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Abstract
It has now become clear that only about 40% or less 
of patients with heartburn and/or regurgitation have 
esophagitis, and that the majority of them lack visible 
distal esophageal mucosa breaks. These subjects are 
referred to as non-erosive gastroesophageal reflux 
disease (NERD) patients. It has been estimated 
that in the Western world at least one tenth of the 
general population has at least weekly heartburn. This 
proportion seems to be lower in Asia, while prevalence 
is rapidly increasing. Although it would be extremely 
useful to have prospective information regarding the 
fate of such patients, the natural history of NERD is 
largely unknown, and very few studies in the literature 
have addressed this issue. These studies are for the 
greater part old, not well conducted, and suffer from 
methodological drawbacks including ill-defined entry 
criteria. However, a review of these studies indicates 
that a consistent minority of NERD patients may 
develop erosive disease at an approximate rate of 
about 10% per year.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The recently published Montreal Criteria, dealing with a 
global classification of  gastroesophageal reflux disease 
(GERD), define heartburn as a burning sensation in 
the retrosternal area (behind the breastbone) (level of  
agreement = 100%), claim gastroesophageal reflux 
(GER) as the most common cause of  heartburn (level 
of  agreement = 100%), but admit that heartburn can 
have a number of  non-reflux related causes (level of  
agreement 98%) and that the prevalence of  these is 
unknown[1]. Moreover, these criteria state that the typical 
reflux syndrome can be diagnosed on the basis of  the 
presence of  characteristic symptoms, i.e. heartburn 
and regurgitation, without diagnostic testing (level of  
agreement = 100%). The epidemiology of  heartburn 
shows a clear geographical variation; in North America 
heartburn occurring at least weekly ranges between 
13.2% and 27%; it is slightly lower in Europe ranging 
between 7.7% and 15%, whereas the prevalence remains 
definitely lower of  in Asia (3.1%)[2].

It is now clear that only about 40% of  patients 
with heartburn and/or regurgitation have visible distal 
esophageal mucosal breaks caused by gastroesophageal 
reflux[3,4]. The remaining approximately 60% suffer from 
non-erosive reflux disease (NERD) or, according with 
the Montreal criteria, a typical reflux syndrome[2], i.e. 
the presence of  heartburn and/or regurgitation without 
esophageal injury.

This negative etiologic definition is not satisfactory: 
it has been suggested that this may lead to a rather 
heterogeneous group of  patients, including both 
patients with and without pathological esophageal 
acid exposure[5]. Thus, subcategorization of  NERD 
relies primarily on the results of  24-h esophageal pH 
monitoring. Patients with GER symptoms and abnormal 
esophageal acid exposure during 24-h esophageal pH 
monitoring can be classified as NERD; additionally, even 
patients with a normal esophageal acid exposure but 
a positive symptom-reflux association may be defined 
as NERD. The remainder patient may be defined as 
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having “functional heartburn”[5]. Recently, the Rome Ⅲ 
Committee added that functional heartburn patients also 
have to demonstrate a negative response to standard 
course of  proton pump inhibitor (PPI) treatment[6].

Since these definitions appear to be useful only at a 
research setting, and not at a primary care level, in this 
review we will describe the epidemiology and natural 
history of  NERD patients solely defined on the basis of  
their symptoms and the absence of  endoscopic injury.

EPIDEMIOLOGY
By far, the best study available up to now is the 
Kalixanda study[3]. The aim of  this study was to estimate 
the prevalence of, and to identify risk factors for 
gastroesophageal reflux symptoms and esophagitis in the 
adult population of  two Swedish municipalities, Kalix 
and Haparanda (‘‘the Kalixanda study’’), with roughly 
30 000 inhabitants, chosen because the distribution 
of  age and gender in this area was similar to the 
national average in Sweden. In the two communities, 
upper endoscopies were provided by both primary 
and secondary care physicians and by two endoscopy 
units involved in the study. By using the computerized 
Swedish national population register, consisting 
of  all citizens in order of  date of  birth, the adult 
population living in the two municipalities was identified 
and defined as the target population (n = 21 610). 
Subsequently, a systematic sample (every seventh) of  
the target population (13.9% of  the target population) 
was enrolled as the study population (n = 3000), and 
one-third of  them were submitted to an esophago-
gastroduodenoscopy (EGD) on a voluntary basis, and 
this formed the study population, i.e. 1000 individuals 
in random order, representing 4.6% of  the target 
population. The primary symptom analysis in this study 
was based on the presence of  troublesome heartburn 
and/or acid regurgitation over the past 3 mo.

Four hundred subjects (40%, CI = 37.0-43.0) 
reported at the time of  the EGD visit that they had 
been bothered by troublesome heartburn and/or 
acid regurgitation over the past 3 mo. There was no 
statistically significant difference in prevalence between 
the sexes, except in the oldest age group, where women 
had more symptoms (P < 0.01).

Weekly symptoms were reported by 200 (20%, 
CI = 17.5-22.5, mean age 52.4, 45% M) and daily 
symptoms by 59 individuals (5.9%, CI = 4.4-7.4, mean 
age 52.8, 44.1% M). There was no statistically significant 
difference in age or gender between these two groups. 
Erosive esophagitis (EE) was found in 155 subjects 
(15.5%, CI = 13.2-17.7) with a mean age of  52.6 years 
and was most prevalent in men (22%) especially in 
the youngest age group (32%), and most often mild 
esophagitis (L-A grade A or B in 95.5% of  cases) was 
diagnosed. The esophagus was macroscopically 
normal in 769 subjects (76.9%, CI = 74.3-79.5) in the 
EGD study sample. These subjects had a mean age 
of  53.5 years and 340 of  them (44.1%) were men. This 
group also includes 123 individuals who had a hiatus 

hernia as the only finding. Overall, a hiatus hernia was 
observed in 239 individuals (23.9%, CI = 21.2-26.5) with 
a mean age of  55.6 years, 54.4% being men. Thus, in this 
study, 40% of  subjects reported typical GER symptoms 
during the last 3 mo (half  of  them on a weekly basis), 
and of  these 15.5% had esophagitis whereas 76.9% had 
absence of  esophagitis (NERD) at upper endoscopy. 
Globally, about 10% of  the study population had erosive 
esophagitis (n = 98), whereas almost 27% of  the sample 
had typical GER symptoms but no esophagitis (n = 271); 
if  only cases with weekly symptoms were considered, the 
rate cuts down to 12.5% (n = 125).

In a preliminary report of  an Italian endoscopic 
study, the Loiano-Monghidoro project, conducted on 
892 adult subjects belonging to the general population, 
the prevalence of  esophagitis was 8.2%, and 24.8% of  
those had no symptoms[4]. The prevalence of  at least 
weekly heartburn in the same population was 21.5%.

Therefore, from these two population studies, we can 
estimate that in Europe at least one tenth of  the general 
population has at least weekly heartburn.

NATURAL HISTORY
Evaluating the natural history of  NERD is useful 
for a number of  reasons[7], this knowledge may help 
(1) to discern the percentage of  the population that 
will progress from non-erosive to erosive disease and 
possibly to its complications, such as stricture, Barrett’s 
oesophagus, and esophageal adenocarcinoma, or from 
exclusively esophageal to supraesophageal manifestations, 
(2) to define, assess, and validate productivity of  risk 
factors for such complicated forms of  the disease, (3) 
to determine if  medical or other therapies are able to 
positively modify the natural course of  the disease, and 
(4) to determine the need for maintenance therapy to 
prevent complications and persistent symptoms in such 
patients.

Until recently, patients with NERD were considered 
to suffer from a milder disease[8],  i .e. requiring 
less intensive/prolonged treatment and possibly 
characterized by a better long-term prognosis. This 
concept was subsequently proven to be incorrect, 
since the impairment in disease-related quality of  life 
(HRQoL), for example, appears to be similar in GERD 
patients with or without endoscopic esophagitis and is 
related in both instances to symptom severity[9]. Also, 
the symptomatic acute response to PPI drugs in patients 
with or without endoscopic mucosal damage seems not 
to be different, and in fact might be worse in NERD[10,11]. 
Finally, after discontinuation of  acute treatment, 
symptomatic relapse within 6 months appears to affect a 
similarly high proportion of  both GERD groups[12].

We reported one of  the first natural history studies 
of  symptomatic GERD patients without endoscopic 
esophagitis but with a pathological esophageal pH-
metry[13]. In that study we showed that 5 of  33 such 
patients treated with antacids or prokinetic agents 
developed endoscopic esophagitis within 6 mo, and that 
the extent of  esophageal acid exposure at entry was not 
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predictive for this complication. In a subsequent study[14], 
we extended the observation of  the original patient 
group up to a median duration of  10 years. The first 
interesting observation regarding this patient sample is 
that almost all patients that we were able to trace (28/29) 
are affected by GERD symptoms when anti-secretory 
drugs are discontinued, and therefore the majority 
(75%) were on such therapy due to GERD symptoms. 
Secondly, a very high proportion (89%) of  our patients 
in whom repeat endoscopy was performed (n = 18) 
showed an erosive esophagitis. Thus, a considerable 
proportion of  the original patient cohort indeed showed 
a progression from non-erosive to erosive disease.

Schindlbeck et al[15], in a study investigating the 
fate of  GERD patients with and without esophagitis, 
reported on 16 patients with pH-documented GERD 
and no esophagitis 3 years after the diagnosis. During 
this period, four patients (25%) developed reflux 
esophagitis, while the majority of  the patient population, 
which also included patients with esophagitis at entry, 
was still taking medications on a daily basis because of  
their GERD symptoms. Symptoms were rated to be 
equal or worse than at entry by 70% of  patients in the 
absence of  treatment.

In a Finnish study, 57 consecutive referrals with 
symptoms of  GERD were treated by modification 
of  lifestyle/antacids[16]. Initial assessment included 
endoscopy and esophageal pH recording, and patients 
were then followed up for a median of  19.5 years. Of  
the 30 patients with no evidence of  erosive esophagitis 
at presentation, five (17%) developed grade 1 esophagitis 
according to Savary-Miller classification. In the study by 
McDougall et al[17], 71% of  the 17 patients with a pH-metry 
documented NERD complained of  frequent heartburn 
3 to 4.5 years after initial diagnosis, 59% were on daily 
acid suppressive therapy, and 24% of  those patients who 
had repeat endoscopy developed esophagitis. Again, a 
progression from non-erosive to erosive GERD was 
observed, at least in a proportion of  patients.

