postoperative intestinal obstruction after laparoscopic ver-
sus open surgery in the pediatric population: A 15-year 
review. Eur J Pediatr Surg 2009; 19: 160-162 

9	 Diamond MP, Freeman ML. Clinical implications of post-
surgical adhesions. Hum Reprod Update 2001; 7: 567-576  

10	 Dijkstra FR, Nieuwenhuijzen M, Reijnen MM, van Goor H. 
Recent clinical developments in pathophysiology, epide-
miology, diagnosis and treatment of intra-abdominal adhe-
sions. Scand J Gastroenterol Suppl 2000; 52-59 

11	 Al-Jaroudi D, Tulandi T. Adhesion prevention in gyneco-
logic surgery. Obstet Gynecol Surv 2004; 59: 360-367 

12	 Alpay Z, Saed GM, Diamond MP. Female infertility and 
free radicals: potential role in adhesions and endometriosis. 
J Soc Gynecol Investig 2006; 13: 390-398  

13	 Trimbos-Kemper TC, Trimbos JB, van Hall EV. Adhesion 
formation after tubal surgery: results of the eighth-day lapa-
roscopy in 188 patients. Fertil Steril 1985; 43: 395-400

14	 Kresch AJ, Seifer DB, Sachs LB, Barrese I. Laparoscopy in 
100 women with chronic pelvic pain. Obstet Gynecol 1984; 
64: 672-674 

15	 Sutton C, MacDonald R. Laser laparoscopic adhesiolysis. J 
Gynecol Surg 1990; 6: 155-159 

16	 Ellis H, Moran BJ, Thompson JN, Parker MC, Wilson MS, 
Menzies D, McGuire A, Lower AM, Hawthorn RJ, O’Brien F, 
Buchan S, Crowe AM. Adhesion-related hospital readmis-
sions after abdominal and pelvic surgery: a retrospective 
cohort study. Lancet 1999; 353: 1476-1480 

17	 McEntee G, Pender D, Mulvin D, McCullough M, Naeeder 
S, Farah S, Badurdeen MS, Ferraro V, Cham C, Gillham N. 
Current spectrum of intestinal obstruction. Br J Surg 1987; 
74: 976-980  

18	 Ray NF, Larsen JW, Stillman RJ, Jacobs RJ. Economic impact 
of hospitalizations for lower abdominal adhesiolysis in the 
United States in 1988. Surg Gynecol Obstet 1993; 176: 271-276  

19	 Ray NF, Denton WG, Thamer M, Henderson SC, Perry S. 
Abdominal adhesiolysis: inpatient care and expenditures in 
the United States in 1994. J Am Coll Surg 1998; 186: 1-9 

20	 Ellis H, Crowe A. Medico-legal consequences of post-oper-
ative intra-abdominal adhesions. Int J Surg 2009; 7: 187-191  

21	 Wiseman DM, Trout JR, Diamond MP. The rates of adhe-

sion development and the effects of crystalloid solutions on 
adhesion development in pelvic surgery. Fertil Steril 1998; 
70: 702-711 

22	 Raftery AT. Regeneration of parietal and visceral perito-
neum: an electron microscopical study. J Anat 1973; 115: 
375-392  

23	 diZerega GS, Campeau JD. Peritoneal repair and post-
surgical adhesion formation. Hum Reprod Update 2001; 7: 
547-555  

24	 Alpay Z, Saed GM, Diamond MP. Postoperative adhesions: 
from formation to prevention. Semin Reprod Med 2008; 26: 
313-321 

25	 Holmdahl L, Eriksson E, Eriksson BI, Risberg B. Depres-
sion of peritoneal fibrinolysis during operation is a local 
response to trauma. Surgery 1998; 123: 539-544 

26	 Ivarsson ML, Bergström M, Eriksson E, Risberg B, Holm-
dahl L. Tissue markers as predictors of postoperative adhe-
sions. Br J Surg 1998; 85: 1549-1554 

27	 Holmdahl L, Kotseos K, Bergström M, Falk P, Ivarsson ML, 
Chegini N. Overproduction of transforming growth factor-
beta1 (TGF-beta1) is associated with adhesion formation 
and peritoneal fibrinolytic impairment. Surgery 2001; 129: 
626-632 

28	 Chegini N, Kotseos K, Zhao Y, Bennett B, McLean FW, 
Diamond MP, Holmdahl L, Burns J. Differential expression 
of TGF-beta1 and TGF-beta3 in serosal tissues of human in-
traperitoneal organs and peritoneal adhesions. Hum Reprod 
2001; 16: 1291-1300  

29	 Cheong YC, Shelton JB, Laird SM, Li TC, Ledger WL, Cooke 
ID. Peritoneal fluid concentrations of matrix metalloprotein-
ase-9, tissue inhibitor of metalloproteinase-1, and transform-
ing growth factor-beta in women with pelvic adhesions. 
Fertil Steril 2003; 79: 1168-1175  

30	 Molinas CR, Campo R, Elkelani OA, Binda MM, Carmeliet 
P, Koninckx PR. Role of hypoxia inducible factors 1alpha 
and 2alpha in basal adhesion formation and in carbon diox-
ide pneumoperitoneum-enhanced adhesion formation after 
laparoscopic surgery in transgenic mice. Fertil Steril 2003; 80 
Suppl 2: 795-802 

31	 Segura T, Schmokel H, Hubbell JA. RNA interference tar-
geting hypoxia inducible factor 1alpha reduces post-opera-
tive adhesions in rats. J Surg Res 2007; 141: 162-170 

32	 Cahill RA, Wang JH, Soohkai S, Redmond HP. Mast cells 
facilitate local VEGF release as an early event in the patho-
genesis of postoperative peritoneal adhesions. Surgery 2006; 
140: 108-112 

33	 Thompson JN, Paterson-Brown S, Harbourne T, Whawell 
SA, Kalodiki E, Dudley HA. Reduced human peritoneal 
plasminogen activating activity: possible mechanism of ad-
hesion formation. Br J Surg 1989; 76: 382-384 

34	 Holmdahl L, Falkenberg M, Ivarsson ML, Risberg B. Plas-
minogen activators and inhibitors in peritoneal tissue. AP-
MIS 1997; 105: 25-30 

35	 Holmdahl L, Eriksson E, al-Jabreen M, Risberg B. Fibrino-
lysis in human peritoneum during operation. Surgery 1996; 
119: 701-705 

36	 Scott-Coombes D, Whawell S, Vipond MN, Thompson J. 
Human intraperitoneal fibrinolytic response to elective sur-
gery. Br J Surg 1995; 82: 414-417 

37	 Sulaiman H, Dawson L, Laurent GJ, Bellingan GJ, Herrick 
SE. Role of plasminogen activators in peritoneal adhesion 
formation. Biochem Soc Trans 2002; 30: 126-131 

38	 Rout UK, Diamond MP. Role of plasminogen activators 
during healing after uterine serosal lesioning in the rat. Fer-
til Steril 2003; 79: 138-145  

39	 Brokelman WJ, Holmdahl L, Janssen IM, Falk P, Bergström 
M, Klinkenbijl JH, Reijnen MM. Decreased peritoneal tissue 
plasminogen activator during prolonged laparoscopic sur-

Atta HM. Gene therapy for peritoneal adhesions



5056 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

gery. J Surg Res 2009; 151: 89-93 
40	 Molinas CR, Elkelani O, Campo R, Luttun A, Carmeliet P, 

Koninckx PR. Role of the plasminogen system in basal ad-
hesion formation and carbon dioxide pneumoperitoneum-
enhanced adhesion formation after laparoscopic surgery in 
transgenic mice. Fertil Steril 2003; 80: 184-192 

41	 Chegini N, Kotseos K, Bennett B, Diamond MP, Holmdahl 
L, Burns J. Matrix metalloproteinase (MMP-1) and tissue in-
hibitor of MMP in peritoneal fluids and sera and correlation 
with peritoneal adhesions. Fertil Steril 2001; 76: 1207-1211  

42	 Martin J, Yung S, Robson RL, Steadman R, Davies M. Pro-
duction and regulation of matrix metalloproteinases and 
their inhibitors by human peritoneal mesothelial cells. Perit 
Dial Int 2000; 20: 524-533  

43	 Chegini N, Kotseos K, Zhao Y, Ma C, McLean F, Diamond 
MP, Holmdahl L, Burns J. Expression of matrix metallo-
proteinase (MMP-1) and tissue inhibitor of MMP in serosal 
tissue of intraperitoneal organs and adhesions. Fertil Steril 
2001; 76: 1212-1219 

44	 Haney AF. Identification of macrophages at the site of peri-
toneal injury: evidence supporting a direct role for peritone-
al macrophages in healing injured peritoneum. Fertil Steril 
2000; 73: 988-995 

45	 Gorvy DA, Herrick SE, Shah M, Ferguson MW. Experimen-
tal manipulation of transforming growth factor-beta iso-
forms significantly affects adhesion formation in a murine 
surgical model. Am J Pathol 2005; 167: 1005-1019  

46	 Whawell SA, Thompson JN. Cytokine-induced release of 
plasminogen activator inhibitor-1 by human mesothelial 
cells. Eur J Surg 1995; 161: 315-318 

47	 Chegini N, Rong H, Bennett B, Stone IK. Peritoneal fluid 
cytokine and eicosanoid levels and their relation to the inci-
dence of peritoneal adhesion. J Soc Gynecol Investig 1999; 6: 
153-157 

48	 Ghellai AM, Stucchi AF, Chegini N, Ma C, Andry CD, Kas-
eta JM, Burns JW, Skinner KC, Becker JM. Role of transform-
ing growth factor beta-1 in peritonitis-induced adhesions. J 
Gastrointest Surg 2000; 4: 316-323  

49	 Falk P, Ma C, Chegini N, Holmdahl L. Differential regula-
tion of mesothelial cell fibrinolysis by transforming growth 
factor beta 1. Scand J Clin Lab Invest 2000; 60: 439-447

50	 Tietze L, Elbrecht A, Schauerte C, Klosterhalfen B, Amo-
Takyi B, Gehlen J, Winkeltau G, Mittermayer C, Handt S. 
Modulation of pro- and antifibrinolytic properties of human 
peritoneal mesothelial cells by transforming growth factor 
beta1 (TGF-beta1), tumor necrosis factor alpha (TNF-alpha) 
and interleukin 1beta (IL-1beta). Thromb Haemost 1998; 79: 
362-370  

51	 Williams RS, Rossi AM, Chegini N, Schultz G. Effect of 
transforming growth factor beta on postoperative adhesion 
formation and intact peritoneum. J Surg Res 1992; 52: 65-70 

52	 Lucas PA, Warejcka DJ, Young HE, Lee BY. Formation of 
abdominal adhesions is inhibited by antibodies to trans-
forming growth factor-beta1. J Surg Res 1996; 65: 135-138  

53	 Freeman ML, Saed GM, Elhammady EF, Diamond MP. Ex-
pression of transforming growth factor beta isoform mRNA 
in injured peritoneum that healed with adhesions and 
without adhesions and in uninjured peritoneum. Fertil Steril 
2003; 80 Suppl 2: 708-713 

54	 Saed GM, Zhang W, Chegini N, Holmdahl L, Diamond 
MP. Alteration of type I and III collagen expression in hu-
man peritoneal mesothelial cells in response to hypoxia and 
transforming growth factor-beta1. Wound Repair Regen 1999; 
7: 504-510 

55	 Saed GM, Zhang W, Diamond MP. Molecular characteriza-
tion of fibroblasts isolated from human peritoneum and 
adhesions. Fertil Steril 2001; 75: 763-768

56	 Ma C, Tarnuzzer RW, Chegini N. Expression of matrix 
metalloproteinases and tissue inhibitor of matrix metal-

loproteinases in mesothelial cells and their regulation by 
transforming growth factor-beta1. Wound Repair Regen 1999; 
7: 477-485 

57	 Chegini N. The role of growth factors in peritoneal heal-
ing: transforming growth factor beta (TGF-beta). Eur J Surg 
Suppl 1997; 17-23 

58	 Bourdel N, Matsuzaki S, Bazin JE, Pouly JL, Mage G, Canis 
M. Peritoneal tissue-oxygen tension during a carbon di-
oxide pneumoperitoneum in a mouse laparoscopic model 
with controlled respiratory support. Hum Reprod 2007; 22: 
1149-1155 

59	 Molinas CR, Mynbaev O, Pauwels A, Novak P, Koninckx 
PR. Peritoneal mesothelial hypoxia during pneumoperito-
neum is a cofactor in adhesion formation in a laparoscopic 
mouse model. Fertil Steril 2001; 76: 560-567 

60	 Saed GM, Galijasevic S, Diamond MP, Abu-Soud HM. 
Measurement of oxygen and nitric oxide levels in vitro and 
in vivo: relationship to postoperative adhesions. Fertil Steril 
2005; 84: 235-238  

61	 Matsuzaki S, Canis M, Bazin JE, Darcha C, Pouly JL, Mage 
G. Effects of supplemental perioperative oxygen on post-
operative abdominal wound adhesions in a mouse laparoto-
my model with controlled respiratory support. Hum Reprod 
2007; 22: 2702-2706  

62	 Saed GM, Diamond MP. Modulation of the expression of 
tissue plasminogen activator and its inhibitor by hypoxia in 
human peritoneal and adhesion fibroblasts. Fertil Steril 2003; 
79: 164-168 

63	 Kietzmann T, Samoylenko A, Roth U, Jungermann K. 
Hypoxia-inducible factor-1 and hypoxia response elements 
mediate the induction of plasminogen activator inhibitor-1 
gene expression by insulin in primary rat hepatocytes. Blood 
2003; 101: 907-914  

64	 Saed GM, Zhang W, Chegini N, Holmdahl L, Diamond 
MP. Transforming growth factor beta isoforms production 
by human peritoneal mesothelial cells after exposure to hy-
poxia. Am J Reprod Immunol 2000; 43: 285-291 

65	 Saed GM, Diamond MP. Hypoxia-induced irreversible up-
regulation of type I collagen and transforming growth fac-
tor-beta1 in human peritoneal fibroblasts. Fertil Steril 2002; 
78: 144-147 

66	 Fletcher NM, Jiang ZL, Diamond MP, Abu-Soud HM, Saed 
GM. Hypoxia-generated superoxide induces the develop-
ment of the adhesion phenotype. Free Radic Biol Med 2008; 
45: 530-536  

67	 Saed GM, Diamond MP. Apoptosis and proliferation of 
human peritoneal fibroblasts in response to hypoxia. Fertil 
Steril 2002; 78: 137-143 

68	 Diamond MP, El-Hammady E, Munkarah A, Bieber EJ, 
Saed G. Modulation of the expression of vascular endothe-
lial growth factor in human fibroblasts. Fertil Steril 2005; 83: 
405-409  

69	 Wiczyk HP, Grow DR, Adams LA, O’Shea DL, Reece MT. 
Pelvic adhesions contain sex steroid receptors and produce 
angiogenesis growth factors. Fertil Steril 1998; 69: 511-516  

70	 Molinas CR, Campo R, Dewerchin M, Eriksson U, Carme-
liet P, Koninckx PR. Role of vascular endothelial growth 
factor and placental growth factor in basal adhesion forma-
tion and in carbon dioxide pneumoperitoneum-enhanced 
adhesion formation after laparoscopic surgery in transgenic 
mice. Fertil Steril 2003; 80 Suppl 2: 803-811 

71	 Epstein JC, Wilson MS, Wilkosz S, Ireland G, O’Dwyer ST, 
Herrick SE. Human peritoneal adhesions show evidence of 
tissue remodeling and markers of angiogenesis. Dis Colon 
Rectum 2006; 49: 1885-1892 

72	 Szeto CC, Lai KB, Chow KM, Szeto CY, Wong TY, Li PK. 
Differential effects of transforming growth factor-beta on 
the synthesis of connective tissue growth factor and vascu-
lar endothelial growth factor by peritoneal mesothelial cell. 

Atta HM. Gene therapy for peritoneal adhesions



5057 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

Nephron Exp Nephrol 2005; 99: e95-e104 
73	 Xiao L, Sun L, Liu FY, Peng YM, Duan SB. Connective tissue 

growth factor knockdown attenuated matrix protein pro-
duction and vascular endothelial growth factor expression 
induced by transforming growth factor-beta1 in cultured 
human peritoneal mesothelial cells. Ther Apher Dial 2010; 14: 
27-34

74	 Diamond MP, Wexner SD, diZereg GS, Korell M, Zmora 
O, Van Goor H, Kamar M. Adhesion prevention and reduc-
tion: current status and future recommendations of a multi-
national interdisciplinary consensus conference. Surg Innov 
2010; 17: 183-188 

75	 Robertson D, Lefebvre G, Leyland N, Wolfman W, Allaire 
C, Awadalla A, Best C, Contestabile E, Dunn S, Heywood 
M, Leroux N, Potestio F, Rittenberg D, Senikas V, Soucy R, 
Singh S. Adhesion prevention in gynaecological surgery. J 
Obstet Gynaecol Can 2010; 32: 598-608 

76	 Ward BC, Panitch A. Abdominal adhesions: current and 
novel therapies. J Surg Res 2011; 165: 91-111 

77	 Wallwiener D, Meyer A, Bastert G. Adhesion formation of 
the parietal and visceral peritoneum: an explanation for the 
controversy on the use of autologous and alloplastic barri-
ers? Fertil Steril 1998; 69: 132-137  

78	 Cohen Z, Senagore AJ, Dayton MT, Koruda MJ, Beck DE, 
Wolff BG, Fleshner PR, Thirlby RC, Ludwig KA, Larach 
SW, Weiss EG, Bauer JJ, Holmdahl L. Prevention of postop-
erative abdominal adhesions by a novel, glycerol/sodium 
hyaluronate/carboxymethylcellulose-based bioresorbable 
membrane: a prospective, randomized, evaluator-blinded 
multicenter study. Dis Colon Rectum 2005; 48: 1130-1139  

79	 Buckenmaier CC, Summers MA, Hetz SP. Effect of the an-
tiadhesive treatments, carboxymethylcellulose combined 
with recombinant tissue plasminogen activator and Sepra-
film, on bowel anastomosis in the rat. Am Surg 2000; 66: 
1041-1045  

80	 Doody KJ, Dunn RC, Buttram VC. Recombinant tissue plas-
minogen activator reduces adhesion formation in a rabbit 
uterine horn model. Fertil Steril 1989; 51: 509-512 

81	 Dörr PJ, Vemer HM, Brommer EJ, Willemsen WN, Veldhui-
zen RW, Rolland R. Prevention of postoperative adhesions 
by tissue-type plasminogen activator (t-PA) in the rabbit. 
Eur J Obstet Gynecol Reprod Biol 1990; 37: 287-291 

82	 Dunn RC, Buttram VC. Tissue-type plasminogen activator 
as an adjuvant for post surgical adhesions. Prog Clin Biol Res 
1990; 358: 113-118 

83	 Dunn RC, Steinleitner AJ, Lambert H. Synergistic effect of 
intraperitoneally administered calcium channel blockade 
and recombinant tissue plasminogen activator to prevent 
adhesion formation in an animal model. Am J Obstet Gynecol 
1991; 164: 1327-1330 

84	 Evans DM, McAree K, Guyton DP, Hawkins N, Stakleff K. 
Dose dependency and wound healing aspects of the use 
of tissue plasminogen activator in the prevention of intra-
abdominal adhesions. Am J Surg 1993; 165: 229-232 

85	 Gehlbach DL, O’Hair KC, Parks AL, Rosa C. Combined 
effects of tissue plasminogen activator and carboxymeth-
ylcellulose on adhesion reformation in rabbits. Int J Fertil 
Menopausal Stud 1994; 39: 172-176 

86	 Lai HS, Chen Y, Chang KJ, Chen WJ. Tissue plasminogen 
activator reduces intraperitoneal adhesion after intestinal 
resection in rats. J Formos Med Assoc 1998; 97: 323-327 

87	 Menzies D, Ellis H. Intra-abdominal adhesions and their 
prevention by topical tissue plasminogen activator. J R Soc 
Med 1989; 82: 534-535 

88	 Montz FJ, Fowler JM, Wolff AJ, Lacey SM, Mohler M. The 
ability of recombinant tissue plasminogen activator to inhib-
it post-radical pelvic surgery adhesions in the dog model. 
Am J Obstet Gynecol 1991; 165: 1539-1542 

89	 Orita H, Fukasawa M, Girgis W, diZerega GS. Inhibition 

of postsurgical adhesions in a standardized rabbit model: 
intraperitoneal treatment with tissue plasminogen activator. 
Int J Fertil 1991; 36: 172-177  

90	 Vipond MN, Whawell SA, Scott-Coombes DM, Thompson 
JN, Dudley HA. Experimental adhesion prophylaxis with 
recombinant tissue plasminogen activator. Ann R Coll Surg 
Engl 1994; 76: 412-415  

91	 Yeo Y, Bellas E, Highley CB, Langer R, Kohane DS. Peri-
toneal adhesion prevention with an in situ cross-linkable 
hyaluronan gel containing tissue-type plasminogen activa-
tor in a rabbit repeated-injury model. Biomaterials 2007; 28: 
3704-3713  

92	 Hellebrekers BW, Trimbos-Kemper TC, Trimbos JB, Emeis 
JJ, Kooistra T. Use of fibrinolytic agents in the prevention 
of postoperative adhesion formation. Fertil Steril 2000; 74: 
203-212

93	 Menzies D, Ellis H. The role of plasminogen activator in 
adhesion prevention. Surg Gynecol Obstet 1991; 172: 362-366  

94	 Falk K, Björquist P, Strömqvist M, Holmdahl L. Reduc-
tion of experimental adhesion formation by inhibition of 
plasminogen activator inhibitor type 1. Br J Surg 2001; 88: 
286-289 

95	 Zhang Z, Garron TM, Li XJ, Liu Y, Zhang X, Li YY, Xu WS. 
Recombinant human decorin inhibits TGF-beta1-induced 
contraction of collagen lattice by hypertrophic scar fibro-
blasts. Burns 2009; 35: 527-537 

96	 Kaidi AA, Nazzal M, Gurchumelidze T, Ali MA, Dawe EJ, 
Silva YJ. Preoperative administration of antibodies against 
tumor necrosis factor-alpha (TNF-alpha) and interleukin-1 
(IL-1) and their impact on peritoneal adhesion formation. 
Am Surg 1995; 61: 569-572 

97	 Saba AA, Kaidi AA, Godziachvili V, Dombi GW, Dawe EJ, 
Libcke JH, Silva YJ. Effects of interleukin-6 and its neutraliz-
ing antibodies on peritoneal adhesion formation and wound 
healing. Am Surg 1996; 62: 569-572 

98	 Ignjatovic D, Aasland K, Pettersen M, Sund S, Chen Y, Spa-
sojevic M, Nesgaard JM. Intra-abdominal administration of 
bevacizumab diminishes intra-peritoneal adhesions. Am J 
Surg 2010; 200: 270-275 

99	 Saltzman AK, Olson TA, Mohanraj D, Carson LF, Ramak-
rishnan S. Prevention of postoperative adhesions by an an-
tibody to vascular permeability factor/vascular endothelial 
growth factor in a murine model. Am J Obstet Gynecol 1996; 
174: 1502-1506 

100	 Hellebrekers BW, Trimbos-Kemper TC, Boesten L, Jansen 
FW, Kolkman W, Trimbos JB, Press RR, van Poelgeest MI, 
Emeis SJ, Kooistra T. Preoperative predictors of postsurgical 
adhesion formation and the Prevention of Adhesions with 
Plasminogen Activator (PAPA-study): results of a clinical 
pilot study. Fertil Steril 2009; 91: 1204-1214  

101	 Atta HM, Al-Hendy A, El-Rehany MA, Dewerchin M, 
Abdel Raheim SR, Abdel Ghany H, Fouad R. Adenovirus-
mediated overexpression of human tissue plasminogen ac-
tivator prevents peritoneal adhesion formation/reformation 
in rats. Surgery 2009; 146: 12-17 

102	 Guo H, Leung JC, Cheung JS, Chan LY, Wu EX, Lai KN. 
Non-viral Smad7 gene delivery and attenuation of postop-
erative peritoneal adhesion in an experimental model. Br J 
Surg 2009; 96: 1323-1335 

103	 Guo Q, Li QF, Liu HJ, Li R, Wu CT, Wang LS. Sphingosine 
kinase 1 gene transfer reduces postoperative peritoneal ad-
hesion in an experimental model. Br J Surg 2008; 95: 252-258  

104	 Liu HJ, Wu CT, Duan HF, Wu B, Lu ZZ, Wang L. Adenovi-
ral-mediated gene expression of hepatocyte growth factor 
prevents postoperative peritoneal adhesion in a rat model. 
Surgery 2006; 140: 441-447 

105	 Rodríguez EG. Nonviral DNA vectors for immunization 
and therapy: design and methods for their obtention. J Mol 
Med (Berl) 2004; 82: 500-509 

Atta HM. Gene therapy for peritoneal adhesions



5058 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

106	 Zhao N, Fogg JM, Zechiedrich L, Zu Y. Transfection of 
shRNA-encoding Minivector DNA of a few hundred base 
pairs to regulate gene expression in lymphoma cells. Gene 
Ther 2011; 18: 220-224 

107	 Al-Dosari MS, Gao X. Nonviral gene delivery: principle, 
limitations, and recent progress. AAPS J 2009; 11: 671-681  

108	 Morille M, Passirani C, Vonarbourg A, Clavreul A, Benoit 
JP. Progress in developing cationic vectors for non-viral 
systemic gene therapy against cancer. Biomaterials 2000; 29: 
3477-3496 

109	 Gill DR, Pringle IA, Hyde SC. Progress and prospects: the 
design and production of plasmid vectors. Gene Ther 2009; 
16: 165-171

110	 Mayrhofer P, Schleef M, Jechlinger W. Use of minicircle 
plasmids for gene therapy. Methods Mol Biol 2009; 542: 
87-104 

111	 Hattori K, Nishikawa M, Watcharanurak K, Ikoma A, Ka-
bashima K, Toyota H, Takahashi Y, Takahashi R, Watanabe 
Y, Takakura Y. Sustained exogenous expression of thera-
peutic levels of IFN-gamma ameliorates atopic dermatitis 
in NC/Nga mice via Th1 polarization. J Immunol 2010; 184: 
2729-2735 

112	 Lesina E, Dames P, Rudolph C. The effect of CpG motifs on 
gene expression and clearance kinetics of aerosol adminis-
tered polyethylenimine (PEI)-plasmid DNA complexes in 
the lung. J Control Release 2010; 143: 243-250  

S- Editor  Sun H    L- Editor  Stewart GJ    E- Editor  Zhang DN

Atta HM. Gene therapy for peritoneal adhesions



Role of (18F) 2-fluoro-2-deoxyglucose positron emission 
tomography in upper gastrointestinal malignancies

Elizabeth C Smyth, Manish A Shah

Elizabeth C Smyth, Manish A Shah, Department of Gastrointes-
tinal Oncology, Weill Cornell Medical College, Memorial Sloan-
Kettering Cancer Center, New York, NY 10065, United States
Manish A Shah, Department of Gastrointestinal Oncology, Weill 
Cornell Medical College, New York-Presbyterian Hospital, New 
York, NY 10065, United States
Author contributions: Smyth EC and Shah MA contributed 
equally to this paper.
Correspondence to: Manish A Shah, MD, Director, Depart-
ment of Gastrointestinal Oncology, Weill Cornell Medical Col-
lege, New York-Presbyterian Hospital, 1305 York Avenue, New 
York, NY 10065, United States. manish.a.shah.md@gmail.com
Telephone: +1-646-9622547  Fax: +1-646-9621607
Received: February 13, 2011  Revised: June 9, 2011
Accepted: June 16, 2011
Published online: December 14, 2011 

Abstract
The role of whole-body FDG [(18F) 2-fluoro-2-deoxy-
glucose] positron emission tomography (PET) scan-
ning as an imaging modality in the management of 
patients with malignancy has evolved enormously over 
the past two decades. FDG-PET has demonstrated 
significant efficacy in the staging, prognostication and 
detection of occult metastatic disease in malignancies 
of the gastrointestinal tract, in addition to assessment 
of the response to cytotoxic chemotherapy in a more 
timely manner than has traditionally been possible by 
more conventional imaging tools. The sensitivity and 
specificity of FDG-PET for the detection and staging of 
malignancy depend not only on the site and size of the 
primary tumor and metastases, but also on histologi-
cal cell type, reflecting underlying disparities in glucose 
metabolism. The metabolic response to neo-adjuvant 
chemotherapy or to chemo-radiotherapy in cancers of 
the gastro-esophageal junction or stomach has been 
demonstrated in several prospective studies to correlate 
significantly with both the histological tumor response 
to treatment and with consequent improvements in 
overall survival. This may offer a future paradigm of 

personalized treatment based on the PET response to 
chemotherapy. FDG-PET has been less successful in 
efforts to screen for and detect recurrent upper gastro-
intestinal malignancies, and in the detection of low vol-
ume metastatic peritoneal disease. Efforts to improve 
the accuracy of PET include the use of novel radiotrac-
ers such as (18F) FLT (3-deoxy-3-fluorothymidine) or 
11C-choline, or fusion PET-CT with concurrent high-res-
olution computed tomography. This review focuses on 
the role of FDG-PET scanning in staging and response 
assessment in malignancies of the upper gastrointesti-
nal tract, specifically gastric, esophageal and pancreas 
carcinoma. 
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INTRODUCTION
Whole-body positron emission tomography (PET) scan-
ning after the administration of  (18F) 2-fluoro-2-deoxy-
glucose (FDG) has emerged as a promising new imaging 
modality in the management of  patients with malignancy. 
The role of  FDG-PET scanning in upper gastrointestinal 
(GI) malignancies has evolved tremendously over the 
past two decades. Like most imaging modalities, FDG-
PET initially made its mark in staging for preoperative 
risk assessment, prognostication, and in evaluation of  
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distant metastatic disease. FDG-PET scanning has also 
improved our ability to identify occult metastatic disease 
in a number of  malignancies, including malignancies of  
the upper GI tract. When considering glucose uptake as a 
surrogate for metabolic activity, another important appli-
cation of  FDG-PET scanning is therapeutic response as-
sessment. Traditional computed tomography (CT) scanning 
has been the mainstay for assessment of  the effectiveness 
of  cytotoxic therapy in solid tumor oncology; however 
with the advent of  FDG-PET, it has been increasingly 
apparent that this new modality may also provide an as-
sessment of  the therapeutic effectiveness of  cytotoxic 
therapy, and possibly at an earlier time point.

This review focuses on the role of  FDG-PET scan-
ning in staging and therapeutic response assessment in 
malignancies of  the upper GI tract, specifically gastric 
and esophageal carcinoma. 

SCIENCE OF FDG-PET AND CHANGES IN 
FDG UPTAKE
FDG uptake is considered as a surrogate for the metabol-
ic activity of  a malignancy, specifically linked to glucose 
metabolism in malignant cells[1]. The role of  FDG-PET 
imaging, in fact, may be related to the Warburg effect-
the observation made by Otto Warburg in 1924 that 
suggested that cancer cells metabolize glucose differently 
from normal non-malignant cells[2]. Specifically, cancer 
cells tend to grow and metabolize nutrients independent 
of  growth factor stimulus, but not in the most efficient 
manner for ATP generation, but rather in a manner that 
would support the acquisition of  building blocks for con-
tinued, uncontrolled cell division and growth[2]. Central 
to this hypothesis is dysfunction of  the phosphoinosit-
ide 3-kinase signaling pathway, commonly identified as 
pathologic in a majority of  malignancies, and which is 
central to both growth control and glucose metabolism. 
A change in glucose metabolism, as identified by FDG-
PET serial imaging, may therefore uniquely predict sub-
sequent cell death[1]. 

Glucose uptake by malignant cells is largely mediated by 
the GLUT-1 transporter[3]. In a study of  60 patients with 
squamous cell carcinoma of  the esophagus, Hiyoshi et al[4] 
demonstrated that GLUT-1 expression was correlated 
with the depth of  tumor, lymph node metastasis and 
pathological stage, in addition to FDG avidity on PET im-
aging. Mu et al[5] correlated the standardized uptake value 
(SUV) with the expression of  GLUT-1 and the Ki-67 
proliferative marker, and found that with increasing clini-
cal stage and pathological dedifferentiation, the expression 
of  both markers increased concurrently, indicating an 
association with tumor aggressiveness. Tohma et al[6] dem-
onstrated that FDG uptake may have a more significant 
association with the intracellular enzyme hexokinase-2 ex-
pression than with GLUT-1 expression. In contrast, FDG 
uptake is not associated with cyclin D1, p53, epidermal 
growth factor receptor or vascular endothelial growth fac-
tor expression in esophageal tumors[7]. 

ESOPHAGEAL CARCINOMA
Role of PET in staging the depth of disease-esophageal 
carcinoma
Clinical significance of  T stage: Penetration of  the pri-
mary tumor through successive layers of  the walls of  the 
esophagus is described using the T stage of  the tumor. 
Deeper levels of  mucosal involvement are associated with 
a higher risk of  nodal and distant metastasis, and dimin-
ishing overall survival. The location of  the primary tumor 
within the esophagus has particular relevance to the drain-
ing lymph node stations for that area. Nodal metastasis 
beyond the locoregional nodes may render the patient 
unresectable as a result. Early cancers (T2 or less) may un-
dergo primary surgical resection. Those tumors with T3 
or greater depth of  penetration may undergo preoperative 
chemotherapy or chemoradiotherapy with a view to future 
resection, or definitive combined modality therapy. 

FDG-PET and T stage
In an initial study of  FDG-PET in the assessment of  
esophageal cancer by Flamen et al[8], FDG-PET detected 
70 out of  74 esophageal lesions. It failed to detect 4 small 
(< 8 mm) T1 lesions. This study demonstrated no correla-
tion between the SUV and the T stage. A retrospective se-
ries from Japan similarly demonstrated superior sensitivity 
of  PET for the detection of  T2 or greater disease; 25/25 
patients with T2 or greater tumors had FDG uptake, com-
pared to 0/7 with T1 tumors. Significant correlations with 
increased SUV uptake were seen with both the size of  the 
primary and with the depth of  tumor invasion[9]. 

In a prospective series of  81 patients who underwent 
surgery with no preoperative treatment, PET detected 
the primary lesion in 43% of  pT1 tumors. Sensitivity 
was significantly better for pT1b disease at 61%, com-
pared with 18% for pT1a. PET positivity increased with 
increasing levels of  tumor invasion, being 83% at T2, 
97% at T3 and 100% at T4[10]. Importantly, in another 
study examining patients with early stage tumors who un-
derwent primary surgical treatment, PET-CT could not 
distinguish between those with carcinoma in situ (Tis) vs 
those with T1 disease, with FDG uptake in 5/11 (45%) 
and 26/47 (55%) respectively. The investigators noted a 
trend towards both increased frequency of  FDG uptake 
and increased SUV with increasing depth of  invasion. 

It may be concluded from this data that PET, and 
indeed PET-CT, is an inadequate modality for assessing 
depth of  tumor penetration within the mucosal wall of  
the esophagus, and also that it cannot distinguish ad-
equately between carcinoma in situ and invasive disease. 
However, with increasing depth of  invasion, an FDG-
PET scan is increasingly likely to identify the malignancy. 

In addition, FDG avidity on FDG-PET scans should 
be taken in context due to the small but real rate of  false 
positive scans. Specifically, areas of  increased FDG up-
take within the esophagus may have an alternate cause 
such as chemotherapy or radiation-induced esophagitis, 
candida or other benign causes[11-14]. PET lacks the speci-
ficity to differentiate between these conditions, under-
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scoring the inadequacy of  this approach. Due to these 
factors, endoscopic ultrasound (EUS) is the preferred 
method for assessment of  the depth of  invasion of  the 
primary tumor through the wall of  the esophagus. This 
has been demonstrated in a meta-analysis of  49 stud-
ies to have a sensitivity of  81%-90% for T staging and a 
specificity of  99%[15]. EUS is limited by inability to pass 
through stenotic tumors in these cases, PET or PET-CT 
based imaging may serve as a useful adjunct.

Role of PET in staging nodal disease-esophageal cancer
Clinical significance of  nodal stage: Nodal status in esoph-
ageal cancer is determined by the presence or absence of  
involved locoregional lymph nodes. The regional designa-
tion of  a lymph node relates to its anatomical relation-
ship to the primary tumor. Tumors of  the upper third of  
the esophagus drain to superior mediastinal and cervical 
lymph nodes. Tumors of  the middle third drain both 
superiorly and inferiorly to paratracheal, hilar, subcarinal, 
periesophageal, and pericardial lymph node stations. Tu-
mors of  the lower third of  the esophagus drain to lymph 
node basins in the lower mediastinum and celiac areas Pa-
tients with non-regional lymph node spread have a worse 
prognosis than those with locoregional spread only, but 
better than those with distant metastases. 

Initial reports of  PET showed promise due to appar-
ent increased sensitivity in the detection of  lymph node 
metastasis when compared to CT[16]. However this may 
have been due to the use of  outdated CT technology and 
techniques, and this initial promise with respect to in-
creased sensitivity has not been sustained in well designed 
prospective studies.

In an initial report, Flamen et al[8] reported that 74 pa-

tients demonstrated a lower sensitivity of  PET for the de-
tection of  regional lymph node metastasis when compared 
to EUS (81% vs 33%) but with a non-significant trend 
towards higher specificity (84% vs 69%). PET showed a 
higher specificity than CT and EUS combined when stag-
ing both regional and non-regional lymph node metastases 
for esophageal cancer. In a prospective study of  58 pa-
tients comparing CT and PET in the detection of  lymph 
node metastasis within the abdomen by Kneist et al[17], the 
investigators observed a sensitivity of  only 24% for PET 
compared to 73% for CT. Sensitivity of  PET was sig-
nificantly less in the area of  the lesser curvature and the 
celiac trunk. Specificity was 75% and 95%, respectively. 
Within the thorax, PET demonstrated an improved but 
still inferior sensitivity (42% vs 75%) and again a superior 
specificity to CT. A prospective evaluation of  CT, EUS 
and PET by Sihvo et al[18] demonstrated that EUS had a 
higher sensitivity for the detection of  nodal disease (85%) 
than CT or PET (42% and 35%). The combination of  
CT, EUS and PET did not appreciably increase the sen-
sitivity of  the assessment. Neither was there any synergy 
between modalities with respect to specificity. A 2005 
study performed by Lowe et al[19] comparing CT, PET and 
EUS for the staging of  esophageal cancer showed com-
parable sensitivities between the three modalities for the 
detection of  nodal disease (82%-86%). Specificity was 
also not significantly different at 67% for CT and EUS, 
and 60% for PET. 

Progress in the development of  both CT and PET 
imaging may lead to improvements in the diagnostic ac-
curacy of  both modalities. A recent study comparing thin 
slice CT to PET-CT in the detection of  subclinical lymph 
node metastasis in patients with operable squamous cell 
carcinoma demonstrated the superiority of  CT for the 
detection of  disease at all lymph node stations, with the 
caveat that sensitivity appeared to decrease from the cer-
vical area (100%) to the abdominal area (22%). Specificity 
was high for both CT and PET in the cervical and ab-
dominal lymph node basins, with superior specificity for 
PET demonstrated only within the mediastinum[20]. 

The results of  the above studies are described in Table 1. 
In order to better characterize these heterogenous results, 
a meta-analysis was performed by van Westreenan et al[50]. 
This included both prospectively and retrospectively ob-
tained data. Pooled sensitivity for the detection of  locore-
gional lymph node metastases was 51% (range, 8%-92%) 
with pooled specificity of  84% (range, 67%-100%)[21]. 
The low sensitivity of  PET in prospective studies may be 
due to a selection bias in many cases. These results may 
be biased by the inclusion only of  apparently early stage 
patients who proceeded immediately to surgery. Those 
who required preoperative chemotherapy and/or radia-
tion were excluded, leading to an over-representation of  
solely micrometastatic foci, which are less reliably detect-
ed. For reasons of  this relatively low sensitivity of  PET 
for locoregional disease, and due to its excellent specific-
ity, FDG-PET is better as an adjunct to conventional 
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Table 1  Prospective studies comparing the accuracy of 
positron emission tomography with computed tomography 
and/or endo-ultrasonography for the detection of lymph-
node metastases

Ref. Yr Histology n Imaging Sensitivity 
(%)

Specificity 
(%)

Flamen et al[114] 2000 SCC/AC 74 PET 39 97
CT 63 88

EUS 22 96
EUS/CT 54 90

Lerut et al[115] 2000 SCC/AC 42 PET 22 91
CT/EUS 83 45

Yoon et al[116] 2003 SCC 81 PET 30 90
CT 11 95

Sihvo et al[18] 2004 AC 55 PET 35 91
CT 42 45

EUS 85 60
Lowe et al[19] 2005 SCC/AC 75 PET 82 60

CT 84 67
EUS 86 67

Shimizu et al[20] 2009 SCC 20 PET-CT 11-50 85-100
Thin slice CT 22-100 69-100

PET: Positron emission tomography; CT: Computed tomography; 
EUS: Endoscopic ultrasound; SCC: Squamous cell carcinoma; AC: 
Adenocarcinoma.
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DETECTION OF METASTATIC 
ESOPHAGEAL CANCER USING FDG-PET
PET finds a niche in the detection of  metastatic disease, 
where its performance is superior than in the detection of  
the depth of  the primary lesion or of  locoregional lymph 
node involvement of  esophageal carcinoma (Table 2).

An initial prospective study by Luketich et al[24] demon-
strated a sensitivity of  PET for detection of  metastatic dis-
ease of  69% with a specificity of  93.4% and an overall ac-
curacy of  84%. Following this, Flamen et al[8] demonstrated 
that FDG-PET had a superior accuracy for the detection of  
metastatic disease compared to combined CT and EUS (82% 
vs 64%), largely driven by the higher sensitivity of  PET (74% 
vs 47%). PET correctly upstaged 15% of  patients from M0 
to M1 disease. The study by Lowe et al[19] demonstrated 
similar sensitivity of  PET and CT at 81%, and superior 
specificity for PET. This may relate to improvements in 
CT scanning techniques in recent years. 

A 2004 study by Heeren et al[25] demonstrated that 
PET upstaged up to 20% of  patient to M1 disease. The 
accuracy of  CT was 86% compared to CT/EUS at 69%. 
All three modalities combined provided an accuracy of  
92%. In this study 13% of  patients in whom M1 disease 
was detected on PET were spared an unnecessary surgi-
cal procedure, however 87% did require laparoscopy to 
confirm PET positive findings underscoring the impor-
tance of  cytological confirmation of  metastatic disease. 
In a combined analysis of  452 patients from 11 studies 
the pooled sensitivity and specificity for the detection of  
metastatic disease by PET was 67% (95% confidence in-
terval (CI): 58%-76%) and 97% (90%-100%) respectively. 
Figures 1 and 2 demonstrate the detection of  occult liver 
(Figure 1) and bone (Figure 2) metastases by FDG-PET/
CT not seen on conventional CT imaging. 

IS PET PREDICTIVE OF SURVIVAL IN 
ESOPHAGEAL CANCER?
Many studies have examined the relationship between 

imaging modalities for the detection of  lymph node me-
tastases rather than a comprehensive staging investigation 
in its own right. 

Efforts to improve accuracy of PET in the detection of 
lymph node metastasis
The limited spatial resolution of  PET may lead to dif-
ficulties due to the fact that uptake within lymph nodes 
close to the primary tumor may be difficult to distinguish 
from the tumor itself. Fusion PET-CT and correlation 
with metabolic and tumor-related parameters may offer 
superior sensitivity for the detection of  nodal disease. A 
2009 study by Roedl et al[22] compared fusion PET-CT 
with PET viewed side by side with CT images, in addi-
tion to axial tumor area, tumor width diameter and SUV 
uptake. Fusion PET-CT was more sensitive and more 
specific for the detection of  lymph node metastasis at 
70% vs 62% and 95% vs 91%, respectively. Sensitivity and 
specificity of  87% and 85% were increased by the addi-
tion of  tumor diameter measurements. However when 
qualitative visual analysis was added to quantitative tumor 
dimension measurement in addition to PET-CT the sen-
sitivity was 96% and the specificity 95%.

Dual time PET may assist in the differentiation between 
benign and malignant lesions, and may also improve 
the accuracy of  detection of  lymph node metastasis in 
esophageal cancer. Small malignant lesions and malignant 
lymph nodes show an increase in SUV uptake over time, 
whereas benign disease does not, and shows an early peak 
only. An improvement in diagnostic accuracy from 83% 
to 91% was seen with dual time imaging of  squamous 
cell carcinomas of  the thoracic esophagus. In addition, 
false positive uptake in the lung hilum due to inflamma-
tory processes was distinguished from malignant disease 
in 19/42 (45%) of  patients using this method[23]. 

Table 2  Prospective studies comparing the accuracy of 
positron emission tomography with computed tomography 
and/or endo-ultrasonography in the detection of distant 
metastases

Ref. Yr Histology n Imaging Sensitivity 
(%)

Specificity 
(%)

Flamen et al[8] 2000 SCC/AC 74 PET 71 90
CT 41 83

EUS 42 94
EUS/CT 47 78

Lerut et al[115] 2000 SCC/AC 42 PET 77 90
CT/EUS 46 69

Sihvo et al[18] 2004 SCC 81 PET 35 91
CT 42 45

Heeren et al[25] 2004 SC/AC 74 PET 71 98
CT 21 98

CT/EUS 29 96
Lowe et al[19] 2005 SCC/AC 75 PET 81 91

CT 81 82
EUS 73 76

Figure 1  (18F) 2-fluoro-2-deoxyglucose-positron emission tomography/
computed tomography image of a patient with a proximal gastric cancer 
and occult liver metastasis. The liver lesion was not identified on the corre-
sponding staging computed tomography.

PET: Positron emission tomography; CT: Computed tomography; 
EUS: Endoscopic ultrasound; SCC: Squamous cell carcinoma; AC: 
Adenocarcinoma.
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SUVmax and survival. In a recent systematic review, all 12 
studies selected for inclusion demonstrated that a higher 
SUVmax of  the primary tumor was associated with infe-
rior survival, however only seven of  these reached statis-
tical significance. In a meta-analysis of  disease-free and 
overall survival, the hazard ratios for disease recurrence 
and death were 2.52 and 1.86, respectively, for those with 
a higher than median SUV[26]. This correlation with peak 
SUV and survival may hold true even for those with ap-
parently early stage disease[27].

SUVmax is also often significantly correlated with 
pathological stage, acting as a potential confounder. On 
multivariate analysis in several smaller studies, peak SUV 
was significantly associated with survival in univariate 
but not multivariate analysis, and thus did not emerge as 
an independent risk factor[28,29]. However in a large retro-
spective study of  184 patients with operable esophageal 
cancer, where SUVmax was significantly correlated with 
the stage of  the primary tumor, lymph node status, and 
presence of  metastasis in univariate analysis, on multivari-
ate analysis SUV remained independently and significant-
ly associated with overall survival when correcting for 
pathological stage of  disease. The 5-year overall survival 
for those with an SUVmax ≥ 4.5 was 47% compared to 
76% in those with an SUV ≤ 4.5[30]. It should be noted 
that the majority (91%) of  patients in this study had a 
diagnosis of  squamous cell carcinoma, and that these re-
sults contrast sharply with those published by Rizk et al[31] 
in a retrospective series of  189 patients with adenocarci-
noma of  the distal esophagus or gastro-esophageal (GE) 
junction who underwent chemoradiation as a primary 
treatment, in which they failed to show any association 
between survival for those with a high or a low SUVmax. 
Those with a high SUVmax did however show a superior 
response to chemoradiation This led the authors to con-
clude that although high SUVmax was correlated with 
inferior survival following resection in their earlier study, 
because high baseline SUVmax was also associated with 
a superior response to chemoradiation, this acted as an 
equalizing factor with respect to survival. 

Altogether, these data suggest that high SUVmax is 

most likely to be associated with increased tumor stage 
and size of  lesion. Whether SUVmax is an independent 
predictor of  patient outcome (specifically independent of  
tumor stage) is not sufficiently validated. 

ROLE OF FDG-PET IN RADIOTHERAPY 
TREATMENT PLANNING FOR 
ESOPHAGEAL CANCER
The gross tumor volume (GTV) must be accurately 
delineated in order to successfully treat the area of  
malignancy. However, conventional CT scanning has a 
low discriminatory value for this purpose. FDG-PET 
has been investigated in order to assess whether this 
improves the accuracy of  this delineation. Excellent cor-
relation has been demonstrated between preoperative 
FDG-PET and EUS measurements of  tumor length and 
measurements of  the same resected surgical specimen[32]. 
The addition of  FDG-PET to conventional CT plan-
ning may lead to increases or reductions in the GTV of  
up to 20%, and changes in the planning target volume 
in over half  of  patients[33,34]. Modifications of  GTV are 
most often seen in the longitudinal direction[35], however 
this may also change based on detection of  suspicious 
lymphadenopathy outside the original planned treatment 
field[36]. Improved accuracy in GTV delineation may lead 
to changes in radiation dose intensity to critical structures 
such as the heart and lungs[33,37], whereas utilization of  
CT alone may lead to undertreatment of  FDG-PET avid 
disease[34]. However, due to a lack of  standardization of  
FDG-PET assessments of  GTV and the presence of  sig-
nificant interobserver variation, the use of  FDG-PET is 
not routine in radiotherapy treatment planning, nor has 
this been validated in terms of  improved outcomes such 
as survival or locoregional tumor control. A prospective 
trial is ongoing in this regard (NCT01156831)[38].

DOES SUV PREDICT RESPONSE TO 
CHEMORADIOTHERAPY?
Several studies have examined whether the change 
in SUV of  the primary tumor with chemotherapy or 
chemoradiotherapy is useful in determining the response 
to the intervening therapy. A large proportion of  studies 
have been prospective, but were limited in their scope 
of  analysis to some extent by small numbers. Each study 
evaluated a different treatment regimen. Most stud-
ies used pathological response as the gold standard for 
evaluation of  chemotherapy efficacy. This is commonly 
measured using the Mandard system[39] or a simple modi-
fication of  this system, where pathological response is 
classified according to the percentage of  viable tumor 
cells remaining, with non-responders having > 10% tu-
mor cells remaining, partial response 0%-10%, and com-
plete responders 0% viable tumor cells. 

A first prospective study in 2001 by Weber et al[40] of  

Figure 2  (18F) 2-fluoro-2-deoxyglucose-positron emission tomography/
computed tomography detects diffuse bony metastases not seen on stag-
ing computed tomography. 
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40 patients with adenocarcinoma of  the GE junction and 
gastric cardia demonstrated a median reduction in SUV 
of  responders of  more than three times that of  non-re-
sponders and was significantly correlated with pathologi-
cal response (P < 0.001). Response was also significantly 
associated with survival. Those with no response had a 
2-year survival of  37% vs 60% in responders. Figure 3 
demonstrates a sample FDG-PET/CT response for a 
patient with a proximal gastric adenocarcinoma.

A prospective trial by Ott et al[41] used a predetermined 
level of  reduction in SUV to determine the cut-off  point 
for metabolic responder vs non-responder. This had been 
previously determined to be a reduction of  35% from 
baseline, which had been demonstrated to have a sensitiv-
ity and specificity of  93% and 95%, respectively, for the 
detection of  a pathological response[40]. Sixty five patients 
with locally advanced GE junction tumors undergo-
ing preoperative chemotherapy were enrolled. Baseline 
tumor FDG uptake was 8.1 ± 3.4 SUV for assessable 
patients. SUV uptake significantly decreased to 5.4 ± 2.0 
(approximately 33%) in the follow-up scan. Eighteen 
patients were classified as metabolic responders and 38 
as metabolic nonresponders. The pathological response 
was highly significantly correlated with the metabolic 
response (P < 0.001); 44% of  patients with a metabolic 
response had a pathological response, compared to 5% 
of  metabolic non-responders. Median overall survival 
for non-responders was 18 mo, significantly shorter than 
overall survival for the group as a whole at 32 mo. Me-
dian survival for metabolic responders had not yet been 
reached at the time of  publication. 

A similar study was performed at Memorial Sloan 
Kettering Cancer Center as a validation study, and report-
ed in abstract form in 2007[42]. In this study, patients with 
locally advanced but resectable gastric/GE junction ad-
enocarcinoma received preoperative chemotherapy with 
irinotecan and cisplatin for two cycles. An FDG-PET CT 
scan was performed at baseline and again at day 15 and 
day 35. This study confirmed the results initially reported 
by Weber et al, demonstrating that a significant drop in 
SUV from baseline was associated with the pathologic 
response to therapy as well as with patient survival[42]. 

The primary utility of  a change in FDG-PET SUV 
from baseline as a marker for response to chemotherapy 
and subsequently survival is that this information is avail-
able early in the treatment plan, and thus could poten-
tially be used in order to guide future management. This 
approach was taken by Lordick et al[43] in the MUNICON 
trial. This study recruited 119 patients with locally ad-
vanced tumors of  the GE junction undergoing preop-
erative chemotherapy. Patients who did not meet a pre-
defined metabolic response level on FDG-PET of  a 35% 
reduction from baseline SUVmax 2 wk after commenc-
ing treatment did not continue with chemotherapy but 
proceeded directly to surgery. Metabolic responders com-
pleted the course of  preoperative chemotherapy and then 
proceeded to surgery; 49% of  patients were metabolic 
responders and 51% were metabolic non-responders. Of  
the metabolic responders, 58% achieved a major histolog-
ical response, with 0% in the non-responders. R0 surgical 
resection was possible in 96% of  metabolic responders 
and in 74% of  metabolic non-responders. On pathologic 
assessment, metabolic responders demonstrated earlier 
stage tumors than metabolic non-responders. Metabolic 
non-responders had a median event-free survival of  14.1 
mo compared to 29.7 mo in metabolic responders. It 
was noted that metabolic responders who did not have a 
pathological response had survival comparable to those 
who were metabolic non-responders, implying that a 
metabolic response was necessary but not sufficient for 
improved survival[43]. 

In a cross trial comparison between the original study 
by Ott et al, where chemotherapy was continued despite 
a metabolic non-response, and MUNICON where non-
responders proceeded directly to surgery, amongst those 
patients that went on to complete surgical resection, sur-
vival between non-responders in both groups was similar. 
This suggests that, amongst metabolic non-responding 
patients, patient survival was unaffected (either adversely 
or positively) by continuing with ineffective chemo-
therapy or by stopping ineffective chemotherapy and 
proceeding early to surgery. These results have led to an 
ongoing clinical trial in which failure to respond to initial 
induction chemotherapy with a reduction in SUV on 

Figure 3  (18F) 2-fluoro-2-deoxyglucose-positron emission tomography response in a patient with a proximal gastric cancer receiving chemotherapy. 
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PET is followed by introduction of  a salvage regimen of  
non-cross resistant chemotherapy in an effort to improve 
outcome (NCT00737438 on clinicaltrials.gov; Memorial 
Sloan Kettering study, IRB 08-081). 

In contrast, in a study of  32 patients with esopha-
geal/GE junction adenocarcinoma, a FDG-PET scan 
performed following a week of  chemoradiation failed 
to detect any significant difference between pathologic 
responders and non-responders with respect to changes 
of  SUVmax on PET[44]. This may in fact be due to the 
timing of  the PET as radiation is known to have a “stun-
ning” effect with respect to FDG uptake, irrespective of  
further cell kill, which may cause bias in an interpretation 
performed at an early interval following radiation. 

These studies suggest that the utility of  FDG-PET in 
response assessment in esophageal/GE junction adeno-
carcinoma remains to be verified at this time, but that it is 
a potentially promising modality to begin “individualized” 
care for patients with upper GI malignancies (namely 
esophageal and gastric adenocarcinoma). It should be 
noted that the response of  PET to chemotherapy when 
compared with that of  CT may lead to clinical confu-
sion, such as when a lesion improves by PET criteria, but 
fails to shrink or may even enlarge slightly by traditional 
RESIST criteria[45]. Recently proposed guidelines for re-
sponse assessment in solid tumors suggest that PET pro-
gression may be defined as an SUV increase of  ≥ 20% 
in a region 1 cm or larger in diameter, whereas a response 
be defined as a decline in SUV of  ≥ 30% in such a re-
gion[46]. Such a guideline would seem to be a good starting 
point for evaluation of  the PET response in many solid 
tumor malignancies, but will need prospective validation.

FDG-PET FOR THE DETECTION OF 
ESOPHAGEAL CANCER RECURRENCE
The accuracy of  CT and magnetic resonance imaging (MRI) 
for the detection of  recurrent disease, particularly within 
the area of  the initial primary tumor may be decreased by 
post-surgical or post-chemoradiation related changes such 
as fibrosis, edema, and inflammation. Guo et al[47] followed 
112 patients with resected squamous cell carcinoma of  
the esophagus for recurrence with FDG-PET/CT. PET 
demonstrated excellent sensitivity at local, regional and 
distant sites of  metastases (96.9%, 85.9% and 90.5%, 
respectively), but lower specificity for local-regional 
recurrence (50%, 92.2% and 89.9%, respectively). Of  
note, five out of  nine false positive FDG-PET scans 
were identified in the area of  the surgical anastomosis. 
A French study examined the routine use of  FDG-PET 
in the prospective follow-up of  resected esophageal 
cancer patients[48]. This study demonstrated that for the 
detection of  locoregional recurrence, PET had a higher 
sensitivity, slightly lower specificity and a superior accu-
racy than CT (100% vs 65%, 85% vs 91%% and 91% vs 
81%, respectively). PET was also superior to CT in the 
detection of  local metastasis. No patient had a negative 

PET and a recurrence detected by another modality, i.e., 
there were no false negative PET scans in this study, lead-
ing to a 100% negative predictive value. As this recently 
published study is the first examining the prospective use 
of  PET to detect recurrence in asymptomatic patient, it 
is too early to comment on whether changes in manage-
ment based on this strategy will lead to improvements in 
patient outcomes. 

COMPARISON OF FDG-PET AND OTHER 
PET TRACERS IN THE DIAGNOSIS 
AND MANAGEMENT OF ESOPHAGEAL 
CANCER 
FDG is not a tumor specific radiotracer, and this leads to 
the drawback of  false positive uptake in areas of  inflam-
mation or infection by neutrophils and macrophages, i.e., 
when there is contamination of  the malignancy with other 
actively dividing or metabolically active cells. An alterna-
tive to FDG-PET is (18F) FLT (3-deoxy-3-fluorothymidine) 
which is trapped intracellularly following phosphorylation 
by thymidine kinase 1 into (18F) FLT-monophosphate, 
forming the rationale for the use of  FLT as a proliferation 
tracer[49]. A study by Westreenan et al[50] compared the ef-
ficacy of  FLT vs FDG in the detection of  esophageal can-
cer and demonstrated increased uptake for FDG rather 
than FLT (FLT-PET missed 20% of  primary esophageal 
tumors in this study). FDG-PET also detected a syn-
chronous primary rectal tumor in one patient, which was 
not detected by FLT-PET. In addition, there was no cor-
relation between uptake of  FLT and Ki-67, a marker of  
proliferation. For this reason, FDG remains the preferred 
radiotracer for use in the diagnosis and management of  
patients with esophageal cancer[50]. 

11C-choline is a small molecule that is integrated into 
the cell membrane as phosphatidylcholine and serves as 
a marker of  cell membrane metabolism. Because of  late 
urinary excretion, it has been examined in genitourinary tu-
mors such as prostate cancer[51]. 11C-choline has been inves-
tigated in two studies of  esophageal cancer. Kobori et al[52] 
studied squamous cell carcinoma of  the upper esophagus 
and claimed a superior sensitivity for choline-PET in the 
detection of  primary tumors and nodal metastases in the 
mediastinum (94% and 88%, respectively). Specificity 
was not reported. In this study the sensitivity of  FDG-
PET was 34% and 38% for the primary tumor and nodal 
involvement, which is somewhat lower than the literature 
median. These results contrast with those of  Jager et al[53], 
who studied a more diverse group of  esophageal and 
GE junction adenocarcinomas in addition to squamous 
cell carcinoma of  the esophagus and GI stromal tumors. 
They demonstrated the superiority of  FDG-PET, with a 
sensitivity of  100%, 67%, and 100% for the detection of  
primary tumor, locoregional and lymph node metastases, 
respectively, compared to 73%, 60%, and 75%, respec-
tively, for choline-PET. Imaging in the abdominal area 
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using choline-PET is limited by the high background up-
take of  this agent by the liver.

GASTRIC ADENOCARCINOMA
Gastric cancer remains the most common GI malignancy 
worldwide, responsible for approximately 934  000 new 
diagnoses annually (8.6% of  new cancer cases) and 
700  349 deaths worldwide annually[54]. Gastric cancer may 
be distinguished anatomically such that proximal tumors 
(associated with chronic reflux and obesity) have worse 
prognosis than distal tumors which are more commonly 
associated with chronic infection by Helicobacter pylori[55]. 
Alternatively, gastric cancer may also be distinguished 
histopathologically as diffuse, intestinal, or mixed histol-
ogy which describes the pattern of  spread of  the pri-
mary tumor[56]. Based on these distinctions, an emerging 
concept in understanding the biology and physiology of  
gastric cancer is that it likely reflects not one disease, but 
several[55]. How these distinctions impact on FDG-PET 
imaging is still evolving.

IMAGING PRIMARY GASTRIC 
CARCINOMA WITH FDG-PET
Unlike esophageal carcinoma, in which the majority of  
tumors (particularly T2-T4) are identified on FDG-PET 
imaging, the primary gastric lesion is less well imaged by 
FDG-PET. This has been demonstrated in several series 
with sensitivity for detection of  gastric lesions ranging 
from 21% to 100%[57-65]. Specificity ranged from 78% to 
100%. There are several factors that affect the sensitiv-
ity and specificity to detect a primary gastric carcinoma. 
Significantly, there is a variable and occasionally intense 
uptake of  FDG of  a physiological nature within the gas-
tric wall[61,63,66]. FDG uptake may also correspond to acute 
inflammation such as superficial or erosive gastritis[67]. 

This leads to two disadvantages in the detection of  gastric 
cancer. Firstly, an awareness of  this phenomenon must 
exist in order to avoid a high number of  false positive di-
agnoses. Conversely, over-awareness may lead to failure to 
detect weakly enhancing and diffuse malignant lesions. 

TUMOR SIZE AND DEPTH (T STAGE) 
AND FDG-PET
Tumor size and T stage may influence the sensitivity 
of  PET imaging in the detection of  the primary gastric 
lesion. In one study, sensitivity was as low as 21% for 
detecting tumors < 30 mm in size, and increased to 76% 
for lesions over 30 mm[62]. Gastric cancer limited to the 
mucosa or submucosa (T1 lesions), are less likely to be 
detected by PET than more advanced T2-T4 lesions. Sen-
sitivity for detection of  early gastric cancers (T1) ranges 
from 26% to 63%, whereas that for more advanced 
disease (T2-T4) ranges from 83%-98%[57,61,62,65]. Figure 4 
graphically depicts the range of  sensitivity in diagnosis of  
early and advanced gastric cancer.

Histological subtype variants also influence glucose 
uptake and therefore the ability of  PET to detect the 
primary lesion. The ability of  FDG-PET to detect non-
intestinal gastric primary tumors can range from 0% for 
T1 non-intestinal primaries to 77% for advanced non-
intestinal disease. For intestinal type tumors, sensitivity 
ranges from 44% for T1 tumors to 92% for T2 or greater 
disease[62,63,68]. This may relate to the fact that the GLUT-1 
transporter has been shown to be preferentially expressed 
on the intestinal type gastric carcinoma cell subtype, with 
decreased expression on mucous-secreting and signet 
ring type cells[69,70]. GLUT-1 expression has been shown 
in multivariate analysis to be the most influential factor 
relating to FDG uptake in gastric carcinoma, although 
the relationship between histological subtype and SUV 
uptake and sensitivity of  FDG-PET has not been consis-
tent across studies[71,59-61]. 

TECHNIQUES TO IMPROVE DETECTION 
OF THE PRIMARY GASTRIC LESION 
Simple measures such as distention of  the stomach by 
water or, less commonly, food have been shown to im-
prove the accuracy of  detection of  gastric lesions both 
pre-operatively and in the post-operative remnant stom-
ach[72-74]. In an effort to improve detection of  gastric 
cancer by PET, the pyrimidine analog FLT has been used 
as an alternative radiotracer. One study demonstrated 
increased sensitivity of  FLT-PET for detection of  gastric 
tumors, especially if  those tumors which were not FDG 
avid[58]. This may improve detection of  previously diffi-
cult-to-detect tumor types such as mucin-producing and 
signet ring cell tumors. A second smaller study showed 
comparable efficacy between the two moieties[59]. In both 
studies, mean SUV uptake was lower for FLT-PET than 
for FDG-PET. Additional improvements may be made 
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possible by improving spatial resolution of  the imaging 
equipment[75]. 

SCREENING FOR GASTRIC CARCINOMA 
WITH FDG-PET
FDG-PET has not been shown to be an effective screen-
ing tool for the diagnosis of  gastric cancer. In one study, 
combined with endoscopy in asymptomatic individu-
als, PET-CT detected 2/20 cancers from 2861 patients 
screened giving a sensitivity of  only 10% and a positive 
predictive value of  8.3%; 18/20 cancers were early gastric 
cancers (T1). There were 22 false positives on this study. 
There was no significant difference between the SUV val-
ues of  the false positives and the true positives[76]. A sec-
ond study of  1336 asymptomatic patients detected two 
gastric cancers in addition to nine other malignancies. 
The rate of  false positive in this study was three times the 
rate of  true positive findings[77]. Therefore, the screening 
sensitivity of  FDG-PET in an asymptomatic population 
is less again than that in a diseased population. 

FDG-PET AND LYMPH NODE STATUS: 
GASTRIC ADENOCARCINOMA
Survival in gastric cancer patients decreases with lymph 
node involvement, and with the number of  lymph nodes 
involved. Knowledge of  lymph node status therefore is 
not only of  importance with respect to prognosis, but 
may also guide surgical treatment planning and which pa-
tients may benefit from neoadjuvant chemotherapy. 

FDG-PET has been examined both alone, in compari-
son with CT imaging, and combined as CT-PET, in the 
preoperative assessment of  the nodal status of  gastric can-
cer (see Table 3). The sensitivity of  PET is generally low 
for the detection of  lymph node metastases, ranging from 
22% to 60% for normal resolution scans[57,60-62,64,65,75,78,79]. It 
is possible that this may reflect the low spatial resolution 
of  PET at 7 mm-9 mm which leads to difficulty discrimi-
nating perigastric lymph nodes from the gastric primary 
tumor, as sensitivity has been shown to increase to up 
to 73% with a higher resolution scan[75]. This compares 

poorly with the sensitivity of  CT which ranges from 52% 
to 77% in the same series. By contrast the specificity of  
PET is higher than that of  CT, ranging from 62%-100%, 
compared to CT (range, 62%-94%)

The sensitivity and specificity of  PET are also influ-
enced by lymph node staging status (i.e., N1, N2, or N3 
nodal metastases). In three studies which stratified sen-
sitivity by lymph node status, CT was significantly more 
sensitive for N1 disease[60,61,65], whereas similar levels of  
sensitivity and specificity were seen in N3 disease for 
both imaging modalities; however, this may have reflected 
the low prevalence of  N3 disease in the study groups. 
Increased SUV of  the primary tumor was correlated 
positively with lymph node metastases in two studies[57,61], 
possibly indicating increased glucose transport capacity 
which may in turn correlate with increased aggressiveness 
of  the primary tumor[69].

PERITONEAL DISEASE 
A common site of  spread for gastric adenocarcinoma is 
the peritoneum. As many as 25% of  patients with locally 
advanced tumors on EUS will have sub-radiographic 
occult peritoneal disease that may be identified only at 
laparoscopy[80]. PET is not a reliable indicator of  perito-
neal disease, with sensitivity for detection of  peritoneal 
carcinomatosis of  between 9% and 30% with normal 
resolution scans, and increased to 50% sensitivity with 
the use of  a higher resolution 3.9 mm slice. This com-
pares unfavorably with CT which demonstrates a sensi-
tivity of  76%-80% for peritoneal cancer[57,75,81]. Peritoneal 
lesions are often small and diffuse in nature, which may 
go some way to explaining the low detection rate. Speci-
ficity remains high at 79%-98% in the same series, with 
less specificity with higher resolution imaging. Due to 
the need to confirm the absence of  metastatic peritoneal 
spread prior to definitive surgery, staging laparoscopy 
may still be necessary, as this is the most sensitive modal-
ity to evaluate the peritoneum[82,83].

RESPONSE TO TREATMENT
With the introduction of  neoadjuvant or perioperative 

Table 3  Gastric cancer lymph node staging by positron emission tomography

Ref. n Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)
PET PET CT CT

Chen et al[57] 61 61   92 77 62
Kim et al[60] 73 40   95 71 71
Mochiki et al[61] 85 23 100 65 77
Mukai et al[62] 62      34.50   97      62.10      87.90
Yeung et al[64] 23 22   97
Yoshioka et al[75]            Low resolution 42 47   62
                                        High resolution 41 73   78
Yun et al[65] 81 35   97 52 94
Tian et al[78] 38 60 100
Yang et al[79] (PET-CT) 78 37        97.20       60.50      83.30

PET: Positron emission tomography; CT: Computed tomography.
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chemotherapy it is of  interest to try to determine those 
who may respond to such chemotherapy, and those who 
are likely to fail to respond. This may be crucial in future 
in order to spare non-responders further potentially toxic 
chemotherapy, or to switch to another, non cross resistant 
regimen. The advantage of  PET over CT in this regard is 
that the CT response by RECIST (Response Evaluation 
Criteria in Solid Tumors) as measured by the change in 
size may be a late manifestation of  a response. PET may 
demonstrate a decrease in FDG uptake at an earlier stage 
than could be demonstrated by conventional imaging. 

In one study of  44 pure gastric carcinoma patients 
treated with neoadjuvant cisplatin and 5-fluororuacil, 35 
showed FDG uptake at baseline, before the initiation of  
chemotherapy. The PET response at 14 d post-chemo-
therapy was correlated with histopathological response at 
the time of  surgery. The PET response was defined as > 
35% reduction in the SUV value of  the target lesion. A 
histopathological response was defined as < 10% viable 
tumor cells remaining in the operative surgical specimen. 
A metabolic response correctly predicted the histologi-
cal response after completion of  chemotherapy in 10/13 
responding and 19/22 non-responding tumors, corre-
sponding with a sensitivity of  77% (95% CI: 46%-95%) 
and a specificity of  86% (95% CI: 65%-97%)[41]. Meta-
bolic response appeared to correlate significantly with 
survival. At 2-year follow-up, survival in the metabolic 
responder group was 90%, compared with 25% in the 
metabolic non responder group. A second smaller study 
in the setting of  metastatic gastric cancer using chemo-
therapy and the biologic agent cetuximab demonstrated 
in this study, PET demonstrated a sensitivity of  83% and 
a specificity of  75% for the prediction of  ultimate best 
response by RECIST. There was also a significant corre-
lation between metabolic response and progression-free 

survival in this cohort[84]. 

FDG-PET AND PREDICTION OF 
PATIENT SURVIVAL: GASTRIC 
ADENOCARCINOMA
Data on survival with respect to PET-positive tumors 
may be confounded by the fact that PET-negative tu-
mors in most studies may represent earlier stage disease. 
For example, in one study, The 2-year survival rate for 
patients with PET-positive cancers was 65.9%, and for 
those with PET-negative cancers was 94.4%, but a sig-
nificant proportion of  PET-negative tumors were T1/T2 
vs T3/T4 for the tumors visible on PET[61]. One study 
on recurrent gastric carcinoma with 33 patients showed 
a higher median survival for those with PET negative 
recurrence vs PET positive recurrence of  18.5 mo vs 6.9 
mo respectively, however, other studies have failed to cor-
roborate this finding[63,85]. 

FDG-PET TO DETECT RECURRENCE 
OF RESECTED DISEASE: GASTRIC 
ADENOCARCINOMA
When compared to contrast CT, PET showed a non-sig-
nificant trend towards decreased sensitivity and increased 
specificity in the detection of  recurrent disease. Contrast-
enhanced CT was significantly more sensitive for the 
diagnosis of  peritoneal recurrence (87% vs 47%)[86]. This 
concurs with another series demonstrating a high sensi-
tivity of  78% and 67% for liver and lung lesions, respec-
tively, with a lower sensitivity of  30% for bone metastases. 
Sensitivity for pleural carcinomatosis and ascites were 
also similarly low[75]. As FDG also demonstrates uptake in 
acute inflammation and fractures in addition to physiolog-
ical uptake in the abdomen, this may lead to false positives 
in the detection of  boney disease[87]. Table 4 summarizes 
these data.

Notably, the utility of  FGD-PET in the detection of  
recurrent gastric cancer is largely dependent on the prev-
alence of  recurrent disease in the screened population. In 
a population undergoing routine screening examination 
following definitive primary therapy the sensitivity of  
screening may be as low as 50%-70%. In contrast, posi-
tive predictive value is high in a high prevalence popula-
tion (i.e., those in whom disease is suspected). This is il-
lustrated when comparing the positive predictive value of  
100% in a population with a suspicion of  disease based 
on previous radiological imaging vs 25% in a population 
with no clinical or radiological suspicion of  recurrent dis-
ease[85,86,88]. If  the population undergoing testing has an a 
priori suspicion of  disease based on previous imaging or 
tumor markers, then sensitivity for detection may reach 
94%-100%. Specificity is generally high at 70%-100% for 
PET in the detection of  recurrent disease[89,90]. 

Author Yr n Discriminating 
factor

Sensitivity (%) Specificity (%)
PET PET

De Potter et al[85] 2002   33   70   69
Jadvar et al[90] 2003   16   94 100
Yoshioka et al[75] 2003 Liver 78-85 82-74

Lung   67   88
Bone   30   82

Pleural     4 100
Ascites   24   76

Patriti et al[89] 2007   51 100
Nakamoto et al[88] 2009   44 Previous 

suspicious 
imaging

  80 100

  14 Tumor 
markers 
positive

  73   83

  26 Routine   50   88
Park et al[117] 2009 105   75   77
Sim et al[86] 2009   52        68.40        71.40
Sohn et al[118] 2009 212 Post ablation    0

PET: Positron emission tomography.
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PANCREAS ADENOCARCINOMA
Pancreatic cancer ranks as one of  the most lethal ma-
lignancies and only 20% are suitable for resection at 
presentation. Accurate delineation of  tumoral extent and 
anatomy are crucial prior to surgery in order to avoid po-
tentially futile laparotomy. Conventional work up includes 
abdominal ultrasound, CT, EUS and MRCP. 

PET AND THE DIAGNOSIS AND 
MANAGEMENT OF PANCREATIC 
MALIGNANCY
As the normal pancreas exhibits low FDG uptake, and 
pancreatic tumors have been demonstrated to have high 
GLUT-1 expression, the expectation is that pancreatic 
tumors should not be difficult to differentiate from the 
normal parenchyma by FDG-PET[91]. In an initial study 
in 1997 by Zimny et al[92], 106 patients with pancreatic 
lesions were examined using FDG-PET; 85% of  pancre-
atic carcinomas were correctly identified, and in 84% of  
cases of  chronic pancreatitis it was possible to exclude 
malignancy. Ten of  11 false negatives were due to el-
evated plasma glucose. In patients with normal plasma 
glucose the sensitivity, specificity, positive and negative 
predictive values were 98%, 84%, 96% and 93%, respec-
tively. The SUV of  carcinoma was significantly higher 
than that of  chronic pancreatitis (6.4 ± 3.6 for pancreatic 
carcinoma vs 3.6 ± 1.7 for chronic pancreatitis (P < 0.001). 
Inokuma et al[93] examined the utility of  PET in the diag-
nosis of  pancreas cancer in comparison to CT and EUS. 
In a study of  45 patients PET had a lower sensitivity than 
EUS, but a higher specificity than all other modalities, 
and highest positive predictive value and overall accuracy. 
In a larger study, comparing PET with CT and MRI, the 
sensitivity of  PET was lower than that of  CT but higher 
than that of  MRI (91% CT vs 82% PET vs 78% MRI), 
and PET had the highest specificity and positive predic-
tive value among the three modalities. There was no cor-
relation between the SUV of  the tumor and the degree 
of  differentiation. The ability of  PET to detect disease 
was improved by the correction of  SUV for blood glu-
cose[94]. The ability of  PET to detect pancreatic cancer 
may be greater than CT at smaller lesion sizes[95]. In the 
differentiation of  benign vs malignant cystic disease of  
the pancreas, Sperti et al[96] showed that PET was superior 
to CT with respect to sensitivity, specificity, positive and 
negative predictive value, and diagnostic accuracy at 94%, 
94%, 89%, 97%, and 94%, respectively; these figures for 
CT were 65%, 88%, 73%, 83%, and 80%. A review by 
Gambhir et al suggested a sensitivity of  94% and a speci-
ficity of  90% for PET when compared with that of  CT 
(84% and 75%, respectively)[97]

FDG-PET AND STAGING: PANCREAS 
ADENOCARCINOMA 
FDG-PET is not the preferred modality to stage the 

depth of  invasion or invasion of  local-regional structures 
the primary tumor of  the pancreas due to its poor spatial 
resolution. At this time, thin slice CT or EUS are better 
able to delineate the anatomical boundaries of  the prima-
ry tumor and thus resectability. Similarly, PET is poorly 
sensitive for the detection of  loco-regional lymph node 
metastases, which may be due to their proximity to the 
primary lesion. Sensitivity has ranged from as low as 49% 
to as high as 76% for the detection of  local field lymph 
node involvement[98,99]. For pancreatic tumors, similar to 
gastric adenocarcinoma, FDG-PET is sensitive for the 
detection of  metastatic disease to the liver and bone, 
but less so to the peritoneum. In a series of  168 patients 
Fröhlich et al[100] determined PET had a sensitivity of  
97% for hepatic lesions > 1 cm, but only 43% for those 
< 1 cm, with 95% specificity. Three quarters of  false 
positives were due to intrahepatic cholestasis. A study of  
59 patients by Diederichs et al[99] confirmed these find-
ings, with an overall sensitivity for the detection of  he-
patic metastases of  70%, again missing some metastases 
< 1 cm in diameter. The sensitivity for the detection of  
peritoneal disease was 25%.

IS SUV UPTAKE PROGNOSTIC IN 
PANCREATIC CANCER?
An SUV cut-off  of  ≥ 4.0 was used by Sperti and col-
leagues to characterize patients with pancreatic cancer 
into two groups. Those with an SUV ≥ 4.0 had an overall 
survival of  only 7 mo, compared to 32 mo in the lower 
SUV group. This applied also to those who underwent re-
section. Tumor SUV was confirmed in multivariate analy-
sis to be an independent predictor of  survival[96]. This 
is in agreement with data published by Nakata et al[101] 
for patients with inoperable pancreatic tumors, in which 
those with a tumor SUV of  > 3.0 were shown to have 
inferior survival to those with SUV uptake of  < 3.0. In 
contrast to many other malignancies, proliferative activ-
ity as measured by the Ki67 index did not correlate with 
FDG uptake in pancreatic tumors[102].

PET AS A PREDICTOR OF RESPONSE 
TO CHEMOTHERAPY: PANCREAS 
ADENOCARCINOMA
PET has been used in an attempt to measure the response 
to neoadjuvant chemoradiotherapy in pancreatic cancer. In 
a study of  20 patients with locally advanced pancreas ade-
nocarcinoma, of  those who had > 50% reduction from the 
baseline SUV, 10% had a complete surgical resection, com-
pared to 6% of  those who had < 50% reduction. Those 
with a significant response also had a 23.2 mo survival 
compared to 11.3 mo in those who did not respond[103]. 
This is in agreement with a study by Bang et al which dem-
onstrated the superiority of  PET in the detection of  a 
treatment response to chemoradiotherapy, detecting a 
response in one-third of  patients, where conventional 

aaaa
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CT failed to detect any response. Those who developed 
a response on PET also had significantly longer survival 
than those who did not. The PET and tumor marker 
response following palliative chemotherapy were also cor-
related positively with patient survival in a recent Japanese 
study[104] which contrasts with results of  a study by Ko-
bayashi et al[105] in which only a fall in tumor markers and 
not SUV was correlated with survival. 