More recently, we have performed a study on 
patients with typical GERD symptoms presenting to our 
laboratory to undergo 24-h esophageal pH-monitoring. 
We have analyzed patients (n = 35) with a pathological 
investigation, defined as a 24-h % of  GER exceeding 
5.0% of  the total recording time, and with a negative 
upper GI endoscopy. These NERD patients have been 
interviewed by mean of  a structured questionnaire on 
average three years after the initial diagnosis, in order to 
assess the presence and severity of  GERD symptoms, 
the therapy (if  any) received during this period of  
follow-up, and the results of  any subsequent endoscopic 
examination performed.

The results of  this retrospective survey show that 
14% of  those NERD patients who underwent repeat 
endoscopy developed erosive esophagitis during the 
3-year follow-up, despite the fact that almost all of  them 
received effective symptomatic treatment, i.e. H2-RA or 
PPI therapy[18].

Finally, in a recent multicenter trial[19] conducted on 
588 patients with NERD and assessing the effectiveness 

of  continuous vs on demand PPI maintenance therapy, it 
was observed that a proportion as high as 5% of  patients 
treated “on-demand” developed erosive changes within 
6 mo of  study, as compared with 0% in the continuous 
treatment arm.

A study has been conducted in a cohort of  3894 
patients with predominant heartburn, with or without 
esophagitis, (1717 NERD, 1512 Los Angeles grade A/B 
and 278 LA grade C/D, and 387 had Barrett’s esophagus) 
under routine clinical care in Germany, Austria, and 
Switzerland (ProGERD study)[20]. After initial treatment 
with esomeprazole, they were followed up for two 
years, regardless of  their response. Medical therapy or 
endoscopy was initiated at the discretion of  their primary 
care physician, in line with routine care. At two years, 
endoscopy with biopsy was performed according to the 
protocol. The results were as follows: 25% of  patients 
who had NERD at baseline progressed to LA A/B 
and 0.6% to LA C/D. At 2 years, 22% of  patients had 
been off  medication for at least 3 mo. The conclusions 
of  the authors were that GERD does not seem to be a 
categorical disease. Progression and regression (the latter 
likely due to therapy) between grades was observed in 
this large cohort of  patients under routine clinical care.

Another recent study has examined the possible 
progression in 47 subjects with symptomatic GERD 
without endoscopic evidence of  esophagitis, out of  a 
group of  497 patients undergoing upper GI endoscopy 
for various reasons[21]; all those patients (47 + 450) 
were endoscopically assessed annually for 5 years. 
Esophagitis developed in 36.2% of  patients with NERD, 
as compared with 11.3% in the control group, with a 
hazard ratio of  developing esophagitis in the former 
group of  3.07. The authors concluded that the condition 
of  symptomatic GERD carries a high risk of  developing 
esophagitis, which increases steadily with time and was 
more frequent in those NERD patients with hiatus 
hernia, who smoke and drink alcohol, and who are 
without H pylori infection[21].

All these studies indicate that some patients with 
NERD may indeed develop erosive disease, at an 
approximate rate of  about 10% per year. If  this rate 
remains stable with time, a substantial proportion of  
patients with NERD may develop ERD within 10 years, 
which is a rate close to what we observed in our 10-year 
follow-up study of  NERD patients[14].

These conclusions are in accordance with results of  
a recently published systematic review of  22 publications 
on the endoscopic assessment of  erosive or non-erosive 
GERD over periods larger than 12 months[22]. In this 
review, authors conclude that the observed progression 
rate from NERD to ERD ranges in the literature from 
0% to 30%. The variability may be related to the duration 
of  follow-up and other factors as H pylori infection.

CONCLUSION
NERD is a heterogeneous condition, presently 
defined on the basis of  the presence of  typical GERD 
symptoms and the absence of  esophageal damage as 

Pace F et al . Epidemiology and natural history of NERD                                                                                5235

www.wjgnet.com



judged by upper endoscopy. This definition is for various 
reasons unsatisfactory. The prevalence of  at least weekly 
heartburn in the general population in Europe can be 
estimated to range from 10% to 20%.

A consistent proportion of  this group will develop 
an erosive esophagitis (progression), even under routine 
therapeutic care, with a rate probably around 10% per 
year within a 10-year frame.
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Abstract
Despite significant advances over the last decade, 
mucosal lesions of the small bowel are poorly detected 
by imaging studies such as CT scan, MRI-enteroclysis 
and contrast-enhanced abdominal ultrasound. 
Capsule endoscopy (CE) has dramatically changed the 
diagnostic approach to intestinal diseases. Moreover, 
the use of CE can be extended to include other 
conditions. However, it is difficult to assess the positive 
influence of CE on patient outcomes in conditions 
involving a small number of patients, or in critically ill 
and difficult to examine patients. CE has the advantage 
of diagnosing intestinal lesions and of directing the 
use of double balloon enteroscopy (DBE) in order to 
obtain biopsy specimens. Moreover, CE allows repeated 
assessment in chronic conditions, especially to detect 
relapse of an infectious disease.
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INTRODUCTION
Since it was introduced by Iddan and Meron in 2000[1], 
capsule endoscopy (CE) has dramatically changed the 
diagnostic approach to intestinal diseases. Despite 
significant advances over the last decade, mucosal lesions 
of  the small bowel are poorly detected by techniques 
such as CT scan, MRI-enteroclysis and contrast-
enhanced abdominal ultrasound[2]. The diagnostic 
superiority of  CE over these methods is related to its 
ability to provide a complete examination of  the small 
bowel mucosa. On the other hand, the drawback of  
CE is the inability to obtain biopsies. However, this 
deficiency has been overcome with the use of  double 
balloon enteroscopy, which permits obtaining biopsies 
from lesions detected by CE[3]. 

Therefore, the diagnostic approach to conditions 
such as obscure GI bleeding, Crohn’s disease and 
coeliac sprue has been dramatically altered by CE[4-6]. 
Moreover, the use of  CE has resulted in significant 
advances in the understanding and diagnosis of  several 
gastrointestinal diseases including assessment of  the 
effect of  medications on the small bowel, intestinal 
lesions secondary to systemic diseases, and some rare 
conditions[7].

In this review, the role of  CE will be discussed in 
the following conditions: (Ⅰ) Intestinal consequences 
of  medications such as non-steroidal anti-inflammatory 
drugs (NSAIDs). (Ⅱ) Rare conditions mainly involving 
the smal l bowel . (1) Pr imar y lymphangiectas ia 
such as Waldmann’s disease. (2) Common variable 
immunodeficiency disorder. (3) Familial polyposis 
syndromes wi th smal l bowel involvement . (Ⅲ) 
Immunological disorders with small bowel involvement. 
(1) Acute and chronic graft versus host disease. (2) 
Hypobetalipoproteinaemia. (Ⅳ) General diseases with 
intestinal lesions, such as vasculitides. (Ⅴ) Infectious 
intestinal diseases such as Whipple’s disease and CMV 
infection in immunosuppressed patients. 

For each of  these conditions, the clinical and 
biological characteristics will be discussed when needed, 
to understand the role of  CE in diagnosis. The typical 
endoscopic patterns observed with CE will be described, 
and the use of  CE will be integrated in a global 
diagnostic approach.
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CE FOR THE EVALUATION OF INTESTINAL 
TOXICITY OF MEDICATIONS: THE 
EXAMPLE OF NSAID-RELATED 
ENTEROPATHY
CE is a simple and efficient tool to detect intestinal 
lesions due to NSAIDs
Background: NSAIDs account for 5%-10% of  all 
drug prescriptions in developed countries and about 
25% of  the reported side effects caused by all classes 
of  medications, including gastroduodenal ulcers seen 
in 10%-30% patients with intestinal lesions[8]. The 
prevalence of  severe side effects involving the small 
bowel and colon is 0.89 per 100 patient-years with 
naproxen, and 0.41 with rofecoxib, corresponding 
to 39.4% and 42.0%, respectively, of  all the severe 
gastrointestinal side effects[9]. NSAIDs alter the intestinal 
permeability, about 12 hours after intake and result 
in mucosal inflammation within 10 days. A variety of  
endoscopic lesions have been described, ranging from 
asymptomatic enteropathy to severe lesions such as 
ulcers, perforation, stenosis (Figure 1), diaphragms and 
villous atrophy. CE may be able to help detect these 
lesions and clarify their pathophysiology.

Description of  the lesions: One of  the most interesting 
studies was reported by Maiden et al[10], who evaluated 
the number and the type of  intestinal lesions induced 
by NSAIDs in 40 healthy volunteers between the ages 
of  21 and 61 years, using CE and fecal calprotectin. The 
fecal calprotectin test and CE were performed before 
and after a 2-week course of  treatment with diclofenac 
(75 mg) and omeprazole (20 mg twice a day). The CE 
recordings were read by three independent investigators, 
and the lesions were regarded as significant if  indicated 
by at least two of  them. The lesions were classified 
into six categories: (1) reddened folds; (2) denuded 
area with loss of  villous architecture; (3) petechiae; 
(4) mucosal breaks; (5) presence of  blood without a 
lesion being visualized; and (6) other findings, mainly 
lymphangiectasia and angiodysplasia. Before treatment, 
lymphangiectasia and arteriovenous malformations 
were observed in three patients each. After treatment 
with nonsteroidal anti-inflammatory drugs (NSAIDs), 
lesions were seen in 27 patients, 15 of  whom had more 
than one lesion: 16 mucosal breaks (40%), including two 
cases of  bleeding; 14 reddened folds (35%); 13 petechiae 
and red spots (33%); eight denuded areas (20%), including 
two patients with mucosal breaks; and three patients 
with blood in the intestinal lumen (8%). After 2 weeks, 
the fecal calprotectin level increased significantly in 30 
subjects (+ 75-82 µg; P < 0.0001) but this increase did not 
correlate with the number of  lesions detected by CE. The 
authors concluded that short-term NSAID treatment was 
associated with a high level of  intestinal inflammation, 
and an increased frequency of  intestinal lesions.

CE helps understanding the pathophysiology of 
NSAIDs-enteropathy
NSAID-related lesions were located equally in the 

proximal and distal parts of  the small bowel. The study 
by Maiden et al[10] was interesting, as it showed that 
significant lesions can occur even after a short course of  
NSAID treatment in healthy individuals. However, the 
study had several methodological limitations: (1) The 
interpretation of  CE images was often difficult[11] and 
the clinical relevance of  lesions detected by CE was not 
always established, since such lesions could be found in 
the absence of  any treatment in healthy individuals[12]. 
(2) Other causes of  intestinal lesions such as chronic 
ischemia were not excluded. (3) A standardized 
terminology allowing a consistent description of  the 
lesions and comparisons between different studies was 
lacking[11]. Moreover, DBE provides a direct access to 
intestinal lesions detected by CE and biopsy specimens 
can be obtained. Therefore, our understanding of  the 
pathophysiology of  early lesions induced by NSAIDs is 
likely to improve.