DETECTION OF RECURRENT DISEASE
Ruf  et al[106], in a study of  31 patients with suspected re-
currence after surgery, demonstrated that PET was supe-
rior to the combination of  CT and MRI in the detection 
of  recurrence (96% vs 39%). CT/MRI failed to detect 
any local recurrence, but did perform well in the detec-
tion of  small hepatic metastases when compared to PET 
(92% vs 42%). Thus PET may be superior in the detec-
tion of  recurrence within the tumor bed, but CT/MRI 
may have better discriminatory power within the hepatic 
parenchyma. PET may also complement the use of  tu-
mor markers or CT for the detection of  recurrent disease 
when CT findings are equivocal, as demonstrated in a 
small study by Rose et al[95], where PET detected 100% of  
recurrences felt to be equivocal on CT. In a recent study 
of  45 patients with suspected recurrent disease, PET 
fused with contrast CT was shown to have a sensitivity 
of  94.7% for the detection histologically proven meta-
static disease. Notably there was also a high sensitivity 
in this study for the detection of  all sites of  recurrence, 
with sensitivity for detection of  local recurrence, abdomi-
nal lymph node metastasis, and peritoneal dissemination 
being 83.3%, 87.5%, and 83.3%, respectively[107]. 

METHODS OF IMPROVING THE 
ACCURACY OF PET IN PANCREAS 
CANCER
Although PET is superior to CT for the differentiation 
of  benign vs malignant lesions, false positives may occur, 
most commonly due to pancreatitis, post instrumenta-
tion of  the biliary tree, due to retroperitoneal fibrosis or 
hemorrhage or inflammation of  a pancreatic pseudocyst. 
If  C-reactive protein serum levels are elevated, the speci-
ficity of  PET may fall to 50%[108]. Using delayed PET may 
aid in the differentiation of  benign vs malignant lesions as 
evidenced in a prospective series of  47 patients where the 
diagnostic accuracy for malignant vs benign disease was 
91.5% using this method[109]. Optimal glycemic control 
is also an important factor in the accuracy of  PET scan-
ning in pancreatic disease as noted in the study by Zimny 
where 91% of  false negative results were due to hypergly-
cemia reducing the sensitivity of  PET from 96% to 63% 
in those with an abnormally high serum glucose[92]. 

The fusion of  PET-CT may show promise. A retro-
spective study by Lemke et al[110] showed that use of  PET-
CT improved the sensitivity of  either individual imaging 

modality. Sensitivity was 76% for CT, 84% for PET and 
89% for PET-CT but this came at a cost of  a loss of  
specificity. Addition of  CT imaging to fusion PET-CT 
may lead to further gains. In another study the sensitivity 
for the detection of  metastatic disease by PET-CT, CT, 
and PET-CT plus CT was 61%, 57%, and 87%, respec-
tively[111]. Enhanced PET-CT has also been shown to be 
superior to PET alone compared to unenhanced PET-
CT imaging in two studies[107,112]. Use of  the alternative 
radiotracer FLT has not been shown to be of  benefit in 
pancreas cancer. In a small pilot study, FLT-PET demon-
strated low levels of  uptake in the primary tumor and de-
tected only 40% of  primary pancreatic tumors compared 
to 100% with FDG-PET[113].

CONCLUSION
FDG-PET imaging is now a standard practice in staging 
cancers of  the esophagus. The role of  FDG-PET/CT 
imaging in staging gastric carcinoma, however, is compli-
cated by the higher rate of  FDG-non-avid malignancies 
and by the false positive rate within the stomach due to 
inflammatory conditions. For each upper GI malignancy, 
depth of  invasion and nodal status are not well evalu-
ated by FDG-PET scans. However, for locally-advanced 
malignancies, an FDG-PET scan may be used to identify 
occult metastatic disease which may then significantly 
then change the treatment plan. A newer application of  
this imaging modality is the assessment of  metabolic 
response, which correlates with chemotherapy sensitiv-
ity and survival. Preliminary prospective clinical studies 
suggest FDG-PET scans can predict response to therapy. 
With these data, the utility of  FDG-PET scanning in up-
per GI malignancies is increasingly commonplace. With 
the identification of  new FDG-PET tracers, we expect a 
further expansion of  the application of  PET imaging in 
upper GI malignancies. 

REFERENCES
1	 Wieder HA, Brücher BL, Zimmermann F, Becker K, Lordick 

F, Beer A, Schwaiger M, Fink U, Siewert JR, Stein HJ, We-
ber WA. Time course of tumor metabolic activity during 
chemoradiotherapy of esophageal squamous cell carcinoma 
and response to treatment. J Clin Oncol 2004; 22: 900-908

2	 Enestvedt CK, Mayo SC, Diggs BS, Mori M, Austin DA, 
Shipley DK, Sheppard BC, Billingsley KG. Diagnostic lapa-
roscopy for patients with potentially resectable pancreatic 
adenocarcinoma: is it cost-effective in the current era? J Gas-
trointest Surg 2008; 12: 1177-1184 

3	 Power DG, Schattner MA, Gerdes H, Brenner B, Markowitz 
AJ, Capanu M, Coit DG, Brennan M, Kelsen DP, Shah MA. 
Endoscopic ultrasound can improve the selection for lapa-
roscopy in patients with localized gastric cancer. J Am Coll 
Surg 2009; 208: 173-178  

4	 Hiyoshi Y, Watanabe M, Imamura Y, Nagai Y, Baba Y, 
Yoshida N, Toyama E, Hayashi N, Baba H. The relation-
ship between the glucose transporter type 1 expression and 
F-fluorodeoxyglucose uptake in esophageal squamous cell 
carcinoma. Oncology 2009; 76: 286-292 

5	 Mu DB, Wang SP, Yang WF, Fu Z, Chen XX, Sun XR, Yu 
JM. [Correlation between FDG PET /CT and the expression 

Smyth EC et al . FDG-PET in upper gastrointestinal cancers



5071 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

of glutl and ki-67 antigen in esophageal cancer]. Zhonghua 
Zhong Liu Za Zhi 2007; 29: 30-33 

6	 Tohma T, Okazumi S, Makino H, Cho A, Mochiduki R, 
Shuto K, Kudo H, Matsubara K, Gunji H, Ochiai T. Rela-
tionship between glucose transporter, hexokinase and FDG-
PET in esophageal cancer. Hepatogastroenterology 2005; 52: 
486-490  

7	 Taylor MD, Smith PW, Brix WK, Wick MR, Theodosakis N, 
Swenson BR, Kozower BD, Jones DR. Correlations between 
selected tumor markers and fluorodeoxyglucose maximal 
standardized uptake values in esophageal cancer. Eur J Car-
diothorac Surg 2009; 35: 699-705 

8	 Flamen P, Lerut A, Van Cutsem E, De Wever W, Peeters M, 
Stroobants S, Dupont P, Bormans G, Hiele M, De Leyn P, 
Van Raemdonck D, Coosemans W, Ectors N, Haustermans 
K, Mortelmans L. Utility of positron emission tomography 
for the staging of patients with potentially operable esopha-
geal carcinoma. J Clin Oncol 2000; 18: 3202-3210 

9	 Kato H, Kuwano H, Nakajima M, Miyazaki T, Yoshikawa M, 
Ojima H, Tsukada K, Oriuchi N, Inoue T, Endo K. Compari-
son between positron emission tomography and computed 
tomography in the use of the assessment of esophageal car-
cinoma. Cancer 2002; 94: 921-928 

10	 Kato H, Miyazaki T, Nakajima M, Takita J, Kimura H, 
Faried A, Sohda M, Fukai Y, Masuda N, Fukuchi M, Manda 
R, Ojima H, Tsukada K, Kuwano H, Oriuchi N, Endo K. 
The incremental effect of positron emission tomography on 
diagnostic accuracy in the initial staging of esophageal car-
cinoma. Cancer 2005; 103: 148-156 

11	 Bural GG, Kumar R, Mavi A, Alavi A. Reflux esophagitis 
secondary to chemotherapy detected by serial FDG-PET. 
Clin Nucl Med 2005; 30: 182-183 

12	 Bhargava P, Reich P, Alavi A, Zhuang H. Radiation-induced 
esophagitis on FDG PET imaging. Clin Nucl Med 2003; 28: 
849-850 

13	 Shrikanthan S, Aydin A, Dhurairaj T, Alavi A, Zhuang H. 
Intense esophageal FDG activity caused by Candida infec-
tion obscured the concurrent primary esophageal cancer on 
PET imaging. Clin Nucl Med 2005; 30: 695-697  

14	 Bakheet SM, Amin T, Alia AG, Kuzo R, Powe J. F-18 FDG 
uptake in benign esophageal disease. Clin Nucl Med 1999; 
24: 995-997  

15	 Puli SR, Reddy JB, Bechtold ML, Antillon D, Ibdah JA, An-
tillon MR. Staging accuracy of esophageal cancer by endo-
scopic ultrasound: a meta-analysis and systematic review. 
World J Gastroenterol 2008; 14: 1479-1490 

16	 Block MI, Patterson GA, Sundaresan RS, Bailey MS, Flana-
gan FL, Dehdashti F, Siegel BA, Cooper JD. Improvement in 
staging of esophageal cancer with the addition of positron 
emission tomography. Ann Thorac Surg 1997; 64: 770-776; 
discussion 776-777

17	 Kneist W, Schreckenberger M, Bartenstein P, Grünwald F, 
Oberholzer K, Junginger T. Positron emission tomography 
for staging esophageal cancer: does it lead to a different 
therapeutic approach? World J Surg 2003; 27: 1105-1112  

18	 Sihvo EI, Räsänen JV, Knuuti MJ, Minn HR, Luostarinen 
ME, Viljanen T, Färkkilä MA, Salo JA. Adenocarcinoma of 
the esophagus and the esophagogastric junction: positron 
emission tomography improves staging and prediction of 
survival in distant but not in locoregional disease. J Gastro-
intest Surg 2004; 8: 988-996  

19	 Lowe VJ, Booya F, Fletcher JG, Nathan M, Jensen E, Mullan 
B, Rohren E, Wiersema MJ, Vazquez-Sequeiros E, Murray 
JA, Allen MS, Levy MJ, Clain JE. Comparison of positron 
emission tomography, computed tomography, and en-
doscopic ultrasound in the initial staging of patients with 
esophageal cancer. Mol Imaging Biol 2005; 7: 422-430 

20	 Shimizu S, Hosokawa M, Itoh K, Fujita M, Takahashi H, 
Shirato H. Can hybrid FDG-PET/CT detect subclinical 
lymph node metastasis of esophageal cancer appropriately 

and contribute to radiation treatment planning? A com-
parison of image-based and pathological findings. Int J Clin 
Oncol 2009; 14: 421-425

21	 van Westreenen HL, Westerterp M, Bossuyt PM, Pruim J, 
Sloof GW, van Lanschot JJ, Groen H, Plukker JT. Systematic 
review of the staging performance of 18F-fluorodeoxyglu-
cose positron emission tomography in esophageal cancer. J 
Clin Oncol 2004; 22: 3805-3812  

22	 Roedl JB, Blake MA, Holalkere NS, Mueller PR, Colen RR, 
Harisinghani MG. Lymph node staging in esophageal ad-
enocarcinoma with PET-CT based on a visual analysis and 
based on metabolic parameters. Abdom Imaging 2009; 34: 
610-617  

23	 Hu Q, Wang W, Zhong X, Yuan S, Fu Z, Guo H, Yu J. Dual-
time-point FDG PET for the evaluation of locoregional 
lymph nodes in thoracic esophageal squamous cell cancer. 
Eur J Radiol 2009; 70: 320-324 

24	 Luketich JD, Friedman DM, Weigel TL, Meehan MA, 
Keenan RJ, Townsend DW, Meltzer CC. Evaluation of dis-
tant metastases in esophageal cancer: 100 consecutive posi-
tron emission tomography scans. Ann Thorac Surg 1999; 68: 
1133-1136; discussion 1136-1137 

25	 Heeren PA, Jager PL, Bongaerts F, van Dullemen H, Sluiter 
W, Plukker JT. Detection of distant metastases in esophageal 
cancer with (18)F-FDG PET. J Nucl Med 2004; 45: 980-987  

26	 Pan L, Gu P, Huang G, Xue H, Wu S. Prognostic significance 
of SUV on PET/CT in patients with esophageal cancer: a 
systematic review and meta-analysis. Eur J Gastroenterol 
Hepatol 2009; 21: 1008-1015  

27	 Rizk N, Downey RJ, Akhurst T, Gonen M, Bains MS, Larson 
S, Rusch V. Preoperative 18[F]-fluorodeoxyglucose positron 
emission tomography standardized uptake values predict 
survival after esophageal adenocarcinoma resection. Ann 
Thorac Surg 2006; 81: 1076-1081 

28	 van Westreenen HL, Plukker JT, Cobben DC, Verhoogt CJ, 
Groen H, Jager PL. Prognostic value of the standardized up-
take value in esophageal cancer. AJR Am J Roentgenol 2005; 
185: 436-440 

29	 Omloo JM, Sloof GW, Boellaard R, Hoekstra OS, Jager PL, 
van Dullemen HM, Fockens P, Plukker JT, van Lanschot 
JJ. Importance of fluorodeoxyglucose-positron emission 
tomography (FDG-PET) and endoscopic ultrasonography 
parameters in predicting survival following surgery for 
esophageal cancer. Endoscopy 2008; 40: 464-471  

30	 Kato H, Nakajima M, Sohda M, Tanaka N, Inose T, Mi-
yazaki T, Fukuchi M, Oriuchi N, Endo K, Kuwano H. The 
clinical application of (18)F-fluorodeoxyglucose positron 
emission tomography to predict survival in patients with 
operable esophageal cancer. Cancer 2009; 115: 3196-3203  

31	 Rizk NP, Tang L, Adusumilli PS, Bains MS, Akhurst TJ, 
Ilson D, Goodman K, Rusch VW. Predictive value of initial 
PET-SUVmax in patients with locally advanced esophageal 
and gastroesophageal junction adenocarcinoma. J Thorac 
Oncol 2009; 4: 875-879

32	 Mamede M, El Fakhri G, Abreu-e-Lima P, Gandler W, Nosé 
V, Gerbaudo VH. Pre-operative estimation of esophageal 
tumor metabolic length in FDG-PET images with surgical 
pathology confirmation. Ann Nucl Med 2007; 21: 553-562  

33	 Moureau-Zabotto L, Touboul E, Lerouge D, Deniaud-
Alexandre E, Grahek D, Foulquier JN, Petegnief Y, Grès B, 
El Balaa H, Kerrou K, Montravers F, Keraudy K, Tiret E, 
Gendre JP, Grange JD, Houry S, Talbot JN. Impact of CT 
and 18F-deoxyglucose positron emission tomography image 
fusion for conformal radiotherapy in esophageal carcinoma. 
Int J Radiat Oncol Biol Phys 2005; 63: 340-345 

34	 Muijs CT, Schreurs LM, Busz DM, Beukema JC, van der 
Borden AJ, Pruim J, Van der Jagt EJ, Plukker JT, Langendijk 
JA. Consequences of additional use of PET information for 
target volume delineation and radiotherapy dose distribu-
tion for esophageal cancer. Radiother Oncol 2009; 93: 447-453  

Smyth EC et al . FDG-PET in upper gastrointestinal cancers



5072 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

35	 Leong T, Everitt C, Yuen K, Condron S, Hui A, Ngan SY, 
Pitman A, Lau EW, MacManus M, Binns D, Ackerly T, 
Hicks RJ. A prospective study to evaluate the impact of 
FDG-PET on CT-based radiotherapy treatment planning for 
oesophageal cancer. Radiother Oncol 2006; 78: 254-261  

36	 Vrieze O, Haustermans K, De Wever W, Lerut T, Van Cut-
sem E, Ectors N, Hiele M, Flamen P. Is there a role for FGD-
PET in radiotherapy planning in esophageal carcinoma? 
Radiother Oncol 2004; 73: 269-275  

37	 Konski AA, Cheng JD, Goldberg M, Li T, Maurer A, Yu JQ, 
Haluszka O, Scott W, Meropol NJ, Cohen SJ, Freedman G, 
Weiner LM. Correlation of molecular response as measured 
by 18-FDG positron emission tomography with outcome 
after chemoradiotherapy in patients with esophageal carci-
noma. Int J Radiat Oncol Biol Phys 2007; 69: 358-363 

38	 http: //www.clinicaltrials.gov./
39	 Mandard AM, Dalibard F, Mandard JC, Marnay J, Henry-

Amar M, Petiot JF, Roussel A, Jacob JH, Segol P, Samama G. 
Pathologic assessment of tumor regression after preopera-
tive chemoradiotherapy of esophageal carcinoma. Clinico-
pathologic correlations. Cancer 1994; 73: 2680-2686 

40	 Weber WA, Ott K, Becker K, Dittler HJ, Helmberger H, 
Avril NE, Meisetschläger G, Busch R, Siewert JR, Schwaiger 
M, Fink U. Prediction of response to preoperative chemo-
therapy in adenocarcinomas of the esophagogastric junction 
by metabolic imaging. J Clin Oncol 2001; 19: 3058-3065  

41	 Ott K, Weber WA, Lordick F, Becker K, Busch R, Herrmann 
K, Wieder H, Fink U, Schwaiger M, Siewert JR. Metabolic 
imaging predicts response, survival, and recurrence in ad-
enocarcinomas of the esophagogastric junction. J Clin Oncol 
2006; 24: 4692-4698 

42	 van Vliet EP, Steyerberg EW, Eijkemans MJ, Kuipers EJ, 
Siersema PD. Detection of distant metastases in patients 
with oesophageal or gastric cardia cancer: a diagnostic deci-
sion analysis. Br J Cancer 2007; 97: 868-876  

43	 Lordick F, Ott K, Krause BJ, Weber WA, Becker K, Stein HJ, 
Lorenzen S, Schuster T, Wieder H, Herrmann K, Breden-
kamp R, Höfler H, Fink U, Peschel C, Schwaiger M, Siewert 
JR. PET to assess early metabolic response and to guide 
treatment of adenocarcinoma of the oesophagogastric junc-
tion: the MUNICON phase II trial. Lancet Oncol 2007; 8: 
797-805

44	 Gillham CM, Lucey JA, Keogan M, Duffy GJ, Malik V, 
Raouf AA, O’byrne K, Hollywood D, Muldoon C, Reynolds 
JV. (18)FDG uptake during induction chemoradiation for 
oesophageal cancer fails to predict histomorphological tu-
mour response. Br J Cancer 2006; 95: 1174-1179  

45	 Yoon SY, Kim SY, Cho YH, Chung HW, So Y, Lee HM. He-
patic metastases of gastric adenocarcinoma showing meta-
bolic remission on FDG-PET despite an increase in size on 
CT. Cancer Res Treat 2009; 41: 100-103 

46	 Buck AK, Herrmann K, Stargardt T, Dechow T, Krause BJ, 
Schreyögg J. Economic evaluation of PET and PET/CT in 
oncology: evidence and methodologic approaches. J Nucl 
Med 2010; 51: 401-412 

47	 Guo H, Zhu H, Xi Y, Zhang B, Li L, Huang Y, Zhang J, Fu 
Z, Yang G, Yuan S, Yu J. Diagnostic and prognostic value 
of 18F-FDG PET/CT for patients with suspected recurrence 
from squamous cell carcinoma of the esophagus. J Nucl Med 
2007; 48: 1251-1258  

48	 Teyton P, Metges JP, Atmani A, Jestin-Le Tallec V, Volant A, 
Visvikis D, Bail JP, Pradier O, Lozac’h P, Cheze Le Rest C. 
Use of positron emission tomography in surgery follow-up 
of esophageal cancer. J Gastrointest Surg 2009; 13: 451-458  

49	 Wang Z, Chen JQ. Imaging in assessing hepatic and perito-
neal metastases of gastric cancer: a systematic review. BMC 
Gastroenterol 2011; 11: 19 

50	 van Westreenen HL, Cobben DC, Jager PL, van Dullemen 
HM, Wesseling J, Elsinga PH, Plukker JT. Comparison of 
18F-FLT PET and 18F-FDG PET in esophageal cancer. J Nucl 

Med 2005; 46: 400-404  
51	 Botet JF, Lightdale CJ, Zauber AG, Gerdes H, Winawer SJ, 

Urmacher C, Brennan MF. Preoperative staging of gastric 
cancer: comparison of endoscopic US and dynamic CT. Ra-
diology 1991; 181: 426-432 

52	 Kobori O, Kirihara Y, Kosaka N, Hara T. Positron emission 
tomography of esophageal carcinoma using (11)C-choline 
and (18)F-fluorodeoxyglucose: a novel method of preopera-
tive lymph node staging. Cancer 1999; 86: 1638-1648  

53	 Jager PL, Que TH, Vaalburg W, Pruim J, Elsinga P, Plukker 
JT. Carbon-11 choline or FDG-PET for staging of oesopha-
geal cancer? Eur J Nucl Med 2001; 28: 1845-1849 

54	 Fischer B, Lassen U, Mortensen J, Larsen S, Loft A, Bertelsen 
A, Ravn J, Clementsen P, Høgholm A, Larsen K, Rasmus-
sen T, Keiding S, Dirksen A, Gerke O, Skov B, Steffensen I, 
Hansen H, Vilmann P, Jacobsen G, Backer V, Maltbaek N, 
Pedersen J, Madsen H, Nielsen H, Højgaard L. Preoperative 
staging of lung cancer with combined PET-CT. N Engl J Med 
2009; 361: 32-39 

55	 Verboom P, van Tinteren H, Hoekstra OS, Smit EF, van 
den Bergh JH, Schreurs AJ, Stallaert RA, van Velthoven PC, 
Comans EF, Diepenhorst FW, van Mourik JC, Postmus PE, 
Boers M, Grijseels EW, Teule GJ, Uyl-de Groot CA. Cost-
effectiveness of FDG-PET in staging non-small cell lung 
cancer: the PLUS study. Eur J Nucl Med Mol Imaging 2003; 
30: 1444-1449 

56	 Lauren P. The two histological main types of gastric carci-
noma: Diffuse and so-called intestinal-type carcinoma. An 
attempt at a histo-clinical classification. Acta Pathol Microbiol 
Scand 1965; 64: 31-49 

57	 Chen J, Cheong JH, Yun MJ, Kim J, Lim JS, Hyung WJ, Noh 
SH. Improvement in preoperative staging of gastric adeno-
carcinoma with positron emission tomography. Cancer 2005; 
103: 2383-2390 

58	 Herrmann K, Ott K, Buck AK, Lordick F, Wilhelm D, Sou-
vatzoglou M, Becker K, Schuster T, Wester HJ, Siewert JR, 
Schwaiger M, Krause BJ. Imaging gastric cancer with PET 
and the radiotracers 18F-FLT and 18F-FDG: a comparative 
analysis. J Nucl Med 2007; 48: 1945-1950 

59	 Kameyama R, Yamamoto Y, Izuishi K, Takebayashi R, Ha-
giike M, Murota M, Kaji M, Haba R, Nishiyama Y. Detection 
of gastric cancer using 18F-FLT PET: comparison with 18F-
FDG PET. Eur J Nucl Med Mol Imaging 2009; 36: 382-388  

60	 Kim SK, Kang KW, Lee JS, Kim HK, Chang HJ, Choi JY, Lee 
JH, Ryu KW, Kim YW, Bae JM. Assessment of lymph node 
metastases using 18F-FDG PET in patients with advanced 
gastric cancer. Eur J Nucl Med Mol Imaging 2006; 33: 148-155  

61	 Mochiki E, Kuwano H, Katoh H, Asao T, Oriuchi N, Endo 
K. Evaluation of 18F-2-deoxy-2-fluoro-D-glucose positron 
emission tomography for gastric cancer. World J Surg 2004; 
28: 247-253 

62	 Mukai K, Ishida Y, Okajima K, Isozaki H, Morimoto T, 
Nishiyama S. Usefulness of preoperative FDG-PET for de-
tection of gastric cancer. Gastric Cancer 2006; 9: 192-196  

63	 Stahl A, Ott K, Weber WA, Becker K, Link T, Siewert JR, 
Schwaiger M, Fink U. FDG PET imaging of locally advanced 
gastric carcinomas: correlation with endoscopic and histo-
pathological findings. Eur J Nucl Med Mol Imaging 2003; 30: 
288-295 

64	 Yeung HW, Macapinlac H, Karpeh M, Finn RD, Larson SM. 
Accuracy of FDG-PET in Gastric Cancer. Preliminary Expe-
rience. Clin Positron Imaging 1998; 1: 213-221 

65	 Yun M, Lim JS, Noh SH, Hyung WJ, Cheong JH, Bong JK, 
Cho A, Lee JD. Lymph node staging of gastric cancer using 
(18)F-FDG PET: a comparison study with CT. J Nucl Med 
2005; 46: 1582-1588  

66	 Koga H, Sasaki M, Kuwabara Y, Hiraka K, Nakagawa M, 
Abe K, Kaneko K, Hayashi K, Honda H. An analysis of the 
physiological FDG uptake pattern in the stomach. Ann Nucl 
Med 2003; 17: 733-738 

Smyth EC et al . FDG-PET in upper gastrointestinal cancers



5073 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

67	 Takahashi H, Ukawa K, Ohkawa N, Kato K, Hayashi Y, 
Yoshimoto K, Ishiyama A, Ueki N, Kuraoka K, Tsuchida 
T, Yamamoto Y, Chino A, Uragami N, Fujisaki J, Igarashi 
M, Fujita R, Koyama M, Yamashita T. Significance of (18)F-
2-deoxy-2-fluoro-glucose accumulation in the stomach on 
positron emission tomography. Ann Nucl Med 2009; 23: 
391-397 

68	 Ott K, Fink U, Becker K, Stahl A, Dittler HJ, Busch R, Stein 
H, Lordick F, Link T, Schwaiger M, Siewert JR, Weber WA. 
Prediction of response to preoperative chemotherapy in 
gastric carcinoma by metabolic imaging: results of a pro-
spective trial. J Clin Oncol 2003; 21: 4604-4610  

69	 Kawamura T, Kusakabe T, Sugino T, Watanabe K, Fukuda 
T, Nashimoto A, Honma K, Suzuki T. Expression of glucose 
transporter-1 in human gastric carcinoma: association with 
tumor aggressiveness, metastasis, and patient survival. Can-
cer 2001; 92: 634-641  

70	 Kim WS, Kim YY, Jang SJ, Kimm K, Jung MH. Glucose 
transporter 1 (GLUT1) expression is associated with intes-
tinal type of gastric carcinoma. J Korean Med Sci 2000; 15: 
420-424 

71	 Yamada A, Oguchi K, Fukushima M, Imai Y, Kadoya M. 
Evaluation of 2-deoxy-2-[18F]fluoro-D-glucose positron 
emission tomography in gastric carcinoma: relation to his-
tological subtypes, depth of tumor invasion, and glucose 
transporter-1 expression. Ann Nucl Med 2006; 20: 597-604 

72	 Zhu Z, Li F, Zhuang H. Gastric distension by ingesting food 
is useful in the evaluation of primary gastric cancer by FDG 
PET. Clin Nucl Med 2007; 32: 106-109 

73	 Yun M, Choi HS, Yoo E, Bong JK, Ryu YH, Lee JD. The role 
of gastric distention in differentiating recurrent tumor from 
physiologic uptake in the remnant stomach on 18F-FDG 
PET. J Nucl Med 2005; 46: 953-957 

74	 Kamimura K, Nagamachi S, Wakamatsu H, Fujita S, Nishii 
R, Umemura Y, Ogita M, Komada N, Sakurai T, Inoue T, 
Fujimoto T, Nakajo M. Role of gastric distention with addi-
tional water in differentiating locally advanced gastric car-
cinomas from physiological uptake in the stomach on 18F-
fluoro-2-deoxy-D-glucose PET. Nucl Med Commun 2009; 30: 
431-439  

75	 Yoshioka T, Yamaguchi K, Kubota K, Saginoya T, Yamaza-
ki T, Ido T, Yamaura G, Takahashi H, Fukuda H, Kanamaru 
R. Evaluation of 18F-FDG PET in patients with advanced, 
metastatic, or recurrent gastric cancer. J Nucl Med 2003; 44: 
690-699 

76	 Shoda H, Kakugawa Y, Saito D, Kozu T, Terauchi T, Dai-
saki H, Hamashima C, Muramatsu Y, Moriyama N, Saito H. 
Evaluation of 18F-2-deoxy-2-fluoro-glucose positron emis-
sion tomography for gastric cancer screening in asymptom-
atic individuals undergoing endoscopy. Br J Cancer 2007; 97: 
1493-1498 

77	 Lee JW, Kang KW, Paeng JC, Lee SM, Jang SJ, Chung JK, 
Lee MC, Lee DS. Cancer screening using 18F-FDG PET/CT 
in Korean asymptomatic volunteers: a preliminary report. 
Ann Nucl Med 2009; 23: 685-691 

78	 Tian J, Chen L, Wei B, Shao M, Ding Y, Yin D, Yao S. The 
value of vesicant 18F-fluorodeoxyglucose positron emission 
tomography (18F-FDG PET) in gastric malignancies. Nucl 
Med Commun 2004; 25: 825-831 

79	 Yang QM, Kawamura T, Itoh H, Bando E, Nemoto M, Aka-
moto S, Furukawa H, Yonemura Y. Is PET-CT suitable for 
predicting lymph node status for gastric cancer? Hepatogas-
troenterology 2008; 55: 782-785 

80	 Dalal KM, Woo Y, Kelly K, Galanis C, Gonen M, Fong Y, 
Coit DG. Detection of micrometastases in peritoneal wash-
ings of gastric cancer patients by the reverse transcriptase 
polymerase chain reaction. Gastric Cancer 2008; 11: 206-213  

81	 Lim JS, Kim MJ, Yun MJ, Oh YT, Kim JH, Hwang HS, Park 
MS, Cha SW, Lee JD, Noh SH, Yoo HS, Kim KW. Compari-
son of CT and 18F-FDG pet for detecting peritoneal metas-

tasis on the preoperative evaluation for gastric carcinoma. 
Korean J Radiol 2006; 7: 249-256  

82	 Lowy AM, Mansfield PF, Leach SD, Ajani J. Laparoscopic 
staging for gastric cancer. Surgery 1996; 119: 611-614 

83	 Burke EC, Karpeh MS, Conlon KC, Brennan MF. Laparos-
copy in the management of gastric adenocarcinoma. Ann 
Surg 1997; 225: 262-267  

84	 Di Fabio F, Pinto C, Rojas Llimpe FL, Fanti S, Castellucci P, 
Longobardi C, Mutri V, Funaioli C, Sperandi F, Giaquinta 
S, Martoni AA. The predictive value of 18F-FDG-PET early 
evaluation in patients with metastatic gastric adenocarci-
noma treated with chemotherapy plus cetuximab. Gastric 
Cancer 2007; 10: 221-227 

85	 De Potter T, Flamen P, Van Cutsem E, Penninckx F, Filez L, 
Bormans G, Maes A, Mortelmans L. Whole-body PET with 
FDG for the diagnosis of recurrent gastric cancer. Eur J Nucl 
Med Mol Imaging 2002; 29: 525-529 

86	 Sim SH, Kim YJ, Oh DY, Lee SH, Kim DW, Kang WJ, Im 
SA, Kim TY, Kim WH, Heo DS, Bang YJ. The role of PET/
CT in detection of gastric cancer recurrence. BMC Cancer 
2009; 9: 73 

87	 Nakai T, Okuyama C, Kubota T, Ushijima Y, Nishimura T. 
FDG-PET in a case of multiple bone metastases of gastric 
cancer. Ann Nucl Med 2005; 19: 51-54  

88	 Nakamoto Y, Togashi K, Kaneta T, Fukuda H, Nakajima 
K, Kitajima K, Murakami K, Fujii H, Satake M, Tateishi U, 
Kubota K, Senda M. Clinical value of whole-body FDG-PET 
for recurrent gastric cancer: a multicenter study. Jpn J Clin 
Oncol 2009; 39: 297-302 

89	 Patriti A, Graziosi L, Baffa N, Pacifico E, Lamprini P, Val-
iani S, Gullà N, Donini A. [Postoperative follow-up of gas-
tric adenocarcinoma with neoplastic markers and 18-FDG-
PET/TC]. Ann Ital Chir 2007; 78: 481-485  

90	 Jadvar H, Tatlidil R, Garcia AA, Conti PS. Evaluation of re-
current gastric malignancy with [F-18]-FDG positron emis-
sion tomography. Clin Radiol 2003; 58: 215-221 

91	 Reske SN, Grillenberger KG, Glatting G, Port M, Hildeb-
randt M, Gansauge F, Beger HG. Overexpression of glucose 
transporter 1 and increased FDG uptake in pancreatic carci-
noma. J Nucl Med 1997; 38: 1344-1348  

92	 Zimny M, Bares R, Fass J, Adam G, Cremerius U, Dohmen 
B, Klever P, Sabri O, Schumpelick V, Buell U. Fluorine-18 
fluorodeoxyglucose positron emission tomography in the 
differential diagnosis of pancreatic carcinoma: a report of 
106 cases. Eur J Nucl Med 1997; 24: 678-682 

93	 Inokuma T, Tamaki N, Torizuka T, Magata Y, Fujii M, 
Yonekura Y, Kajiyama T, Ohshio G, Imamura M, Konishi 
J. Evaluation of pancreatic tumors with positron emission 
tomography and F-18 fluorodeoxyglucose: comparison with 
CT and US. Radiology 1995; 195: 345-352 

94	 Koyama K, Okamura T, Kawabe J, Nakata B, Chung KH, 
Ochi H, Yamada R. Diagnostic usefulness of FDG PET for 
pancreatic mass lesions. Ann Nucl Med 2001; 15: 217-224  

95	 Rose DM, Delbeke D, Beauchamp RD, Chapman WC, 
Sandler MP, Sharp KW, Richards WO, Wright JK, Frexes 
ME, Pinson CW, Leach SD. 18Fluorodeoxyglucose-positron 
emission tomography in the management of patients with 
suspected pancreatic cancer. Ann Surg 1999; 229: 729-737; 
discussion 737-738 

96	 Sperti C, Pasquali C, Chierichetti F, Ferronato A, Decet G, 
Pedrazzoli S. 18-Fluorodeoxyglucose positron emission to-
mography in predicting survival of patients with pancreatic 
carcinoma. J Gastrointest Surg 2003; 7: 953-959; discussion 
959-960

97	 Gambhir SS, Czernin J, Schwimmer J, Silverman DH, Cole-
man RE, Phelps ME. A tabulated summary of the FDG PET 
literature. J Nucl Med 2001; 42: 1S-93S 

98	 Bares R, Klever P, Hauptmann S, Hellwig D, Fass J, Cre-
merius U, Schumpelick V, Mittermayer C, Büll U. F-18 
fluorodeoxyglucose PET in vivo evaluation of pancreatic 

Smyth EC et al . FDG-PET in upper gastrointestinal cancers



5074 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

glucose metabolism for detection of pancreatic cancer. Radi-
ology 1994; 192: 79-86 

99	 Diederichs CG, Staib L, Vogel J, Glasbrenner B, Glatting 
G, Brambs HJ, Beger HG, Reske SN. Values and limitations 
of 18F-fluorodeoxyglucose-positron-emission tomography 
with preoperative evaluation of patients with pancreatic 
masses. Pancreas 2000; 20: 109-116 

100	 Fröhlich A, Diederichs CG, Staib L, Vogel J, Beger HG, 
Reske SN. Detection of liver metastases from pancreatic 
cancer using FDG PET. J Nucl Med 1999; 40: 250-255  

101	 Nakata B, Nishimura S, Ishikawa T, Ohira M, Nishino H, 
Kawabe J, Ochi H, Hirakawa K. Prognostic predictive value 
of 18F-fluorodeoxyglucose positron emission tomography 
for patients with pancreatic cancer. Int J Oncol 2001; 19: 
53-58  

102	 Buck AC, Schirrmeister HH, Guhlmann CA, Diederichs CG, 
Shen C, Buchmann I, Kotzerke J, Birk D, Mattfeldt T, Reske 
SN. Ki-67 immunostaining in pancreatic cancer and chronic 
active pancreatitis: does in vivo FDG uptake correlate with 
proliferative activity? J Nucl Med 2001; 42: 721-725 

103	 Choi M, Heilbrun LK, Venkatramanamoorthy R, Lawhorn-
Crews JM, Zalupski MM, Shields AF. Using 18F-fluorode-
oxyglucose positron emission tomography to monitor clini-
cal outcomes in patients treated with neoadjuvant chemo-
radiotherapy for locally advanced pancreatic cancer. Am J 
Clin Oncol 2010; 33: 257-261 

104	 Kuwatani M, Kawakami H, Eto K, Haba S, Shiga T, Tamaki 
N, Asaka M. Modalities for evaluating chemotherapeutic ef-
ficacy and survival time in patients with advanced pancre-
atic cancer: comparison between FDG-PET, CT, and serum 
tumor markers. Intern Med 2009; 48: 867-875 

105	 Kobayashi N, Fujita K, Fujisawa T, Takahashi H, Yoneda 
M, Abe Y, Inamori M, Kirikoshi H, Kubota K, Saito S, Naka-
jima A. [Which is the best monitoring study (tumor marker, 
computed tomography or 18F-fluoro-2-deoxy-D-glucose 
positron emission tomography) to evaluate efficacy of 
chemotherapy on unresectable pancreatic cancer?]. Gan To 
Kagaku Ryoho 2008; 35: 65-70 

106	 Ruf J, Lopez Hänninen E, Oettle H, Plotkin M, Pelzer U, 
Stroszczynski C, Felix R, Amthauer H. Detection of recur-
rent pancreatic cancer: comparison of FDG-PET with CT/
MRI. Pancreatology 2005; 5: 266-272 

107	 Kitajima K, Murakami K, Yamasaki E, Kaji Y, Shimoda M, 
Kubota K, Suganuma N, Sugimura K. Performance of in-
tegrated FDG-PET/contrast-enhanced CT in the diagnosis 
of recurrent pancreatic cancer: comparison with integrated 
FDG-PET/non-contrast-enhanced CT and enhanced CT. 
Mol Imaging Biol 2010; 12: 452-459

108	 Shreve PD. Focal fluorine-18 fluorodeoxyglucose accumu-
lation in inflammatory pancreatic disease. Eur J Nucl Med 
1998; 25: 259-264 

109	 Nakamoto Y, Higashi T, Sakahara H, Tamaki N, Kogire M, 
Doi R, Hosotani R, Imamura M, Konishi J. Delayed (18)F-
fluoro-2-deoxy-D-glucose positron emission tomography 
scan for differentiation between malignant and benign le-
sions in the pancreas. Cancer 2000; 89: 2547-2554 

110	 Lemke AJ, Niehues SM, Hosten N, Amthauer H, Boehmig 
M, Stroszczynski C, Rohlfing T, Rosewicz S, Felix R. Retro-
spective digital image fusion of multidetector CT and 18F-
FDG PET: clinical value in pancreatic lesions--a prospective 
study with 104 patients. J Nucl Med 2004; 45: 1279-1286  

111	 Farma JM, Santillan AA, Melis M, Walters J, Belinc D, Chen 
DT, Eikman EA, Malafa M. PET/CT fusion scan enhances 
CT staging in patients with pancreatic neoplasms. Ann Surg 
Oncol 2008; 15: 2465-2471 

112	 Strobel K, Heinrich S, Bhure U, Soyka J, Veit-Haibach P, 
Pestalozzi BC, Clavien PA, Hany TF. Contrast-enhanced 
18F-FDG PET/CT: 1-stop-shop imaging for assessing the 
resectability of pancreatic cancer. J Nucl Med 2008; 49: 
1408-1413 

113	 Quon A, Chang ST, Chin F, Kamaya A, Dick DW, Loo BW, 
Gambhir SS, Koong AC. Initial evaluation of 18F-fluoro-
thymidine (FLT) PET/CT scanning for primary pancreatic 
cancer. Eur J Nucl Med Mol Imaging 2008; 35: 527-531 

114	 Flamen P, Lerut A, Van Cutsem E, Cambier JP, Maes A, De 
Wever W, Peeters M, De Leyn P, Van Raemdonck D, Mor-
telmans L. The utility of positron emission tomography for 
the diagnosis and staging of recurrent esophageal cancer. J 
Thorac Cardiovasc Surg 2000; 120: 1085-1092 

115	 Lerut T, Flamen P, Ectors N, Van Cutsem E, Peeters M, 
Hiele M, De Wever W, Coosemans W, Decker G, De Leyn P, 
Deneffe G, Van Raemdonck D, Mortelmans L. Histopatho-
logic validation of lymph node staging with FDG-PET scan 
in cancer of the esophagus and gastroesophageal junction: 
A prospective study based on primary surgery with exten-
sive lymphadenectomy. Ann Surg 2000; 232: 743-752 

116	 Yoon YC, Lee KS, Shim YM, Kim BT, Kim K, Kim TS. Me-
tastasis to regional lymph nodes in patients with esophageal 
squamous cell carcinoma: CT versus FDG PET for presurgi-
cal detection prospective study. Radiology 2003; 227: 764-770  

117	 Park MJ, Lee WJ, Lim HK, Park KW, Choi JY, Kim BT. De-
tecting recurrence of gastric cancer: the value of FDG PET/
CT. Abdom Imaging 2009; 34: 441-447 

118	 Sohn YJ, Jang JS, Choi SR, Kwon HC, Jung GJ, Kim MC, 
Jeong JS. Early detection of recurrence after endoscopic 
treatment for early gastric cancer. Scand J Gastroenterol 2009; 
44: 1109-1114 

S- Editor  Sun H    L- Editor  Cant MR    E- Editor  Zhang DN

Smyth EC et al . FDG-PET in upper gastrointestinal cancers



Osteopontin expression is associated with hepatopathologic 
changes in Schistosoma japonicum infected mice

Bo-Lin Chen, Gui-Ying Zhang, Wei-Jian Yuan, Shi-Ping Wang, Yue-Ming Shen, Lu Yan, Huan Gu, Jia Li

Bo-Lin Chen, Gui-Ying Zhang, Wei-Jian Yuan, Lu Yan, Huan 
Gu, Jia Li, Department of Gastroenterology, Xiangya Hospital, 
Central South University, Changsha 410008, Hunan Province, 
China
Shi-Ping Wang, Department of Pathogenic Biology, College of 
Xiangya Basic Medicine, Central South University, Changsha 
410008, Hunan Province, China
Yue-Ming Shen, Department of Gastroenterology, Changsha 
Central Hospital, Changsha 410004, Hunan Province, China
Author contributions: Chen BL designed the research, per-
formed the majority of the experiments, and wrote the manu-
script; Zhang GY guided the research; Wang SP provided many 
facilities in animal modeling; Yuan WJ was involved in editing 
the manuscript; Shen YM, Yan L, Gu H, and Li J helped perform 
the research and participated in data analysis.
Supported by Grants from the National Natural Science Foun-
dation of China, No. 81072038/H1617
Correspondence to: Gui-Ying Zhang, Dr., Department of 
Gastroenterology, Xiangya Hospital, Central South University, 
Changsha 410008, Hunan Province, 
China. guiyingzhang@hotmail.com
Telephone: +86-0731-84327282  Fax: +86-0731-84327321
Received: January 11, 2011          Revised: June 9, 2011 
Accepted: June 16, 2011
Published online: December 14, 2011

Abstract
AIM: To investigate osteopontin expression and its 
association with hepatopathologic changes in BALB/C 
mice infected with Schistosoma japonicum.