CE to evaluate the benefit of medications preventing the 
toxic intestinal effects of NSAIDs
Shunji and Nakamura showed in a randomized trial 
on 16 patients that rebaminide significantly decreased 
the prevalence of  diclofenac-induced small intestinal 
mucosal injury[13]. These results need to be confirmed 
in larger studies. On the other hand, the etiological 
diagnosis of  intestinal lesions observed by CE is often 
difficult. The distinction of  lesions related to NSAIDs 
or those seen in Crohn’s disease is particularly difficult, 
as recently shown by Voderholzer who reported a rate 
of  misdiagnosed lesions in as many as 25% of  the 40 
patients with 146 intestinal lesions detected by CE[14].

Table 1 shows how difficult the differential diagnosis 
is of  intestinal erosions and ulcers, since they may be 
related to a number of  pathological conditions and 
diseases. Therefore, DBE with biopsy of  the lesions will 
often be necessary to obtain a correct diagnosis. 

RARE DIGESTIVE DISEASES WITH SMALL 
BOWEL INVOLVEMENT
Waldmann’s disease (Figure 2)
Intestinal lymphangiectasia appears on CE recordings 
as whitish areas, often diffusely spread over the 
intestinal mucosa. The endoscopic appearance of  

Table 1  Intestinal diseases with lesions similar to Crohn's 
disease, ranked by order of frequency

Frequency
Crohn's disease ++++
Drug-related injuries (NSAIDs) +++
Mesenteric ischaemia ++
Coeliac disease (jejunitis) ++
Cryptogenic multifocal ulcerous stenosing enteritis +
Radiation enteritis +
Lymphoma, ulcerated cancer +
Vasculitides (lupus, polyarthritis, PAN) +
Behçet's disease +/-
Eosinophilic enteritis +/-
Infections (CMV, Whipple, yersinia etc) +/-
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lymphangiectasia is the result of  an accumulation of  
chylomicrons in the dilated lymphatic vessels, varying 
in size from a few millimeter white spots to large white 
nodular areas. Lymphangiectasia may be diffuse or 
may involve a localized segment of  the small bowel. 
Clinically, lymphangiectasia is classified as primary, 
secondary or functional. Functional lymphangiectasia 
are not clinically relevant and it is often encountered in 
patients with functional digestive disorders. Secondary 
lymphangiectasia is a consequence of  intestinal or extra-
intestinal diseases causing compression of  the gut. 
By contrast, Waldmann’s disease is primary idiopathic 
lymphangiectasia, which results in an exudative 
enteropathy. This condition may present as a diffuse 
disease or may involve only a localized segment of  the 
small bowel. Localized lymphangiectasia can be treated 
surgically, by resection of  the pathological segment. 
However, diffuse disease requires medical treatment 
(diet containing medium chain fatty acids). DBE shows 
thickened mucosal folds without villous atrophy in the 
duodenum, jejunum and ileum. Small size nodules (spots) 
may be observed as well as large confluent areas[15]. CT 
scan may show thickening of  the mucosal folds. 

Immunoglobulin deficiency: The example of common 
variable immunodeficiency disorder (CVID, Figure 3)
This condition is characterized by hypogamma-

globulinaemia, recurrent bacterial infections, mainly 
pulmonary, and is frequently associated with autoimmune 
and neoplastic disorders. Table 2 summarizes the clinical 
features. CE shows small (millimetre size) nodular 
lesions spread diffusely over the intestinal mucosa. 
In some cases, the lesions are polypoidal, of  variable 
sizes[16]. DBE shows similar findings and may also 
demonstrate areas of  atrophic mucosa, in the event 
of  an associated infection. The nodules correspond to 
hypertrophic lymphoid follicles, without plasma cells. 

In most instances, the lesions (either nodules or 
polyps) are disseminated throughout the gut. There is an 
increased risk of  intestinal lymphoma in these patients. 
CE allows regular surveillance of  the small bowel. When 
CE reveals a change in the endoscopic findings, DBE 
with biopsy should be performed or the patient should 
refered to a surgeon for intestinal resection.

Familial polyposis syndromes 
Background: CE is very effective in detecting intestinal 
tumours. Intestinal tumours account for 3% to 6% 
of  all digestive neoplasms, less than 2% of  which are 
malignant. The data collected since the introduction of  
CE, shows a higher frequency of  intestinal tumours, 
between 6.3% and 12.3% in patients investigated for 
obscure digestive bleeding by CE[17]. Since the use of  CE 
permits earlier diagnosis, the clinical course of  intestinal 
tumours has changed. These tumours are now seen as 
ulcerated, haemorrhagic lesions, before the occurrence 
of  obstructive signs. Therefore, one may assume that 
CE can be used for the detection of  intestinal tumours 
in patients with familial polyposis syndromes. There are 
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Figure 1  Intestinal stenosis caused by NSAIDs. Capsule endoscopy shows 
narrowed segment, surrounded by an ulcerated but non-inflammatory mucosa.
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Figure 2  Waldmann’s disease. The presence of dilated lymphatic vessels in 
the submucosa gives a whitish appearance to the mucosa. If lymphangiectasia 
becomes more prominent, it may protrude into the lumen.

Figure 3  Common variable immunodeficiency disorder. The characteristic 
lesions include polypoidal and nodular lesions of variable size, which are 
disseminated over the intestinal mucosa.

Table 2  Common variable immunodeficiency disorder: 
Clinical manifestations

Gastrointestinal signs Extra-intestinal signs

Giardia lamblia infection Recurrent respiratory tract infections
Small bowel bacterial overgrowth Increased risk of lymphomas
Viral and infectious diarrhoea Increased risk of gastric cancer
Coeliac disease
Frequent nodular lymphoid 
hyperplasia, not premalignant
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two conditions that are of  particular concern: Peutz-
Jeghers syndrome and familial adenomatous polyposis 
syndrome.

Peutz-Jeghers syndrome (Figure 4): In patients with 
Peutz-Jeghers syndrome, the prevalence of  small bowel 
cancer is particularly high. Intussusception of  the polyps 
may cause intestinal obstruction, while ulcerated lesions 
may be responsible for acute or chronic gastrointestinal 
bleeding. CE can detect polyps in the entire length 
of  the small intestines, with a higher diagnostic yield 
compared to CT scan and MRI with enteroclysis, 
particularly for lesions < 1 cm in diameter[18]. The role 
of  CE has recently been established in the initial work-
up, as well as for the follow-up of  patients with Peutz-
Jeghers syndrome[18]. However, it is difficult to determine 
the size of  the polyps on capsule recordings, which is 
an important factor in selecting patients for removal 
by DBE. It should be noted that polyps selected for 
removal are of  a large size, and those at high risk of  
ulceration, malignancy and intussusception.

Familial adenomatous polyposis syndrome (FAP, 
Figure 5): There is currently no established indication 
for small bowel CE in the initial work-up of  patients with 
FAP. By contrast, CE may be indicated in FAP patients 
with multiple duodenal polyps (Spiegelmann Ⅲ or Ⅳ) 

as these patients have more frequent intestinal polyps[19]. 
Moreover, polyps larger than 10 mm in diameter should 
be removed because of  the risk of  malignancy, either by 
DBE or intra-operative enteroscopy. On the other hand, 
examination of  the duodenum, in particular the area of  
the papilla is often difficult with CE because of  the rapid 
transit of  the capsule through this segment. Therefore, 
assessment of  the duodenum with a lateral viewing 
endoscope is the preferred approach.

Capsule endoscopy should be used with caution 
in familial polyposis syndromes, since many of  these 
patients have undergone multiple abdominal surgeries 
which may delay capsule progression or even cause its 
retention.

B-cell lymphoma: Finally, in this section on rare 
intestinal tumours, it is important to mention the role 
of  CE in the investigation of  patients with suspected 
B-cell lymphoma. CE not only allows the diagnosis of  
such tumours but also helps to evaluate the extent of  the 
intestinal disease[20]. CE is also useful in evaluating the 
response to chemotherapy.

IMMUNOLOGICAL DIGESTIVE DISORDERS 
(PHOTO N° 9 ET 10) (MALADIE DE 
BORDIGONI)
Acute gastrointestinal graft versus host disease (GVHD) 
after bone marrow transplantation (Figure 6)
Bone marrow transplantation is widely used for the 
treatment of  a number of  haematological diseases. Acute 
GVHD is a severe complication that requires quick 
initiation of  treatment with immunosuppressive drugs. 
The small bowel is often involved in acute GVHD, with 
the development of  hematochezia, diarrhoea, abdominal 
pain, nausea and vomiting. The diagnosis is difficult and 
GVHD must be distinguished from other conditions 
sharing a similar clinical picture such as cytomegalovirus 
enteritis and Clostridium difficile infection.

The diagnosis is easier in the presence of  multi-system 
disease, especially when the skin lesions can be biopsied. 
In patients without skin involvement, an endoscopic 

Figure 4  Peutz-Jeghers syndrome. Presence of a large polyp in the ileum, in 
a young patient with Peutz-Jeghers syndrome. The polyp was ulcerated and 
required endoscopic resection.
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Figure 5  Familial adenomatous polyposis. Multiple polyps of regular shape are 
present in the ileum.
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Figure 6  Acute Graft versus Host Disease (GVHD). The lesions correspond to 
Stage Ⅲ disease, manifesting as diffuse erythema and oedema of the mucosa, 
with a few erosions.
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work-up is needed, with esogastroduodenoscopy and ileo-
colonoscopy. Until recently, esogastroduodenoscopy was 
regarded as the gold standard for the examination of  the 
duodenum, with findings of  mucosal oedema, denuded 
mucosa, erosions, erythema and bleeding ulcers. These 
lesions are classified into 4 grades, grade Ⅰ refers to 
focal erythema, grade Ⅱ diffuse erythema and oedema, 
grade Ⅲ severe oedema and friable mucosa with 
erosions, and grade Ⅳ presence of  exudate, ulcers and 
active bleeding[21].

The clinical usefulness of  CE in acute GVHD was 
demonstrated in two studies. Neumann et al[22] evaluated 
14 patients with clinical signs of  acute GVHD after bone 
marrow transplantation, and observed typical intestinal 
lesions with histological confirmation on biopsy 
obtained by endoscopy, performed subsequently. This 
study also showed that the lesions involved the entire 
length of  the small bowel and were more intense in the 
ileum compared to in the jejunum. The most important 
finding was the very high negative predictive value of  
CE since patients with a negative CE did not develop 
acute GVHD during the 2-month follow-up period after 
CE. These findings were confirmed by Aghai et al[23] in a 
study on a larger cohort of  patients.