METHODS: The schistosomal hepatopathologic mouse 
model was established by abdominal infection with 
schistosomal cercaria. Liver samples were obtained 
from mice sacrificed at 6, 8, 10, 14, and 18 wk after in-
fection. Liver histopathological changes were observed 
with hematoxylin-eosin and Masson trichrome staining. 
The expression of osteopontin was determined with im-
munohistochemistry, reverse transcription-polymerase 
chain reaction, and Western blotting. The expression 

of α-smooth muscle actin (α-SMA) and transforming 
growth factor-β1 (TGF-β1) were determined by im-
munohistochemistry. Correlations of osteopontin ex-
pression with other variables (α-SMA, TGF-β1, hepato-
pathologic features including granuloma formation and 
degree of liver fibrosis) were analyzed.

RESULTS: Typical schistosomal hepatopathologic changes 
were induced in the animals. Dynamic changes in the 
expression of osteopontin were observed at week 6. 
The expression increased, peaked at week 10 (P  < 
0.01), and then gradually decreased. Positive correla-
tions between osteopontin expression and α-SMA (r  = 
0.720, P  < 0.01), TGF-β1 (r  = 0.905, P  < 0.01), granu-
loma formation (r  = 0.875, P  < 0.01), and degree of 
liver fibrosis (r  = 0.858, P  < 0.01) were also observed.

CONCLUSION: Osteopontin may play an important 
role in schistosomal hepatopathology and may promote 
granuloma formation and liver fibrosis through an un-
explored mechanism.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Schistosomiasis remains a huge threat to human health 
in tropical areas. Almost 12% of  the population is in 
danger of  this disease, with more than 200 million people 
infected annually[1]. In the past few decades, this disease 
has re-emerged and is still endemic in marsh, lake, and 
even mountainous regions of  China, causing social hard-
ship and economic burden[2]. It is now believed that the 
immune response of  humans to schistosome eggs and 
the granulomatous responses they induce are the major 
causes of  pathology in schistosomiasis[3]. The granulo-
mas that form around the eggs impair blood flow in the 
liver and consequently induce portal hypertension[4]. On 
the other hand, the granulomas destroy the eggs and 
sequester or neutralize pathogenic egg antigens, leading 
to fibrosis in host tissues[5]. Once the immune response 
is activated, it is unlikely to be self-limiting, and schisto-
somiasis liver damage will continue, even after effective 
insecticide treatment[6]. Increasing reports of  praziquantel 
treatment failures have highlighted the need for advanced 
knowledge of  schistosomal hepatopathologic mecha-
nisms and for new therapeutic strategies. 

Osteopontin is granulomatogenic and has chemokine 
functions (mediating T lymphocyte and macrophage mi-
gration), cytokine activity (modulating T-helper 1 and 2 
cytokine production), and several inflammatory and anti-
inflammatory effects (regulation of  nitric oxide genera-
tion)[7]. Recent work has demonstrated the important role 
osteopontin plays in mediating hepatic inflammation[8]. 
Upregulation of  osteopontin expression early in the 
development of  steatohepatitis, and its possible role in 
signaling the onset of  liver injury and fibrosis in experi-
mental nonalcoholic steatohepatitis have been reported[9]. 

These limited findings led us to hypothesize that os-
teopontin may be engaged in the immunopathogenesis 
of  schistosomiasis liver damage. In our current study, we 
investigated the dynamic changes in osteopontin expres-
sion in Schistosoma japonicum (S. japonicum)-infected mouse 
liver. We also examined the relationship between osteo-
pontin and hepatopathology and potential promoters of  
fibrosis progression such as hepatic stellate cells (HSCs) 
and transforming growth factor-β1 (TGF-β1) to obtain 
possible clues for further studies on the cellular and mo-
lecular mechanisms involved in schistosomal hepatopa-
thology.

MATERIALS AND METHODS
Parasite and laboratory animals
Six-week-old BALB/C female mice were purchased from 
the Experimental Animal Center (Central South Univer-
sity, Changsha, Hunan, China). All animal experiments 
were performed in accordance with the Chinese Council 
on the Animal Care Guide for the Care and Use of  Labo-
ratory Animals. Oncomelania hupensis harboring S. japonicum 
cercariae were obtained from the Center for Schistoso-
miasis Control and Prevention (Yueyang, Hunan, China).

Animal treatment
One hundred BALB/C mice were randomly divided into 
the control group and the model group (n = 50 each). 
Mice in the model group were percutaneously infected 
with S. japonicum by placing a glass slide carrying 15 ± 1 
cercariae in non-chlorine water on its abdomen for 20 
min. Mice in the control group were treated with non-
chlorine water containing no cercariae. All mice were 
kept at 20-25  ℃ in a 12-h light/12-h dark cycle with free 
access to food and water. At 6, 8, 10, 14, and 18 wk after 
infection, 10 mice from each group were randomly se-
lected and sacrificed. Liver tissues were extracted and cut 
into two parts: the left lobes of  the liver were fixed in 4% 
paraformaldehyde for 12 h; the remaining portion of  the 
liver was preserved at -80  ℃ until use.

Histopathological study
Paraformaldehyde-fixed liver specimens were dehydrated 
in a graded alcohol series. Following xylene treatment, 
the specimens were embedded in paraffin blocks, cut 
into 5-μm thick sections, and placed on glass slides. The 
sections were then stained with hematoxylin and eosin 
(HE) and Masson trichrome (MT) according to standard 
procedures. To describe and evaluate liver pathological 
changes, a pathologist who was blinded to the research 
design examined 10 different low-power fields of  HE- 
and MT-stained sections (selected fields were in almost 
the same location) for each mouse. In addition, the per-
centage of  collagen calculated by a multimedia color im-
age analysis system (Image-Pro Plus 6.0) was measured as 
a relative objective index (because a histological/fibrosis 
score that is evaluated by pathologists is susceptible to 
the ability and subjective judgment of  the pathologist) 
to evaluate the degree of  liver fibrosis. Each MT-stained 
section was examined at 100 × magnification. Every field 
analyzed contained a granuloma, portal area, or a centri-
lobular vein. Fibrotic areas were scanned and summed by 
the software. The percentage of  collagen was expressed 
as the ratio of  the collagen-containing area to the whole 
area, and the result was determined as the mean of  ten 
different fields of  each section. Furthermore, the granu-
loma dimension was also measured at a magnification of  
100× using an ocular micrometer. Only non-confluent 
granulomas containing eggs in their centers were mea-
sured[10]. Granuloma dimension = maximum width × 
maximum length. Mean granuloma dimension of  each 
section = sum of  all granuloma dimensions in each sec-
tion/number of  granuloma in each section. 

Immunohistochemistry 
Immunohistochemical staining was performed with 
the PV-6001/6002 Two-Step IHC Detection Reagent 
(ZSGB-BIO, China). The sections were dewaxed, dehy-
drated, immersed in citrate buffer (0.01 mol/L, pH 6.0), 
heated at 100  ℃ in a microwave oven 6 × 2 min, incu-
bated in 3% H2O2 in deionized water for 10 min to block 
endogenous peroxidase activity, and washed 2 × 3 min 
with phosphate-buffered saline (PBS). The sections were 
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then incubated overnight at 4  ℃ with antibodies against 
osteopontin (mouse monoclonal; 1:300; Santa Cruz Bio-
technology, United States), α-SMA (mouse monoclonal; 
1:300; Santa Cruz Biotechnology), and TGF-β1 (rab-
bit polyclonal; 1:300; Santa Cruz Biotechnology). After 
washing 2 × 3 min with PBS, the appropriate second an-
tibody was added to the sections and incubated at 37  ℃ 
for 30 min. Then, the sections were washed 2 × 3 min 
with PBS, and the color was developed with diaminoben-
zidine (DAB) for about 5 min. Nuclei were lightly coun-
terstained with hematoxylin. Negative controls included 
incubation with PBS without the primary antibody. The 
integral optical density (IOD) was measured with Image-
Pro Plus 6.0, and the result was determined as the sum of  
five different fields (one in the center and four in the pe-
riphery) of  each section. The IOD of  the target protein 
was defined as the sum of  the optical densities of  all the 
positive pixels in the image, which represents the quantity 
of  the targeted protein. The IOD is considered to be 
more accurate than average optical density as it considers 
both the intensity and area.

Reverse transcription-polymerase chain reaction
Total RNA was extracted from frozen liver tissue with 
TRIZOL Reagent (Invitrogen, United States). Comple-
mentary DNA (cDNA) was synthesized from total RNA 
using a ReverTra Ace-α-TM First Strand cDNA Synthesis 
kit (Toyobo, Japan). Relative quantification of  target gene 
expression was performed using the housekeeping gene, 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
as an internal control. The primer sequences were osteo-
pontin forward 5′-ccaggtttctgatgaacagt-3′ 
and reverse 5′-gtgtgtttccagacttggtt-3′, 
which yielded a fragment of  193 bp, and GAPDH for-
ward 5′-aactttggcattgtggaagg-3′ and reverse 
5′-ggatgcagggatgatgttct-3′, which yielded a 
fragment of  132 bp. For the first step, the following com-
ponents were mixed to obtain the specified concentra-
tions in a final 20 μL reaction volume: 1 μL denatured to-
tal RNA (1 μg/μL), 4 μL 5 × buffer, 2 μL dNTP mixture 
(10 mmol/L), 1 μL RNase inhibitor (10 U/μL), 10 μL 
RNase-free H2O, 1 μL Oligo (dT)20 (10 pmol/μL), and 
1 μL ReverTra Ace. The reaction was performed at 42  ℃ 
for 20 min, followed by 99  ℃ for 5 min, and 4  ℃ for 5 
min. In the second step, 1 μL cDNA was mixed with 
0.5 μL each sense and anti-sense primers (100 μmol/L 
each), 2 μL dNTP mixture (2 mmol/L), 1.5 μL MgCl2 (25 
mmol/L), 2 μL 10 × polymerase chain reaction (PCR) 
buffer, 0.5 μL Taq DNA Polymerase (500 U), and 12 μL 
PCR H2O. PCR was performed as follows: denaturation 
at 95  ℃ for 5 min; 32 cycles of  denaturation at 94  ℃ for 
30 s, annealing at 55  ℃ for 30 s, and elongation at 72  ℃ 
for 30 s; and final elongation at 72  ℃ for 5 min. The 
PCR products were separated by electrophoresis on 1.5% 
agarose gels (sample volume: 10 μL, voltage: 120 V) and 
visualized with ethidium bromide staining and ultraviolet 
illumination. We used gel OD analysis software (Gel-Pro 
4.0) to scan and calculate the IOD of  strips. The relative 
mRNA expression of  osteopontin was represented as the 

ratio of  osteopontin:IOD and GAPDH:IOD.

Western blotting
Frozen tissue specimens (500 mg) were homogenized on 
ice in 1 mL lysate prepared from a Total Protein Extrac-
tion kit (ProMab, United States) and then ultrasonicated 
for 3 × 3 s. The crude protein fractions were obtained by 
centrifuging the homogenates at 9000 × g for 10 min at 
4  ℃. The supernatant was used as the protein fraction. 
Gel samples were prepared by mixing protein samples 
with sample buffer and boiling at 100  ℃ for 3 min. Nu-
clear and cytoplasmic proteins were separated with 12% 
sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis in running buffer. After electrophoresis, the proteins 
were transferred to nitrocellulose membrane (Pierce, 
United States) in transfer buffer at 300 mA constant cur-
rent for 70 min on ice. Non-specific binding sites were 
blocked by incubating in PBS containing 5% nonfat milk 
for 2 h at 37  ℃. Membranes were then incubated with 
primary antibodies (mouse osteopontin monoclonal; 
1:500; Santa Cruz Biotechnology and mouse monoclonal 
GAPDH; 1:1000; ProMab, United States) overnight at 
4  ℃. The membranes were then washed 5 × 4 min with 
PBS-Tween 20 (PBST) and incubated with secondary 
antibody (horseradish peroxidase-conjugated goat anti-
mouse IgG; 1:50  000; Zymed, United States) for 1 h at 
37  ℃. After the membranes were washed 5 × 4 min in 
PBST, enhanced chemiluminescence detection of  the 
target protein was performed. The film was scanned, and 
the image was analyzed with Gel-Pro 4.0. The relative 
levels of  osteopontin were represented as the ratio of  os-
teopontin:IOD and GAPDH:IOD. 

Statistical analysis
Statistical analysis was performed using SPSS 13.0 soft-
ware. Data were expressed as mean ± SD. A normality 
test was performed before statistical analysis. Compari-
sons between groups and time points were performed 
using one-way analysis of  variation (homogeneity of  vari-
ance: S-N-K; heterogeneity of  variance: Tamhane). Cor-
relation analysis was performed with linear regression. P 
values less than 0.01 (heterogeneity of  variance) or 0.05 
were considered statistically significant. 

RESULTS
Schistosomal hepatopathology 
Both HE and MT staining revealed a parallel change 
over time (Figure 1, left and middle). The control group 
showed normal hepatocyte morphology (Figure 1A), 
but the model group showed typical hepatopathological 
characteristics of  schistosomiasis with remarkable acute 
granuloma formation and subsequent liver fibrosis from 
week 6 through week 18 (Figure 1B-F). At week 6, in-
flammatory cells had infiltrated around the schistosome 
eggs and formed granulomas, which were mainly distrib-
uted in portal areas; collagen fibers were only interspersed 
among the periphery of  the granulomas (Figure 1B). 
The granuloma size and the quantity of  inflammatory 
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or stretched into the interior of  the granulomas. Some 
fibers extended from portal areas or inflammatory le-
sions to the lobule, which had been cut apart and re-built. 
In some serious cases, pseudolobules formed. At week 
14, fibrocytes and collagen fibers eventually became the 
predominant feature of  granulomas and formed typical 
chronic granulomas, whereas other cell types decreased in 

cells increased at week 8. Numerous fibrocytes appeared 
at the periphery of  the lesions, and the collagen fibers 
became longer and thicker (Figure 1C). The granulomas 
reached their peak in size and quantity at week 10 (Figure 
1D). Numerous inflammatory cells such as neutrophils, 
lymphocytes, and eosinophils were seen infiltrating in the 
granulomas, and numerous collagen fibers were wrapped 
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number (Figure 1E). The schistosome eggs degenerated 
and disintegrated at week 18, and fibrosis was obviously 
reduced but more stable (Figure 1F). The collagen per-
centage and the granuloma dimension in each group also 
showed a similar change over time (Figure 1, graphs A 
and B, right).

Expression of osteopontin, α-SMA, and TGF-β1 with 
immunohistochemistry
Immunohistochemistry for osteopontin, α-SMA, and 
TGF-β1 demonstrated a similar change that paralleled the 
development of  hepatopathology over time (Figure 2A-F, 
left to right). Few if  any, scarcely distributed cells with 
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Figure 2  Representative images of immunostaining for osteopontin, α-SMA, and TGF-β1 over time in mouse liver. Positive staining is yellow brown, and ar-
rowheads show positive cells. 100 × original magnification. OPN: Osteopontin; SMA: Smooth muscle actin; TGF: Transforming growth factor.
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faint staining were seen in the normal control group (Fig-
ure 2A, left to right) throughout the experiment. At week 
6 in the model group, positively stained cells were widely 
distributed in the area of  inflammatory cell infiltration, 
which formed acute granulomas (Figure 2B, left to right). 
Strongly upregulated expression of  these proteins was 
seen from week 8 to week 10. Many densely stained posi-
tive cells surrounded and infiltrated into the egg granu-
lomas, accumulated in fibrotic areas, and stretched along 
the fibrous septum (Figure 2C and D, left to right). At 
week 14, there were still many positive cells distributed 
in the fibrotic granulomas and dispersed at the periphery 
of  the granulomas. However, the expression weakened 
and returned to near normal levels at week 18 (Figure 2E 
and F, left to right). The IODs of  immunostaining of  
individual proteins in the groups over time are shown in 
Table 1. 

Correlation analysis 
Correlation analysis revealed that the expression of  osteo
pontin was positively correlated with expression of  
α-SMA and TGF-β1, and with hepatopathological 
changes (Figure 3). The R-square values were 0.720, 0.905, 
0.815, and 0.875 for osteopontin expression with α-SMA, 
TGF-β1, percentage of  collagen, and granuloma dimen-
sion, respectively (P < 0.01), implying that the expression 
of  osteopontin may play an important role in the devel-
opment of  liver damage in S. japonicum-infected mice in 

this study. 

Expression of osteopontin mRNA (RT-PCR) and protein 
(Western blotting)
Consistent with the above results, parallel changes were 
seen in the expression of  osteopontin mRNA and protein 
(Figure 4). The control group showed no changes in ex-
pression throughout the experiment, but the expression lev-
els of  both osteopontin mRNA and protein in the model 
group were upregulated at week 6, reached a peak at week 
8 (P < 0.05), and decreased gradually. Expression levels re-
mained higher than those in the control group (P < 0.05).

DISCUSSION
Osteopontin is considered a strong chemoattractant and 
proinflammatory molecule that is involved in a wide 
range of  physiologic and pathologic events, including 
angiogenesis, tumor metastasis, wound healing, tissue 
remodeling, and fibrosis[11-13]. Osteopontin is believed to 
constitute the central pathway of  HSC activation, a key 
step in the development of  hepatic fibrosis[14,15]. Howev-
er, the role of  osteopontin in schistosomal liver damage 
should be explored further. 

In our current study, typical hepatopathological chang-
es were induced in S. japonicum-infected animals. Over 
time during the experiment, the infected liver showed 
granuloma formation and obvious fibrosis that appeared 

Table 1  Integral optical density of immunostaining in the groups over time

Groups Staining Week 6 Week 8 Week 10 Week 14 Week 18

Control group IOD Osteopontin (× 102)     0.52 ± 0.06    0.55 ± 0.07     0.56 ± 0.06    0.50 ± 0.06    0.50 ± 0.06
          α-SMA (× 102)3     0    0     0    0    0
        TGF-β1 (× 103)     0.20 ± 0.02    0.21 ± 0.02     0.20 ± 0.02    0.20 ± 0.03    0.20 ± 0.02

Model group IOD Osteopontin (× 102)        6.45 ± 0.541,2      10.21 ± 0.801,2      31.20 ± 2.831,2        6.00 ± 0.541,2        2.26 ± 0.281,2

         α-SMA (× 102)      0.93 ± 0.092    18.19 ± 1.622    39.13 ± 4.372   30.93 ± 3.872      1.45 ± 0.162

        TGF-β1 (× 103)        2.52 ± 0.241,2        4.90 ± 0.501,2        9.20 ± 1.251,2       3.84 ± 0.361,2      0.19 ± 0.022

1Compared with control group: P < 0.01; 2Compared with previous time point: P < 0.01; 3The staining of α-SMA in the control group was measured, and the 
result was zero. Results are expressed as the mean IOD (× 102 or × 103) ± SD. SMA: Smooth muscle actin; IOD: Integral optical density.

Figure 3  Correlation of osteopontin mRNA expression with α-SMA, TGF-β1, percentage of collagen, and the granuloma dimensions in the model group. 
x-axis: IOD of osteopontin (× 102); y-axis: Black line: IOD of α-SMA (× 102); Red line: IOD of TGF-β1 (× 103); Blue line: Collagen (%); Green line: Granuloma dimen-
sion, mm2 (× 102). OPN: Osteopontin; SMA: Smooth muscle actin; TGF: Transforming growth factor.
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at week 6 and peaked from week 8 to 14. Accompanying 
this pathological change, osteopontin expression (mRNA 
and protein) was highly upregulated and showed a strong 
correlation with pathologic changes in the liver and 
with the immunohistochemistry profiles of  α-SMA and 
TGF-β1. Thus, our data imply involvement of  osteopon-
tin in the development of  schistosomal hepatopathologic 
changes. 

Determining the mechanisms and the detailed biologi-
cal role of  osteopontin in the process of  schistosomal 
hepatopathology is beyond the scope of  our current 
experiment, but other reports suggest some possibilities. 
Niki et al[16] reported that α-SMA is significantly increased 
following HSC activation and is considered a marker for 
HSC activation. TGF-β1 is not only upregulated following 
HSC activation, but also directly activates HSCs through 
the TGF-β1/Smad signal transduction pathway, leading 
to hepatic fibrosis[17]. The upregulated expression of  both 
α-SMA and TGF-β1 and their positive correlation with 
osteopontin expression observed in this study add more 
evidence supporting their important role in the process of  
schistosomal hepatopathology and liver fibrosis.

In summary, typical schistosomal hepatopathological 
changes occurred during this experiment. The develop-
ment of  hepatopathology, including granuloma forma-
tion and liver fibrosis, was accompanied by dynamic 
expression of  osteopontin, which correlated well with 
the expression of  both α-SMA and TGF-β1 over time. 
Thus, osteopontin may play a key role in schistosomal 

hepatopathology, the mechanisms of  which will require 
additional studies.
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Abstract
AIM: To analyze the outcome of hepatocellular car-
cinoma (HCC) resection in cirrhosis patients, related 
to presence of portal hypertension (PH) and extent of 
hepatectomy.

METHODS: A retrospective analysis of 135 patients 
with HCC on a background of cirrhosis was submitted 
to curative liver resection.

RESULTS: PH was present in 44 (32.5%) patients. 
Overall mortality and morbidity were 2.2% and 33.7%, 
respectively. Median survival time in patients with or 
without PH was 31.6 and 65.1 mo, respectively (P  = 
0.047); in the subgroup with Child-Pugh class A cirrhosis, 
median survival was 65.1 mo and 60.5 mo, respectively (P  
= 0.257). Survival for patients submitted to limited liver 
resection was not significantly different in presence or 
absence of PH. Conversely, median survival for patients 
after resection of 2 or more segments with or without 
PH was 64.4 mo and 163.9 mo, respectively (P  = 0.035).

CONCLUSION: PH is not an absolute contraindication 
to liver resection in Child-Pugh class A cirrhotic pa-
tients, but resection of 2 or more segments should not 
be recommended in patients with PH. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer and the third leading cause of  cancer death 
worldwide[1-3]. Surgical treatment is an effective treatment 
for HCC and the mortality after surgery has decreased in 
recent years in relation to improved surgical techniques 
and peri-operative management of  patients[4-6]. The over-
all survival at 5 years after liver resection varies from 33% 
to 69% according to recent surgical series, although re-
currence is still the major issue after surgery[7-13]. 

The indications for surgical resection depend on the 
characteristics of  the tumor (stage, number of  nodules, 
size, presence of  vascular invasion), on the general condi-
tion of  patient, and on liver functional reserve[14]. 
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The presence of  liver cirrhosis is the most important 
risk factor for the development of  HCC, as 85%-95% of  
HCCs arise in cirrhotic livers[15-17]. HBV and HCV infec-
tions and alcohol abuse are the most frequent causes of  
cirrhosis: about 80%-85% of  cases[7]. Portal hypertension 
(PH) is related to an increase in intrahepatic resistance 
due to the structural subversion of  the liver and loss of  
vascular bed, and bleeding from gastroesophageal varices 
is one of  the most important complications of  cirrho-
sis[18]. On the basis of  several studies[19,20], the American 
Association for the Study of  Liver Diseases (AASLD)[21] 
defined as clinical PH the presence of  esophageal varices 
or thrombocytopenia (platelet count < 100 000/mm3) as-
sociated with splenomegaly. The European Association 
for the Study of  the Liver (EASL)/AASLD guidelines 
consider PH as a relative contraindication to liver resec-
tion, because of  the high risk of  postoperative liver fail-
ure, as reported in some clinical series[21,22]. These results, 
however, have not been confirmed in more recent clinical 
studies[23-25]. 

The aims of  this study are to assess the results of  
liver resection in patients with HCC and cirrhosis with 
PH and the relationship in terms of  survival between 
Child-Pugh stage, the extent of  hepatic resection and the 
presence of  clinical PH. 

MATERIALS AND METHODS
We retrospectively analyzed clinical data of  135 patients 
with cirrhosis undergoing liver resection with radical 
intent for HCC from 1995 to 2008 at the single Surgical 
Division of  the Department of  Surgery of  the Univer-
sity of  Verona. The patients’ liver function was assessed 
by Child-Pugh classification. Clinical PH was defined 
according to AASLD guidelines as the presence of  
esophageal varices or thrombocytopenia (platelet count 
< 100 000/mm3) associated with splenomegaly[21]. The 
extent of  resection was defined according to the clas-
sification of  Brisbane[26]. After liver resection, patients 
underwent follow-up with serum α-fetoprotein levels 
and abdominal ultrasound every 6 mo and computed 
tomography scan every 12 mo. The mean follow-up after 
surgery was 38.3 mo. 

Statistical analysis 
Data were collected and analyzed with SPSS statistical 
software (SPSS version 16.0 Inc., Chicago Ⅲ). The dif-
ferences between categorical variables were analyzed with 
a χ 2 test. The differences between continuous variables 
were also analyzed with a χ 2 test. 

Survival analysis was carried out with the Kaplan-Mei-
er method. Univariate analysis for survival was performed 
with the Kaplan Meier method, with the Log Rank test to 
verify significance of  differences. The statistical analysis 
included two different steps; in the first we analyzed the 
prognostic significance of  the PH in all patients and in 
the second step we analyzed the prognostic significance 
of  PH in different subgroups according to the Child-
Pugh class and the extent of  liver resection (wedge/

segmentectomy or ≥ 2 segments). Finally, multivariate 
analysis with Cox’s regression model was performed with 
the following variables: Child-Pugh class, PH and type of  
hepatectomy. A P value lower than 0.05 was considered 
significant. 

RESULTS
The prevalence of  PH in all patients was 32.5%. The 
analysis of  our data showed that patients with PH who 
underwent surgery had worse liver function compared to 
those without PH (patients in Child-Pugh B class 33% 
vs 11% respectively, P < 0.01), with serum bilirubin level 
> 2 mg/dL in 29% vs 3% respectively, P < 0.01 and se-
rum transaminases AST > 80 U/L in 52% vs 25%, P = 
0.01 and ALT > 80 U/L in 48% vs 19% respectively, P 
= 0.01 (Table 1). The one and 3-mo mortality rates were 
4.6% and 13.9% and 1.1% and 3.3% for patients with 
and without PH, respectively (P = 0.20 and P = 0.05). 
The morbidity rate reached no statistical significance for 
patients with and without PH respectively (37% vs 32%, 
P = 0.59). The liver-related morbidity (ascites, encepha-
lopathy, jaundice) was significantly higher in patients with 
PH than in patients without PH, 32% vs 13% respectively 
(P = 0.03) (Table 2). 

The 3-year and 5-year survival in patients without PH 
was higher than in patients with PH (68.4% and 61.2% vs 
48.7% and 44.9% respectively, P = 0.047). These results 
are reported in Figure 1A.

Survival analysis in patients with Child-Pugh B cirrho-
sis did not demonstrate significant differences in patients 
with or without PH (3-year survival of  31.3% vs 11.9%, P 
= 0.465) (Table 3).

Also, in Child-Pugh class A patients the survival 
analysis did not show significant differences in patients 
with or without PH, with a 3-year and 5-year survival of  
63.0% and 57.3% vs 72.0% and 63.2% respectively (P = 
0.257). These results are summarized in Table 3.

Furthermore, we evaluated the relationship between 
survival, extent of  liver resection and PH in Child-Pugh 
class A patients. 

In limited resections (wedge or one segment) we 
found no statistical differences between patients with 
or without PH. In these patients the 5-year survival was 
72.4% and 61.4% respectively (P = 0.458, Figure 1B, 
Table 3).

When resection of  two or more segments was per-
formed, survival was significantly longer in patients 
without PH with a 5-year survival of  64.5% compared 
to 25.0% in patients with PH respectively (P = 0.035, 
Figure 1C, Table 3).

Multivariate analysis with Cox’s regression model con-
firmed that Child-Pugh class was related to survival with 
a HR of  2.57 (P < 0.01), whereas PH and type of  hepa-
tectomy were not related to survival (Table 4).

DISCUSSION
Liver resection is currently the treatment of  choice for 
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single HCC and it is a safe treatment in terms of  peri-oper-
ative complications, even in patients with liver cirrhosis[6,27]. 
The outcome of  surgical resection is strongly related to 
hepatic functional reserve. For this reason, the majority of  
patients with liver cirrhosis cannot undergo surgery be-
cause of  the high risk of  postoperative liver failure. 

PH in cirrhotic patients is considered a relative con-
traindication for surgery in EASL/AASLD guidelines. 
Bruix et al[12] analyzed the outcome of  29 Child-Pugh 
class A patients with PH [defined as porto-hepatic gradi-
ent (HVPG) greater than 10 mm Hg] and observed a 
higher likelihood of  postoperative liver failure in these 
patients compared to those without PH. The authors jus-
tified these results because liver resection in patients with 
PH can reduce the portal vascular bed without a reduc-
tion of  portal flow and this condition can lead to a fur-
ther increase of  portal pressure. These hypotheses were 
not confirmed by a study by Fujisaki et al[28] that reported 
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Table 1  Patients characteristics according to the presence/
absence of portal hypertension

Variable Portal hypertension P 
value

Yes (%) No (%)

n        44       91
Age (yr) 0.55
   < 70 31 (70) 60 (66)
   > 70 13 (30) 31 (34)
Etiology of liver disease 0.21
   Alcohol   7 (16) 24 (26)
   Viral hepatitis 36 (82) 59 (65)
   Other 1 (2) 8 (9)
Serum ALT level (U/L) 0.01
   < 80 23 (52) 74 (81)
   > 80 21 (48) 17 (19)
Serum AST level  (U/L) 0.01
   < 80 21 (48) 68 (75)
   > 80 23 (52) 23 (25)
Child-Pugh class 0.01
   Class A 29 (66) 81 (89)
   Class B 15 (33) 10 (11)
Bilirubin level (mg/dL) 0.01
   < 2 31 (71) 88 (97)
   2-3   8 (18) 3 (3) 
   > 3   5 (11) 0 (0)
Albumin level (g/L) 0.01
   < 28   7 (16) 8 (9)
   28-35 18 (41) 14 (15) 
   > 35 19 (43) 69 (76)
Platelet count 0.01
   ≤ 100 000/mm3 31 (70)         0
   > 100 000/mm3 13 (30)   91 (100)
Esophageal varices 0.01
   Yes 17 (39)         0
   No 27 (61)   91 (100)
α-fetoprotein level (ng/dL) 0.86
   < 20 19 (43) 42 (46)
   > 20 25 (57) 49 (54)
Size (cm) 0.03
   < 3 14 (32) 30 (33)
   3-5 21 (48) 23 (25)
   > 5   9 (20) 38 (42)
Number of nodules 0.51
   Single 32 (73) 65 (72)
   2 HCC   8 (18) 12 (13)
   3 HCC or more 4 (9) 14 (15)
Macrovascular Invasion 0.16
   No 42 (95) 73 (80)
   Yes 2 (5) 18 (20)
Microvascular invasion 0.24
   No 29 (66) 43 (47)
   Yes 15 (34) 48 (53)
Type of hepatectomy 0.58
   Wedge resection 10 (23) 16 (18)
   Segmentectomy 26 (59) 52 (57)
   More than 1 segment   8 (18) 23 (25)

ALT: Alanine transaminase; AST: Aspartate transaminase; HCC: Hepato-
cellular carcinoma.

Table 2  Mortality and morbidity rates according to the pres-
ence/absence of portal hypertension

Portal hypertension P 
value

Yes (%) No (%)

n         44        91
1 mo mortality    2 (4.6)    1 (1.1) 0.20
3 mo mortality      6 (13.6)    3 (3.3) 0.05
Overall morbidity 16 (37) 29 (32) 0.59
Cardiac complications           0    3 (3.3) 0.20
Pulmonary complications 10 (23) 18 (20) 0.71
Hepatic complications 14 (32) 12 (13) 0.03

Table 3  Survival analysis according to different groups of pa-
tient and presence/absence of portal hypertension

Variable n Median survival 

(mo, 95% CI)

Survival P 
value

3-yr 5-yr

Overall 0.047
   Without PH 91   65.1 (49.7-80.4) 68.4 61.2
   With PH 44 31.6 (3.4-59.9) 48.7 44.9
Child-Pugh B 0.465
   Without PH 10 27.7 (1.3-65.5) 31.3 31.3
   With PH 15   15.1 (11.7-18.5) 11.9 -
Child-Pugh A 0.257
   Without PH 81   65.1 (47.7-82.4) 72.0 63.2
   With PH 29   60.5 (6.4-114.6) 63.0 57.3
CP A-limited Hx 0.458
   Without PH 58   64.9 (62.9-67.0) 72.4 61.4
   With PH 21     94.0 (54.0-134.0) 72.7 72.7
CP A-Hx ≥ 2 segments 0.035
   Without PH 23   163.9 (-) 64.5 64.5
   With PH   8     64.4 (54.0-134.0) 50.0 25.0

CI: Confidence interval; PH: Portal hypertension; CP: Child-Pugh score; 
Hx: Hepatic resection.

Table 4  Multivariate Cox’s regression model of variables re-
lated to survival

Variable HR 95% CI P value

Child-Pugh class (B vs A) 2.57 1.31-5.01 0.005
Type of hepatectomy 
(≥ 2 segments vs limited) 

1.05 0.50-2.21 0.880

PH (presence vs absence) 1.51 0.84-2.68 0.160

CI: Confidence interval; PH: Portal hypertension.
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on a group of  54 patients, in whom severity of  PH was 
not worsened by liver resection. Llovet et al[29] in another 
study showed that clinical PH (assessed by the simultane-
ous presence of  gastric-esophageal varices, thrombocy-
topenia lower than 100 000/mm3 and splenomegaly, or 
on a portal-hepatic venous pressure gradient greater than 
10 mm Hg) is a predictor of  postoperative liver failure 
and that it is related to long term survival. These authors 
studied 77 patients divided into 3 groups based on the 
presence or absence of  PH and bilirubin level. The 5-year 

survival of  patients without PH was 74%, while the pa-
tients with PH and bilirubin lower than 1 mg/dL had a 
5-year survival of  50%, and the patients with PH and 
bilirubin greater than 1 mg/dL had a 5-year survival of  
25%. Other studies confirmed a correlation between PH 
and increased mortality and complications. Poon et al[30], 
in a study of  1222 patients undergoing liver resection 
for hepato-biliary cancers, showed that the presence of  
thrombocytopenia at the time of  surgery is a risk factor 
in multivariate analysis for surgical complications. Simi-
larly, Jarnagin et al[31] in a study of  1803 patients showed 
that preoperative thrombocytopenia is associated with a 
postoperative increased risk of  mortality. 

On the contrary, other authors did not detect a sig-
nificant correlation between PH and liver failure after sur-
gery[32,33]. Ishizawa et al[23] analyzed 322 Child-Pugh class A 
patients and found good long term results in patients with 
or without PH, (3- and 5-year survival of  71% and 56% vs 
81% and 71% respectively, P = 0.008). Capussotti et al[24], 
in a study of  217 patients including 99 with PH at the 
time of  surgery, showed that the 3- and 5-year survival 
rates are greater in patients without the presence of  PH 
(62% and 40% vs 45% and 29% respectively, P = 0.020). 
However, resection in patients with PH and good hepatic 
function (Child-Pugh A) had similar results in terms of  3- 
and 5-year survival (65% and 41% vs 60% and 41%, P = 
0.503). This study also shows that patients with PH have 
a higher incidence of  postoperative complications, par-
ticularly those related to the deterioration of  liver func-
tion (27% vs 15%, P = 0.030). Kawano et al[25] evaluated 
the results of  liver resection in patients with esophageal 
varices. This study found that patients with esophageal 
varices had a better 5-year survival (70% vs 47%, P = 
0.045); the authors underlined that patients with PH had a 
more frequent early diagnosis of  HCC due to more care-
ful follow up. More recently, Choi et al[34] reported that the 
5-year survival rate of  patients with clinical PH affected 
by single nodular HCC without macrovascular invasion 
was 78.4%, even if  in Child-Pugh A cirrhotic patients, 
the presence of  clinically significant PH was significantly 
associated with postoperative hepatic failure and poor 
prognosis after resection of  HCC.

The data from our study confirm the recent experi-
ences in the literature. Patients with PH at the time of  
surgery showed worse liver function and this justifies the 
increased number of  complications related to the dete-
rioration of  liver function and the increased postopera-
tive 3-mo mortality. Long term survival was significantly 
related to PH with significantly shorter survival (P < 0.04).

Among different Child-Pugh class patients we did not 
observe statistically significant differences in 3- and 5-year 
survival between patients with or without PH. In Child-
Pugh class A patients submitted to minor resection, sur-
vival was not significantly affected by PH. Our study is 
the first in the literature to demonstrate the relationship 
between survival, PH and extent of  hepatectomy. Surgery 
can produce good long term survival in patients with PH 
submitted to limited resection; conversely, PH had strong 
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Figure 1  Overall survival analysis in patients. A: Overall survival analysis 
in patients with or without portal hypertension (PH); the difference between the 
two groups was statistically significant (P = 0.04); B: Overall survival analysis in 
Child-Pugh score (CP) A patients with or without PH, in the subgroup of patients 
submitted to limited resection (P = 0.45); C: Overall survival analysis in CP A 
patients with or without PH, in the subgroup of patients submitted to resection 
of 2 or more segments (P = 0.03).
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adverse prognostic significance in patients who under-
went resection of  two or more segments. This data can 
help in the selection of  patients and improve safety and 
long term results of  surgery, as well as identify a group 
of  patients who require resection of  2 or more segments, 
in whom resection is contraindicated and other non-
surgical therapies should be applied. 

This is a retrospective analysis from a single center. 
This allowed homogeneous data; however, multi-center 
studies are needed to confirm these results to reduce 
technical bias.

Our study confirms that the presence of  PH at the 
time of  surgery is not an absolute contraindication to 
resection in patients with liver cirrhosis. Although the 
rate of  postoperative complications in patients with PH 
is greater, the results in terms of  survival in the group of  
Child-Pugh class A patients is similar in patients without 
PH. Also, in patients with PH, limited liver resection can 
be performed with results comparable to those in pa-
tients without PH. Conversely, surgical resection of  2 or 
more segments in patients with PH results in significantly 
shorter survival and should not be recommended.

COMMENTS
Background
The presence of liver cirrhosis is the most important risk factor for the develop-
ment of hepatocellular carcinoma (HCC): 85%-95% of HCCs arise in cirrhotic 
livers. Portal hypertension (PH) is related to increase in intrahepatic resistance 
due to the structural subversion of the cirrhotic liver and loss of vascular bed, 
and bleeding from gastro-esophageal varices is one of the most important 
complications of cirrhosis. The European Association for the Study of the 
Liver/American Association for the Study of Liver Diseases (AASLD) guidelines 
consider PH as a relative contraindication to liver resection, because of the high 
risk of postoperative liver failure, as reported in some clinical series. On the 
contrary, other authors have not detected a significant correlation between PH 
and liver failure after surgery. 
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Surgical treatment is the most effective treatment for HCC and the mortality 
after surgery has decreased in recent years in relation to improved surgical 
techniques and peri-operative management of patients. Moreover, only about 
30% of patients affected by HCC can be submitted to surgery, because of the 
characteristics of the tumor (stage, number of nodules, size, presence of vascu-
lar invasion), the general condition of the patient, or liver functional impairment, 
such as PH.
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Recently, authors have not detected a significant correlation between PH and 
liver failure after surgery. The data from this study confirm the recent experi-
ences in the literature. Survival analysis in patients with Child-Pugh A and B 
cirrhosis did not demonstrate significant differences in patients with or without 
PH. Moreover, limited resections (wedge or one segment) showed no statisti-
cal differences between patients with or without PH. When resection of two or 
more segments was performed, survival was significantly longer in patients 
without PH. Multivariate analysis with Cox’s regression model confirmed that 
Child-Pugh, but not PH and type of hepatectomy class, was related to survival. 
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survival, PH and extent of hepatectomy. Surgery can result in good long term 
survival in patients with PH submitted to limited resection; conversely, PH had 
strong adverse prognostic significance in patients who underwent resection of 
two or more segments. 
Applications
This study confirms that the presence of PH at the time of surgery is not an 
absolute contraindication to resection in patients with liver cirrhosis. Results 
in terms of survival in the group of Child-Pugh class A patients are similar to 

patients without PH. Furthermore, in patients with PH, limited liver resection 
can be performed with results comparable to those in patients without PH. Con-
versely, surgical resection of 2 or more segments in patients with PH resulted in 
significantly shorter survival and is not to be recommended.
Terminology
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Abstract
AIM: To examine the links between quality of sleep 
and the severity of intestinal symptoms in irritable bow-
el syndrome (IBS). 

METHODS: One hundred and forty-two outpatients (110 

female, 32 male) who met the Rome Ⅲ criteria for IBS 
with no psychiatric comorbidity were consecutively en-
rolled in this study. Data on age, body mass index (BMI), 
and a set of life-habit variables were recorded, and IBS 
symptoms and sleep quality were evaluated using the 
questionnaires IBS Symptom Severity Score (IBS-SSS) 
and Pittsburgh Sleep Quality Index (PSQI). The associa-
tion between severity of IBS and sleep disturbances was 
evaluated by comparing the global IBS-SSS and PSQI 
score (Pearson’s correlation and Fisher’s exact test) and 
then analyzing the individual items of the IBS-SSS and 
PSQI questionnaires by a unitary bowel-sleep model 
based on item response theory (IRT). 

RESULTS: IBS-SSS ranged from mild to severe (120- 
470). The global PSQI score ranged from 1 to 17 (median 
5), and 60 patients were found to be poor sleepers 
(PSQI > 5). The correlation between the global IBS-SSS 
and PSQI score indicated a weak association (r  = 0.2 
and 95% CI: -0.03 to 0.35, P  < 0.05), which becomes 
stronger using our unitary model. Indeed, the IBS 
and sleep disturbances severities, estimated as latent 
variables, resulted significantly high intra-subject cor-
relation (posterior mean of r  = 0.45 and 95% CI: 0.17 
to 0.70, P  < 0.05). Moreover, the correlations between 
patient features (age, sex, BMI, daily coffee and alcohol 
intake) and IBS and sleep disturbances were also ana-
lyzed through our unitary model. Age was a significant 
regressor, with patients ≤ 50 years old showing more 
severe bowel disturbances (posterior mean = -0.38, P  
< 0.05) and less severe sleep disturbances (posterior 
mean = 0.49, P  < 0.05) than older patients. Higher 
daily coffee intake was correlated with a lower sever-
ity of bowel disturbances (posterior mean = -0.31, P  < 
0.05). Sex (female) and daily alcohol intake (modest) 
were correlated with less severe sleep disturbances.

CONCLUSION: The unitary bowel-sleep model based 
on IRT revealed a strong positive correlation between 
the severity of IBS symptoms and sleep disturbances. 
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INTRODUCTION
Irritable bowel syndrome (IBS) is quite prevalent in the 
general population (5%-20%) and is in fact the functional 
gastrointestinal disorder most frequently encountered in 
primary and secondary care[1,2]. IBS is characterized by 
abdominal discomfort, pain and changes in bowel habits 
(constipation and/or diarrhea)[3]. Visceral hypersensitivity, 
slowed gastrointestinal transit, and alterations in secretion 
activity are also often reported[4]. The direct and indirect 
costs of  the syndrome are significant. IBS can have a 
serious impact on quality of  life, and because it is often 
associated with other disorders, the patient may have to 
undergo expensive tests and treatments[5-7].

Sleep disturbances connected with gastrointestinal func-
tional disorders, in particular IBS, have been reported[8-10], 
but no consistent abnormality in sleep patterns has been 
identified, apart from a significant increase in rapid-eye-
movement (REM) sleep[11,12]. Many studies have associated 
sleep alterations with severity of  IBS symptoms[12], but it is 
not yet known whether there is a direct pathophysiological 
relationship[13,14]. To date, a fundamental question remains - 
is sleep disturbance a cause or a consequence of  IBS[15]?

Growing awareness of  the importance of  the “brain-
gut axis” has led some gastroenterologists to investigate 
sleep as an independent factor in the pathogenesis and 
clinical expression of  IBS[11,16]. 

The aim of  the present study was to evaluate the as-
sociation between the severity of  sleep disturbances and 
intestinal symptoms, measured using two widely accepted 
questionnaires: the IBS Symptom Severity Score (IBS-
SSS)[17]

 
and the Pittsburgh Sleep Quality Index (PSQI)[18]. 

In addition, individual patient features were also analyzed 
to investigate their possible interaction with the severity 
of  bowel and sleep disturbances and to exclude their po-
tential confounding role.

MATERIALS AND METHODS
Study patients
Between October 2007 and September 2008, 142 patients 

who met the Rome Ⅲ criteria for IBS[3] with no con-
founding psychiatric comorbidity (diagnosed according to 
DSM Ⅳ axis Ⅰ criteria) were consecutively enrolled from 
outpatients attending the Gastrointestinal Unit of  the 
University of  Pisa. All patients gave their informed writ-
ten consent as required by the University Ethics Com-
mittee for Clinical Studies. The cohort was comprised of  
110 female and 32 male patients (median age: 38 years; 
range: 18-79 years), of  whom, 52 had constipation as the 
predominant symptom (C-IBS), 48 had diarrhea as the 
predominant symptom (D-IBS), and 42 had mixed symp-
toms (M-IBS).

We also evaluated physical and life-habit variables in 
each patient (Table 1): (1) sex and age; (2) body mass in-
dex (BMI)[19]; (3) smoking; (4) alcohol intake[20]; (5) coffee 
intake; (6) physical activity; and (7) water intake.

IBS and sleep questionnaires 
IBS symptoms were evaluated using the IBS-SSS question-
naire[17], which measured five separate items (Table 2): (1) 
presence and severity of  abdominal pain or discomfort; 
(2) frequency of  abdominal pain or discomfort; (3) pres-
ence and severity of  abdominal distension; (4) degree of  
satisfaction with defecatory function; and (5) degree of  
interference of  IBS symptoms with daily lifestyle. For 
each of  the five items, the questions generated a score 
ranging from 0 to 100 that, for the purposes of  analysis, 
was divided into three consecutive intervals: low, me-
dium, and high (Table 2). The scores for the five items 
were summed to arrive at a global IBS-SSS (range: 0-500) 
and the IBS severity was then classified as mild (75-175), 
moderate (175-300) or severe (≥ 300).

Sleep quality was evaluated using the PSQI[18], a self-
administered questionnaire based on seven items: subjec-
tive sleep quality, sleep latency, sleep duration, habitual 
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Table 1  Clinical subtypes, physical and life-habit variables of 
irritable bowel syndrome patients 

Item categories Patients (%)

IBS subtype M-IBS 29.6
D-IBS 33.8
C-IBS 36.6

Age (yr) ≤ 50 78.9
> 50 21.1

Sex Male 22.5
Female 77.5

BMI (kg/m2) ≤ 25 76.1
> 25 23.9

Smoking No 74.6
Yes 25.4

Alcohol consumption Non-/occasional drinkers 82.4
Light drinkers (< 30 g ethanol/d) 17.6

Coffee consumption < 2 cups/d 55.6
≥ 2 cups/d 44.4

Physical activity No 66.2
Yes 33.8

Water consumption < 1.5 L/d 61.3
≥ 1.5 L/d 38.7

IBS: Irritable bowel syndrome; BMI: Body mass index.



sleep efficiency, sleep disturbances, use of  sleep inducers, 
and daytime dysfunction. Each item was scored from 0 to 
3, and the PSQI global index was calculated by summing 
these scores (range: 0-21); a global score > 5 identified 
poor sleepers.

In both questionnaires, lower values indicated lower 
severity, and higher values a more severe condition.

Statistical analysis
The association between the severity of  IBS symptoms 
and sleep disturbances was first verified by directly com-
paring the global IBS-SSS and PSQI score, and then by 
evaluating the links between individual items in the two 
questionnaires.

For the first approach, we used both the Pearson 
correlation coefficient and the generalized Fisher exact 
test[21]. The Pearson correlation measured the linear de-
pendence between global scores, whereas the Fisher exact 
test verified the association between IBS-SSS and PSQI 
through a contingency table. 

We adopted a unitary bowel-sleep model based on 
item response theory (IRT) that enabled us to investigate 
directly the dependences between IBS-SSS and PSQI 
single items. Furthermore, we also evaluated the weight 
of  patient features and life habits in affecting the severity 
of  IBS and sleep disturbances.

By focusing on individual items as the unit of  analysis 
rather than the global score, the IRT model could circum-
vent the problem of  different patterns of  responses gen-
erating identical global scores. To this end, the values of  
both IBS-SSS single items and patient features were trans-
formed in categories as indicated in the Tables 1 and 2. At 
variance, the PSQI items were not transformed since each 
item could have only four values (0-3), thus PSQI single 
item categories corresponded to the item values.

The output of  our IRT model was the estimate of  
two latent variables: one related to the severity of  IBS, 

and the other to sleep disturbances. In order to evaluate 
the possible intra-subject associations between IBS and 
sleep disturbances, the latent variables for the two were 
jointly modeled using a bivariate normal distribution. 
The strength of  this association was quantified by the 
covariance parameter. Specifically, we adopted the partial 
credit model[22], which could be used for the polytomous 
ordered categories for each item. The partial credit model 
postulated that the probability of  a given response with 
respect to the next response was a function (logistic 
curve) of  the severity of  the subject’s symptoms and of  
structural parameters. The severity of  symptoms, consid-
ered as a latent variable, was assumed to have a normal 
distribution[23]. Finally, we used a regression model to 
remove the effects of  the patient features from the latent 
severities, and to identify the features with a significant 
effect on each latent severity variable.

In the partial credit model analysis, a sum-to-zero 
constraint was imposed on the structural parameters[24]. 
The model was estimated within a Bayesian framework 
by means of  a Markov-chain Monte Carlo algorithm with 
Gibbs sampling (using WinBUGS 1.4)[25]. This estimation 
required that one specified the prior distributions of  all 
parameters, but in the present study, no such a priori in-
formation was available; thus non-informative priors (i.e., 
parameter-flat a priori distributions) were used.

The Bayesian method enabled us to estimate the dis-
tribution of  each parameter (posterior distribution), from 
which we could derive the central tendency (posterior 
mean) along with the Bayesian confidence (or Credibility) 
interval (CI).

In summary, the unitary bowel-sleep model yielded es-
timates for each patient of  the latent severity of  their IBS 
and sleep disturbances, with their covariance parameters.

Finally, the mean latent severity of  IBS and sleep dis-
turbances were correlated with patient features (including 
IBS subtypes). One category was maintained as the refer-
ence and we verified whether the regression coefficient 
(posterior mean), describing the change from the refer-
ence to every other category, was significantly different 
from zero.

RESULTS
Analysis of the global scores
Patients had IBS-SSS ranging from 120 to 470 (median 
280): 10 subjects were classified as mild, 69 as moderate, 
and 63 as severe. In Table 2, the distribution of  responses 
to the items in the IBS-SSS across categories (low, me-
dium and high) is shown.

The sleep quality in our patients ranged from 1 to 
17, with a median PSQI score of  5. Sixty patients were 
poor sleepers (global PSQI > 5). The distribution of  the 
scores for the items in the PSQI is shown in Table 3.

The correlation between the severity of  IBS and sleep 
disturbances was evaluated by comparing the global IBS-
SSS and PSQI scores. Pearson’s r was found to be 0.2 
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Table 2  Distribution of responses to the items in the irritable 
bowel syndrome Symptom Severity Score across categories 
(low, medium and high) 

IBS-SSS items Category (score interval) Patients (%)

Pain severity Low: ≤ 40 31.0
Medium: 40-70 43.7

High: > 70 25.4
Pain frequency Low: ≤ 20 19.7

Medium: 20-70 33.8
High: > 70 46.5

Distension Low: ≤ 40 30.3
Medium: 40-70 28.2

High: > 70 41.5
Dissatisfaction with 
defecatory function

Low: ≤ 40 12.7
Medium: 40-70 26.8

High: > 70 60.6
Interference with daily 
life style

Low: ≤ 40 28.9
Medium: 40-70 32.4

High: > 70 38.7

IBS-SSS: Irritable bowel syndrome Symptom Severity Score.
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(95% CI: 0.03 to 0.35), indicating a weak significant linear 
relationship between the two scores. Analysis of  a contin-
gency table for IBS-SSS vs PSQI categories using Fisher’s 
exact test failed to detect any association between the two 
indices (P = 0.18) (Table 4).

Analysis of the latent severities 
To complete the study of  the questionnaires, the analysis 
was extended by modeling the responses to each single 
item with the partial credit models, and the regression 
analysis to determine the effect of  the individual features 
on the estimated severity of  IBS and sleep disturbances.

In Figure 1, the posterior means of  the severity of  
IBS and sleep disturbances (expressed as latent variables) 
for the 142 patients are plotted (with their 95% CIs). The 
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Table 3  Distribution of responses to Pittsburgh Sleep Quality 
Index items

PSQI items Item scores Patients (%)

Subjective sleep quality 0 14.1
1 62.7
2 20.4
3   2.8

Sleep latency 0 52.8
1 28.2
2 14.1
3   4.9

Sleep duration 0 43.7
1 35.9
2 14.8
3   5.6

Habitual sleep efficiency 0 54.9
1 33.8
2   7.7
3   3.5

Sleep disturbances 0   8.5
1 81.0
2   9.9
3   0.7

Use of sleeping medication 0 81.0
1   3.5
2   2.1
3 13.4

Daytime dysfunction 0 31.0
1 50.7
2 13.4
3   4.9

PSQI: Pittsburgh Sleep Quality Index.

Table 4  Contingency table for the global irritable bowel 
syndrome Symptom Severity Score and global Pittsburgh 
Sleep Quality Index score

Global PSQI score

Good Poor

Global IBS-SSS
   Mild   7   3
   Moderate 44 25
   Severe 31 32

IBS-SSS: Irritable bowel syndrome Symptom Severity Score; PSQI: Pitts-
burgh Sleep Quality Index.
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Figure 1  Irritable bowel syndrome latent severity in each patient, with 95% CI (top) and sleep disturbances latent severity in each patient, with 95% CI (bot-
tom). Error bars indicate CI. ID indicates the label of each patient. IBS: Irritable bowel syndrome. CI: Confidence Interval.
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latent severity of  sleep disturbances was a better discrimi-
nant between subjects than IBS, since it showed a more 
marked between-subject variability: all of  the patients had 
a priori IBS symptoms, whereas the quality of  their sleep 
was measured for the first time in this study.

Our unitary bowel-sleep model demonstrated a sig-
nificant association between the severity of  bowel symp-
toms and sleep disturbances. In contrast to the results of  
the global score comparison, a significant intra-subject 
correlation was found (posterior mean r = 0.45 and 95% 
CI: 0.17 to 0.70).

Figure 2 shows two scatter plots, on the left the IBS-
SSS and PSQI global scores, whereas on the right, the 
two latent severities. The usage of  the unitary bowel-
sleep model provided a relationship between latent sleep 
disturbances severity and latent IBS severity. At variance, 
the usage of  global scores did not provide any informa-
tion about sleep and bowel dysfunction interactions. In 

the right panel of  Figure 2, each black dot corresponds 
to a single patient and the dashed grey cross indicates the 
respective CI. Despite the variability between patients, the 
correlation between the two latent severities was evident, 
while the scatter plot on the left panel did not confirm 
any association between the global scores.

Furthermore, the unitary bowel-sleep model allowed 
us to identify a significant regression between IBS and 
sleep disturbances latent severities and patient features 
(Table 5).

The significance of  a feature effect corresponded to 
a significant regression coefficient, and the sign of  this 
coefficient indicated the direction of  the relationship: a 
positive sign signified that the change of  category (from 
the reference one to the other) came with a severity in-
crease and vice versa; the 95% CI indicated the significance 
of  the coefficient.

Among the individual features, age was a significant 
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Table 5  For each patient, feature regression coefficients (posterior means) and 95% confidence interval 
for the latent severities of both irritable bowel syndrome and sleep disturbances are shown

Patient features Categories IBS latent severity, 
coef (95% CI)

Sleep disturbances latent severity, 
coef (95% CI)

IBS subtype Mixed 0 0
Diarrhoea -0.10 (-0.45 to 0.24)    0.02 (-0.42 to 0.46)
Constipation  0.32 (-0.05 to 0.69)    0.16 (-0.30 to 0.65)

Age (yr) ≤ 50 0 0
> 50   -0.38 (-0.75 to -0.02)1   0.49 (0.02 to 0.96)1

Sex Male 0 0
Female  0.10 (-0.24 to 0.46)     -0.53 (-0.95 to -0.07)1

BMI (kg/m2) ≤ 25 0 0
> 25  0.04 (-0.32 to 0.38)    0.09 (-0.33 to 0.52)

Smoking No 0 0
Yes  0.07 (-0.27 to 0.41) -0.04 (0.45 to 0.38)

Alcohol consumption Non-/occasional drinkers 0 0
Light drinkers -0.22 (-0.60 to 0.16)     -0.60 (-1.08 to -0.12)1

Coffee consumption < 2 cups/d 0 0
≥ 2 cups/d   -0.31 (-0.60 to -0.01)1  -0.08 (-0.44 to 0.26)

Physical activity No 0 0
Yes -0.18 (-0.48 to 0.11)  -0.29 (-0.68 to 0.08)

Water consumption < 1.5 L/d 0 0
≥ 1.5 L/d  0.27 (-0.03 to 0.56)    0.07 (-0.29 to 0.42)

1Significant differences between covariables. IBS: Irritable bowel syndrome. CI: Confidence interval; BMI: Body mass index.
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regressor for both latent severities; young patients (≤ 
50 years old) showed more severe bowel disturbances 
(posterior mean = -0.38) and less severe sleep distur-
bances (posterior mean = 0.49) than older patients. 
Daily coffee intake was significantly correlated with se-
verity of  bowel disturbances (posterior mean = -0.31); 
subjects who consumed ≥ 2 cups per day showed less 
severe bowel disturbances. Sex and daily alcohol intake 
were found to be significantly correlated with severity of  
sleep disturbances; female patients exhibited less severe 
sleep disturbances than male patients, while non-drinkers 
showed more severe sleep disturbances than those with 
a moderate alcohol intake. No other life-habit variables 
were found to be significantly correlated with latent se-
verity of  IBS or sleep disturbances.

DISCUSSION
The aim of  this study was to evaluate the mutual influ-
ences between sleep disturbances and IBS in a large 
sample of  IBS patients. The study provides a detailed sta-
tistical analysis of  the possible association between bowel 
disorders, sleep disturbances and life habits. 

Our sample may be considered as representative of  
the IBS population in Italy (this was confirmed by the 
distribution of  IBS subtypes, age and BMI in the cohort). 
Therefore, our results can be compared and discussed in 
the light of  the results of  other studies on IBS patients.

Despite the fact that 42% of  the participants had a 
global PSQI score > 5, only a weak and ambiguous asso-
ciation between IBS-SSS categories and PSQI categories 
was evident by using standard statistical analysis. Indeed, 
the correlation coefficient between the global scores was 
weakly significant and the Fischer exact test did not yield 
any association.

Conversely a strong link was highlighted by applying 
the IRT model[26,27] and linear regression.

IRT provides a framework to detect the effect of  a 
series of  variables (such as the responses to items on psy-
chological tests) on latent traits of  interest (IBS and sleep 
disturbances). In standard data analyses, the patient’s raw 
score is calculated by summing the scores for the differ-
ent items, without taking into account differences in the 
responses to specific items by different patients. It may 
arise that two patients have the same raw global score but 
different patterns of  symptoms, or different raw global 
scores but similar symptom patterns. The inability to dis-
criminate between the two possibilities can be resolved 
by using IRT model, which focuses on individual items 
rather than the global score. In addition, IRT allows one 
to introduce covariates (in our case age, BMI, and life 
habits) and analyze their effect on the parameters of  in-
terest.

The IRT model identified a latent link between sleep 
disturbances and IBS symptoms. These results showed 
that IBS patients suffered from a considerable degree 
of  sleep impairment, and are in line with those of  other 

studies[8,28,29]. In particular, a recent survey found that 
sleep disturbances were an independent predictor of  IBS 
in nurses[8].

Through IRT analysis, we also determined that older 
age, male sex, and no alcohol intake were significant pre-
dictors of  more severe sleep disturbances. 

Our study found that female IBS patients complained 
with fewer sleep disturbances than males. This would ap-
pear to be inconsistent with studies in the general popu-
lation, which show that females are more likely to suffer 
from sleep disorders[30], more susceptible to the effects of  
stress on sleep[31], and after menopause, run a higher risk 
of  developing insomnia[30]. The present findings could 
be explained by the demographics of  our sample, which 
were characterized by a relatively low mean age and 
hence a higher percentage of  fertile women; indeed, IBS 
patients tend to be relatively young (< 50 years old)[3].

Evaluation of  the predictive parameters for the latent 
severity of  sleep disorders showed that age was positively 
correlated with sleep disturbances. These data come as 
no surprise, because aging is widely considered to be a 
triggering factor for insomnia[32-34].

Finally, this study showed that light alcohol intake 
was correlated with a lower latent severity of  sleep dis-
turbances. It has long been known that a little amount 
of  alcohol consumed by healthy individuals before going 
to sleep shortens sleep latency, reduces REM sleep, and 
increases non-REM sleep[35-39]. Alcohol is frequently used 
as a form of  self-medication by patients suffering from 
sleep disorders, especially insomnia[40].

More unexpectedly, we found that younger age and 
higher coffee intake were associated with less severe IBS 
symptoms. The first-line treatment for IBS usually con-
sists of  a change in lifestyle and diet, and drinking less 
coffee is often recommended, even though there are no 
studies demonstrating a link between the consumption of  
coffee and the severity of  IBS symptoms. Sloots et al[41] 
have

 

reported that the intake of  280 mL of  coffee caused 
no change in rectal compliance or visceral sensibility. 
However, in our study, coffee drinkers actually consumed 
no more than two cups per day.

In conclusion, using IRT analysis we found that: (1) 
there was a positive association between the severity of  
IBS symptoms and sleep disturbances, and (2) some pa-
tient features were significant predictors of  severity of  
IBS and sleep disturbances. These results are consistent 
with those of  other studies[10,14]. The pathophysiological 
mechanism underlying this association is only partially un-
derstood, however. One possibility is that sleep disorders 
can induce visceral hyperalgesia, which increases the pa-
tient perception of  gastrointestinal symptoms[8,15]. Several 
other factors could play a role, including endophenotypic 
traits such as those associated with stress susceptibility[42].

Further research is needed to clarify whether the as-
sociation of  IBS and sleep disturbances represents co-
morbidity or the expression of  a single disturbance in the 
brain-gut axis.
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Abstract
AIM: To determine the associations between leptin 
and ghrelin concentrations and sustained virological 
response (SVR) in chronic hepatitis C patients with ste-
atosis.

METHODS: We retrospectively assessed 56 patients 
infected with hepatitis C virus (HCV) genotype-1 and 
40 with HCV genotype-3. Patients with decompensated 
cirrhosis, and those with other causes of chronic liver 
disease, were excluded. Serum HCV-RNA concentra-
tions were measured before the initiation of treatment; 
at weeks 12 (for genotype 1 patients), 24 and 48 dur-
ing treatment; and 24 wk after the end of treatment. 

Genotype was determined using INNO-LIPA HCV as-
says, and serum leptin and ghrelin concentrations were 
measured using enzyme-linked immunosorbent assay. 
Biopsy specimens were scored according to the Ishak 
system and steatosis was graded as mild, moderate, or 
severe, according to the Brunt classification.

RESULTS: Overall, SVR was positively related to the 
presence of genotype-3, to biopsy-determined lower 
histological stage of liver disease, and lower grade of 
steatosis. Patients ≥ 40 years old tended to be less 
responsive to therapy. In genotype-1 infected pa-
tients, SVR was associated with a lower grade of liver 
steatosis, milder fibrosis, and an absence of insulin 
resistance. Genotype-1 infected patients who did not 
achieve SVR had significantly higher leptin concen-
trations at baseline, with significant increases as the 
severity of steatosis worsened, whereas those who 
achieved SVR had higher ghrelin concentrations. In 
genotype-3 infected patients, SVR was associated only 
with fibrosis stage and lower homeostasis model as-
sessment insulin resistance at baseline, but not with 
the degree of steatosis or leptin concentrations. Geno-
type-3 infected patients who achieved SVR showed 
significant decreases in ghrelin concentration at end of 
treatment. Baseline ghrelin concentrations were elevat-
ed in responders of both genotypes who had moderate 
and severe steatosis.

CONCLUSION: Increased serum leptin before treat-
ment may predict non-SVR, especially in HCV geno-
type-1 infected patients, whereas increased ghrelin 
may predict SVR in genotype-1.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Hepatic steatosis is a histopathological feature observed 
in > 50% of  patients with chronic hepatitis C (CHC)[1,2], 
but occurs less frequently in patients with chronic hepati-
tis B (27%-51%) and autoimmune hepatitis (16%-19%)[3,4]. 
Steatosis in CHC patients has been attributed to a com-
bination of  mechanisms involved in the pathogenesis of  
non-alcoholic fatty liver disease, as well as to the direct 
effect of  hepatitis C virus (HCV) on hepatic lipid metab-
olism leading to triglyceride accumulation[5,6]. In contrast, 
steatosis in patients chronically infected with hepatitis B 
virus (HBV) is associated with host metabolic factors[7]. 

Leptin is an adipokine that contributes to the patho-
genesis of  liver steatosis[8,9]. In patients with CHC, higher 
serum leptin concentrations have been associated with 
the presence of  steatosis[10]. Although no clear correlation 
has been observed between leptin concentrations and the 
extent of  steatosis[11], a recent study reported that high 
serum leptin concentrations correlated with more severe 
steatosis, lower viremia, and a lower antiviral response, 
mainly in patients infected with HCV genotype-1, which 
constituted 71% of  the study population[12]. 

Leptin, the product of  the obese (ob) gene, is mainly 
expressed by adipose tissue, although it is expressed in 
other organs, including the liver[13]. Leptin plays an im-
portant role in the regulation and metabolism of  body 
fat and may induce insulin resistance, increase fatty acid 
concentrations in the liver, and enhance lipid peroxida-
tion[5,8,9]. Leptin may act as an immunomodulator, in-
ducing the release of  cytokines, such as tumor necrosis 
factor (TNF)-α, interferon (INF)-γ, interleukin (IL)-18, 
and tumor growth factor (TGF)-β1, thus promoting liver 
steatosis and fibrosis[8].

Ghrelin is a peptide that acts as an endogenous ligand 
of  the growth hormone secretatog receptor[14]. Ghrelin is 
involved in energy metabolism, food intake, and glucose 
homeostasis[14,15]. Recent studies have assessed whether 
ghrelin acts as an independent signal of  adiposity or as 
a downstream mediator of  leptin, affecting energy bal-
ance[16].

Little is known about serum ghrelin concentrations 
in patients with CHC and steatosis, or on the effects 
of  ghrelin concentration on treatment response. We 
therefore assessed whether pretreatment serum leptin 
and ghrelin concentrations differ in steatotic patients in-
fected with HCV genotypes-1 and -3, and whether these 

concentrations are associated with response to antiviral 
treatment. We also evaluated the correlations between 
pretreatment serum leptin and ghrelin concentrations and 
liver histology and metabolic factors, as well as determin-
ing whether the impact of  antiviral treatment on leptin 
and ghrelin concentrations differed by HCV genotype. 

MATERIALS AND METHODS
Patient population
We retrospectively assessed patients with serologically, 
virologically, and histologically confirmed CHC, re-
cruited between 2005 and 2008. Patients were included 
if  they had detectable anti-HCV antibody by enzyme-
linked immunosorbent assay (ELISA) Ⅲ at least twice 
a year, detectable serum HCV-RNA by a sensitive PCR 
assay within 1 mo prior to the start of  treatment, liver 
biopsy showing chronic hepatitis with steatosis within  
6 mo before treatment, and elevated alanine aminotrans-
ferase (ALT) activity (> 40 IU/L and < 400 IU/L) at 
entry and at least once during the 6 mo before the first 
screening. 

Patients with decompensated cirrhosis; other causes 
of  chronic liver disease; a history of  intravenous drug 
abuse or alcohol consumption; use of  hepatotoxic drugs, 
herbal medications or immunosuppressive agents; dia-
betes; thyroid disorders; chronic renal failure; serious 
psychiatric disorders; HIV or HBV co-infection; or hepa-
tocellular carcinoma, were excluded.

None of  these patients had previously received antivi-
ral treatment or steatosis-inducing therapy. The duration 
of  HCV treatment with PEGylated INF-α and ribavirin 
was genotype-based. Genotype 1 patients who did not 
achieve undetectable HCV-RNA or a decrease in 2 logs 
of  HCV-RNA at week 12 (early virological response or 
EVR), were considered non-responders but included in 
the study. All patients were clinically, hematologically and 
biochemically evaluated at weeks 2, 4, 8, 12, 24, 48, and 
72 after the start of  treatment. 

The study protocol was approved by our institutional 
review board, and all patients provided written informed 
consent. The study conformed to the ethical guidelines 
of  the 1975 Declaration of  Helsinki. 

Body composition measurements
Height and weight were determined at baseline, and body 
mass index (BMI), calculated as weight (in kg)/height (in 
m)2, was determined at baseline and at the end of  treat-
ment. Waist circumference indicative of  visceral obesity 
was defined as > 102 cm in men and > 88 cm in women. 

Laboratory and virology assays
Blood samples were obtained from all subjects after 
overnight fasting, and serum was obtained after cen-
trifugation and stored in aliquots at -70℃ until assayed. 
Routine biochemical (aspartate aminotransferase, ALT, 
γ-glutamyl transpeptidase, alkaline phosphatase, glucose, 
urea, creatinine, cholesterol, triglycerides, albumin) and 
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hematological (hemoglobin, white blood cells, platelets) 
were performed using automated techniques. 

Serological markers (hepatitis B surface antigen, anti-
HBs, hepatitis B e antigen, anti-HBe, anti-HBc total, anti-
HCV, anti-HDV, anti-HIV1,2, and anti-HAV IgM and 
IgG) were assayed using commercially available enzyme 
immunoassays (Abbott Laboratories, United States). Se-
rum HCV-RNA levels were measured with a PCR assay 
(Cobas Amplicor HCV version 2, Roche Diagnostics, 
United States), both qualitatively (lower detection limit 
of  50 IU/mL) and quantitatively (range of  detection 
600-106 IU/mL). HCV genotype was determined using 
an INNO-LIPA HCV assay (Innogenetics, Belgium). 
Serum HCV-RNA concentrations were measured before 
the initiation of  treatment, at weeks 12 (for genotype 1 
patients), 24, and 48 during treatment, and 24 wk after 
the end of  treatment. Serum leptin and ghrelin concen-
trations were measured using ELISA kits (BioVendor 
Laboratory, United States), at screening and at the end 
of  treatment and expressed as ng/mL. Insulin resistance 
index was calculated as: insulin resistance [homeostasis 
model assessment insulin resistance (HOMA-IR)] = fast-
ing insulin (mIU/L) × fasting glucose (mmol/L)/22.5.

Liver histology
Liver biopsies were obtained at baseline using the Meng-
hini technique (mean length of  biopsy cores, 1.7 cm). 
Liver tissue was fixed in 10% neutral formalin and par-
affin-embedded sections were stained with hematoxylin-
eosin and Masson trichrome stains. Liver biopsies were 
scored by an experienced liver pathologist using the Ishak 
scoring system. Steatosis was quantified as the percent-
age of  hepatocytes that contained fat droplets and was 
graded using a three-tier scale: grade 1/mild (1%-33%), 
2/moderate (33%-66%), and 3/severe (> 66%). Patients 
with histopathological findings of  steatohepatitis, includ-
ing hepatocellular ballooning or perisinusoidal fibrosis in 
zone 3, were excluded. 

Statistical analysis
All continuous variables are presented as mean ± SD or 
medians ± interquartile ranges (75th-25th percentiles) if  
they deviated from normality. The association between 
each genotype and continuous variables was determined 
by ANOVA (using post-hoc Scheffe’s test when the om-
nibus test was significant) or Student’s t-test. The associa-
tion between each genotype and categorical variables was 
determined using the χ 2 test. Multiple logistic regression 
analyses were used to determine the association between 
response to therapy and leptin concentrations, ghrelin 
concentrations, hepatic steatosis, fibrosis, and HOMA-IR, 
with results presented as odds ratios and 95% CI. These 
analyses were performed separately for each genotype 
and for measurements at baseline and at the end of  fol-
low up. For reasons of  multicollinearity, it was not pos-
sible to include steatosis and fibrosis in the same model. 
Therefore, fibrosis and steatosis were alternatively intro-
duced (one at a time) into the core model. Mixed effect 

models were used to examine the relationship between 
baseline and end of  follow-up leptin and ghrelin concen-
trations among responders and non-responders. There 
were no significant changes in weight or fat composition 
in the study population during treatment; therefore, there 
was no need to adjust leptin and ghrelin concentrations 
for BMI after treatment. All reported probability values 
(P-values) were based on two-sided tests, with signifi-
cance set at 0.05. All statistical analyses were performed 
using the SAS statistical package (Version 9.1, SAS Insti-
tute Inc., NC). 

RESULTS
Of  the 154 treatment-naive patients with CHC screened, 
96 fulfilled our enrollment criteria and completed treat-
ment. The study population consisted of  60 men and 36 
women, all of  Caucasian origin; of  these, 56 were infect-
ed with HCV genotype-1 and 40 with HCV genotype-3. 

HCV genotypes and response to treatment
All patients received combination therapy with PEGylated 
INF a-2b or a-2a, plus weight-adjusted ribavirin, for 24 
(genotype-3) or 48 (genotype-1) weeks. All tolerated treat-
ment well and completed treatment without any major 
side effects, significant reductions in drug dose, and signif-
icant changes in BMI (reduction more than 2 kg/m2). Pa-
tients infected with HCV genotype-1 who did not achieve 
sustained virological response (SVR) stopped therapy, 
whereas those infected with HCV genotype-3 were treated 
for 24 wk without measurements of  HCV-RNA at week 
12, according to currently approved treatment guidelines. 
Of  the 96 patients, 62 (64.6%) achieved SVR, whereas the 
remaining 34 (35.4%) did not.

Clinical, virological, and histological data of  patients 
of  both genotypes who did and did not attain SVR are 
presented in Table 1. Of  the 56 patients with genotype 
1, 32 (57.1%) achieved SVR, compared with 30 of  40 
patients (75%) with genotype-3; thus SVR was signifi-
cantly related to infection with genotype-3 (P < 0.05). 
In addition, SVR was significantly associated with lower 
histological stage of  liver disease (P < 0.001) and lower 
grade of  steatosis in liver biopsy (P = 0.001). Patients ≥ 
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Table 1  Clinical, virological, and histological data of the 
study population (mean ± SD)  n  (%)

SVR (n  = 62) Non-SVR (n  = 34) P -value

Age 35.01 ± 1.57 39.21 ± 2.07    0.050
Sex (male/female) 36/26 21/13
BMI 24.700 ± 0.179 25.530 ± 0.637    0.060
Genotype-1    32 (57.1)    24 (42.9)
Genotype-3 30 (75) 10 (25)
Stage (0-6)   1.661 ± 0.095   2.412 ± 0.141 < 0.001
Grade (0-18)   5.371 ± 0.136   5.265 ± 0.204 NS
Steatosis (1-3)   1.565 ± 0.082   2.060 ± 0.126    0.001

NS: Non-significant; SVR: Sustained virological response; BMI: Body mass 
index.
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40 years old tended to be less responsive to therapy (P 
= 0.05) (Table 1). Further analysis by genotype showed 
that, in genotype-1 infected patients, SVR was associated 
with a lower grade of  liver steatosis (P = 0.0001), mild 
fibrosis (P = 0.001), and absence of  insulin resistance (P 
= 0.01) (Table 2). In genotype-3 infected patients, SVR 
was associated with stage of  fibrosis (P = 0.04) and lower 
HOMA-IR at baseline (P = 0.01), but not to degree of  
steatosis (Table 2).

Leptin, ghrelin and response to treatment
Baseline leptin concentrations did not differ between 
patients who did and did not attain SVR, but were signifi-
cantly lower after successful treatment in patients who at-
tained SVR (P = 0.01) (Table 3). Among patients infected 
with HCV genotype-1, non-responders had significantly 
higher serum leptin concentrations, both at baseline (P 
= 0.001) and at the end of  follow-up (P < 0.0001) than 
those who attained SVR (Table 2). Using mixed effect 
model analysis, we observed a statistically significant dif-
ference between baseline and follow-up leptin concentra-
tions among genotype-1 infected patients who achieved 
SVR (P = 0.001), as well as a borderline significant differ-
ence among non-responders (P = 0.06) (Table 4). 

Among patients infected with HCV genotype-3, how-
ever, there were no significant differences in leptin con-
centrations at baseline and at end of  follow-up between 
those who did and did not achieve SVR (Table 2). Using 
mixed effect model analysis, leptin remained unchanged, 
both in responders (P = 0.51) and non-responders (P = 
0.61) (Table 4). 