Although it is worth mentioning that CE is well 
tolerated by such critically ill patients, certain limitations 
should be noted. In some patients, the capsule may be 
retained in the stomach. The Rapidview system can be 
used to monitor the progression of  the capsule[24]. In the 
event of  delayed gastric clearance, erythromycin may be 
administered. Moreover, it should be emphasized that 
in some patients, CE was normal but these patients had 
acute GVHD[25].

Despite the limited data available in the literature, 
CE should now be regarded as an alternative to 
esogastroduodenoscopy in the workup of  patients with 
suspected GVHD, particularly in critically ill patients 
requiring quick therapeutic decisions. Indeed, CE 
appears to be as effective as esogastroduodenoscopy 
with biopsy for the diagnosis of  acute GVHD[25-27]. 

Hypobetalipoproteinemia (Figure 7)
Background: Hypobetalipoproteinemia is an autosomal 
dominant disorder caused by a mutation or deletion in 
the apoB gene which produces a truncated apolipoprotein 
B. The plasma concentrations of  the two forms of  
apolipoprotein B, that is, Apo B-100 synthesized by 
the liver and Apo-B48 synthesized by the intestine, 
are undetectable. The biological and clinical picture is 
similar to that of  abetalipoproteinemia. Heterozygous 
hypobetalipoproteinemia is present in 0.1%-0.8% 
of  the genera l popula t ion , whi le homozyg ous 
hypobetalipoproteinemia is rare. The prognosis of  Apo 
B-related disorders depends mainly on the consequences 
of  the malabsorption syndrome, and on the progression 
of  neurological alterations caused by the deficiency of  
soluble vitamin E[28].

Diagnostic procedure: Laboratory tests show 
hypocholesterolemia, acanthocytosis and undetectable 

ApoB lipoprotein. CT scan shows massive and diffuse 
infiltration of  the liver. CE demonstrates diffuse whitish 
pattern of  the intestinal mucosa with occasional yellow 
areas seen in the entire length of  the small bowel, but 
without any villous atrophy. Enteroscopy, formerly 
performed with push enteroscopes and currently with 
DBE shows a similar pattern as CE and moreover, 
biopsy specimens can be obtained. These lesions are 
produced by the accumulation of  fat vesicles in the 
enterocytes in the jejunum and ileum, without causing 
vil lous atrophy [29]. Immunohistchemistr y shows 
migration of  truncated Apo-B and the absence of  
normal Apo-B hypobetalipoproteinemia.

INTESTINAL EXPRESSION OF 
VASCULITIDES
Background
General considerations: Systemic diseases include 
several very heterogeneous pathological conditions 
which share some common features: (1) symptoms 
suggesting the involvement of  multiple organs, (2) 
specific immunological and biological alterations, (3) 
a tendency to chronicity, and (4) clinical response to 
immunosuppressive therapy. Systemic diseases are 
divided into two main categories[30,31]: connective tissue 
or collagenous diseases with predominant abnormal 
production or deregulated synthesis of  collagen, and 
vasculitides with predominant inflammation of  the 
blood vessels resulting in abnormal vascular permeability, 
thrombosis and tissue ischaemia. These conditions share 
some pathophysiological mechanisms such as abnormal 
production of  proteins or cytokines, and abnormal 
humoral or cellular immunity that results in muscular 
inflammation, atrophy and fragmentation. In the end, 
the vascular endothelial changes become predominant 
and are responsible for the muscular, neurological and 
digestive abnormalities.

Digestive manifestations of  vasculitides and systemic 
diseases include a number of  clinical conditions  
(Table 3)[32]. The development of  GI symptoms raises 
three main questions: Do the digestive symptoms 
correspond to the initial manifestation of  the condition 
or to a new acute phase of  the disease? Are the 
digestive symptoms secondary to a complication of  the 
treatment? Is the observed complication a component 
of  the primary disease? To answer these questions, the 
clinician may use diagnostic techniques such as CT scan, 
biological and immunological tests, and CE. The use of  
CE will be illustrated by a few examples. 

Specific characteristics of diseases
Behçet’s disease: Behçet’s disease is a systemic 
inflammatory condition, with 10% to 25% patients 
developing GI manifestations. The symptoms consist 
mainly of  abdominal pain, diarrhoea and acute or 
chronic bleeding. CE may show erosions and aphthous 
ulcers in the small bowel, as reported by Fylejk in a 
series of  20 patients[33]. Intestinal lesions may be present 
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in symptomatic and asymptomatic patients, and do not 
show a specific endoscopic pattern. 

Churg et Strauss disease (Figure 8): Churg et 
Strauss disease is a systemic disease characterized by 
eosinophilia and NTE manifestations suggesting an 
allergenic reaction. The small bowel is involved in 
nearly 50% patients, presenting with gastrointestinal 
bleeding, diarrhoea and abdominal pain. Intestinal ulcers 
are not uncommon and often manifest as bleeding or 
perforation. Sanchez [34] have shown that the ulcers 
detected by CE are deep, involve the jejunum and ileum, 
and respond well to immunosuppressive treatment. 
Therefore, CE is also useful in evaluating the response 
to treatment. 

Henoch-Schönlein purpura: The clinical picture 
of  Henoch-Schönlein purpura is characterized by 
the occurrence of  purpuric lesions, abdominal pain, 
polyarthralgia and renal failure. The disease is a 
consequence of  the deposition of  IgA in the blood 
vessels. CE may reveal intestinal involvement, with 

findings of  oedematous mucosa, multiple ulcers, fibrin 
deposits and bleeding. Lesions observed by CE are 
often diffuse, involving the jejunum and ileum. If  the 
clinical picture suggests Henoch-Schönlein purpura, the 
presence of  intestinal lesions at CE should be regarded 
as diagnostic, and further endoscopic assessment is not 
required[35].

Antral vascular ectasia associated with vasculitides: 
Antral vascular ectasia are a common cause of  bleeding 
and anaemia, particularly in patients with liver cirrhosis 
and portal hypertension. However, portal hypertension 
is not observed in nearly 70% patients. In these patients, 
the condition is related to immunological disorders 
such as systemic sclerosis and rheumatoid arthritis, 
renal failure and diabetes. Antral vascular ectasia can be 
diagnosed by CE with a typical endoscopic pattern of  
“watermelon stomach”. Thus, CE is useful not only in 
diagnosing the cause of  anaemia but also for the follow-
up of  patients treated with endoscopic haemostasis[36].

INFECTIOUS INTESTINAL DISEASES AND 
VIRAL INFECTIONS IN IMMUNODEFICIENT 
PATIENTS
Background
The clinical manifestation of  intestinal infection is 
usually an acute episode of  diarrhoea, which resolves 
spontaneously, and endoscopic assessment is not 
indicated in most patients. By contrast, patients with 
persistent diarrhoea or malabsorption require further 
workup. Recently, there has been an increase in the 
incidence of  certain viral infections in patients with 
immunodeficiency due to HIV infection or those on 
immunosuppressive therapy. Endoscopy is the main 
diagnostic procedure as it allows examination of  the 
mucosa, and biopsy specimens can be obtained for 
identification of  the causal virus. Biopsies are frequently 
performed during esogastroduodenoscopy and ileo-
colonoscopy. These procedures have a limited range 
of  examination, since a large part of  the small bowel 
is excluded. CE is a very useful complement to these 
investigations, as it allows assessment of  the intestinal 
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Figure 7  Hypobetalipoproteinemia. The endoscopic picture is characterized by 
a diffuse whitish pattern of the mucosa due to the accumulation of fat vesicles 
in the enterocytes. The size of the intestinal villi is normal.

Figure 8  Churg and Strauss disease. A large ulcer is present in the ileum.

Table 3  Frequency of digestive manifestations of vasculitides 
and connective tissue diseases (adapted from Muller-
Ladner[32])

Disease Frequency of digestive 
manifestations

Primary vasculitides
   Periarteritis nodosa. 30%-50%
   Churg-Strauss Syndrome 25%-50%
   Behçet’s disease Up to 30%
   Takayasu’s arteritis Up to 15%
   Wegenre’s disease (granulomatosis) 5%-10%
   Lymphomatous granulomatosis 1.5%
   Horton’s disease 1%
   Henoch-Schönlein purpura 50%-90%
Secondary vasculitides
   Systemic lupus erythematosus Up to 50%
   Rheumatoid arthritis Up to 10%
Connective tissue disorders
   Systemic sclerosis 75%-90%
   Systemic lupus erythematosus (except    
   vascular lesions)

25%
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mucosa with a high diagnostic yield, and can have a 
direct impact on the management of  such patients[37]. 
Moreover, lesions detected by CE can be subsequently 
biopsied during DBE. 

Infectious diseases in immunodeficient patients 
(Figure 9)
CE can detect ulcers involving the intestinal mucosa 
in patients with viral, fungal or bacterial infections. 
Cytomegalovirus infection can be diagnosed by 
the presence of  one or two large jejunal ulcers in 
immunodeficient patients, as for example in transplant 
patients. These ulcers may bleed and are the source 
of  haematochezia when located in the distal ileum or 
the colon[38]. Fungal infection in HIV patients, such 
as histoplasmosis is characterized by the presence of  
multiple deep ulcerations accompanied with submucosal 
nodules protruding into the lumen. The diagnosis is 
confirmed by the detection of  the pathogenic agent 
on biopsies obtained during enteroscopy[39]. In patients 
with tuberculosis, CE may reveal deep ulcers, often 
appearing as serpiginous. The lesions are difficult 
to differentiate from those of  Crohn’s disease. The 
pathological examination of  the biopsies may show a 
typical granuloma. Studies using CE have shown that the 
lesions may not be restricted to the ileum but are also 
seen in the jejunum[40].

Whipple’s disease, an example of diffuse intestinal 
infection (Figure 10)
Whipple’s disease is a multisystem infectious condition 
caused by Tropheryma whippelii. GI symptoms are often 
present and the diagnosis is made by demonstrating the 
presence of  the infectious agent on duodenal biopsy. 
The most typical endoscopic finding is the presence 
of  an oedematous, friable and haemorrhagic mucosa 
with multiple erosions and serpiginous ulcers. CE has 
shown that the intestinal lesions are diffuse, involving 
the jejunum and ileum. This is explained by the fact that 
previous investigative techniques allowed only limited 
access to the intestinal mucosa, i.e. before CE and DBE 
became available[41]. Moreover, CE is also a useful non-
invasive method to determine the response to treatment, 
which has to be maintained for at least two years, 
and occasionally five years in order to avoid relapse, 
especially of  the neurological manifestations[42].

CONCLUSION
Since it was introduced in 2000, the use of  CE in several 
clinical situations has been validated. However, the 
indications for CE can be extended to other diseases, 
although an assessment of  a positive influence of  CE on 
patient outcomes is difficult obtain in conditions which 
occur either in a small number of  patients, or in critically 
ill and difficult to examine patients. Clearly, CE has the 
advantage of  detecting lesions in the small intestine and 
directing DBE to the correct location in order to obtain 
biopsies. Moreover, repeated assessment can be made in 
chronic conditions, especially to detect the response to 
treatment.
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Abstract
Until recently, diagnosis and management of small-
bowel tumors were delayed by the difficulty of access 
to the small bowel and the poor diagnostic capabilities 
of the available diagnostic techniques. An array of 
new methods has recently been developed, increasing 
the possibility of detecting these tumors at an earlier 
stage. Capsule endoscopy (CE) appears to be an 
ideal tool to recognize the presence of neoplastic 
lesions along this organ, since it is non-invasive and 
enables the entire small bowel to be visualized. High-
quality images of the small-bowel mucosa may be 
captured and small and flat lesions recognized, without 
exposure to radiation. Recent studies on a large 
population of patients undergoing CE have reported 
small-bowel tumor frequency only slightly above that 
reported in previous surgical series (range, 1.6%-2.4%) 
and have also confirmed that the main cl inical 
indication to CE in patients with small-bowel tumors 
is obscure gastrointestinal (GI) bleeding. The majority 
of tumors identified by CE are malignant; many 
were unsuspected and not found by other methods. 
However, it remains difficult to identify pathology 
and tumor type based on the lesion’s endoscopic 
appearance. Despite its limitations, CE provides crucial 
information leading in most cases to changes in 
subsequent patient management. Whether the use of 
CE in combination with other new diagnostic (MRI or 
multidetector CT enterography) and therapeutic (Push-
and-pull enteroscopy) techniques will lead to earlier 
diagnosis and treatment of these neoplasms, ultimately 
resulting in a survival advantage and in cost savings, 

remains to be determined through carefully-designed 
studies.
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INTRODUCTION
Tumors of  the small intestine present a unique challenge 
to the clinicians across medical specialties. Although 
the small bowel represents 75% of  the length and 
90% of  the overall mucosal surface of  the alimentary 
tract and despite its anatomic location between two 
regions of  high cancer risk, the small bowel is generally 
considered as a rare location for the development of  
neoplasms, accounting for only 1%-3% of  all primary 
gastrointestinal (GI) tumors[1-3].

The overall age-adjusted incidence of  small-bowel 
cancers estimated in population based studies in Western 
countries ranges between 0.9 and 1.4 (Table 1)[1,4-9]; 
malignant tumors account for about one half  of  all new 
cases of  small-bowel tumors reported[10]. The incidence 
rate of  small-bowel cancer varies among populations: 
cancer rates are high among the Maori of  New Zealand 
(about 4 cases per 100 000 per year) and among ethnic 
Hawaiians, and low in India, Romania, and other parts 
of  Eastern Europe[1]. Some recently published studies 
reported an increasing incidence of  these neoplasms 
over the last 20 years (Figure 1)[1,9]. 

Because small-bowel tumors are relatively rare 
compared with other neoplasms of  the gastrointestinal 
tract, several factors have been proposed to explain or 
understand this disparity: (1) a quick transit allowing 
only short contact of  possible carcinogens from food 
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with the intestinal mucosa; (2) the intestinal content is 
mixed together with a great volume of  intestinal juices 
decreasing the concentration of  irritating agents; (3) a 
decrease in mechanical and/or chemical inflammation 
of  the mucosa because of  the liquidity and alkaline pH 
of  the small-bowel contents; (4) the high concentration 
of  lymphatic tissue and of  immunoglobulin exerts 
an effective immune surveillance; (5) the low bacteria 
concentrat ion in the smal l intest ine processing 
the intestinal content produces a low amount of  
carcinogens; (6) the rapid turnover of  epithelial cells 
should decrease the potential growth and development 
of  neoplastic cells[1,10,11].

Genetics could also play a role in some particular 
subgroups of  patients; subjects affected by familiar 
adenomatous polyposis, hereditary non-polypoid 
colorectal cancer, Crohn’s disease, celiac disease, Peutz-
Jeghers syndrome, and several other diseases must be 
surveyed for the risk of  small intestine tumor[9,12]. A 
relevant role of  genetics has also been described in 
patients with sporadic gastrointestinal stromal tumors 
(GISTs) in which four different regions (exon 9, exon 
11, exon 13, and exon 17) of  the KIT gene have found 
to be mutated[13].

Approximately 40 different histological types of  
small intestinal tumors have been identified[14]. Among 
malignant tumors, about 30%-50% are adenocarcinomas, 
25%-30% are carcinoids, and 15%-20% are lymphomas. 
A recently published study, including 1260 cases of  
small-bowel tumor, showed that they seem to be 

frequently located in the ileum (about 30% of  cases) 
or in the duodenum (about 25% of  cases)[9]; the sites at 
highest risk for malignant neoplasms have been reported 
to be the duodenum for adenocarcinomas and the 
ileum for carcinoids and lymphomas[1]. One reason why 
adenocarcinomas tend to arise in the duodenum may 
implicate bile or its metabolites in the etiology of  the 
neoplasm at this site[15]. However, among patients with 
Crohn’s disease, which generally affects the ileum rather 
than the more proximal small bowel, adenocarcinomas 
tend to occur in the terminal ileum[1].

Secondary neoplastic involvement of  the small 
intestine has been reported to be more frequent than 
primary small intestinal neoplasms. Primary tumors of  
the colon, ovary, uterus, and stomach can involve the 
small bowel (by direct invasion or by intraperitoneal 
spread) whereas primaries from breast, lung, and 
melanoma metastasize to the small bowel by the 
hematogenous route[16]. SB metastases from melanoma 
have been described in 1.5%-4.4% of  patients[17,18] with 
previously removed skin melanoma and in 58% of  post-
mortem specimens[17]. 

In the majority of  cases, the diagnosis of  small-
bowel tumors is de layed. This could be due to 
several factors: (Ⅰ) Small-bowel tumors grow slowly, 
extraluminally, remaining asymptomatic for years or 
presenting insidiously with non-specific complaints such 
as abdominal pain, diarrhea, iron deficiency anemia, 
bleeding, extra intestinal symptoms (flushing, para-
neoplastic syndromes)[19]. Obstruction is also a common 
presentation; indeed, small-bowel tumors are the third 
most common cause of  small-bowel obstruction in 
the United States[20]. (Ⅱ) The rare incidence of  small-
bowel tumors may contribute to the relatively low 
index of  clinical suspicion for their presence.(Ⅲ) 
Routine laboratory tests and other diagnostic tests may 
frequently be inconclusive; as a consequence, diagnostic 
laparoscopy or exploratory laparotomy may be indicated 
not only to deliver an effective treatment but also to 
reach a definitive diagnosis. 

Since the introduction in clinical practice of  capsule 
endoscopy, several case reports describing primary and 
secondary tumors affecting the small bowel have been 
published. More recently, a few retrospective studies 
collecting series of  patients in which this technology was 
able to show the presence of  a small-bowel tumor have 
also been published.

SMALL-BOWEL TUMORS: DIAGNOSTIC 
TOOLS
Historically the small bowel has been considered a 
difficult organ to evaluate. For many years, visualization 
of  the small-bowel mucosa and the diagnosis of  small-
bowel tumors were feasible only in a surgical setting 
and this organ has been considered a sort of  “black 
box”. This situation derived both from the anatomical 
characteristics of  the small bowel and the limitations of  
available techniques. The length of  the small intestine, 

Table 1  Incidence of small-bowel tumors (modified from 
Neugut et al [1])

Population/area Ref. Time 
interval

Cases of 
SB tumor

Incidence 
per million

Los Angeles County 4 1972-1985 264 -
Nine SEER Registers 5 1973-1982 366      9.6
Cancer register of British 
Columbia, Alberta, 
Saskatchewan, Manitoba

6 1975-1989 263 11

Utah Cancer registry 7 1966-1999 442 14
Nine SEER registers 8 1973-1991 892 13
Connecticut Tumor registry 9 1980-2000     1260      8.8

SEER: Surveillance epidemiology and end result.
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Figure 1  Incidence of small-bowel tumors per race in the Connecticut tumor 
registry per periods of 7 years since 1980 to 2000[5]. 
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the distance between the organ and external orifices 
(mouth and anus), its sinuousness, its ability to produce 
huge amounts of  fluids and the continuous contractions 
long hampered accurate inspection of  the small-bowel 
mucosa. 

Traditional radiological techniques, including small-
bowel follow-through and small-bowel enteroclysis, 
allow an indirect evaluation of  the entire small bowel, 
however the difficulty to place a specific catheter in the 
right position (enteroclysis), the low pressure and the 
dilution of  the contrast medium (small-bowel follow-
through) contribute to a high miss rate for small and/
or flat lesions. Conventional cross-sectional imaging 
techniques, such as computed tomography (CT) and 
magnetic resonance imaging (MRI), can be helpful in 
identifying large small-bowel masses or extraintestinal 
disease, but are unable to provide precise data about 
the intestinal wall. Endoscopy has the advantage of  
visualizing intestinal mucosa directly and, above all, of  
carrying out targeted biopsies. Upper GI endoscopy, 
when performed to the ligament of  Treitz, is suited 
for identifying duodenal tumors; however, lesions 
located distally pose a unique diagnostic challenge. 
Push enteroscopy (PE) is an effective diagnostic and 
therapeutic procedure which entails the oral insertion 
of  a dedicated enteroscope; however, it only allows 
thorough examination of  the distal duodenum and 
proximal jejunum to approximately 50-100 cm beyond 
the ligament of  Treitz. Because of  its ability to examine 
the entire small intestine, sonde enteroscopy has been 
utilized to diagnose small-bowel tumors[21]. However, 
this technically-challenging procedure has been today 
completely abandoned. Intraoperative enteroscopy (IOE) 
is the most complete, but also the most invasive means 
of  examining the small bowel. It is a difficult, time-
consuming technique, often traumatic to the bowel, with 
a substantial risk of  complications and even mortality. 