Overall, patients who achieved SVR had higher serum 
ghrelin concentrations, both at baseline (P = 0.01) and at 
the end of  follow up (P = 0.05), than patients who did 
not achieve SVR (Table 3). Genotype-1 infected patients 
who achieved SVR had statistically significant higher ghre-
lin concentrations at baseline (P = 0.02) and at the end 
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Table 2  Distribution of 56 genotype-1 and 40 genotype-3-infected patients by demographic, host and viral factors with respect to 
response to hepatitis C virus therapy (mean ± SD)  n  (%)

Variable Genotype 1 (n  = 56) Genotype 3 (n  = 40)

Responders 
(n  = 32)

Non-responders 
(n  = 24)

P  value Responders 
(n  = 30)

Non-responders 
(n  = 10)

P -value

Gender   0.70 0.47
   Male 15 (46.9) 10 (41.7) 13 (43.3) 6 (60.0)
   Female 17 (53.1) 14 (58.3) 17 (56.7) 4 (40.0)
Age (yr)   0.17 0.15
   ≤ 40 23 (71.9) 13 (54.2) 29 (96.7) 8 (80.0)
   > 40   9 (28.1) 11 (45.8) 1 (3.3) 2 (20.0)
Body mass index (kg/m2)   0.28 0.42
   < 25 18 (56.3) 10 (41.7) 23 (76.7) 6 (60.0)
   25-28 14 (43.7) 14 (58.3)   7 (23.3) 4 (40.0)
Grade of hepatic steatosis       0.0001 0.72
   Mild 22 (68.7)   5 (20.8) 12 (40.0) 3 (30.0)
   Moderate 10 (31.3) 12 (50.0) 13 (43.3) 4 (40.0)
   Severe 0 (0.0)   7 (29.2)    5 (16.7) 3 (30.0)
Fibrosis score     0.001 0.04
   1 17 (53.1)   3 (12.5) 16 (53.3) 1 (10.0)
   2 11 (34.4)   8 (33.3) 11 (36.7) 7 (70.0)
   3-4   4 (12.5) 13 (54.2)    3 (10.0) 2 (20.0)
   5-6 0 0 0 0
HOMA-IR   0.01 0.01
   < 2 11 (34.4)   4 (16.7) 19 (63.3) 1 (10.0)
   2-3 10 (31.2) 2 (8.3) 10 (33.3) 7 (70.0)
   > 3 11 (34.4) 18 (75.0) 1 (3.3) 2 (20.0)
Leptin_baseline (ng/mL) 37.66 ± 10.39 49.67 ± 13.44     0.001 24.33 ± 7.98 28.20 ± 9.72 0.22
Ghrelin_baseline (ng/mL) 0.286 ± 0.167 0.190 ± 0.119   0.02   0.778 ± 0.654   0.564 ± 0.324 0.18
Leptin end of follow-up (ng/mL) 26.69 ± 11.77 41.50 ± 16.24    < 0.0001 23.27 ± 9.54 26.70 ± 6.82 0.30
Ghrelin end of follow-up (ng/mL) 0.456 ± 0.254 0.239 ± 0.213     0.001   0.420 ± 0.321   0.450 ± 0.261 0.79

HOMA-IR: Homeostasis model assessment insulin resistance.

Table 3  Leptin and ghrelin concentrations at baseline and 
end of follow-up in patients infected with hepatitis C virus 
genotypes-1 and -3 by response to therapy, as well as mixed 
effect model derived estimates of differences in mean scores 
(mean ± SD)

Variable Responders Non-
responders

P -value for 
the adjusted 
difference1

Leptin    
   Baseline (ng/mL) 30.99 (9.185) 38.43 (11.58) NS
   End of Follow-up 
   (ng/mL)

23.76 (8.055) 34.10 (11.53) 0.01

Ghrelin    
   Baseline (ng/mL) 0.532 (0.410) 0.377 (0.223) 0.01
   End of Follow-up 
   (ng/mL)

0.438 (0.288) 0.345 (0.237) 0.05

1Adjusted for both leptin and ghrelin concentrations. NS: Non-significant.
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of  treatment (P = 0.001) than nonresponders (Table 2),  
with responders showing significantly higher ghrelin 
concentrations at end of  treatment than at baseline (P = 
0.001) (Table 4). In contrast, ghrelin concentrations in 
genotype-3 infected patients did not differ between re-
sponders and nonresponders, both at baseline and at the 
end of  treatment (Table 2). Mixed effect model analysis 
showed that ghrelin concentrations were significantly 
lower at the end of  treatment than at baseline in patients 
who achieved SVR (P = 0.001), but not in non-respond-
ers (P = 0.47) (Table 4).

Leptin, ghrelin and steatosis
Overall, steatosis grade at baseline was higher in non-
responders than in patients who achieved SVR, with 
steatosis grade at baseline being significantly greater as 
leptin concentrations increased, a difference more obvi-
ous in patients with moderate and severe steatosis (P = 
0.05). This correlation was also observed in genotype-1 
non-responders, but not in genotype-3 non-responders 

or in patients of  either genotype who achieved SVR 
(Figure 1).

Ghrelin concentration at baseline was higher in re-
sponders of  both genotypes with moderate (P = 0.05) 
and severe (P = 0.001) steatosis. In non-responders, 
however, there was no significant correlation between the 
grade of  steatosis and ghrelin concentrations. In geno-
type-1 infected patients, both in responders and non-
responders, ghrelin concentrations decreased significantly 
as the grade of  steatosis increased (P = 0.01), and re-
sponders with genotype-3 and moderate or severe steato-
sis had significantly higher serum concentrations of  ghre-
lin (P = 0.01) (Figure 2). A strong correlation between the 
severity of  steatosis and higher viral load at baseline was 
observed in patients infected with HCV genotype-3 (P = 
0.01), but not in those infected with HCV genotype-1 (P 
= NS) (Figure 3).

Multivariate analysis
Using multivariate logistic regression analysis, we found 
that higher leptin concentrations at baseline were signifi-
cantly associated with non-response to therapy in patients 
infected with HCV genotype-1, but not HCV genotype-3. 
There were no significant associations between response 
to treatment and ghrelin concentrations in patients of  
either genotype. Furthermore, HCV genotype-1 in-
fected with moderate or severe steatosis, as well as those 
with more severe fibrosis, were less likely to respond to 
therapy (Table 5). In patients with genotype-3, however, 
there were no significant associations between response 
to treatment and steatosis, fibrosis, or leptin or ghrelin 
concentrations, both at baseline and at end of  treatment. 
Only patients with higher levels of  HOMA (IR) seemed 
less likely to respond to therapy (Table 6). 

DISCUSSION
The mechanism by which HCV induces steatosis remains 
unclear. Steatosis in patients infected with the non-3 gen-
otype has been associated with increased BMI, visceral 
obesity, increased cholesterol and triglyceride concentra-
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Table 4  Leptin and ghrelin concentrations at baseline and at 
end of follow-up by response to treatment in patients with 
hepatitis C virus genotypes-1 and -3, as well as mixed effect 
model derived estimates of the differences in mean scores 
(mean ± SD)

Variable Baseline End of 
follow-up

P -value for 
the adjusted 
difference1

Genotype 1 SVRs    
   Leptin (ng/mL)   37.66 (10.39)   26.69 (11.77) 0.001
   Ghrelin (ng/mL)   0.286 (0.167)   0.456 (0.254) 0.001
Genotype 1 non-SVRs    
   Leptin (ng/mL)   49.67 (13.44)   43.58 (16.17) 0.060
   Ghrelin (ng/mL)   0.190 (0.119)   0.239 (0.213) 0.320
Genotype 3 SVRs    
   Leptin (ng/mL) 24.33 (7.98) 23.27 (9.54) 0.510
   Ghrelin (ng/mL)   0.778 (0.654)   0.420 (0.321) 0.001
Genotype 3 non-SVRs    
   Leptin (ng/mL) 28.20 (9.72) 26.70 (6.82) 0.610
   Ghrelin (ng/mL)   0.564 (0.324)   0.450 (0.261) 0.470

1Adjusted for both leptin and ghrelin concentrations.

Figure 1  Correlation between leptin concentrations and steatosis in patients infected with hepatitis C virus genotypes-1 and -3 who did and did not 
achieve sustained virological response following treatment with PEGylated interferon a-2b or a-2a plus ribavirin. NS: Not significant.
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tions, insulin resistance, metabolic syndrome, diabetes, al-
cohol consumption, and increased sensitivity of  the liver 
to oxidative stress or cytokine-mediated injury[17,18].

Leptin is a putative link between HCV infection and 
steatosis[19]. Although a high incidence of  hyperleptinemia 
has been observed in HCV infected patients with liver 
steatosis[10,20], the underlying mechanism promoting this 
effect remains undefined. Leptin may increase insulin re-
sistance and fatty acid concentrations in the liver, leading 
to enhanced lipid peroxidation and promoting steatosis[5]. 
Leptin may also induce the release of  cytokines, such as 
TNF-α, INF-γ, IL-18, and TGF-β1, which are involved 
in the pathogenesis of  both liver steatosis and fibrosis[8]. 
In steatosis, activated hepatic stellate cells, but not quies-
cent cells, can express leptin[21]. 

Our results clearly show that, in HCV infected pa-
tients with liver steatosis, serum leptin levels tend to 
increase as the grade of  steatosis worsens. This finding is 
significant, especially in genotype-1 patients, suggesting 
that leptin increases during infection as a part of  the host 
immune response, and may contribute to the develop-
ment of  steatosis. Although steatosis is more common 

and more severe in patients infected with HCV geno-
type-3[17,18], we found that leptin concentrations were not 
correlated with either the grade of  steatosis or response 
to treatment. Structural and nonstructural proteins of  
HCV genotype-3 may directly cause steatosis by provok-
ing oxidative stress[6,22,23]. Alternatively, the viral core pro-
tein may target microsomal triglyceride transfer protein 
activity, modifying very low density lipoprotein assembly 
in, and secretion by hepatocytes[24,25]. The core protein 
may also affect the cytoplasmic domain of  members of  
the TNF receptor family or act directly on the mitochon-
dria, leading to increased oxidative stress and lipid per-
oxidation[26]. In patients infected with HCV genotype-3, 
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Figure 2  Correlation between ghrelin concentrations levels and steatosis in patients infected with hepatitis C virus genotypes11 and -3 who did and did 
not achieve sustained virological response following treatment with PEGylated interferon a-2b or a-2a plus ribavirin. NS: Not significant.
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Figure 3  Correlation between viral load and steatosis in patients infected 
with hepatitis C virus genotypes-1 and -3 who did and did not achieve 
sustained virological response following treatment with PEGylated inter-
feron a-2b or a-2a plus ribavirin. HCV: Hepatitis C virus.

Table 5  Multiple logistic regression derived odds ratios 
and 95% confidence intervals for response to hepatitis C 
virus therapy among patients infected with hepatitis C virus 
genotype-1 with respect to hepatic steatosis, and leptin and 
ghrelin concentrations at baseline and at end of follow-up

Variable Category or 
increment

ORs 95% CIs P -value

At baseline
   Hepatic steatosis 1 level more 0.12 0.02-0.66 0.01
   Leptin 10 ng/mL more 0.43 0.22-0.83 0.01
   Ghrelin 0.1 ng/mL more 1.11 0.67-2.01 0.63
   HOMA-IR 1 level more 1.34 0.42-4.31 0.63
Alternatively introduced variables
   Fibrosis 1 level more 0.36 0.13 -0.96 0.04
   Leptin 10 ng/mL more 0.45 0.24-0.86 0.02
   Ghrelin 0.1 ng/mL more 1.35 0.82-2.45 0.26
   HOMA-IR 1 level more 0.96 0.33-2.79 0.94
At end of follow-up
   Hepatic steatosis 1 level more 0.13 0.02-0.89 0.04
   Leptin 10 ng/mL more 0.38 0.18-0.81 0.01
   Ghrelin 0.1 ng/mL more 1.22 0.74-2.01 0.41
   HOMA-IR 1 level more 1.98 0.54-7.30 0.30
Alternatively introduced variables
   Fibrosis 1 level more 0.30 0.10-0.93 0.04
   Leptin 10 ng/mL more 0.34 0.16-0.72 0.01
   Ghrelin 0.1 ng/mL more 1.22 0.74-1.82 0.47
   HOMA-IR 1 level more 1.28 0.43-3.79 0.66

CI: Confidence interval; HOMA-IR: Homeostasis model assessment 
insulin resistance; ORs: Odds ratios.
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we found that the grade of  steatosis was correlated with 
higher viral load at baseline, in agreement with the direct 
“steatogenic” effect of  this genotype[6].

Although ghrelin is important in food intake, energy 
balance, and the regulation of  the growth hormone re-
leasing mechanism[15], its role in hepatic disease has not 
been extensively evaluated to date. Increased serum ghre-
lin concentrations have been reported in patients with 
cirrhosis and hepatocellular carcinoma, suggesting that 
this adipokine may be involved in the anorexia-cachexia 
syndrome during the terminal stages of  liver diseases[27]. 
Data on ghrelin concentrations in patients with CHC are 
limited[28]. 

We found that genotype-1 responders had higher se-
rum ghrelin concentrations at baseline than non-respond-
ers, and that its concentration increased significantly in 
the former at the end of  treatment, indicating that ghre-
lin may prevent or reduce steatosis by negatively regulat-
ing leptin. This may enhance the likelihood of  SVR, since 
responders also have lower baseline leptin concentra-
tions. In genotype-3 infected patients, however, ghrelin 
may be considered an independently acting factor, based 
on our finding that responders with moderate and severe 
steatosis had high ghrelin concentrations at baseline and 
that these concentrations were reduced significantly after 
treatment. In contrast, no significant differences were ob-
served in non-responders and there were no correlations 
with leptin concentrations. 

Our findings are in accordance with previous reports, 

which found that steatosis was an independent nega-
tive predictor of  response to antiviral therapy[29-32]. We 
also found that genotype 1 patients with elevated leptin 
concentrations before treatment had a lower likelihood 
of  achieving SVR, irrespective of  their viral load. This 
observation is in keeping with the role of  leptin as a sup-
pressor of  cytokine signaling 3 in the liver[33], or as a fac-
tor that inhibits INF signaling. 

In conclusion, our results suggest that the extent of  
hepatic steatosis, in addition to the stage of  fibrosis and 
the viral genotype, may affect the likelihood of  SVR in 
CHC patients. Leptin appears to contribute to the patho-
genesis of  steatosis, and we found that elevated serum 
leptin concentration may be an independent predictor of  
SVR in HCV genotype-1 infected patients. Increase ghre-
lin concentrations after successful treatment in genotype 
1 patients indicate that this peptide plays a role in the 
achievement of  SVR. Further investigations are needed 
to determine whether ghrelin acts as a downstream me-
diator of  leptin and to assess the influence of  ghrelin on 
liver steatosis and HCV infection. 
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tis C (CHC). Leptin and ghrelin are involved in body fat regulation and metabo-
lism. Higher serum leptin concentrations have been associated with steatosis, 
but less is known about leptin and ghrelin concentrations in patients with CHC 
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Table 6  Multiple logistic regression derived odds ratios 
and 95% CIs for response to hepatitis C virus therapy 
among patients infected with hepatitis C virus genotype-3 
with respect to hepatic steatosis, and leptin and ghrelin 
concentrations at baseline and at end of follow-up

CI: Confidence interval; HOMA-IR: Homeostasis model assessment 
insulin resistance; ORs: Odds ratios.

Variable Category or 
increment

ORs 95% CIs P -value

At baseline
   Hepatic steatosis 1 level more 1.04 0.19-5.55 0.97
   Leptin 10 ng/mL more 0.64 0.18-2.24 0.49
   Ghrelin 0.1 ng/mL more 1.11 0.90-1.49 0.32
   HOMA-IR 1 level more 0.13 0.02-0.68 0.02
Alternatively introduced variables
   Fibrosis 1 level more 0.16 0.02-0.11 0.06
   Leptin 10 ng/mL more 1.22 0.37-4.08 0.74
   Ghrelin 0.1 ng/mL more 1.22 0.90-1.65 0.16
   HOMA-IR 1 level more 0.16 0.03-0.83 0.03
At end of follow-up
   Hepatic steatosis 1 level more 1.77 0.39-7.95 0.46
   Leptin 10 ng/mL more 0.40 0.10-1.55 0.18
   Ghrelin 0.1 ng/mL more 1.00 0.74-1.22 0.76
   HOMA-IR 1 level more 0.10 0.02-0.59 0.01
Alternatively introduced variables
   Fibrosis 1 level more 0.40 0.08-1.52 0.16
   Leptin 10 ng/mL more 0.70 0.22-2.18 0.54
   Ghrelin 0.1 ng/mL more 1.00 0.74-1.35 0.85
   HOMA-IR 1 level more 0.14 0.03-0.71 0.02  COMMENTS
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Abstract
AIM: To investigate the in vitro  effects of pantoprazole 
on rat lower esophageal sphincter (LES) tone.

METHODS: Rats weighing 250-300 g, provided by the 
Yeditepe University Experimental Research Center (YÜ-
DETAM), were used throughout the study. They were 
anesthetized before decapitation. LES tissues whose 
mucosal lining were removed were placed in a stan-
dard 30-mL organ bath with a modified Krebs solution 
and continuously aerated with 95% oxygen-5% carbon 
dioxide gas mixture and kept at room temperature. 
The tissues were allowed to stabilize for 60 min. Sub-
sequently, the contractile response to 10-6 mol/L carba-
chol was obtained. Different concentrations of freshly 
prepared pantoprazole were added directly to the tis-
sue bath to generate cumulative concentrations of 5 ×  
10-6 mol/L, 5 × 10-5 mol/L, and 1.5 × 10-4 mol/L. Activi-
ties were recorded on an online computer via  a 4-channel 

transducer data acquisition system using the software 
BSL PRO v 3.7, which also analyzed the data. 

RESULTS: Pantoprazole at 5 × 10-6 mol/L caused a 
small, but statistically insignificant, relaxation in the car-
bachol-contracted LES (2.23% vs  3.95%). The 5 × 10-5 
mol/L concentration, however, caused a significant relax-
ation of 10.47% compared with the control. 1.5 × 10-4 
mol/L concentration of pantoprazol caused a 19.89% 
relaxation in the carbachol contracted LES (P  < 0.001).

CONCLUSION: This is the first study to demonstrate 
that pantoprazole has a relaxing effect in isolated LESs. 
These results might have significant clinical implications 
for the subset of patients using proton pump inhibitors 
who do not receive full symptomatic alleviation from 
gastroesophageal reflux disease.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
The esophagogastric junction is located between the 
esophagus and the stomach. The high-pressure zone at 
the junction between the esophagus and the stomach is 
composed of  the lower esophageal sphincter (LES) and 
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the crural diaphragm[1,2]. Circular smooth muscle from 
the esophageal body generates little if  any tone at rest, 
whereas the circular smooth muscle of  LES is character-
ized by a spontaneously generated basal tone that prevents 
the reflux of  gastric contents into the esophagus[3,4]. The 
basal tone of  the LES is primarily myogenic in origin, 
but can be modulated by both neural and hormonal fac-
tors[5]. In response to esophageal distension and swallow-
ing, the LES relaxes[6]. The abnormal dynamics of  LES 
function are considered to be the most important factors 
in the pathogenesis of  gastroesophageal reflux disease 
(GERD)[7-10]. GERD is described as the reflux of  gastric 
contents into the esophagus leading to reflux symptoms 
and esophagitis sufficient to affect patient wellbeing and/
or induce complications. These complications range from 
esophagitis to adenocarcinoma of  the distal esophagus. 
Furthermore it may cause extra esophageal symptoms, 
such as cough, laryngitis and asthma[11,12]. GERD is a 
highly prevalent in the general population, affecting up to 
10%-30% of  the adult population in western countries[13]. 

Pharmacological therapy is necessary in the majority 
of  patients. GERD is currently treated with acid sup-
pressing drugs, such as proton pump inhibitors (PPIs); 
however, for those refractory to pharmacological treat-
ment, surgery is often recommended[13,14]. PPIs are the 
mainstay of  medical management for GERD[11]. They 
have been widely used since the 1980s and have been 
considered as ideal drugs because of  their highly specific 
pharmacologic actions[15,16]. Although PPIs have been 
used as a common treatment modality in GERD, there is 
a lack of  experimental studies of  their effects on isolated 
LES preparations. 

The aim of  this study was to investigate the effect of  
a PPI, pantoprazole, on the tone of  the isolated rat LES 
preparations contracted by carbachol. This study pro-
vides a significant contribution to this somewhat ignored 
area of  research. 

MATERIALS AND METHODS
The experimental protocol was approved by the Ethical 
Committee of  Yeditepe University Experimental Medi-
cine Research Institute and the use of  animals was in 
compliance with US National Institutes of  Health Guide 
for Care and Use of  Laboratory Animals.

Sixteen rats weighing 250-300 g, provided by the Yedi
tepe University Experimental Research Center (YÜDE-
TAM), were used throughout the study. They were kept in 
plexiglass cages in a room whose temperature and humid-
ity were controlled with 12-h light/dark cycle, and had 
free excess to food and water.

Rats were anesthetized with a combination of  10 mg/kg  
xylazine HCl (Rompun® 2%, Bayer HealthCare AG, 
Leverkusen-Germany) and 100 mg/kg ketamine HCl 
(Ketasol® 10%, Richter Pharma AG, Weis-Austria) before 
decapitation. 

A midline incision was performed to open up the 
abdominal cavity and the LES was carefully dissected 

out and placed in a petri dish containing Krebs solution 
at room temperature. Thereafter, the mucosal lining was 
removed and the sphincteric muscle was set up, as a ring 
segment 2 mm in width, in Krebs solution contained in a 
standard 30-mL organ bath. The modified Krebs solution 
comprised NaCl, 118.07 mmol/L; KCl, 4.69 mmol/L; 
CaCl2, 2.52 mmol/L; MgSO4, 1.16 mmol/L; KH2PO4, 
1.2 mmol/L; NaHCO3, 25 mmol/L, and glucose, 11.10 
mmol/L. Krebs solution was continuously aerated with 
95% oxygen-5% carbon dioxide gas mixture and kept 
at 37 ± 0.5  ℃ throughout the experimental period. The 
tissues were tied to stainless steel hooks at one end of  
the organ bath; the other end was connected to a force 
transducer (FDT 05, May, COMMAT Iletisim Co, An-
kara-Turkey) under a resting tension of  around 1 g. LES 
ring activities were recorded on an online computer via 
a 4-channel transducer data acquisition system (MP35, 
BIOPAC Systems Inc. Goleta, CA, United States) using 
the software BSL PRO v 3.7 (BIOPAC Systems Inc. Go-
leta, CA, United States), which also analyzed the data. 

The following compounds were used: carbachol chlo-
ride (Carbamylcholine chloride, Sigma-Aldrich Chemical 
Co. St. Louis, MO, United States) and pantoprazole (Pan-
toprazole sodium, Dr. Reddy’s Laboratories Ltd. Hyder-
abad-India). Solutions were prepared daily in distilled wa-
ter and kept at 4  ℃ during the experiments. Pantoprazole 
was treated with 1 mol/L HCl and its pH was adjusted 
to 4.0 before application to the organ bath. Following a 
60-min equilibration period for stabilization, the contrac-
tile response to carbachol was obtained by application 
of  a single dose of  charbachol to a final concentration 
of  10-6 mol/L in the organ bath. After the contractions 
reached a plateau, concentration-response relationships 
for pantoprazole (final organ bath concentrations of  5 × 
10-6 mol/L, 5 × 10-5 mol/L and 1.5 × 10-4 mol/L, with 
15 min allotted between each dose) were obtained in a 
cumulative manner. (These doses were calculated to be 
the equivalent of  Human doses for the rats). Control ex-
periments were also run with only acidified distilled water 
added to the organ bath. The relaxations were quantified 
by integrating the area under the curve for each concen-
tration and control group. At the end of  the each experi-
ment, tissues were weighed and the final pH of  the Krebs 
solution was measured. 

Statistical analysis
For statistical evaluation, analysis of  variance (One way 
ANOVA) was performed with the program SPSS for 
windows version 18 (SPSS Inc. Chicago, Illinois). Values 
of  P < 0.05 were considered as statistically significant. 

RESULTS
The experiment design is outlined in Figure 1. Pantopra-
zole caused dose dependent relaxation of  the carbachol-
contracted LES preparations. No such effect was ob-
served in the control group (Figure 1B). The relaxations 
were quantified by integrating the area under the curve 
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for each concentration. 
The mean of  integral values and percent relaxations 

of  eight preparations were compared for statistical evalu-
ation. As shown in Figure 2, application of  pantoprazole 
sodium in a cumulative manner resulted in significant 
relaxations of  LES preparations at 5 × 10-5 mol/L and 1.5 
× 10-4 mol/L concentrations. 

In the carbachol-contracted LES preparations 5 × 
10-6 mol/L pantoprazole caused a 4% relaxation, while 
higher doses caused significant relaxations. Mean integral 

relaxation values were 4.11% ± 0.58% (SE) and 10.47% 
± 1.2% (SE) for control and 5 × 10-5 mol/L pantopra-
zole, respectively (P < 0.05). Moreover, these values were 
4.90% ± 1.4% (SE) and 19.89% ± 1.7% (SE) for control 
and 1.5 × 10-4 mol/L concentrations, respectively (P < 
0.001) (Figure 2).

DISCUSSION
The aim of  the present work was to assess the in vitro ef-
fects of  pantoprazole on LES tone in rats. The reason 
why pantoprazole was chosen was the drug’s frequent use 
in our Clinic. The major finding of  our study was that 
pantoprazole caused a dose-dependent decrease in LES 
tone. This is the first study to demonstrate that pantopra-
zole has such an effect on isolated LES. 

LES is an important specialized smooth muscle in the 
gastrointestinal tract and has been the subject of  investi-
gation by many authors[17-20]. GERD is a highly prevalent 
condition and is a major burden to society as well as the 
afflicted individual. Although numerous clinical studies 
have been conducted to clarify the mechanism of  GERD, 
a clear consensus has not been reached. Regarding the 
pathophysiologies of  GERD, decrease of  LES basal tone 
and transient relaxations of  the LES (TLOSRs) as a re-
sponse to gastric distension[21], and excessive exposure of  
the esophagus to gastric acid, have been reported to be 
important[21-24]. 

GERD is, in most cases, successfully treated with 
PPIs, which have largely replaced Histamine H2 recep-
tor blockers because of  their well documented efficacy 
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Figure 2  Relaxation vs Dosage. 5 × 10-5 mol/L and 1.5 × 10-4 mol/L panto-
prazole sodium induced significant relaxation in lower esophageal sphincter 
preparations in vitro (aP < 0.05 and bP < 0.001). Each bar represents percent 
relaxation ± SEM for both control and experiment groups. Numbers in paren-
theses indicate the number of preparations used from different animals. 
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Figure 1  Outline of the experimental procedure. A: The tissues were allowed to stabilize for 60 min in Krebs-containing organ baths. Following that period, their 
contractile response to 10-6 mol/L carbachol was obtained. Pantoprazole was treated with 0.1 mol/L HCl and the pH of the drug solution was adjusted to 4.0. Different 
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and because they are well tolerated, with relatively few 
serious adverse effects. However, a significant number 
of  patients do not receive full symptomatic relief[25,26]. 
Thus, a significant question that has to be addressed is 
why some GERD patients are resistant to the effects of  
PPIs? In addition to neonates and infants who respond 
poorly to PPIs[27], some adults do not benefit from them 
either. In a study conducted by Hemmink et al[28] in 2008, 
there were fewer acid reflux episodes in patients on PPI 
therapy; however, weak acidic reflux episodes increased 
under the influence of  PPIs. The total number of  reflux 
episodes, on the other hand, was not affected. In addition 
to these, there have been recent papers regarding the ad-
verse effects of  PPIs[29,30]. Corley et al[31] showed that PPIs 
are associated with hip fractures among at-risk patients. 
They can also cause neutropenia in some patients[32]. Acid 
suppression also causes nosocomial Clostridium difficile 
infections in a dose-dependent manner[33].

These results point out the necessity of  developing 
novel approaches for GERD. Coman et al[34] demon-
strated the significance of  adding prokinetic drugs to the 
treatment of  GERD, in a study conducted on 1118 pa-
tients. The effects of  specific GABA B receptor agonists 
have also been studied[35]. Drugs that reduce TLOSRs 
have also been suggested as pharmacological agents for 
GERD[36].

At present, the mechanism of  the pantoprazole-indu-
ced relaxation of  LESs can only be speculated. However, 
there are 2 types of  muscles in the LES, circular muscle 
and sling muscle. Circular smooth muscle is tonically con-
tracted with cholinergic stimulation. In response to swal-
lowing, a peristaltic contraction travels down the length 
of  the esophagus and the LES relaxes.

Nitric oxide (NO)[37,38] and vasoactive intestinal poly-
peptide (VIP)[39,40] are proposed as neurotransmitters that 
control relaxation. Both VIP and NO can be released 
from esophageal nerves with an appropriate stimulus, 
and NO synthase and VIP are found in myenteric neu-
rons that innervate the circular smooth muscle of  the 
esophagus. Sarioglu et al[41], showed the relaxant effect of  
omeprazole in rabbit corpus cavernosum in vitro. They 
concluded that the relaxant effect is probably due to the 
L-type Ca2+ channel blockage by omeprazole. We can 
speculate that a similar mechanism is responsible for the 
effect of  pantoprazole on LESs. 

The present study is the first to demonstrate a dose-
dependent decrease in the carbachol-induced contraction 
of  the LES by pantoprazole. Although this finding has 
been observed in an isolated tissue, it might have some 
clinical correlates and might help to understand why the 
treatment of  GERD requires additional pharmacological 
interventions.
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Abstract
AIM: To validate the clinical relevance of autofluores-
cence imaging (AFI) endoscopy for the assessment of 
inflammatory ulcerative colitis (UC).

METHODS: A total of 572 endoscopic images were se-
lected from 42 UC patients: 286 taken with white light 
imaging (WLI) and 286 with AFI from the same sites. 
WLI images were assessed for overall mucosal inflam-
mation according to Mayo endoscopic subscore (MES), 
and for seven characteristic endoscopic features. 
Likewise, AFI photographs were scored according to 
relative abundance of red, green and blue color com-
ponents within each image based on an RGB additive 
color model. WLI and AFI endoscopic scores from the 
same sites were compared. Histological evaluation of 
biopsies was according to the Riley Index. 

RESULTS: Relative to red (r  = 0.52, P  < 0.01) or blue 
(r  = 0.56, P  < 0.01) color component, the green color 
component of AFI (r  = -0.62, P  < 0.01) corresponded 
more closely with mucosal inflammation sites. There 
were significant differences in green color components 
between MES-0 (0.396 ± 0.043) and MES-1 (0.340 ± 
0.035) (P  < 0.01), and between MES-1 and ≥ MES-2 
(0.318 ± 0.037) (P  < 0.01). The WLI scores for “vascu-
lar patterns” (r  = -0.65, P  < 0.01), “edema” (r  = -0.62, 
P  < 0.01), histology scores for “polymorphonuclear 
cells in the lamina propria” (r  = -0.51, P  < 0.01) and 
“crypt architectural irregularities” (r  = -0.51, P  < 0.01) 
showed correlation with the green color component of 
AFI. There were significant differences in green color 
components between limited (0.399 ± 0.042) and 
extensive (0.375 ± 0.044) (P  = 0.014) polymorpho-
nuclear cell infiltration within MES-0. As the severity of 
the mucosal inflammation increased, the green color 
component of AFI decreased. The AFI green color com-
ponent was well correlated with the characteristic en-
doscopic and histological inflammatory features of UC.

CONCLUSION: AFI has application in detecting inflam-
matory lesions, including microscopic activity in the co-
lonic mucosa of UC patients, based on the green color 
component of images.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) activity is routinely assessed by 
a combination of  clinical, endoscopic, and histological 
findings. However, systematic measurement of  disease 
activity in UC patients is essential for determining the 
efficacy of  treatment interventions. Endoscopy in par-
ticular is the most immediate and objective method for 
evaluating colonic mucosal damage. Furthermore, the 
severity of  mucosal inflammation in UC is evaluated 
based on several disease activity indices, but there is no 
validated gold standard. To standardize the assessment of  
disease activity for clinical trials, in 1987, Schroeder et al[1] 
described the Mayo Score, which includes endoscopic 
findings. This index includes the factors “erythema”, 
“vascular pattern”, “friability”, “erosion” and “sponta-
neous bleeding”. “Edema” and “granularity” are also 
factored in other endoscopic indices, such as Matts’ en-
doscopic activity index. These features are considered to 
be characteristic endoscopic findings in UC. However, 
inter- and intra‑observer variations, and variations de-
pending on the observer’s experience in the endoscopic 
assessment of  UC based on conventional endoscopy, 
have been reported[2]. 

Histological activity generally shows strong correla-
tion with the activity evaluated by endoscopy. However, 
microscopic evaluations reflect clinical symptoms more 
accurately than endoscopic evaluations[3]. Endoscopic ap-
pearance alone tends to underestimate the severity of  dis-
ease activity as compared with histological evaluation, and 
is not able to detect microscopic activity[4-6]. The features 
of  mucosal lesions in UC are considered to include the 
presence of  polymorphonuclear leukocytes in the lamina 
propria, the formation of  crypt abscesses, ulcers and 
mononuclear cell infiltrate in the lamina propria together 
with crypt architectural irregularities[7]. In the Riley Index, 
6 histological features of  UC are factored and each fea-
ture is graded on a four-point scale[8]; this index has been 
applied in some clinical trials.

Autofluorescence imaging (AFI) videoendoscopy pro-
duces real-time pseudocolor images based on tissue auto-
fluorescence emitted by excitation of  endogenous tissue 
fluorophores, which mainly consist of  collagen type-Ⅰ[9].  
If  the change of  hue on AFI indicated the extent and 
severity of  UC activity, the analysis would be an objective 
and reproducible method regardless of  the observer’s ex-
perience. With this in mind, the aim of  this study was to 
evaluate the correlations between the results of  analysis 
of  the change in hue on AFI with the results of  white 

light imaging (WLI), together with histological findings 
on UC activity, to better understand the clinical relevance 
of  AFI. 

MATERIALS AND METHODS
Selection of images 
This study included 42 patients with a diagnosis of  UC, 
31 male and 11 female, aged 36.2 ± 11.0 (mean ± SD) 
years who underwent colonoscopic examinations with 
a CF-FH260AZL/I colonovideoscope (Olympus Inc., 
Tokyo Japan). This endoscopic system comprised a high 
resolution white-light endoscope with optical zoom 
(magnification 75 ×) equipped with an AFI and narrow 
band imaging (NBI). The same sites were observed by 
WLI and AFI. Stored images were retrieved from the 
computerized database of  the Endoscopy Centre at Jun-
tendo University Hospital (Tokyo, Japan) by using an en-
doscopic filing system, Scope Reader M1 (AZ Co., Ltd., 
Sendai, Japan). A total of  572 endoscopic images, 286 
with WLI and 286 with AFI, from the same sites where 
tissue biopsy specimens were subsequently taken were se-
lected. The diagnosis of  UC was based on the following 
criteria: history of  recurrent bloody and mucous stools, 
endoscopic findings of  ulceration, mucosal friability, loss 
of  vascular architecture or presence of  diffuse lesions in-
creasing in severity towards the rectum, and no evidence 
of  pathogenic micro-organisms in stool cultures. The 
images could be downloaded from the server in JPEG 
(Joint Photographic Experts Group) format without loss 
of  quality. The file size of  each downloaded image was 
about 100 kilobytes, with a pixel array of  640 × 480, and 
in 24-bit color. 

Examination of images
Initially, all endoscopic examinations were done by one 
expert endoscopist. Subsequently, the images of  WLI 
were provided for examination by two expert endosco-
pists (NS and TO), who discussed their assessments and 
reached a consensus view on the endoscopic activity. 
Each of  these expert endoscopists had performed more 
than 5000 colonoscopy procedures, and was familiar 
with UC disease activity via endoscopy. Each WLI image 
was examined and graded for overall mucosal inflamma-
tion according to the Mayo endoscopic subscore (MES), 
scored on a scale of  0 to 3 (Table 1), and for seven en-
doscopic characteristic features of  UC including vascular 
patterns, erythema, edema, granularity, erosions, ulcers 
and friability, scored on a scale of  0 to 10 (Table 2).

The optical findings with AFI colonoscopy were dis-
played as pseudocolored images, and laid over a compos-
ite image on the video display. All computer and video 
displays used the RGB additive color model in which 
red, green and blue lights are added together in various 
ways to produce a broad array of  colors (256 × 256 × 
256 = 16 million). AFI images were evaluated by analyz-
ing the hue, and scored for the relative abundance of  
red [R/(R + G + B)], green [G/(R + G + B)] and blue 
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(B/[R+G+B]) color components based on the RGB color 
model which involves the use of  Adobe® Photoshop® El-
ements® 5.0. The color of  the region on AFI, where tissue 
biopsy specimens were subsequently taken, was divided 
into red, green and blue color components. Although the 
actual count of  each color varied as its brightness varied, 
the abundance of  the actual count was fairly constant 
(Figure 1). All AFI and WLI images were displayed anon-
ymously to the observers and revealed neither clinical data 
nor the date on which the images were taken.

Histological evaluations were done by two expert his-
topathologists (AA and HU) who were familiar with the 
histological activity in UC and had no knowledge of  the 
clinical findings. They discussed their evaluation and de-
termined the histological activity by using the Riley Index. 
Six histological features of  UC were factored: acute in-
flammatory cell infiltrate (polymorphonuclear cells in the 
lamina propria), crypt abscesses, mucin depletion, surface 
epithelial integrity, chronic inflammatory cell infiltrate 
(round cells in the lamina propria), and crypt architectural 
irregularities. Each feature was graded on a four-point 
scale from 0 to 3 (Table 3).

The outcomes of  the AFI analysis using the RGB 
color model were compared with the endoscopic activity, 
endoscopic and histological features at the same sites. In 
addition, the ability of  AFI to detect the microscopic in-

flammatory lesions which were extensively infiltrated by 
polymorphonuclear cells within MES-0 was evaluated. 

Statistical analyses
The relative abundance of  color components was ex-
pressed as the mean ± SD values. The relationships be-
tween endoscopic findings, histological evaluations, and 
the relative abundance of  red, green and blue color com-
ponents based on the RGB color model were determined 
by using the Spearman rank correlation coefficient (r). 
The Tukey-Kramer multiple comparison test was used 
for statistical analysis of  the rate of  color components 
based on the RGB color model among MES from 0 to 3. 
Before the Tukey-Kramer multiple comparison test, one-
way analysis of  variance (ANOVA) was performed. The 
Student’s t-test (unpaired) was applied to compare the 
green color components based on the RGB color model 
between limited (combined grades 0 and 1) and extensive 
(combined grades 2 and 3) polymorphonuclear cell infil-
tration. Differences with P values < 0.05 were considered 
to be statistically significant. 

RESULTS
The relationships between the RGB color components of  
AFI and WLI findings were evaluated in 572 endoscopic 
images from a total of  286 sites (Figure 2). Relative to the 
red (r = 0.52, P < 0.01) or blue (r = 0.56, P < 0.01) color 
component, the green color component (r = -0.62, P < 
0.01) corresponded most often with sites of  mucosal in-
flammation in different colonoscopy images (Figure 3A). 
However, there was an inverse relationship between the 
green color components and mucosal inflammation, so 
that the green color components of  AFI diminished as 
the mucosal inflammation became more severe. 

The average number of  green color components for 
images classified into each MES subscore was 0.396 ± 
0.043 for MES-0, 0.340 ± 0.035 for MES-1, 0.324 ± 0.034 
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Table 1  Endoscopic scoring system scored from 0 to 3 (Mayo 
endoscopic subscore)

Score

0 Normal or inactive disease
1 Mild disease (erythema, decreased vascular pattern, 

mild friability) 
2 Moderate disease (marked erythema, absent vascular 

pattern, friability, erosions) 
3 Severe disease (spontaneous bleeding, ulceration) 

Table 2  Seven endoscopic features scored from 0 to 10 points

Vascular pattern 0 (normal) to 10 (absent) 
Erythema 0 (absent) to 10 (marked) 
Edema 0 (absent) to 10 (marked)
Granularity 0 (absent) to 10 (marked)
Erosions 0 (absent) to 10 (multiple)
Ulcerations 0 (absent) to 10 (multiple) 
Friability 0 (absent) to 10 (marked)

Table 3  Histological scoring system (Riley index)

1 Round cells in the lamina propria 
2 Polymorphonuclear cells in the lamina propria 
3 Crypt abscesses
4 Mucin depletion
5 Surface epithelial integrity 
6 Crypt architectural irregularities

R: 60 (0.44)
G: 47 (0.34)
B: 31 (0.23)

R: 100 (0.40)
G: 88 (0.35)
B: 64 (0.25)

R: 139 (0.40)
G: 114 (0.33)
B: 94 (0.27)

Figure 1  Endoscopic photograph by autofluorescence imaging showing 
the actual counts of red, green and blue colors based on the RGB additive 
model in different mucosal areas. The actual counts of red, green and blue 
colors varied depending on the brightness of the examined area, but the abun-
dance of the actual counts, in parentheses, was approximately constant in the 
same picture.