The development and the introduction in the 
clinical practice of  the capsule endoscopy (CE) has 
revolutionized the field of  small-bowel imaging, not 
only opening up this sort of  “Pandora’s box”, but 
also stimulating the development of  other imaging 
techniques aimed at studying the small bowel.

Magnetic resonance enteroclysis (MRI-enteroclysis) 
combines the advantages of  cross-sectional resonance 
with those of  volume challenge of  conventional 
enteroclysis in the detection and characterization of  
small-bowel wall abnormalities, such as initial neoplasms. 
Small-bowel tumors usually exhibit moderate signal 
intensity on true-FISP images, as opposed to the 
high signal intensity of  the distended lumen and the 
mesenteric fat. Post-gadolinium 3D FLASH with fat 
saturation may be the most important sequence for 
the identification and characterization of  small-bowel 
tumors by their enhancement pattern. The degree of  
prestenotic dilatation, the peritoneal extension of  the 
neoplasm and associated lymphadenopathy is well 
visualized in all MRI-enteroclysis sequences[22,23]. The 
multidetector row computed tomography (MRCT) has 
the potential to provide high-resolution images and 

a precise delineation of  pathology. The multiplanar 
reformatted images obtained using MRCT have spatial 
resolution similar to that of  the axial plane without 
any loss of  information. These advantages of  MDCT 
imaging lead to a more accurate demonstration of  
the site of  the tumor and possible complications of  
underlying small-bowel tumors including small-bowel 
obstruction, intussusception, perforation and bleeding[24]. 
The administration of  methyl-cellulose as a neutral 
luminal contrast material in a 4%-15% water-soluble 
solution or a diluted (1%) barium solution as positive 
luminal contrast in patients undergoing MRCT results in 
a computed tomography enteroclysis (CT-enteroclysis). 
As previously described for MRI-enteroclysis, this 
technique combines the advantages of  enteral volume 
challenge and the ability of  cross-sectional imaging to 
depict extra intestinal manifestations of  the disease[25]. 
Both MRI enteroclysis and CT-enteroclysis require the 
placement of  a specific catheter into the third part of  
the duodenum (fluoroscopic monitored), administration 
of  medications (anti-motility agents and sedative 
medications) and small-bowel preparation with laxatives 
(PEG-based solutions, 2 to 4 L)[24]. Up to now, there are 
only few, but promising, publications about the role of  
these three techniques in the diagnostic algorithm of  
small-bowel tumors.

In the attempt to design a new scope that would 
allow a large part of  the small-bowel mucosa to be 
visualized, overcoming the limits of  PE and IOE, 
Yamamoto et al[25] developed a new method of  push-
and-pull enteroscopy (PPE) using a double-balloon 
technique. PPE affords inspection of  the entire small 
bowel, combining the oral and anal approaches, with 
the advantage of  enabling biopsies and endoscopic 
interventions to be performed in all parts of  the small 
bowel without laparotomy. It is, however, invasive, time-
consuming, and requires conscious sedation[26].

CAPSULE ENDOSCOPY IN THE DIAGNOSIS 
OF SMALL-BOWEL TUMORS
In a recently published paper, the hypothesis of  an 
increased incidence of  small-bowel tumors in recent 
years was put forward, based on the increasing number 
of  cases diagnosed by means a non-invasive methods 
such as CE and small-bowel ultrasound[11]. In fact, 
compared with previously mentioned diagnostic 
techniques for the study of  the small bowel, CE seems to 
be an ideal tool to recognize the presence of  neoplastic 
lesions along the small bowel. The potential of  CE for 
the diagnosis of  small-bowel tumors, as well as for the 
surveillance of  subjects at increased risk of  developing 
them, depends largely on the technical characteristics 
of  this diagnostic device. CE is a non-invasive tool, well 
accepted by patients, who can allow the visualization of  
the entire small bowel; high-quality images of  the small-
bowel mucosa may be captured and small and flat lesions 
recognized, without exposure to radiation.

In fact, since the introduction of  CE in clinical 
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practice, some studies have been published[27-32] reporting 
a frequency of  small-bowel tumors higher than 
previously expected, ranging between 3.6% and 9%. All 
these studies were retrospective; each of  them collected 
about 350-500 patients undergoing CE, described the 
frequency of  small-bowel tumors in a highly selected 
group of  patients with symptoms (obscure GI bleeding 
in the majority of  cases) and sometimes the diagnosis 
was based only on the endoscopic images (one study[30] 
reported 35% of  lesions described as tumor without 
histological confirmation). Two recent studies, coming 
from the USA and Europe, only published in abstract 
form[33,34], examined a large population of  patients 
undergoing CE (respectively, 1000[33] and more than 
5000[34]) in whom the definitive diagnosis was confirmed 
by means of  tissue sampling (Table 2). They reported 
a small-bowel tumor frequency only slightly above 
that reported in previous surgical series, ranging from 
1.6% to 2.4%, and also confirmed that the main clinical 
indication to CE in patients with small-bowel tumors 
is obscure GI bleeding (in about 90% of  cases). Other 
indications for CE in these two studies were: chronic 
diarrhea, abdominal pain, para-neoplastic syndromes 
or, in a small group of  patients, presence of  conditions 
increasing the risk to develop a small-bowel tumor 
(such as refractory celiac disease, familial adenomatous 
polyposis or Peutz-Jeghers syndrome). In some rare 
cases CE was also used to confirm the presence of  a 
tumor previously suspected by other imaging modalities. 
Although Cobrin et al[28] underlined that in their study 

the percentage of  patients with tumor was greater 
among patients younger than 50 years, the median age 
of  patients enrolled the above mentioned large studies 
ranged between 59[34] and 67 years[33] (Table 2). 

Confirming data previously reported in surgical 
series[9,10] the majority of  tumors identified by CE (from 
63%[29] to 86%[33]) are malignant neoplasms and the 
most frequent histological types are adenocarcinomas 
and carcinoids (in about 20% of  cases each[28,29,32]), while 
GISTs represent the most frequently identified benign 
neoplasm. Of  note, this tumor accounted for more than 
one third of  all collected cases in the large multi-center 
European study[34]. As far as small-bowel metastases are 
concerned, these lesions mainly (about 1/3 of  cases[34]) 
derived from previously removed skin melanomas[35], 
but there are also some papers reporting lesions 
derived from colorectal cancers[29], from hepatocellular 
carcinoma or from rare tumors such as seminomas[34].

Small-bowel tumors appear at CE as masses or 
polyps in about 70%-80% of  cases[28-34] and as ulcers 
(sometimes actively bleeding) or stenoses in 20%-30% 
of  cases (Figure 2). Unfortunately, it is very difficult to 
identify pathology and tumor type based on the capsule 
endoscopic appearance of  lesions[36]. These tumors are 
mostly located in the jejunum, 40%-60% of  cases, in 
the ileum, 25%-40% of  cases, and less frequently in the 
duodenum, in 15%-20% of  cases[28-34]. The location of  
the majority of  lesions in the mid-small bowel could be a 
partial explanation of  the extensive (and mainly negative) 
diagnostic work-up performed in patients enrolled in 
all these studies. Each patient underwent a mean of  
2%-4.6%[29,32] examinations before CE while, focusing 
only on exams addressed to evaluate the small bowel 
(particularly small-bowel series and/or small-bowel 
follow-through and/or PE and/or CT-enteroclysis), the 
mean number of  examinations performed per patient 
ranged between 1 and 2[28,29,32]. Despite the extensive 
number of  examinations performed before CE, this 
technique was found to have a positive impact on 
diagnosis (defined as the capability to identify a neoplasm 
not shown by other diagnostic techniques or as the 
ability to provide crucial information leading to change 
the subsequent patient management) in about 65%-80% 
of  cases[31,34]. Urbain et al[31], trying to evaluate the impact 
of  CE on the therapeutic choices of  malignant small-
bowel tumors, found that CE may influence directly the 
therapeutic work-up in about 55% of  cases by providing 

Table 2  Summary of CE studies for small-bowel tumors

Study[ref] Population Tumor cases (%) Mean age of patients 
with tumors (yr)

Malignant tumors 
(%)

Tumors leading to 
capsule retention (%)

Cobrin et al[28] 562 50 (8.9) 63   48   0
Bailey et al[29] 416 27 (6.3) 61   63       3/26 (11.5)
Urbain et al[31] 443 11 (2.5) 63 100   0
Estevez et al[30] 320 23 (7.8) 63 NA NA
Schwartz et al[32] NA  87 (NA) 60   60 NA 
Pasha et al[33]       1000 16 (1.6) 67   86    4/16 (25)
Rondonotti et al[34]       5129          124 (2.4) 59 NA 12/124 (9.7)

NA: Not applicable (these data are not reported in the paper).
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Figure 2  Infiltrating, stenotic, mass (arrows) in the ileum in a patient with 
hereditary non-polyposis colorectal cancer syndrome. Histology revealed an 
adenocarcinoma.

PillCamTMSB

LC

←

←

←

←

←

←



information about size, location and appearance of  the 
lesion. 

Because the early diagnosis and treatment of  cancer 
usually affects outcome, some authors[28,29] suggest that 
the capability of  CE to discover small-bowel tumors 
at an early stage may have an impact on prognosis for 
patients with these lesions. All the papers previously 
mentioned reported that in patients with small-bowel 
neoplasm identified by CE, surgery alone or surgery 
plus chemotherapy is the treatment of  choice in about 
85%-90% of  the cases[28-30,33,34] but, to date, there is only 
one published paper describing the follow-up of  these 
patients. Bailey et al[29] reported that surgical treatment 
was performed in 88% of  patients with small-bowel 
tumor, in half  of  the cases with curative aim. None 
of  the patients who underwent a curative resection 
developed tumor recurrence at follow-up (range,  
26-51 mo). These authors also reported that none of  
the patients with benign tumors discovered by CE and 
treated according to CE findings had recurrence of  
either overt or occult obscure GI bleeding at follow-up 
(3-51 mo).

CAPSULE ENDOSCOPY FOR SPECIFIC 
SMALL-BOWEL TUMORS 
Thanks to its capability to identify a small-bowel lesion 
in most patients with a prior negative diagnostic work-
up, several case reports, but also some small series, aimed 
at evaluating the possible role of  the CE in the diagnosis 
of  specific tumors in particular clinical conditions, have 
been published over the last few years. 

Van Tuyl et al[37], in a prospective descriptive study, 
evaluated 20 patients with liver metastases, mesenteric 
metastases or both, originated from a neuroendocrine 
tumor (NET) with unknown primary location. All 
these patients had undergone several examinations 
including small-bowel enteroclysis, abdominal CT, 
pentetreotide scintigraphy and laboratory tests. In this 
particular subset of  patients, CE showed a diagnostic 
yield (60%) significantly higher than enteroclysis and 
CT scan. Pentetreotide scintigraphy had an even higher 
diagnostic yield than CE, but without differentiation 
between intestinal and mesenteric localization. In this 
study, the absence of  findings at CE in patients with 
abnormalities at nuclear imaging was interpreted to 
be related to the presence of  NET restricted to the 
mesentery or to a false-negative CE. On the ground of  
these data, the authors suggested that patients with a 
metastatic NET and an unknown primary tumor should 
undergo CE. Conversely, in a small retrospective study 
of  8 patients[38], CE detected NETs of  the small bowel 
with high specificity, but slightly lower sensitivity than 
did CT enteroclysis. It was concluded that CE should 
not be used as a routine method for diagnosing NET in 
the small bowel.

As far as small-bowel metastases are concerned, 
Prakoso and Selby[35] performed a retrospective analysis 
of  a prospective database identifying 13 patients with 

previous or recurrent malignant melanoma referred for 
CE. The indication for CE were overt GI bleeding in 
three patients, anemia in six, abnormal imaging in two, 
abdominal pain in one, and one patient had positive 
fecal occult blood test. In these patients, CE was able 
not only to show small-bowel metastases (in 5 patients), 
but also to provide a different possible explanation of  
symptoms in three other patients (NSAID-related ulcers, 
artero-venous malformation or aphtoid lesions). The 
authors concluded that since the optimal investigation 
for the detection of  small-bowel metastases in patients 
with melanoma has still to be determined, CE can be 
considered an ideal method to do so because it appears 
to be more sensitive than small-bowel follow-through 
and CT scan.

Flieger et al[39] explored the potential contribution 
of  CE to the diagnosis and staging of  gastrointestinal 
lymphomas describing capsule endoscopic features 
of  these tumors. They studied with CE a total of  27 
consecutive patients with newly diagnosed gastroin-
testinal lymphoma: 20 patients with histologically 
confirmed gastric lymphoma and seven patients with 
intestinal lymphoma. All seven patients with primary 
intestinal lymphomas were found to have pathological 
findings at CE (ulcerations, nodules or villous atrophy), 
while 5 of  the 20 patients with gastric lymphoma had 
pathological findings in the small bowel (including 
abnormal villi, white nodules or villous atrophy). 
In this study, the authors found that CE is able to 
identify pathological intestinal findings in patients 
with gastrointestinal lymphoma more frequently than 
previously thought and suggest that knowledge of  small-
bowel involvement can lead to changes in the therapeutic 
strategy in individual cases.

Lymphomatous polyposis (LP), first described by 
Cornes in 1961[40,41], is a rare condition; however, since 
the introduction of  CE and PPE in clinical practice, 
a few reports[42,43] have been published on this topic. 
LP is defined as polypoid mucosal involvement of  
long segments of  the GI tract by neoplastic lymphoid 
cells[40]. For many years LP has been considered the 
macroscopic appearance of  the mantle cell lymphoma, 
but it has recently been suggested that it can be also 
the macroscopic manifestation of  mucosa-associated 
lymphoid tissue (MALT) lymphoma and follicular B 
cell lymphoma[44]. In patients with LP, CE is a valuable 
tool because it may recognize the presence of  nodules, 
evaluate the extent of  the small-bowel involvement and 
drive further investigations (i.e. the decision about the 
PPE approach).

Another peculiar clinical condition is represented 
by patients with refractory celiac disease. It is known 
that these patients have an increased risk to develop 
small-bowel neoplasms, mainly enteropathy associated 
T-cell lymphoma (EATL). However, in this particular 
subgroup of  patients CE is aimed at identifying not 
only a malignant neoplasm, but also some other possible 
complications such as ulcerative jejunitis. To date, two 
papers have been published on this topic[45,46] showing 
that CE is a useful tool in the assessment of  complicated 
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celiac disease, especially in patients with refractory celiac 
disease type Ⅱ[45].

CAPSULE ENDOSCOPY: RISKS AND 
LIMITATIONS IN PATIENTS WITH 
SMALL-BOWEL TUMORS
Several papers[47-49] described risks and limitations 
related to the use of  CE in everyday clinical practice. 
Some limitations can be present in any procedure 
performed regardless of  the clinical indication (“general 
limitations”); these limitations are mainly related to 
the technical characteristics of  the device or to the 
anatomical structure of  the small bowel, for example, 
due to the duration of  battery life (about 8 h), the 
capsule allows an evaluation of  the entire small bowel 
only in 75%-85%[47,49] of  cases. In addition, sometimes 
the presence of  fecal debris, particularly in the distal 
small bowel, can hamper the accurate visualization of  
the small-bowel mucosa.

Among general limitations, capsule retention is 
certainly the more feared one because it can significantly 
modify the subsequent management of  the patient. It 
is generally recognized that the frequency of  capsule 
retention is mostly dependent on the clinical indication 
to CE (Table 3), ranging between 0% in healthy subjects 
to 21% in patients with intestinal obstruction[50,51]. 
Patients with small-bowel tumors, which frequently 
appear as lesions protruding into the small-bowel lumen 
or as stenoses, in both cases capable of  narrowing the 
lumen of  the small bowel, have a high probability to 
develop capsule retention. However, although capsule 
retention at the site of  the lesion has been described 
in 10%[29,34] to 25%[33] of  these patients (Table 2), most 
authors consider this situation as a minor complication. 
In fact, although some case reports describing possible 
acute obstructions due to capsule retained at the 
site of  the tumor[52,53] exist, none of  the 15 patients 
with capsule retention described in large published 
series[29,33,34] developed acute small-bowel obstruction. 
In these patients the subsequent surgical intervention, 
allowing capsule retrieval, was planned basically to treat 
the tumor (or because of  symptoms persistence) rather 
than to retrieve the capsule. We must also keep in mind 
that surgical intervention aimed to retrieve the capsule 
can be done in a laparoscopic way[54] and that PPE can 
also allow capsule retrieval when surgical intervention 
is contraindicated or not feasible[55]. In addition, the 
recently developed Patency capsule[56] (given imaging, 
Yoqneam, Israel) can be used in selected patients as a 
screening method to prevent capsule retention. 

The capsule can also have some problems in 
sizing lesions because of  the shape of  its dome, its 
magnification capability, the lack of  air insufflation and 
of  remote orientation. This issue has recently been 
highlighted in papers addressed to study patients with 
small-bowel inherited polyposis syndromes[57,58] in which 
the authors found that MRI seems to be more accurate 
and reliable than CE in the estimation of  location and 

size of  polyps[58]. The ingestion of  “reference granules” 
of  mesalazine 15-20 min before CE has recently been 
proposed to increase the accuracy of  the procedure[59].

Another general limitation, that can be critical in the 
field of  small-bowel tumors, is the accurate localization 
of  the lesion along the small bowel. To estimate the 
location of  a lesion we can correlate the time when the 
lesion appears to the small-bowel transit time divided in 
three equal thirds[60], or we can refer to the localization 
system[61]; both these systems are time-consuming, 
depend on some reference points established by the 
reader, are not suitable when the capsule does not reach 
the ileo-cecal valve during examination time and the 
localization software is reliable only considering a two 
dimension plan. Despite all these obvious limitations, 
in one large study[33] the capsule was able to correctly 
estimate the location of  the lesion in a surprisingly high 
percentage of  patients (about 85%). 

Unfortunately, in the field of  small-bowel neoplasms, 
in addition to these general limitations there are some 
other related to the intrinsic characteristics of  these 
lesions (“tumor-related limitations”). 

Several studies[30,62-64] reported patients with negative 
CE in whom further examinations showed small-
bowel tumors (false negative capsule endoscopy). Lewis  
et al[63], analyzing data from an industry-maintained trial 
database, found that in about 1.5% of  patients with 
small-bowel tumors CE was completely negative. These 
authors estimated that the miss rate of  CE in neoplastic 
diseases can reach 18.9%. Although this percentage is 
substantially lower than that reported in the same paper 
for other diagnostic techniques (63.2%) it remains still 
alarming, especially if  one keeps in mind the clinical 
relevance of  these missing findings. Obviously, there 
are several reasons contributing to that miss rate, but 
probably the crucial one is related, in this particular 
subset of  patients, to the fact that sometime it is arduous, 
on the ground of  CE findings, to discriminate masses 
from bulges. A bulge is defined as a round smooth, 
large base protrusion in the lumen having an ill defined 
edge on the surrounding mucosa; it can be a prominent 
normal fold or the luminal expression of  intestinal 
loop angulation and stiffness, and sometimes it can 
be virtually indistinguishable from a small submucosal 
tumor. Some visual clues may help distinguishing masses 
from bulges (i.e. changes in mucosal characteristics, 
presence of  bridging folds, of  transit abnormalities, 
of  repetitive images, and of  synchronous lesions), but 
unfortunately all these are indirect indicators and often 

Clinical indication Frequency of capsule retention (%)

Healthy volunteers   0
Obscure GI bleeding      1.5
Suspected Crohn’s disease      1.4
Known Crohn’s disease        4-13
Small-bowel tumor      10-25
Suspected small-bowel obstruction 21

Table 3  Frequency of capsule retention in patients 
undergoing capsule endoscopy (modified from Pennazio[50])
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are completely lacking.
Pasha et al[33] described 51 patients with polypoid 

lesions revealed at CE that were not confirmed at 
further examinations (false positive capsule endoscopy). 
This problem, highlighted also in other studies[30], can 
significantly influence the subsequent management; in 
fact a positive CE requires further invasive examinations 
(PPE or surgical interventions). For this reason, the 
final interpretation of  a finding identified by CE must 
be done taking into account not only the endoscopic 
images, but also the patient’s clinical history and other 
diagnostic examinations performed.

CAPSULE ENDOSCOPY IN INHERITED 
POLYPOSIS SYNDROMES
On the ground of  its own technical characteristics (i.e. 
high-quality endoscopic images of  the whole small 
bowel, no need for radiations) and of  the patients' 
acceptance, CE has also been proposed in patients with 
inherited polyposis syndromes for both surveillance over 
time and in case of  symptomatic disease. 