Osada T et al . Autofluorescence imaging in ulcerative colitis

Each item is scored from 0 (absent) to 3 points (severe).



for MES-2, and 0.286 ± 0.043 for MES-3. There were sig-
nificant differences in green color component values be-
tween MES-0 and MES-1 (P < 0.01), MES-0 and MES-2 
(P < 0.01), MES-0 and MES-3 (P < 0.01), and MES-1 and 
MES-3 (P < 0.05), but not between MES-1 and MES-2, 
nor between MES-2 and MES-3. Likewise, there was a 
significant difference in green color component values 
between MES-1 and scores of  ≥ MES-2 (0.318 ± 0.037) 
as a combined group of  MES-2 and MES-3 (P < 0.01) 
(Figure 3B). As the severity of  the mucosal inflammation 
increased, the green color component of  AFI decreased. 
However, the value of  the color did not alter much be-

tween moderate and severe inflammation.
The relationships between the AFI green color com-

ponent and WLI scores for the seven characteristic en-
doscopic features of  UC are presented in Figure 4. The 
correlation coefficients for the AFI green color compo-
nent with the scores of  the seven characteristics were as 
follows: vascular pattern r = -0.65, P < 0.01; erythema r 
= -0.55, P < 0.01; edema r = -0.62, P < 0.01; granularity 
r = -0.53, P < 0.01; erosions r = -0.45, P < 0.01; ulcers r 
= -0.23, P < 0.01; and friability r = -0.52, P < 0.01. The 
AFI green color component was well correlated with the 
scores for vascular pattern and edema, but not with the 

5113 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

WLI

AFI

Inactive                                             Mild                                            Moderate                                         Severe

Figure 2  Representative endoscopic photographs of ulcerative colitis using white light imaging (upper row) and autofluorescence imaging (lower row) at 
the same sites according to the level of endoscopic ulcerative colitis activity (inactive, mild, moderate and severe). The color of the large intestinal mucosa 
on the autofluorescence imaging (AFI) changes by degrees, from green to grayish and magenta color. WLI: White light imaging.
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A

Figure 3  Comparison of overall mucosal inflammation on white light imaging and the abundance of RGB color components on autofluorescence imaging. 
A: The green color component corresponds most often with sites of mucosal inflammation in different colonoscopy images (according to Spearman rank correlation 
coefficient); B: There are significant differences in the green color component values between Mayo endoscopic subscore (MES)-0 and MES-1 (bP < 0.01), between 
MES-0 and MES-2 (bP < 0.01), between MES-0 and MES-3 (bP < 0.01), between MES-1 and MES-3 (aP < 0.05), between MES-0 and ≥ MES-2 (bP < 0.01) and 
between MES-1 and ≥ MES-2 (aP < 0.05), but not between MES-1 and MES-2 or between MES-2 and MES-3 (Tukey-Kramer multiple comparison test). WLI: White 
light imaging.
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score for ulcers. It also showed relatively good correlation 
with the other endoscopic features of  UC. The relation-
ships between the AFI green color component and his-
tology scores of  six histological characteristic features of  
UC are shown in Figure 5. The correlation coefficients 
for the AFI green color component with the scores for 
the histological features were as follows: polymorpho-
nuclear cells in the lamina propria r = -0.51, P < 0.01; crypt 
abscesses r = -0.30, P < 0.01; mucin depletion r = -0.26, P 
< 0.01; surface epithelial integrity r = -0.47, P < 0.01; round 
cells in the lamina propria r = -0.48, P < 0.01; and crypt ar-
chitectural irregularities r = -0.51, P < 0.01. The AFI green 
color component was relatively well correlated with the 
scores for polymorphonuclear cells in the lamina propria 

and with the crypt architectural irregularities, but not with 
the scores for crypt abscesses and mucin depletion. 

The relationship between limited (combined grades 
0 and 1) and extensive (combined grades 2 and 3) poly-
morphonuclear cell infiltration based on the green color 
components within MES-0 based on WLI are shown in 
Figure 6. The mean numbers of  green color components 
for images classified according to the level of  polymor-
phonuclear cell infiltration within MES-0 were 0.399 ± 
0.042 and 0.375 ± 0.044 for limited and extensive infiltra-
tion, respectively. There were significant differences in 
green color component values between limited and ex-
tensive polymorphonuclear cell infiltration within MES-0 
(P = 0.014). The abundance of  green color components 
of  AFI was also significantly different between micro-
scopic inflammatory sites and histologically-quiescent UC 
lesions. 

DISCUSSION
AFI has been used to highlight neoplastic tissue[10], mini-
mal change in reflux esophagitis[11], the extent of  chronic 
atrophic fundal gastritis[12], and Barrett’s esophagus[13]. In 
all of  these reports the lesions on the AFI are divided 
into two colors, such as green and magenta, green and 
pink, green and gray, green and purple, because investi-
gators were concerned with the presence and the extent 
of  the lesions, rather than with determining the severity 
of  inflammation. In the present study, AFI pictures were 
scored according to the relative abundance of  red, green 
and blue color components within each image based on 
an RGB additive model. Therefore, each component 
was expressed as a sequential variable number, and this 
facilitated evaluation of  the severity of  mucosal damage. 
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Figure 4  Comparison of seven endoscopic ulcerative colitis features on 
white light imaging and the green color component on autofluorescence 
imaging. The green color component on autofluorescence imaging is well cor-
related with vascular pattern (r = -0.65, P < 0.01) and edema (r = -0.62, P < 
0.01) scores on WLI, but not with the ulcer score (r = -0.23, P < 0.01) (Spearman 
rank correlation coefficient). WLI: White light imaging.

Figure 5  Comparison of histology scores, six histological characteristic 
ulcerative colitis features and the green color component on autofluores-
cence imaging. The autofluorescence imaging green color component is rela-
tively well correlated with the scores for polymorphonuclear cells in the lamina 
propria (r = -0.51, P < 0.01) and crypt architectural irregularities (r = -0.51, P 
< 0.01), but not with the scores for crypt abscesses (r = -0.30, P < 0.01), and 
mucin depletion (r = -0.26, P < 0.01) based on Spearman rank correlation coef-
ficient. 
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Figure 6  Comparison of limited (combined grades 0 and 1) and exten-
sive (combined grades 2 and 3) polymorphonuclear cell infiltration of 
the green color components in Mayo endoscopic subscore-0. The mean 
number of green color components for images classified into the amount of 
polymorphonuclear cell infiltration in Mayo endoscopic subscore (MES)-0 is 
0.399 ± 0.042 for limited and 0.375 ± 0.044 for extensive infiltration. There are 
significant differences in green color component values between limited and 
extensive polymorphonuclear cell infiltration in MES-0 (P = 0.014, by Student’s 
t-test).
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Further, the analysis was convenient to perform by using 
the Adobe® Photoshop® Elements® 5.0 software. Among 
the three color components, the green color component 
corresponded most often (and inversely) with sites of  
mucosal inflammation. Although fluorophores exist in 
both the mucosa and the submucosa, collagen in the 
submucosa emits strong green autofluorescence[14]. Our 
impression is that the presence of  mucosal inflammation 
caused a high cell density and thickened the mucosal lay-
er, making it difficult for the autofluorescence from the 
submucosa to penetrate the inflamed mucosa. Therefore, 
the green color component was reduced. The degree of  
the green color component might be valuable for assess-
ing the extent of inflammation in the large intestine.

The overall mucosal inflammation in WLI, as assessed 
by MES, and the green color component in the AFI were 
well correlated. Specifically, there were significant differ-
ences in green color component values between MES-0 
and MES-1, and between MES-1 and ≥ MES-2, but 
not between MES-2 and MES-3. The degree of  mucosal 
structural change around erosions and ulcers due to in-
flammation may differ only slightly between MES-2 and 
MES-3. Accordingly, the green color component of  the 
AFI may not have been able to clearly distinguish moder-
ate from severe inflammation.

Regarding the relationships between each of  the 
seven characteristic endoscopic UC features on the WLI 
and the green color component of  the AFI, vascular pat-
tern and edema were well correlated with the green color 
component. These features are present from the early 
phase of  UC, and decreased vascular pattern was partic-
ularly associated with MES-1, Baron score 1[15], modified 
Baron score 1[16], and Rachmilewitz index score 1[17]. This 
suggests that the green color component of  the AFI is 
appropriate for detecting mucosal inflammation. In con-
trast, ulceration was not well correlated with the green 
color component of  the AFI. The level of  penetration 
of  the green color component of  the AFI from the sub-
mucosa through more than moderately inflamed mucosa 
might be constant regardless of  the presence of  ulcers. 
However, it was relatively simple to distinguish moder-
ate from severe inflammation by using only WLI, based 
on the findings from spontaneous bleeding and multiple 
ulcers. 

It has been reported that two measures of  histologi-
cal findings, such as architectural abnormalities including 
crypt architectural distortion and inflammatory features 
including large numbers of  neutrophils, allow a distinc-
tion between inflammatory bowel disease and other 
causes of  colorectal inflammation[18]. In our study, among 
six histological characteristic features of  UC, polymor-
phonuclear cells in the lamina propria and crypt architec-
tural irregularities were relatively well correlated with the 
green color component of  the AFI. These two features 
are common in UC[19]. Polymorphonuclear cells in the 
lamina propria and crypt architectural irregularities are 
recognized in the active disease phase. The green color 
component of  the AFI might reflect active mucosal in-

flammation. Other histological features of  UC, especially 
mucin depletion and crypt abscesses, were not correlated 
with the green color component of  the AFI. Although 
mucin depletion is a characteristic feature of  UC, the de-
gree of  mucin depletion is not associated with the degree 
of  inflammation. Crypt abscesses were observed in only 
about 7% of  the biopsy specimens (26.2% of  patients).

Although endoscopic remission was obtained after 
treatment, histological evidence of  acute inflamma-
tory cells often remained. The presence of  microscopic 
inflammation contributed a 2- to 3-fold increase in the 
relapse rate[8]. The microscopic findings on inflammation 
were helpful in predicting relapse and for deciding on 
medical intervention. In this study, although the differ-
ence between microscopic inflammation and histological 
quiescence and the intensity of  the green color compo-
nents was relatively small, nevertheless the difference was 
significant. It is likely that microscopic inflammation was 
determined based on an evaluation of  the green color 
component of  the AFI. 

In conclusion, the outcomes of  the present investiga-
tion indicate that AFI is an appropriate new approach 
for detecting inflammatory regions and approximately 
estimating the severity of  inflammation in UC patients, 
regardless of  endoscopic experience. In particular, micro-
scopic to moderate inflammation can be detected based 
on the green color component of  the RGB additive color 
model. Further studies should strengthen our findings on 
the clinical relevance of  AFI in patients with UC.

COMMENTS
Background
Endoscopic and histological findings define the degree of inflammatory activity 
in the clinical diagnosis of ulcerative colitis (UC). Although endoscopy is the 
most immediate method for assessing intestinal mucosal damage, the consis-
tency of inter- and intra-observer findings and diagnoses have been reported 
to vary considerably. Substantial experience is necessary to accurately assess 
the disease activity in UC, particularly as microscopic inflammation cannot be 
detected by using conventional endoscopy.
Research frontiers
Autofluorescence imaging (AFI) videoendoscopy produces real-time pseudo-
color images based on tissue autofluorescence emitted by excitation of endoge-
nous tissue fluorophores. AFI has been used to highlight various lesions. There 
is no report on the change of hue related to AFI indicating extent and severity of 
UC activity.
Innovations and breakthroughs
AFI images were evaluated by analyzing the hue, and were scored relative 
to the abundance of red, green and blue color components of the RGB color 
model. As the green color components of AFI diminished, the mucosal inflam-
mation was indicated to be more severe.
Applications
AFI appears to be an appropriate new approach and should be valuable for 
detecting inflammatory regions and approximately estimating the severity of 
inflammation in UC patients regardless of endoscopic experience, but based on 
the green color components of the RGB additive color model.
Terminology
AFI is a novel technique for detecting the autofluorescence emitted by the gas-
trointestinal tissues, mainly from collagen type-I in the submucosal layer, in real 
time. In an AFI mode, excitation light (395-475 nm) for inducing autofluores-
cence, together with green light (550 nm) and red light (610 nm) for obtaining 
reflection images, are generated by a light source equipped with a 300W xenon 
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arc lamp through a rotating filter. An excitation light cut filter is incorporated in 
the CCD for the AFI mode to allow only 490-625 nm light to reach the CCD.
Peer review
The present study demonstrates some technical progress when the AFI pic-
tures were scored in a new way and the green color component correlated to 
the inflammatory changes on a significant level. However, the difference be-
tween mild inflammation and severe inflammation was small (about 10% in the 
abundance of green light components) and therefore our attitude to the results 
and conclusion should be cautious. As a preliminary and pioneering work this 
could be accepted for publication.
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Abstract
AIM: To evaluate the influence of taking low-dose as-
pirin for 4 wk on small intestinal complications and to 
examine the preventive effect of rebamipide.

METHODS: This study was conducted as a single-
center, randomized, double-blind, cross-over, placebo-
controlled study. Eleven healthy male subjects were 
enrolled. Each subject underwent video capsule endos-
copy after 1 and 4 wk of taking aspirin and omepra-
zole, along with either rebamipide or placebo therapy. 
The primary endpoint was to evaluate small bowel 
damage in healthy subjects before and after taking 
low-dose aspirin for 4 wk.

RESULTS: The number of subjects with mucosal 
breaks (defined as multiple erosions and/or ulcers) 
were 1 at 1 wk and 1 at 4 wk on the jejunum, and 6 
at 1 wk (P  = 0.0061) and 7 at 4 wk on the ileum (P  = 

0.0019). Rebamipide significantly prevented mucosal 
breaks on the ileum compared with the placebo group 
(P  = 0.0173 at 1 wk and P  = 0.0266 at 4 wk).

CONCLUSION: Longer-term, low-dose aspirin adminis-
tration induced damage in the small bowel. Rebamipide 
prevented this damage, and may be a candidate drug 
for treating aspirin-induced small bowel complications.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Video capsule endoscopy (VCE)[1-2] is a practical technique 
that can be used to identify the causes and sites of  obscure 
gastrointestinal bleeding. VCE allows for prospective in-
vestigation of  small intestinal injuries, which frequently 
occur following the administration of  nonsteroidal anti-
inflammatory drugs (NSAIDs), such as aspirin. For ex-
ample, Graham et al[3] used VCE and reported that small 
intestinal injury occurred in 71% of  chronic NSAID users. 

Low-dose aspirin is currently recommended for the 
secondary prevention of  cardiovascular and cerebral 
diseases[4-6]. An observational registry reported that 70% 
to 80% of  patients with a high risk of  atherothrombosis 
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were receiving low-dose aspirin to prevent future vascu-
lar events[7]. Nonetheless, low-dose aspirin is not without 
risks. For instance, Lanas et al[8]reported that taking an 
anti-platelet agent induced lower, as well as upper, gas-
trointestinal (GI) events (16.9% and 15.5%, respectively). 
To date, there has been considerable interest in prevent-
ing upper gastrointestinal complications of  NSAIDs; 
however, it has become clear that a strategy to prevent 
small bowel complications may also be needed[9].

It is not yet clear what duration of  low-dose aspirin 
ingestion causes small bowel damage. Moreover, the fre-
quency and severity of  small bowel damage from taking 
low-dose aspirin is not yet known. Three recent reports 
investigating aspirin-induced small bowel damage were 
all short-term (1 to 2 wk) investigations[10-12]. These stud-
ies reported mild injuries (20% to 60%), such as erosion, 
in addition to more serious injuries (0 to 10%), such as 
ulcers[10-12]. The use of  low-dose aspirin for cardiovascu-
lar prophylaxis is generally long-term, and it is clear that 
longer term observational studies are needed to examine 
damage to the small intestines. 

The aims of  this study were to investigate the fre-
quency and type of  small bowel damage associated with 
a 4 wk administration of  low-dose aspirin in healthy 
subjects and to investigate the preventive effect of  the 
cytoprotective agent, rebamipide, on aspirin-induced 
small bowel damage.

MATERIALS AND METHODS
The study protocol was approved by the Ethics Com-
mittees of  Oita University, and written informed consent 
was obtained from all subjects. Eligible subjects were 
aged 20 to 65 years, who had taken no drugs during the 
one-month period prior to the start of  this study and 
who had normal physical examinations. The exclusion 
criteria were as follows: (1) subjects who did not have 
a full length, small bowel VCE prior to the start of  the 
study; (2) subjects with stenosis, tumors, ulcers, ero-
sions, or bleeding in the small bowel; (3) subjects who 
had active GI disease or a history of  ulcers, surgery, or 
bleeding; and (4) subjects who had used any medication, 
including NSAIDs or aspirin, within 4 wk of  the start of  
the study.

Treatment protocol and post-treatment capsule 
endoscopy
This study was conducted using a cross-over design as 
shown in Figure 1. Medication groups A and B were 
defined as follows: group A: placebo plus aspirin (Bayer 
Pharmaceutical Co., Ltd., Tokyo, Japan) plus omeprazole 
(Sawai Pharmaceutical Co., Ltd., Osaka, Japan) for 4 wk; 
and group B: rebamipide (Otsuka Pharmaceutical Co., 
Ltd., Tokyo, Japan) plus aspirin plus omeprazole for 4 
wk (rebamipide 300 mg or placebo tid, aspirin 100 mg 
od, omeprazole 20 mg od). Omeprazole was used pri-
marily for ethical reasons to avoid the effect of  aspirin 
on the stomach.

Medications were administered for 4 wk. Then fol-
lowing a 4-wk washout period, the treatments were 
reversed for the two groups, and the medications were 
administered for a second 4-wk period. The washout 
period was designed according to a previous study by 
Niwa[13]. VCEs of  the small bowel were performed five 
times: prior to the intervention, at 1 and 4 wk during the 
first period, and at 1 and 4 wk during the second treat-
ment period.

Allocation and randomization were conducted by an 
independent pharmacologist of  Yamanami Pharmacy 
who had no connection to our institution or the results 
of  this study. The placebo was prepared by Yamanami 
Pharmacy.

Evaluation of small intestinal injuries
In this study, erosion and ulcer were defined according 
to Graham’s report[3]. Red spots were defined as red ar-
eas without clear mucosal break. Erosions were defined 
as circumscribed areas of  mucosal disruption denuded 
of  villi with or without exudates or red color that in-
volved a diameter equivalent to the valvulae conniventes. 
Ulcers were defined as erosions with a central area with 
exudates typically having a surrounding border of  el-
evated mucosa, producing a target lesion or coral polyp 
appearance[3]. Typical cases of  red spots and erosion are 
shown in Figures 2A and B, and an example of  an ulcer 
is shown in Figure 2C.

Mucosal break was defined as two or more erosions 
and/or an ulcer. Red spots were scored, but were not 
considered as a significant injury, since they can be ob-
served normally. The location of  the injury was also 
scored in terms of  the locations as proximal (jejunal) or 
distal (ileal) based on the transit time. The transit time 
from the pylorus to cecum was divided in half, and the 
first portion was arbitrarily defined as the jejunal section. 
Cases with erosion, multiple erosions, and ulcers were 
calculated. Multiple erosions were defined as more than 
2 erosions in a subject. Subjects were only analyzed if  
the entire small bowel was observable by VCE.

Endpoints
The primary endpoint was to evaluate healthy subjects 
before and after 4 wk of  low-dose aspirin-induced small 
bowel damage. The secondary endpoint was to evaluate 
the preventive effect of  rebamipide.

Capsule endoscopy
We used the Olympus video capsule system (EndoCap-
sule, Olympus Ltd.; Tokyo, Japan) for this study. The 
capsule endoscopy procedure and the methodology for 
reviewing the images were conducted as previously de-
scribed. All video images were analyzed twice by each 
skilled reviewer (KM, TA, and KI). These three investiga-
tors were instructed to mark any significant lesions under 
blinded conditions, and to evaluate lesions according to 
criteria for determination of  the endpoints. If  the results 
differed between the reviewers, then they consulted one 
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another to achieve a consensus. All images were saved for 
a final comprehensive analysis upon completion of  all of  
the post-treatment capsule endoscopies.

Safety assessment 
The subjects’ symptoms were observed daily throughout 
the study periods, and the information was evaluated us-
ing a patient diary.

Statistical analysis 
The primary endpoint was to evaluate the proportion of  
healthy subjects with small intestinal injury after 4 wk of  
low-dose aspirin therapy. The number of  healthy sub-
jects with small bowel mucosal breaks, ulcers, erosions, 
multiple erosions, and red spots were calculated and 
treated as parametric parameters. The small bowel area 
was divided into the jejunum and the ileum. The num-
ber of  small bowel ulcers, erosions, and red spots were 
described as the mean ± SD. These values were analyzed 
at each measured point of  the VCE in each group using 
Mann-Whitney’s U test and compared with the evalua-
tion prior to the aspirin administration. 

The secondary endpoint was to compare the num-
ber of  small intestinal injuries between the placebo and 
the rebamipide groups. The injuries were described as 
means ± SD and treated as nonparametric parameters. 
These injuries were analyzed at each measured point of  
the VCE in each group using Mann-Whitney’s U test. In 
addition, the small intestinal injuries were compared be-
tween the placebo and rebamipide groups. 

This study was a pilot study. Therefore, there were 

no reference data to calculate the sample size. A P-value 
< 0.05 was considered significant. All statistical analyses 
were performed using SAS version 8.2 (SAS Institute, 
Cary, NC, United States).

RESULTS
Eleven healthy subjects were enrolled in this study. The 
mean age of  the subjects was 30 ± 6 years. The median 
age was 27 years, and the range was 24 to 43 years. 

Influence of low-dose aspirin on small bowel mucosa in 
the placebo group
The number of  subjects with multiple erosions, ulcers, 
and mucosal breaks of  the small bowel are shown in 
Table 1. There were 8 subjects with red spots on the je-
junum before the administration of  aspirin, 10 subjects 
at 1 wk, and 10 at 4 wk. There were 8 subjects with red 
spots on the ileum before administration of  aspirin, 11 
subjects at 1 wk, and 11 at 4 wk. There were 2 subjects 
with small bowel erosion on the jejunum at 1 wk and 4 
at 4 wk (P = 0.0379). There were 7 subjects with small 
bowel erosion on the ileum at 1 wk (P = 0.0019) and 9 at 
4 wk (P < 0.0001). 

The numbers of  small bowel injuries before and after 
aspirin treatment are shown in Figure 3. There were 6.3 
± 6.9 small intestinal red spots at 1 wk and 9.6 ± 6.6 at 4 
wk on the jejunum, and 68.0 ± 133.6 at 1 wk (P = 0.0010) 
and 48.4 ± 67.7 at 4 wk (P = 0.0010) on the ileum. There 
were 0.2 ± 0.6 small bowel erosions at 1 wk and 0.4 ± 0.6 
at 4 wk on the jejunum, and 2.1 ± 2.6 at 1 wk (P = 0.0156) 
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Group A: Low-dose aspirin (100 mg/d) + omeprazole (20 mg/d) + placebo
Group B: Low-dose aspirin (100 mg/d) + omeprazole (20 mg/d) + rebamipide (300 mg/d)

Informed consent Medical check up Enrollment
(n  = 11)

Randomization

Group A

Group B

Group B

Group A

Pre-test 1 wk       4 wk

Wash out period
4 wk

Capsule endoscopy

Pre-test 1 wk       4 wk

Figure 1  Study design. 

Figure 2  Typical small intestinal red spot, erosion and ulcer. A: Typical red spot; B: Typical erosion; C: Typical ulcer.

A B C
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and 2.0 ± 2.5 at 4 wk (P = 0.0039) on the ileum. There 
were no small intestinal ulcers at 1 wk and at 4 wk on the 
jejunum, and there were no small intestinal ulcers at 1 wk 
and 0.2 ± 0.4 ulcers at 4 wk on the ileum.

Evaluation of the preventive effect of rebamipide
The preventive effect of  rebamipide is shown in Table 1. 
There were no subjects with small bowel mucosal breaks 
on the jejunum at 1 wk and 1 subject at 4 wk, and there 
was 1 small bowel mucosal break on the ileum at 1 wk 
and 2 at 4 wk. Rebamipide significantly prevented small 
bowel mucosal breaks on the ileum compared with the 
placebo group (P = 0.0173 at 1 wk and P = 0.0266 at 
4 wk). There were 15.7 ± 8.5 red spots on the ileum at 
4 wk in the rebamipide group, which was significantly 
fewer than in the placebo group (P = 0.0354). There 
were 0.6 ± 1.2 erosions on the ileum at 4 wk, which was 
significantly fewer that in the placebo group (P = 0.0362).

Safety assessment
We examined symptoms daily for all subjects throughout 
the study period. Three subjects with ulcers were observed 
in the placebo group. Two of  these subjects were symp-

tomatic, but not anemic. The symptoms of  these two sub-
jects diminished 1 month after the study ended. One sub-
ject with an ulcer was observed in the rebamipide group, 
but the subject was neither symptomatic nor anemic.

DISCUSSION
In our study, we observed that the administration of  low-
dose aspirin induced small bowel red spots and erosions 
in healthy subjects in the early phase (1 wk). Red spots 
were observed in all subjects with a mean of  68.0 ± 133.6 
at 1 wk and 48.4 ± 67.7 at 4 wk. There were 7 subjects 
with erosions on the ileum at 1 wk and 9 at 4 wk in the 
placebo group. These small bowel injuries were induced 
in the early phase and maintained while taking low-dose 
aspirin. On the other hand, small intestinal ulcers were 
observed in 3 subjects in the late phase (4 wk), although 
no ulcers were observed at 1 wk. These results indicate 
that serious small bowel injury, such as ulcers, may be 
induced by longer-term administration of  low-dose as-
pirin. In addition, a very large ulcer was observed in one 
case at 4 wk (Figure 4), although no ulcer was observed 
in this subject at 1 wk. This may demonstrate a risk of  
longer-term low-dose aspirin ingestion. Patients taking 
low-dose aspirin should be given periodic management. 
In this study, small bowel bleeding was not observed; 
however, some patients may present small bowel bleeding 
due to the use of  low-dose aspirin during treatment peri-
ods longer than 4 wk. The clinical implications of  small 
bowel mucosal injuries are not yet clear. However, bleed-
ing from mucosal injury can be fatal because aspirin is an 
anti-platelet agent. In this study, multiple erosions were 
also evaluated. They resulted in a more serious condition 
than a single erosion.

Our results indicate that most small bowel injuries 
occurred in the ileum rather than the jejunum area. 
There were 7 cases with a mucosal break in the ileum 
and 1 in the jejunum at 4 wk in the placebo group. 
Bjarnason et al[14]demonstrated that small bowel dam-
age depended on various factors, such as microvascular 
aspects, neutrophil recruitment, mucosal prostaglandins, 
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Figure 3  Low-dose aspirin-related small bowel injuries in the placebo group. The open circle indicates the number of low-dose aspirin-related small bowel inju-
ries in the jejunum, and the closed circle indicates the number of injuries in the ileum at 4 wk. The data are represented as the mean ± SD. aP < 0.05, bP < 0.01.

Table 1  No. of healthy subjects presenting small bowel inju-
ries following a 4 wk regimen of low dose aspirin in the pla-
cebo group and evaluation of preventive efficacy (n  = 11)

Jejunum Ileum
Pre-test 1 wk 4 wk Pre-test 1 wk 4 wk

Placebo group
   Multiple erosion (n) 0 1 1 0  6b  4a

   Ulcer (n) 0 0 0 0 0 3
   Mucosal break (n) 0 1 1 0  6b  7b

Rebamipide group
   Mucosal break (n) 0 0 1 0  1c  2c

Multiple erosion (n): No. of subjects with multiple erosions in jejunum  or 
ileum; Ulcer (n): No. of subjects with ulcer in jejunum or ileum; Mucosal 
break (n): No. of subjects with multiple erosion and/or ulcer in jejunum or 
ileum. Statistical analysis was performed by Mann Whitney’s U test, com-
pared to before administration vs 1 wk and 4 wk. aP < 0.05; bP < 0.01; cP < 
0.05 compared with placebo and rebamipide group.
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bowel is a long organ, it will be necessary to further inves-
tigate the appropriate dosage for this candidate drug. 

In conclusion, the use of  long-term low-dose aspirin 
induced small bowel damage. Rebamipide prevented this 
damage, and this candidate drug may be suitable for pre-
venting aspirin-induced small bowel complications.
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Figure 4  Case with a large ulcer of the small intestine induced by low-
dose aspirin. A large ulcer was observed in the small intestine as a result of 4 
wk of low-dose aspirin ingestion. The ulcer occupied one-third of the interior of 
the small intestine.
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Abstract
AIM: To compare and evaluate the appropriate prog-
nostic indicators of lymph node basic staging in gastric 
cancer patients who underwent radical resection.

METHODS: A total of 1042 gastric cancer patients who 
underwent radical resection and D2 lymphadenectomy 
were staged using the 6th and 7th edition International 
Union Against Cancer (UICC) N staging methods and 
the metastatic lymph node ratio (MLNR) staging. Ho-
mogeneity, discriminatory ability, and gradient mono-
tonicity of the various staging methods were compared 
using linear trend χ 2, likelihood ratio χ 2 statistics, and 
Akaike information criterion (AIC) calculations. The 
area under the curve (AUC) was calculated to compare 
the predictive ability of the aforementioned three stag-
ing methods.

RESULTS: Optimal cut-points of the MLNR were cal-
culated as MLNR0 (0), MLNR1 (0.01-0.30), MLNR2 
(0.31-0.50), and MLNR3 (0.51-1.00). In univariate, 
multivariate, and stratified analyses, MLNR staging 
was superior to the 6th and 7th edition UICC N stag-
ing methods. MLNR staging had a higher AUC, higher 
linear trend and likelihood ratio χ 2 scores and lower AIC 
values than the other two staging methods.

CONCLUSION: MLNR staging predicts survival after 
gastric cancer more precisely than the 6th and 7th edi-
tion UICC N classifications and should be considered as 
an alternative to current pathological N staging.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
In recent years, more cases of  gastric cancer have been 
diagnosed in China than in any other country[1]. Accurate 
prognosis prediction for gastric cancer patients enables 
doctors to determine the patients’ expected clinical 
courses and to have more information when deciding 
whether to use adjuvant therapy and when comparing the 
therapeutic effects of  different treatment modalities. A 
widely used classification proposed by the International 
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Union Against Cancer (UICC), the tumor-node-metasta-
sis (TNM) system, combines the most powerful and reli-
able factors for analyzing tumor status[2,3]. Lymph node 
metastasis is one of  the most important gastric cancer 
prognostic factors[4]. The identified number of  involved 
lymph nodes depends on the number of  lymph nodes 
removed and examined, which in turn depends on the 
surgical and pathologic procedures. Although TNM clas-
sification is a convenient and reproducible method for 
precise staging, it demands the examination of  at least 15 
lymph nodes. If  the number of  dissected and examined 
lymph nodes is small, downmigration of  N stage may oc-
cur, and conversely, if  the number is large, upmigration 
of  N stage may occur, which is also referred to as stage 
migration in some references[5-10]. To improve prognosis 
prediction, the number of  positive lymph nodes should 
be considered in the context of  the number of  nodes 
examined. The metastatic lymph node ratio (MLNR), de-
fined as the number of  positive lymph nodes divided by 
the number of  lymph nodes retrieved, has been proposed 
as an alternative to classification systems that assess the 
absolute number of  positive lymph nodes, such as the 
UICC (2002, 6th edition) or Japanese Gastric Cancer 
Association (JGCA) (1998, 2nd English edition) staging 
systems[11-16].

This year, gastric cancer lymph node metastasis staging 
was changed in both the UICC 7th edition and the JGCA 
14th edition staging systems in that it now depends solely 
on the number of  metastatic nodes found[3,17]. In the new 
UICC and JGCA systems, patients with one to two posi-
tive lymph nodes are classified as N1, patients with three 
to six positive lymph nodes are classified as N2, and pa-
tients with seven or more positive lymph nodes are classi-
fied as N3. Some authors have demonstrated that the 7th 
edition UICC staging system is superior to the 6th edi-
tion based on its homogeneity, discriminatory ability and 
prognostic value[18-20].

However, to date there has been no formal study 
that focused on comparing the prognostic significance 
of  the MLNR with that of  the 7th edition UICC N stag-
ing system. In the present article, we investigate whether 
patients with gastric cancer can be classified into mean-
ingful risk categories based on MLNR by comparing 
this staging system with the 7th edition UICC N staging 
system. 

MATERIALS AND METHODS
Patients
Between January 1996 and December 2007, 1042 patients 
with histologically diagnosed gastric cancer underwent 
surgery at the Department of  Gastrointestinal-pancreatic 
Surgery, First Affiliated Hospital, Sun Yat-Sen University, 
China. The postoperative pathological results included 
tumor size, histological type, margin, adjacent tissues and 
neighboring organs, lymphatic/venous invasion, retrieved 
lymph nodes, metastatic lymph nodes, and pTNM stag-
ing. The inclusion criteria of  the study were as follows: (1) 
gastric adenocarcinoma identified by histo-pathological 

examination; (2) histologically confirmed R0 resection, 
which was defined as no macroscopic or microscopic 
residual tumor; and (3) availability of  complete follow-up 
data. Patients with distant metastases, a history of  famil-
ial malignancy or other synchronous malignancy (such 
as gastrointestinal stromal tumor, esophageal cancer, 
colorectal cancer, etc.), or carcinoma of  the gastric stump 
after gastric resection for benign disease or who died in 
the perioperative period were excluded from the study. 

D2 lymphadenectomy was performed by experienced 
surgeons following the JGCA guidelines[21]. A total of  
15 313 lymph nodes were retrieved, with a mean of  
14.70 ± 10.25 lymph nodes per patient (25.14 ± 9.28 
for patients with > 15 lymph nodes retrieved and 8.58 
± 3.87 for patients with ≤ 15 lymph nodes retrieved) 
and a range from 3 to 66. The mean number of  lymph 
nodes with evidence of  metastasis was 6.40 ± 6.90 per 
patient (9.78 ± 9.42 for patients with > 15 lymph nodes 
retrieved and 4.15 ± 2.83 for patients with ≤ 15 lymph 
nodes retrieved), with a range from 1 to 70. Lymph node 
involvement was classified according to the 7th edition 
UICC (2010) N staging system (N0: no metastasis; N1: 
1-2 metastatic lymph nodes; N2: 3-6 metastatic lymph 
nodes; N3: ≥ 7 metastatic lymph nodes) and 6th edition 
UICC (2002) N staging system (N0: no metastasis; N1: 
1-6 metastatic lymph nodes; N2: 7-15 metastatic lymph 
nodes; N3: ≥ 16 metastatic lymph nodes). All nodal 
material was separately dissected from the specimen by a 
surgeon at the end of  the procedure. Our study does not 
include stage Ⅳ patients, graded according to the UICC 
7th edition staging system, because all of  the patients 
enrolled underwent radical resection and had no distant 
metastasis. 

Follow-up
Postoperative follow-up at our outpatient department 
included clinical and laboratory examinations every 3 mo 
for the first 2 years, every 6 mo during the third to fifth 
years, and annually thereafter until at least 5 years after 
the operation or until the patient died, whichever came 
first. Overall patient survival, defined as the time from 
operation to death or final follow-up, was used as a mea-
sure of  prognosis. The median follow-up for the entire 
cohort was 56 mo (range 3-178 mo).

Statistical analysis
To determine the appropriate MLNR cut-points in the 
entire cohort, our analysis for the best cut-points was 
conducted as follows: In the first step, we evaluated the 
prognostic value of  the MLNR, adjusting for other clini-
copathological covariates that are significantly associated 
with gastric cancer mortality. Second, patients having 
no involved lymph nodes (MLNR = 0) were assigned 
to one group because it has been well documented that 
their prognosis significantly differs from patients with 
metastatic lymph nodes[12,13,22,23]. After ascertaining that 
the MLNR was significantly associated with gastric can-
cer mortality, we determined two additional appropriate 
cut-points for categorizing the MLNR to make our cut-
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points comparable with those for UICC N staging. For 
this, we recomputed the likelihood associated with all 
possible pairs of  MLNR cutoffs ranging from 0.05 to 
0.95 at intervals of  0.05. In our study, the two alternative 
cut-points for the MLNR were 0.30 and 0.50. Martingale 
residual analysis was also used to examine the function 
form of  the MLNR, and our cut-points (0, 0.30 and 0.50) 
were found to be consistent. After extensive evaluations 
of  our data, no other sets of  cut-points performed bet-
ter than those already described. Thus, four subgroups 
of  the MLNR classification (MLNR0, 0%; MLNR1, 
1%-30%; MLNR2, 31%-50%; MLNR3, 51%-100%) were 
used in our study. 

To directly compare the 6th and 7th edition UICC 
N staging systems with the present MLNR staging sys-
tem, we took advantage of  two statistical methods. One 
method considers the homogeneity, discriminatory abil-
ity and monotonicity of  the gradient test. Homogeneity 
was measured with the likelihood ratio χ 2 test related to 
the Cox regression model. The discriminatory ability and 
monotonicity of  the gradient were measured with the lin-
ear trend χ 2 test. The likelihood ratio χ 2 test was used to 
assess homogeneity within each classification system and 
to estimate the gradient monotonicity. Additionally, the 
Akaike information criterion (AIC) value within a Cox 
proportional hazard regression model was used to mea-
sure the discriminatory ability of  each system[24]. The AIC 
statistic was defined by AIC = -2 log maximum likelihood 
+ 2 × the number of  parameters in the model. A smaller 
AIC value indicates that the model is better at predicting 
outcome. The other method involves receiver operating 
characteristic (ROC) curves. ROC curves and the areas 
under the curves (AUC) were calculated for each of  the 
aforementioned three N staging systems to assess the ac-
curacy of  their predictive ability. Differences between the 
AUC were tested for statistical significance based on the 
estimated areas and their standard errors[25]. 

The 5-year survival rate was calculated using the Ka-
plan-Meier method. The log-rank test was used to make 
statistical comparisons of  different factors. Pearson cor-
relations were examined with a two-tailed test. In multi-
variate analysis, forward stepwise regression analysis was 
performed with a Cox proportional hazards model. A P 
value of  ≤ 0.05 was considered statistically significant. 
All statistical analyses were performed using SPSS soft-
ware version 16.0 (SPSS Inc., Chicago, IL, United States).

RESULTS
Of  the 1042 patients, 708 were male (67.9%) and 334 
were female (32.1%). The mean patient age was 57.4 ± 
11.5 years (range 20-79 years). The overall 5-year survival 
rate for all patients was 47.5%, and 474 patients were 
alive when our follow-up was complete. 

Univariate and multivariate survival analysis
After univariate analysis of  the 1042 patients who un-
derwent radical resection, ten factors were found to have 

statistically significant associations with overall survival 
(OS). They were: age, tumor location, tumor size, histo-
logical grade, lymphatic/venous invasion, pT, 6th edition 
UICC pN, 7th edition UICC pN, MLNR, and the num-
ber of  retrieved lymph nodes (Table 1). We summarize 
the postoperative survival results as follows: (1) patients 
who were older had significantly shorter OS than those 
who were younger [hazard ratio (HR) = 1.019, P < 0.001]; 
(2) patients whose primary tumor was located in the dis-
tal third of  the stomach had significantly longer OS than 
those whose primary tumor was located elsewhere in the 
stomach (HR = 0.735, P < 0.001); (3) patients with a larg-
er primary tumor had significantly shorter OS than those 
with a smaller primary tumor (HR = 1.147, P < 0.001); 
(4) patients with poorly differentiated or undifferentiated 
adenocarcinoma had significantly shorter OS than those 
with well or moderately differentiated adenocarcinoma 
(HR = 1.254, P < 0.001); (5) patients with tumor lym-
phatic/venous invasion had significantly shorter OS than 
those without lymphatic/venous invasion (HR = 2.685, P 
< 0.001); (6) the deeper the primary tumor invasion, the 
shorter the OS of  the gastric cancer patients (HR = 1.852, 
P < 0.001); (7) the higher the metastatic lymph node 
counts of  the 6th edition UICC N stage, the shorter the 
OS of  the gastric cancer patients (HR = 1.571, P < 0.001); 
(8) the higher the metastatic lymph node counts of  the 
7th edition UICC N stage, the shorter the OS of  the 
gastric cancer patients (HR = 1.604, P < 0.001); (9) the 
higher the MLNR stage, the shorter the OS of  the gastric 
cancer patients (HR = 1.776, P < 0.001); and (10) pa-
tients who had more than 15 lymph nodes retrieved had 
significantly longer OS than those who had ≤ 15 lymph 
nodes retrieved (HR = 0.616, P < 0.001). All of  the 
aforementioned 10 variables were included in a multivari-
ate Cox proportional hazards model (forward stepwise 
procedure) to adjust for the effects of  covariates (Table 2). 
In that model, we demonstrated that age, tumor location, 
tumor size, histological grade, lymphatic/venous inva-
sion, pT, the 7th edition UICC N staging, MLNR, and 
the number of  retrieved lymph nodes were independent 
prognostic factors, while the 6th edition UICC N staging 
was excluded. 

The survival curves developed according to the 6th 
and 7th edition UICC N staging systems and the MLNR 
staging system are shown in Figure 1. For all three staging 
systems, the Kaplan-Meier plot had good discriminatory 
ability in each group except in N2 and N3 of  the 6th edi-
tion UICC N staging (Figure 1). The 5-year survival rates 
of  N0, N1, N2, and N3 patients in the 6th edition UICC 
N staging were 71.1%, 43.3%, 21.4%, and 25.1%, respec-
tively (P < 0.001, P < 0.001 and P = 0.143, respectively). 
The 5-year survival rates of  N0, N1, N2, and N3 patients 
in the 7th edition UICC N staging were 71.1%, 50.7%, 
37.5%, and 22.2%, respectively (P < 0.001, P = 0.003 
and P = 0.001, respectively). The 5-year survival rates of  
MLNR0, MLNR1, MLNR2, and MLNR3 patients were 
71.1%, 59.0%, 32.7% and 16.0%, respectively (P < 0.001, 
P < 0.001 and P < 0.001, respectively). 
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We also investigated the impact of  the number of  
lymph nodes retrieved on OS rates according to differ-
ent N staging systems. In the 6th edition UICC N stag-

ing, the 5-year survival rate was significantly higher for 
patients with N0 compared with N1 and N2 in the ≤ 
15 lymph nodes retrieved group, in which no patient was 
classified as N3 (P < 0.001 and P < 0.001, respectively). 
The Kaplan-Meier plot discriminated well between each 
N staging in the > 15 lymph nodes retrieved group (P = 
0.008 and P < 0.001, respectively), except for N2 vs N3 
(P = 0.720). As for the 7th edition UICC N staging, the 
Kaplan-Meier plot discriminated well between each N 
staging in both the ≤ 15 and > 15 lymph nodes retrieved 
groups, except for N0 vs N1 and N1 vs N2 (P = 0.070 
and P = 0.433, respectively) in the > 15 lymph nodes re-
trieved group. When we investigated the MLNR in the ≤ 
15 and > 15 lymph nodes retrieved groups, the Kaplan-
Meier plot showed that the 5-year survival rate was sig-
nificantly different for each MLNR stage. In the ≤ 15 
lymph nodes retrieved group, the 5-year OS was 66.2%, 
49.9%, 29.9%, and 11.2% for MLNR 0, 1, 2, and 3 (P = 
0.001, P < 0.001 and P < 0.001, respectively). In the > 15 
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Table 1  Univariate analysis of various clinicopathologic factors in 1042 cases of gastric cancer

Variable n  (%) 5-yr survival 
rate (%)

Log rank χ 2 
value

Hazard 
ratio

P  value

Gender     0.433 1.060    0.511
   Male    708 (67.9) 48.6
   Female    334 (32.1) 45.1
Age (continuous) 1042 (100) 47.5 124.704 1.019 < 0.001
Tumor location   78.529 0.735 < 0.001
   Proximal    579 (55.6) 39.0
   Distal    418 (40.1) 62.0
   Two-thirds or more    45 (4.3) 17.5
Tumor size (continuous) 47.5 124.704 1.147 < 0.001
Histological grade   18.407 1.254 < 0.001
   Well/moderately differentiated adenocarcinoma    388 (37.2) 54.8
   Poorly differentiated adenocarcinoma    448 (43.0) 44.7
   Undifferentiated adenocarcinoma/signet-ring cell 
   carcinoma/mucinous adenocarcinoma

   206 (19.8) 39.8

Lymphatic/venous invasion   65.905 2.685 < 0.001
   No    954 (91.6) 50.0
   Yes    88 (8.4) 20.4
Depth of invasion (7th edition) 172.456 1.852 < 0.001
   T1    81 (7.8) 90.7
   T2    120 (11.5) 74.3
   T3    195 (18.7) 57.5
   T4a    538 (51.6) 35.9
   T4b    108 (10.4) 22.1
The 7th edition UICC N 168.281 1.604 < 0.001
   N0    332 (31.9) 71.1
   N1    211 (20.2) 50.7
   N2    268 (25.7) 37.5
   N3    231 (22.2) 22.2
The 6th edition UICC N 160.982 1.571 < 0.001
   N0    332 (31.9) 71.1
   N1    479 (46.0) 43.3
   N2    172 (16.5) 21.4
   N3    59 (5.7) 25.1
Metastatic lymph node ratio 281.341 1.776 < 0.001
   MLNR0    332 (31.9) 71.1
   MLNR1    277 (26.6) 59.0
   MLNR2    154 (14.8) 32.7
   MLNR3    279 (26.8) 16.0
Retrieved lymph nodes   67.098 0.616 < 0.001
   ≤ 15    657 (63.1) 58.0
   > 15    385 (36.9) 68.4

Table 2  Multivariate survival analysis results

Variables Wald P value HR 95% CI

Age (continuous) 23.741 < 0.001 1.020 1.012-1.028
Tumor location   8.825    0.003 0.794 0.682-0.925
Tumor size (continuous) 29.678 < 0.001 1.085 1.054-1.118
Histological grade 11.542    0.001 1.222 1.089-1.372
Lymphatic/venous 
invasion

30.629 < 0.001 2.063 1.596-2.666

UICC 7th T 43.652 < 0.001 1.434 1.289-1.596
UICC 7th N   5.806    0.016 1.218 1.037-1.430
MLNR 14.693 < 0.001 1.330 1.149-1.538
Retrieved lymph nodes 29.666 < 0.001 0.548 0.441-0.680

CI: Confidence interval; UICC: International Union Against Cancer; HR: 
Hazard ratio; T: Tumor; N: Node; MLNR: Metastatic lymph node ratio.
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lymph nodes retrieved group, the 5-year OS was 82.5%, 
68.3%, 38.7%, and 25.8% for MLNR 0, 1, 2, and 3 (P = 
0.001, P < 0.001 and P = 0.038, respectively) (Figure 2). 

The performance of  the 6th and 7th edition UICC 
N staging systems and the MLNR staging, as assessed by 
the linear trend χ 2, likelihood ratio χ 2, and the AIC test, 
is described in Table 3. Compared with the 6th and 7th 
edition UICC N staging systems, the MLNR staging had 
better homogeneity (higher likelihood ratio χ 2 score), dis-

criminatory ability, and monotonicity of  gradients (higher 
linear trend χ 2 score). Furthermore, the MLNR staging 
had a smaller AIC value, representing the optimum prog-
nostic stratification. 

Finally, we used the ROC curves of  the three afore-
mentioned N staging systems to calculate the AUC and 
thus to assess the accuracy of  each system’s predictive 
ability for gastric cancer patients who underwent radi-
cal resection (Figure 3). The AUC was 0.692 for the 6th 
edition UICC N staging, 0.705 for the 7th edition UICC 
N staging, and 0.754 for the MLNR staging, indicating 
that the MLNR staging was superior to the 6th and 7th 
edition UICC N staging systems and could be used as a 
more precise prognostic staging tool for gastric cancer 
patients.

DISCUSSION
Because the 6th edition UICC TNM staging system is 
simple, reliable, and reproducible, it is currently used all 
over the world. For cases in which < 15 lymph nodes are 
examined, N stage may be incorrect because of  stage mi-
gration. A method for bypassing this problem is to con-
sider the ratio between metastatic and examined lymph 
nodes. Studies have demonstrated that staging by the 
MLNR is superior to staging by the absolute number of  
metastatic lymph nodes (such as in the 6th edition UICC 
N staging) for predicting prognosis of  gastric cancer 
patients[14,26,27]. Furthermore, some reports have demon-
strated that the 7th edition UICC N staging is more suit-
able for prognosis than the 6th edition system[18,28]. For 
example, although all the patients in our study underwent 
D2 gastrectomy with R0 resection, the number of  lymph 
nodes recovered in the majority of  patients (63.1%) was 
no more than 15, and therefore, in these patients, the N 
stage cannot be classified as N3 according to the 6th edi-
tion UICC staging system. On the other hand, in the 7th 
edition system, patients may be classified as N3 as long as 
the number of  retrieved lymph nodes is more than 7, and 
thus, this revised edition system may reduce stage migra-
tion. Whether the 7th edition UICC N staging is optimal 
is still unknown. To our knowledge, although a few docu-
ments claim that the 7th edition UICC N staging is supe-
rior to the 6th edition system, there are no formal studies 
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Figure 1  Impact of 6th and 7th International Union Against Cancer N 
staging systems (A and B) and metastatic lymph node ratio staging (C) 
on overall survival of gastric cancer patients who underwent radical re-
section. A: The 6th International Union Against Cancer (UICC) N staging: N0 
vs N1, P < 0.001; N1 vs N2, P < 0.001; N2 vs N3, P = 0.143; B: The 7th UICC 
N staging: N0 vs N1, P < 0.001; N1 vs N2, P = 0.003; N2 vs N3, P = 0.001; C: 
Metastatic lymph node ratio (MLNR) staging: MLNR0 vs MLNR1, P < 0.001; 
MLNR1 vs MLNR2, P < 0.001; MLNR2 vs MLNR3, P < 0.001.

Table 3  Comparison of the performance of the 6th and 
7th edition International Union Against Cancer node staging 
systems and the metastatic lymph node ratio staging system

Classification Subgroups Linear 
trend χ2

Likelihood 
ratio χ2

AIC

6th ed UICC N 
staging

N 0, 1, 2, 3 117.751 141.517 7364.073

7th ed UICC N 
staging

N 0, 1, 2, 3 138.342 146.796 7325.731

MLNR staging MLNR 0, 1, 2, 3 203.476 219.912 7240.017

UICC: International Union Against Cancer; N: Node; MLNR: Metastatic 
lymph node ratio; AIC: Akaike information criterion.
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that have examined the superiority of  the MLNR to the 
7th edition UICC N staging to date.

In this study, the MLNR was one of  the most im-
portant prognostic factors of  gastric cancer mortality. 
The MLNR provided a better classification of  patient 
prognostic risk profiles than the 6th and 7th edition 
UICC N classification systems, particularly in the analy-
sis stratified by the number of  lymph nodes retrieved. 
The MLNR shows a clear advantage over the 6th and 
7th edition UICC N staging systems for the following 

reasons: first, in univariate analysis, the log-rank χ 2 as-
sociated with the MLNR (χ 2 = 281.341) was larger than 
that of  the 6th and 7th edition UICC N staging systems 
(χ 2 = 160.982 and χ 2 = 168.281, respectively), indicating a 
higher statistical significance (Table 1); second, in multi-
variate analysis, the HR was higher in the MLNR (HR = 
1.330, 95% CI: 1.149-1.538) staging than in the 7th edi-
tion UICC N staging (HR = 1.218, 95% CI: 1.037-1.430) 
(Table 2); third, although the 6th and 7th edition UICC 
N classifications discriminated well between each group, 
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Figure 2  Analysis of the 6th (A and B) and 7th (C and D) International Union Against Cancer N staging systems and metastatic lymph node ratio staging 
(E and F) stratified according to the number of lymph nodes retrieved. A: The 6th International Union Against Cancer (UICC) N staging in the ≤ 15 lymph nodes 
retrieved group: N0 vs N1, P < 0.001; N1 vs N2, P < 0.001; B: The 6th UICC N staging in the > 15 lymph nodes retrieved group: N0 vs N1, P = 0.008; N1 vs N2, P < 
0.001; N2 vs N3, P = 0.720; C: The 7th UICC N staging in the ≤ 15 lymph nodes retrieved group: N0 vs N1, P < 0.001; N1 vs N2, P = 0.001; N2 vs N3, P < 0.001; D: 
The 7th UICC N staging in the > 15 lymph nodes retrieved group: N0 vs N1, P = 0.070; N1 vs N2, P = 0.433; N2 vs N3, P < 0.001; E: Metastatic lymph node ratio (MLNR) 
stage in the ≤ 15 lymph nodes retrieved group: MLNR0 vs MLNR1, P = 0.001; MLNR1 vs MLNR2, P < 0.001; MLNR2 vs MLNR3, P < 0.001; F: MLNR stage in the > 
15 lymph nodes retrieved group: MLNR0 vs MLNR1, P = 0.001; MLNR1 vs MLNR2, P < 0.001; MLNR2 vs MLNR3, P = 0.038.
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the MLNR provided a better classification of  patient 
prognostic risk profiles than the pN stage, particularly in 
the analysis stratified by the number of  lymph nodes re-
trieved (Figure 2); fourth, the MLNR staging had better 
homogeneity (higher likelihood ratio χ 2 score, 219.912 
vs 146.796 vs 141.517), discriminatory ability, and mono-
tonicity of  the gradients (higher linear trend χ 2 score, 
203.476 vs 138.342 vs 117.751) and a smaller AIC value 
(7240.017 vs 7325.731 vs 7364.073) (Table 3); and finally, 
the AUC under the ROC curve was larger in the MLNR 
staging (0.754) than in the 6th and 7th edition UICC N 
staging systems (0.692 and 0.705, respectively), indicat-
ing that MLNR staging was superior to the 6th and 7th 
edition UICC N staging methods and could be used as 
a more precise prognostic staging tool for gastric cancer 
patients.

According to Ueno et al[29], the performance of  a stag-
ing system can be evaluated as follows: homogeneity 
within subgroups (small differences in survival among pa-
tients with the same stage), discriminatory ability between 
different groups (large differences in survival among 
patients in different stages), and monotonicity of  the 
gradients shown in the correlation between stages and 
survival rates (within the same system, patients in earlier 
stages have longer survival than those in later stages). In 
our study, the MLNR staging had better homogeneity 
(higher likelihood ratio χ 2 score), discriminatory ability, 
and monotonicity of  the gradients (higher linear trend χ 2 
score) than did the 6th and 7th edition UICC N staging 
systems. Furthermore, in our study, the MLNR staging 
had a smaller AIC value, indicating that the MLNR stag-
ing has the optimum prognostic stratification and small-
est loss of  information for predicting outcome[30,31]. Addi-
tionally, the AUC under the ROC curve was larger in the 
MLNR staging than the aforementioned two N staging 
systems. These results demonstrate that the MLNR stag-
ing has better prognostic stratification and more precise 

prediction than do the 6th and 7th edition TNM staging 
systems.

Although the body of  literature regarding the MLNR 
is growing, many studies have been performed using 
diverse patient groups and different surgical techniques. 
The cut-points for the MLNR have not necessarily been 
discussed adequately or validated in alternative data sets. 
We believe that systematic MLNR analyses of  multi-
institutional, randomized patient data with validation 
in similar independent data sets are required to clearly 
demonstrate the importance of  the MLNR. Although 
the current UICC TNM staging system is the most basic 
and prevalent for predicting the survival of  gastric cancer 
patients with radical resection, we believe that it will be 
essential to consider a staging system that includes ac-
curate prognostic variables such as the MLNR in the near 
future. For all these reasons, the potential advantages of  
incorporating the MLNR in staging systems should be 
investigated in large, prospective data sets.

In conclusion, our study compared three lymph node 
based N staging systems for gastric cancer patients who 
underwent radical resection and D2 lymphadenectomy 
and then demonstrated that the MLNR categories could 
define gastric cancer prognosis more adequately and pre-
cisely than the 6th and 7th edition UICC N categories. 
We propose that nodal ratios should be considered as an 
alternative to the current UICC N staging.

COMMENTS
Background
In recent years, more new cases of gastric cancer are diagnosed in China each 
year than in any other country. The most powerful and reliable factors which 
have been widely used are the tumor-node-metastasis classification proposed 
by the International Union Against Cancer (UICC). 
Research frontiers
Although UICC N staging is a convenient and reproducible method for precise 
staging, it demands the examination of at least 15 lymph nodes. If the number 
of dissected and examined lymph nodes is small or large, downmigration or 
upmigration of N stage may occur. The metastatic lymph node ratio (MLNR), 
defined as the number of positive lymph nodes divided by the number of lymph 
nodes retrieved, has been considered as an alternative to the absolute number 
of positive lymph nodes.
Innovations and breakthroughs
In the year 2010, staging of lymph node metastasis in gastric cancer has 
changed in both the UICC 7th edition staging system and in the Japanese Gas-
tric Cancer Association 14th edition system to depend solely on the number of 
metastatic nodes found. Some authors have demonstrated that the 7th edition 
UICC staging system was superior to the 6th edition in aspects of homogene-
ity and discriminatory ability with prognostic value. However, there has been 
no formal proposal to date focused on comparing the prognostic significance 
between the MLNR and the 7th edition UICC N staging systems. In the present 
article, we investigated whether patients with gastric cancer can be classified 
into meaningful risk categories based on LNR, by comparing this staging with 
the 7th edition UICC N staging. 
Applications
This study compared three lymph node based N staging systems for gastric 
cancer patients with radical resection and D2 lymphadenectomy, and then dem-
onstrated that the MLNR categories could define gastric cancer prognosis more 
adequately and precisely than the 6th and 7th edition UICC N categories. The 
authors suggest that nodal ratios should be considered as a countermeasure to 
the current UICC N staging.
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Figure 3  Receiver operating characteristics curve of the 6th and 7th edi-
tion International Union Against Cancer N staging systems and metastatic 
lymph node ratio staging for predicting survival of gastric cancer patients 
with radical resection. Area under the curve (AUC) of 1.0 represents a “perfect” 
diagnostic test that lacks false negative and false positive results. The AUC for 
the 6th and 7th edition International Union Against Cancer (UICC) N staging 
systems and metastatic lymph node ratio (MLNR) staging was 0.692, 0.705 and 
0.754, respectively.
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Peer review
This is a large study of 1042 gastric cancer patients undergoing radical resec-
tion plus D2 lymphadenectomy, with a mean follow-up of 56 mo. The authors 
have analyzed patient outcomes in considerable depth, their data is well char-
acterized. They provide an in depth analysis of factors contributing to survival 
and have utilized multivariate analysis in doing this. The information in the 
manuscript is highly relevant and useful.
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Abstract
Portal vein cannulation is a rare complication of endo-
scopic retrograde cholangiopancreatography (ERCP). 
It has been reported that it usually occurs after endo-
scopic sphincterotomy, whereas in cases without prior 
sphincterotomy, the presence of portobiliary fistulas 
has been shown. Here, we present a case in which 
cannulation of the portal vein occurred despite careful 
wire-guided cannulation and the absence of sphinc-
terotomy. Although fatal cases of cerebral and pulmo-
nary air and/or bile embolism have been reported in 
patients with combined portal and hepatic vein trauma 
after ERCP and sphincterotomy, isolated portal vein 
cannulation, as in the current case, does not usu-
ally result in mortality or serious morbidity. However, 
awareness of this rare complication is important so 
that no further intervention is performed.
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TO THE EDITOR
A 68-year-old man presented acutely with a 2-wk history 
of  right upper quadrant (RUQ) pain, fever, and dark urine. 
Physical examination revealed mild RUQ tenderness. In-
vestigations demonstrated deranged liver function tests 
with raised alkaline phosphatase (481 U/L, reference < 
130 U/L), alanine aminotransferase (371 U/L, reference 
< 55 U/L) and bilirubin (55 μg/L, reference < 22 μg/L). 
C-reactive protein was elevated (195 mg/L, reference < 
10 mg/L) but full blood count and renal profile were 
normal. Transabdominal ultrasound scan showed dilated 
intrahepatic bile ducts and multiple calculi in the gall-
bladder. Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) was undertaken. The papilla was edematous 
(prior to instrumentation), which made cannulation diffi-
cult. When wire-guided cannulation was achieved, injec-
tion of  10 mL contrast failed to opacify the biliary tree 
(Figure 1). The procedure was aborted and abdominal 
computed tomography showed air in the portal venous 
system (Figure 2). The patient remained asymptomatic 
and was hemodynamically stable. He was observed as an 
inpatient, and 4 d later had a repeat ERCP. The common 
bile duct was cannulated and a cholangiogram showed 
multiple filling defects consistent with stones, but no 
opacification of  the portal venous system occurred. All 
stones were removed after endoscopic sphincterotomy 
and the patient was referred for elective laparoscopic 
cholecystectomy.
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Opacification or deep cannulation of  the portal 
vein is a rare complication of  ERCP, which occurs in 
1 of  6000-8000 procedures[1]. It has been reported to 
occur mainly, but not solely, in patients with pancreatic 
cancer[1-5]; usually after pre-cut and/or conventional 
sphincterotomy[1,3]. Portal vein cannulation may occur as 
a result of  direct trauma to the papilla or mucosal and 
vascular laceration[1]. In cases in which sphincterotomy 
was not performed, investigators have noted the pres-
ence of  portobiliary fistulas due to presumed tumor in-
filtration[2] or erosion by abscesses[4]. In the current case, 
cannulation of  the portal vein occurred despite careful 
wire-guided cannulation and absence of  sphincterotomy. 
Although fatal cases of  cerebral and pulmonary air and/
or bile embolism have been reported in patients with 
combined portal and hepatic vein trauma after ERCP 
and sphincterotomy[6], isolated portal vein cannulation, 
as in the current case, has not been reported to result in 
mortality or serious morbidity[5]. However, in the event 
of  large defects in the portal vein with serious bleeding, 
balloon tamponade or stenting with a fully covered stent 
can be performed, prior to considering surgical repair. 
Finally, awareness of  this rare complication is important, 

so that it is readily recognized by endoscopists, and no 
further intervention (e.g., sphincterotomy or stent inser-
tion into the portal vein) is performed.
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Figure 1  Sphincterotome in the portal vein after guide-wire cannulation. A 
two-wire technique was used as, initially, the pancreatic duct was cannulated.

Figure 2  Abdominal computed tomography scan obtained following index 
endoscopic retrograde cholangiopancreatography showing air in the por-
tal venous system.
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GENERAL INFORMATION
World Journal of  Gastroenterology (World J Gastroenterol, WJG, print 
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a 
weekly, open-access (OA), peer-reviewed journal supported by an 
editorial board of  1144 experts in gastroenterology and hepatol-
ogy from 60 countries.

The biggest advantage of  the OA model is that it provides 
free, full-text articles in PDF and other formats for experts and 
the public without registration, which eliminates the obstacle 
that traditional journals possess and usually delays the speed 
of  the propagation and communication of  scientific research 
results. The open access model has been proven to be a true ap-
proach that may achieve the ultimate goal of  the journals, i.e. the 
maximization of  the value to the readers, authors and society.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scien-
tist, and build an important bridge for communication between 
scientists and the public. As we all know, the significance of  the 
publication of  scientific articles lies not only in disseminating and 
communicating innovative scientific achievements and academic 
views, as well as promoting the application of  scientific achieve-
ments, but also in formally recognizing the “priority” and “copy-
right” of  innovative achievements published, as well as evaluating 
research performance and academic levels. So, to realize these 
desired attributes of  WJG and create a well-recognized journal, the 
following four types of  personal benefits should be maximized. 
The maximization of  personal benefits refers to the pursuit of  the 
maximum personal benefits in a well-considered optimal manner 
without violation of  the laws, ethical rules and the benefits of  oth-
ers. (1) Maximization of  the benefits of  editorial board members: 
The primary task of  editorial board members is to give a peer re-
view of  an unpublished scientific article via online office system to 
evaluate its innovativeness, scientific and practical values and deter-
mine whether it should be published or not. During peer review, 
editorial board members can also obtain cutting-edge information 
in that field at first hand. As leaders in their field, they have prior-
ity to be invited to write articles and publish commentary articles. 
We will put peer reviewers’ names and affiliations along with the 
article they reviewed in the journal to acknowledge their contribu-
tion; (2) Maximization of  the benefits of  authors: Since WJG is 
an open-access journal, readers around the world can immediately 
download and read, free of  charge, high-quality, peer-reviewed 
articles from WJG official website, thereby realizing the goals and 
significance of  the communication between authors and peers as 
well as public reading; (3) Maximization of  the benefits of  readers: 
Readers can read or use, free of  charge, high-quality peer-reviewed 
articles without any limits, and cite the arguments, viewpoints, 
concepts, theories, methods, results, conclusion or facts and data 
of  pertinent literature so as to validate the innovativeness, scientific 
and practical values of  their own research achievements, thus en-
suring that their articles have novel arguments or viewpoints, solid 

evidence and correct conclusion; and (4) Maximization of  the ben-
efits of  employees: It is an iron law that a first-class journal is un-
able to exist without first-class editors, and only first-class editors 
can create a first-class academic journal. We insist on strengthening 
our team cultivation and construction so that every employee, in 
an open, fair and transparent environment, could contribute their 
wisdom to edit and publish high-quality articles, thereby realiz-
ing the maximization of  the personal benefits of  editorial board 
members, authors and readers, and yielding the greatest social and 
economic benefits.

Aims and scope
The major task of  WJG is to report rapidly the most recent re-
sults in basic and clinical research on esophageal, gastrointestinal, 
liver, pancreas and biliary tract diseases, Helicobacter pylori, endos-
copy and gastrointestinal surgery, including: gastroesophageal 
reflux disease, gastrointestinal bleeding, infection and tumors; 
gastric and duodenal disorders; intestinal inflammation, micro-
flora and immunity; celiac disease, dyspepsia and nutrition; viral 
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver 
transplantation, and metabolic liver disease; molecular and cell 
biology; geriatric and pediatric gastroenterology; diagnosis and 
screening, imaging and advanced technology.

Columns
The columns in the issues of  WJG will include: (1) Editorial: To 
introduce and comment on major advances and developments in 
the field; (2) Frontier: To review representative achievements, com-
ment on the state of  current research, and propose directions for 
future research; (3) Topic Highlight: This column consists of  three 
formats, including (A) 10 invited review articles on a hot topic, (B) 
a commentary on common issues of  this hot topic, and (C) a com-
mentary on the 10 individual articles; (4) Observation: To update 
the development of  old and new questions, highlight unsolved 
problems, and provide strategies on how to solve the questions; 
(5) Guidelines for Basic Research: To provide guidelines for basic 
research; (6) Guidelines for Clinical Practice: To provide guidelines 
for clinical diagnosis and treatment; (7) Review: To review systemi-
cally progress and unresolved problems in the field, comment 
on the state of  current research, and make suggestions for future 
work; (8) Original Article: To report innovative and original find-
ings in gastroenterology; (9) Brief  Article: To briefly report the 
novel and innovative findings in gastroenterology and hepatology; 
(10) Case Report: To report a rare or typical case; (11) Letters to the 
Editor: To discuss and make reply to the contributions published 
in WJG, or to introduce and comment on a controversial issue of  
general interest; (12) Book Reviews: To introduce and comment on 
quality monographs of  gastroenterology and hepatology; and (13) 
Guidelines: To introduce consensuses and guidelines reached by 
international and national academic authorities worldwide on basic 
research and clinical practice gastroenterology and hepatology.
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ISSN and EISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

Indexed and Abstracted in
Current Contents®/Clinical Medicine, Science Citation Index 
Expanded (also known as SciSearch®), Journal Citation Reports®,  
Index Medicus, MEDLINE, PubMed, PubMed Central, Digital 
Object Identifer, and Directory of  Open Access Journals. ISI, 
Thomson Reuters, 2010 Impact Factor: 2.240 (35/71 Gastroen-
terology and Hepatology).

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT
All articles published in this journal represent the viewpoints 
of   the authors except where indicated otherwise.

Biostatistical editing
Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics from to evaluate the statistical method 
used in the paper, including t-test (group or paired comparisons), 
chi-squared test, Ridit, probit, logit, regression (linear, curvilinear, 
or stepwise), correlation, analysis of  variance, analysis of  covari-
ance, etc. The reviewing points include: (1) Statistical methods 
should be described when they are used to verify the results; (2) 
Whether the statistical techniques are suitable or correct; (3) Only 
homogeneous data can be averaged. Standard deviations are pre-
ferred to standard errors. Give the number of  observations and 
subjects (n). Losses in observations, such as drop-outs from the 
study should be reported; (4) Values such as ED50, LD50, IC50 
should have their 95% confidence limits calculated and compared 
by weighted probit analysis (Bliss and Finney); and (5) The word 
‘significantly’ should be replaced by its synonyms (if  it indicates 
extent) or the P value (if  it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any 
potential bias, WJG requires authors of  all papers to declare any 
competing commercial, personal, political, intellectual, or religious 
interests in relation to the submitted work. Referees are also asked 
to indicate any potential conflict they might have reviewing a 
particular paper. Before submitting, authors are suggested to read 
“Uniform Requirements for Manuscripts Submitted to Biomedi-
cal Journals: Ethical Considerations in the Conduct and Reporting 
of  Research: Conflicts of  Interest” from International Committee 
of  Medical Journal Editors (ICMJE), which is available at: http://
www.icmje.org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for 
serving as a speaker, a consultant and an advisory board member 
for [names of  organizations], and has received research funding 
from [names of  organization]. [Name of  individual] is an employ-
ee of  [name of  organization]. [Name of  individual] owns stocks 
and shares in [name of  organization]. [Name of  individual] owns 
patent [patent identification and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all hu-
man studies have been reviewed by the appropriate ethics com-
mittee or it should be stated clearly in the text that all persons 
gave their informed consent prior to their inclusion in the study. 
Details that might disclose the identity of  the subjects under 

study should be omitted. Authors should also draw attention to 
the Code of  Ethics of  the World Medical Association (Declara-
tion of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should 
follow the highest standards and the trial should conform to 
Good Clinical Practice (for example, US Food and Drug Admin-
istration Good Clinical Practice in FDA-Regulated Clinical Trials; 
UK Medicines Research Council Guidelines for Good Clinical 
Practice in Clinical Trials) and/or the World Medical Association 
Declaration of  Helsinki. Generally, we suggest authors follow 
the lead investigator’s national standard. If  doubt exists whether 
the research was conducted in accordance with the above stan-
dards, the authors must explain the rationale for their approach 
and demonstrate that the institutional review body explicitly ap-
proved the doubtful aspects of  the study. 

Before submitting, authors should make their study ap-
proved by the relevant research ethics committee or institutional 
review board. If  human participants were involved, manuscripts 
must be accompanied by a statement that the experiments were 
undertaken with the understanding and appropriate informed 
consent of  each. Any personal item or information will not be 
published without explicit consents from the involved patients. 
If  experimental animals were used, the materials and methods 
(experimental procedures) section must clearly indicate that ap-
propriate measures were taken to minimize pain or discomfort, 
and details of  animal care should be provided. 

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, 
and start each of  the following sections on a new page: Title 
Page, Abstract, Introduction, Materials and Methods, Results, 
Discussion, Acknowledgements, References, Tables, Figures, 
and Figure Legends. Neither the editors nor the publisher are 
responsible for the opinions expressed by contributors. Manu-
scripts formally accepted for publication become the permanent 
property of  Baishideng Publishing Group Co., Limited, and may 
not be reproduced by any means, in whole or in part, without the 
written permission of  both the authors and the publisher. We 
reserve the right to copy-edit and put onto our website accepted 
manuscripts. Authors should follow the relevant guidelines for 
the care and use of  laboratory animals of  their institution or 
national animal welfare committee. For the sake of  transparency 
in regard to the performance and reporting of  clinical trials, we 
endorse the policy of  the ICMJE to refuse to publish papers 
on clinical trial results if  the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, to 
our knowledge, is http://www.clinicaltrials.gov sponsored by the 
United States National Library of  Medicine and we encourage 
all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. 
A letter of  recommendation from each author’s organization 
should be provided with the contributed article to ensure the pri-
vacy and secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
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System at: http://www.wjgnet.com/1007-9327office. Authors 
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit on-
line. For assistance, authors encountering problems with the On-
line Submission System may send an email describing the prob-
lem to wjg@wjgnet.com, or by telephone: +86-10-5908-0039. If  
you submit your manuscript online, do not make a postal contri-
bution. Repeated online submission for the same manuscript is 
strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required in-
formation for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the 
version to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com
plete name of  institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of  Pathology, 
Chengde Medical College, Chengde 067000, Hebei Province, 
China. One author may be represented from two institutions, 
for example, George Sgourakis, Department of  General, Viscer-
al, and Transplantation Surgery, Essen 45122, Germany; George 
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red 
Cross Hospital, Athens 15451, Greece.

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g. Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, 
affiliation, the complete name of  institution, city, postcode, prov-
ince, country, and email. All the letters in the email should be in 
lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 

country number, district number and telephone or fax number, 
e.g. Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts 
are acknowledged in each manuscript, and reviewers of  articles 
which were not accepted will be acknowledged at the end of  
each issue. To ensure the quality of  the articles published in WJG, 
reviewers of  accepted manuscripts will be announced by publish-
ing the name, title/position and institution of  the reviewer in the 
footnote accompanying the printed article. For example, review-
ers: Professor Jing-Yuan Fang, Shanghai Institute of  Digestive 
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty, 
Shanghai Jiaotong University, Shanghai, China; Professor Xin-
Wei Han, Department of  Radiology, The First Affiliated Hospital, 
Zhengzhou University, Zhengzhou, Henan Province, China; and 
Professor Anren Kuang, Department of  Nuclear Medicine, Huaxi 
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) 
and structured abstracts (no more than 480). The specific re-
quirements for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. 
AIM (no more than 20 words): Only the purpose should be 
included. Please write the aim as the form of  “To investigate/
study/…”; MATERIALS AND METHODS (no more than 
140 words); RESULTS (no more than 294 words): You should 
present P values where appropriate and must provide relevant 
data to illustrate how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 
± 1.67, P < 0.001; CONCLUSION (no more than 26 words). 

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  arti-
cles, the main text should be structured into the following sec-
tions: INTRODUCTION, MATERIALS AND METHODS, 
RESULTS and DISCUSSION, and should include appropri-
ate Figures and Tables. Data should be presented in the main 
text or in Figures and Tables, but not in both. The main text 
format of  these sections, editorial, topic highlight, case report, 
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clear-
ly in the main text. Provide a brief  title for each figure on a sep-
arate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should be 
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used rather than magnification factors, with the length of  
the bar defined in the legend rather than on the bar itself. 
File names should identify the figure and panel. Avoid layer-
ing type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. A:...; 
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish 
high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and men-
tioned clearly in the main text. Provide a brief  title for each 
table. Detailed legends should not be included under tables, 
but rather added into the text where applicable. The informa-
tion should complement, but not duplicate the text. Use one 
horizontal line under the title, a second under column heads, 
and a third below the Table, above any footnotes. Vertical and 
italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. 
aP < 0.05, bP < 0.01 should be noted (P > 0.05 should not be 
noted). If  there are other series of  P values, cP < 0.05 and dP 
< 0.01 are used. A third series of  P values can be expressed as 
eP < 0.05 and fP < 0.01. Other notes in tables or under illustra-
tions should be expressed as 1F, 2F, 3F; or sometimes as other 
symbols with a superscript (Arabic numerals) in the upper left 
corner. In a multi-curve illustration, each curve should be la-
beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
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REFERENCES
Coding system
The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers 
in square brackets in superscript at the end of  citation content or 
after the cited author’s name. For citation content which is part of  
the narration, the coding number and square brackets should be 
typeset normally. For example, “Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]”. If  references are cited 
directly in the text, they should be put together within the text, for 
example, “From references[19,22-24], we know that...”.

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and also 
ensure the spelling accuracy of  the first author’s name. Do not list 
the same citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, 
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.cross-
ref.org/SimpleTextQuery/, respectively. The numbers will be 
used in E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed 
with the initial letter capitalized, followed by their abbreviated 

first and middle initials. (For example, Lian-Sheng Ma is ab-
breviated as Ma LS, Bo-Rong Pan as Pan BR). The title of  the 
cited article and italicized journal title (journal title should be 
in its abbreviated form as shown in PubMed), publication date, 
volume number (in black), start page, and end page [PMID: 
11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-
faced letters. The surname of  all authors should be typed with the 
initial letter capitalized, followed by their abbreviated middle and 
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, 
Bo-Rong Pan as Pan BR) Book title. Publication number. Publica-
tion place: Publication press, Year: start page and end page.

Format
Journals
English journal article (list all authors and include the PMID where ap-

plicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World J 
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]

Chinese journal article (list all authors and include the PMID where ap-
plicable)

2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunolog-
ic effect of  Jianpi Yishen decoction in treatment of  Pixu-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. 

Signature of  balancing selection in Arabidopsis. Proc Natl 
Acad Sci USA 2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyper

tension, insulin, and proinsulin in participants with impaired 
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID: 
12411462   PMCID:2516377   DOI:10.1161/01.HYP.00000 
35706.28494.09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorse-

laar RJ; Alf-One Study Group. Sexual dysfunction in 1, 
274 European men suffering from lower urinary tract 
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764   
DOI:10.1097/01.ju.0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ  

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and 

safety of  frovatriptan with short- and long-term use for 
treatment of  migraine and in comparison with sumatrip-
tan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325   
DOI:10.1046/j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin 
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900   
DOI:10.1097/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. 

HRSA Careaction 2002; 1-6 [PMID: 12154804]
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Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary 

system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: 
Marcel Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March 
of  Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tu-

mours V. Proceedings of  the 5th Germ cell tumours Con-
ference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 
2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza’s compu

tational effort statistic for genetic programming. In: Foster 
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Ge-
netic programming. EuroGP 2002: Proceedings of  the 5th 
European Conference on Genetic Programming; 2002 Apr 
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious dis-

eases. Emerg Infect Dis serial online, 1995-01-03, cited 
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., as-

signee. Flexible endoscopic grasping and cutting device 
and positioning tool assembly. United States patent US 
20020103498. 2002 Aug 1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test 
as χ2 (in Greek), related coefficient as r (in italics), degree of  free-
dom as υ (in Greek), sample number as n (in italics), and probabil-
ity as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and 
on first mention in the text. In general, terms should not be ab-
breviated 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 abbreviations, such as DNA, RNA, HIV, LD50, PCR, 
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, 
EDTA, mAb, can be used directly without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1007-9327/g_info_20100315 
220036.htm

Frontier: http://www.wjgnet.com/1007-9327/g_info_20100315 
220305.htm

Topic highlight: http://www.wjgnet.com/1007-9327/g_info_20 
100315220601.htm

Observation: http://www.wjgnet.com/1007-9327/g_info_201003 
12232427.htm

Guidelines for basic research: http://www.wjgnet.com/1007-93 
27/g_info_20100315220730.htm

Guidelines for clinical practice: http://www.wjgnet.com/1007- 
9327/g_info_20100315221301.htm

Review: http://www.wjgnet.com/1007-9327/g_info_20100315 
221554.htm

Original articles: http://www.wjgnet.com/1007-9327/g_info_20 
100315221814.htm

Brief  articles: http://www.wjgnet.com/1007-9327/g_info_2010 
0312231400.htm

Case report: http://www.wjgnet.com/1007-9327/g_info_2010 
0315221946.htm

Letters to the editor: http://www.wjgnet.com/1007-9327/g_info_ 
20100315222254.htm

Book reviews: http://www.wjgnet.com/1007-9327/g_info_2010 
0312231947.htm

Guidelines: http://www.wjgnet.com/1007-9327/g_info_2010 
0312232134.htm

RESUBMISSION OF THE REVISED 
MANUSCRIPTS
Please revise your article according to the revision policies of  
WJG. The revised version includes manuscript and high-reso-
lution image figures. The author should re-submit the revised 
manuscript online, along with printed high-resolution color or 
black and white photos; Copyright transfer letter, and responses 
to the reviewers, and science news are sent to us via email.
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Chaoyang District, Beijing 100025, China
E-mail: wjg@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-5908-0039
Fax: +86-10-8538-1893

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor 
language polishing; (3) Grade C: a great deal of  language polish-
ing needed; and (4) Grade D: rejected. Revised articles should 
reach Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.

Responses to reviewers
Please revise your article according to the comments/sugges-
tions provided by the reviewers. The format for responses to 
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm.

Proof of financial support
For paper supported by a foundation, authors should provide 
a copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJG will be initiating a platform to promote dynamic interac-

tions between the editors, peer reviewers, readers and authors. 
After a manuscript is published online, links to the PDF version 
of  the submitted manuscript, the peer-reviewers’ report and the 
revised manuscript will be put on-line. Readers can make com-
ments on the peer reviewer’s report, authors’ responses to peer 
reviewers, and the revised manuscript. We hope that authors will 
benefit from this feedback and be able to revise the manuscript 
accordingly in a timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJG is an international, peer-reviewed, Open-Access, online jour-
nal. Articles published by this journal are distributed under the 
terms of  the Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and reproduction in any 
medium, provided the original work is properly cited, the use is 
non commercial and is otherwise in compliance with the license. 
Authors of  accepted articles must pay a publication fee. The 
related standards are as follows. Publication fee: 1300 USD per 
article. Editorial, topic highlights, book reviews and letters to the 
editor are published free of  charge.
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