In Peutz-Jeghers syndrome (PJS) the polyps 
are chief ly located in the small bowel (Figure 3) 
and may give rise to complications in the form of  
intussusception, bleeding and obstruction of  the 
intestine, depending on the number and size of  the 
polyps present, as well as to small-bowel malignancy. 
Several studies have explored the possible diagnostic 
role of  CE in these patients[57,58,65,66] showing that 
this tool seems to be superior to small-bowel follow-
through[57]. Unfortunately, the same studies also 
underlined that CE (as discussed above) is not reliable 
for accurate sizing of  polyps. At the present time, it is 
suggested that CE should be performed at diagnosis 
in all patients with PJS, as the primary surveillance 
modality every 2-3 years from the age of  10, and as 
part of  the investigation of  patients with symptoms[50]. 
Additional information to evaluate the size and location 
of  polyps, which is useful for planning the appropriate 
therapeutic strategy, can be provided by CT/MRI[57,58]. 
The coupling of  CE with PPE and polypectomy may 
offer an ideal follow-up and treatment method for these 
patients, possibly avoiding surgery[67]. 

The role of  CE is less clear in familial adenomatous 
polyposis (FAP). CE may miss duodenal/periampullary 
polyps due to a quick passage of  the device in the 
descending duodenum. In a recent ly publ ished 
prospective study, Wong et al[68] compared CE with push 
enteroscopy and with lower GI endoscopy in 32 patients 
with FAP. They showed that, in a defined segment of  
the small bowel, CE diagnosed significantly fewer small-
bowel polyps than standard endoscopy, showed only 
fair agreement with PE in determining polyp counts, 
and was fairly inaccurate in determining the size of  
the largest polyp and also in detecting large polyps. 
For these reasons, CE is not presently recommended 
when the diagnosis of  FAP is well established, but it 

may be considered as a part of  surveillance for patients 
with severe duodenal polyposis (Spigelman stage Ⅲ
-Ⅳ; Figure 4)[65,66]. Moreover, in FAP patients with 
known mesenteric desmoids, caution is recommended 
before performing CE for the possible risk of  capsule 
retention.

CONCLUSION 
Small-bowel tumors are a small , but s ignif icant 
proportion of  GI neoplasms. Using new diagnostic 
modalities, their frequency has been shown to be 
slightly superior than previously thought. Until recently, 
diagnosis and management of  these tumors were delayed 
by the difficulty of  access to the small bowel and the 
poor diagnostic capabilities of  the available diagnostic 
techniques. An array of  new methods has recently been 
developed, increasing the possibility of  detecting these 
tumors at an earlier stage. Despite its limitations, CE 
plays a pivotal role in this setting. Whether the use of  
CE in combination with other new diagnostic (MRI or 
multidetector CT enterography) and therapeutic (PPE) 
techniques will lead to earlier diagnosis and treatment 
of  these neoplasms, ultimately resulting in a survival 
advantage and in cost savings, remains to be determined 
through carefully-designed studies.
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Figure 3  Small sessile, plaque-like, polyp (arrows) in the distal duodenum in a 
patient with familial adenomatous polyposis. 

PillCamTMSB

NP

←

←

←

←

←

Figure 4  Pedunculated jejunal polyp (arrows denote stalk) in a patient with 
Peutz-Jeghers syndrome.
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Abstract
Capsule endoscopy is now considered as the first 
imaging tool for small bowel examination. Recently, 
new capsule endoscopy applications have been 
developed, such as esophageal capsule endoscopy 
and colon capsule endoscopy. Esophageal capsule 
endoscopy in patients with suspected esophageal 
disorders is feasible and safe, and could be also an 
alternative procedure in those patients refusing upper 
endoscopy. Although large-scale studies are needed 
to confirm its utility in GERD and cirrhotic patients, 
current results are encouraging and open a new era in 
esophageal examination.

© 2008 The WJG Press. All rights reserved.

Key words: Capsule endoscopy; Esophagus; Gastroe-
sophageal reflux disease; Varices; Esophagoscopy; 
PillCam ESO

Peer reviewer: Giovanni D De Palma, Professor, Department 
of Surgery and Advanced Technologies, University of Naples 
Federico II, School of Medicine, Naples 80131, Italy

Fernandez-Urien I, Carretero C, Armendariz R, Muñoz-Navas 
M. Esophageal capsule endoscopy. World J Gastroenterol 2008; 
14(34): 5254-5260  Available from: URL: http://www.wjgnet.
com/1007-9327/14/5254.asp  DOI: http://dx.doi.org/10.3748/
wjg.14.5254

INTRODUCTION
Since its introduction by Iddan et al[1], capsule endoscopy 

(CE) has acquired a well-established role in the 
investigation of  suspected small bowel (SB) diseases. In 
fact, over 500 000 CE-procedures have been performed 
worldwide. Demands for CE are hoped to increase 
because of  its proven superiority to conventional 
techniques for small bowel examination[2-11] and emerging 
indications, such as esophageal capsule endoscopy 
(ECE) and colon capsule endoscopy. Currently, upper 
endoscopy (EGD) is considered by most authors as 
the best method to explore the esophagus. However, 
because of  the discomfort of  intubation, conscious 
sedation is usually required resulting in increased costs, 
risks and patients acceptability[12-14]. In fact, because of  
these concerns, some patients are reluctant to undergo 
EGD even when it is indicated. So, it seems that there 
is a need for an alternative, simple and less invasive 
diagnostic tool for the evaluation of  patients with known 
or suspected esophageal disorders. The esophageal 
capsule (PillCam™ ESO), which was approved by the 
FDA in November 2004, allows direct visualization of  
the esophagus without the need of  sedation. Advantages 
include also its invasiveness and painless nature, 
the ability to pursue normal daily activities after the 
procedure and patients acceptability. Clinical data on 
its use and current indications, although quite limited, 
have opened a promising era for esophageal endoscopic 
examination.

PILLCAM™ ESO
The PillCam™ ESO (Given Imaging Ltd. Yoqneam, 
Israel) is an ingestible and disposable capsule measuring 
11 mm × 26 mm (similar to PillCam™ SB) that acquires 
video images from both ends at a combined rate of  14 
frames per second (7 from each side of  the capsule) 
during its natural passage through the esophagus  
(F i gu re 1 ) . T he ba t t e r y exp i r e s i n 20 -30 min 
approximately, resulting in more than 15 000 images 
captured per procedure, which are usually enough to 
explore the entire esophagus and sometimes, part of  
the stomach. The images, transmitted via digital radio 
frequency communication channel to the data recorder 
unit located outside the body, are captured by an antenna 
array located on the upper chest and the abdominal 
wall of  the patient. Upon completion of  the procedure, 
the images are transmitted to the Rapid® Workstation 
for processing and interpretation, which takes only a 
few minutes. Recently, a new complementary tool has 
been developed by Given Imaging: the RAPID® Access 
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RT. During the ECE-procedure, the RAPID® Access 
RT allows real time visualization of  capsule images. 
This is extremely useful in certain circumstances as the 
physician can intervene to optimize the procedure by 
changing patient position or administering medications 
such as laxatives depending on the images obtained in 
real time.

PROCEDURE
ECE is a quite simplex procedure, which can take 
only 4-5 min to physicians. This procedure requires 
implementation of  a specific ingestion procedure to 
assure effective coverage of  the esophagus (Figure 2). 
After a 6 h fast and before capsule ingestion, the patient 
is asked to drink swiftly a small amount of  water 
(100 mL) in a standing position to clear saliva from 
the esophagus. Then, the capsule is swallowed in the 
supine position helped by a small sip of  water (10 mL) 
if  required. The patient must remain in this position 
for 2 min and then must be rose to an inclination of  
30 degrees. The patient must remain in this position 
for 2 min and then the inclination must be increased 
to 60 degrees. One minute later, the patient is asked to 
drink a small sip of  water (10 mL) and then, allowed to 
sit upright and to drink again 10 mL of  water. In this 
moment, the patient is allowed to get up and walk in the 
waiting room for 15-20 min. During procedure in bed, 
the patient is instructed not to talk. Once the batteries 
have expired, the procedure is over and downloading 

process begins (4-5 min). Recently, an article published 
by Gralnek et al [15] has evaluated a new simplified 
ingestion procedure (SIP) in healthy volunteers who 
swallowed the capsule in the right supine position. 
Although esophageal transit time was shorter in 
comparison with the original ingestion procedure (mean: 
38 s vs 225 s, respectively; P < 0.001), results showed that 
the SIP provides significantly improved visualization of  
the Z-line (visualization of  ≥ 2 quadrants of  the Z-line 
in 100% vs 75% of  the cases; P = 0.025). Therefore, the 
authors recommend testing the proposed SIP in patients 
undergoing ECE.

ECE IN GERD PATIENTS (TABLE 1, 
FIGURES 3 AND 4)
Persistent heartburn is one of  the most frequent 
gastrointestinal symptoms in western countries. 
Symptomatic GERD affects at least 5%-7% of  the global 
population and in western countries, up to 30% of  the 
population is affected by this disorder[16-18]. Complications 
of  GERD include erosive esophagitis, ulcers, strictures 
or Barrett’s (BE) esophagus. Up to 30% of  subjects 
with GERD are found to have esophagitis while 
ulcers or strictures occur in 5% of  patients[19]. Barrett’s 
esophagus, which carries a risk of  0.5% per patient-
years of  esophageal adenocarcinoma, may occur in up 
to 10% of  patients with chronic GERD[20]. Therefore, 
international guidelines recommend screening EGD in all 
GERD patients. However, as demonstrated, its cost and 
invasiveness limits its utilization in many patients[21].

Figure 1  PillCam™ ESO.

Figure 2  Ingestion protocol.
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Figure 3  A: PillCam™ ESO image of erosive esophagitis; B: Upper endoscopy 
image of distal esophagus in the same patient.
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In 2003, Neu et al [22] published the first article 
regarding ECE. Using SB capsules (single camera at 
a frame rate of  2/s), they evaluated the accuracy of  
capsule endoscopy in 8 patients with known esophagitis. 
All patients swallowed the capsule in the supine position. 
The capsule detected only 3 of  8 (37.5%) patients with 
esophagitis and an adequate visualization of  50% and 
100% of  the Z-line circumference was achieved in 
12.5% and 37.5% of  the patients, respectively. They 
also evaluated the quality of  images obtained by the 
capsule in 58 patients examined for suspected small 
bowel pathology with poor results (0% of  100% of  the 
Z-line circumference visualization), due to the short 
esophageal transit time (these patients swallowed the 
capsule in standing position). They concluded that distal 
esophageal assessment by SB capsules was not feasible. 

Few months later, Ramirez et al[23] used SB capsules 
attached to strings allowing capsule control up and down 
the esophagus. Fifty patients with Barrett’s esophagus 
were enrolled in this study. The mean recording time in 
this study was much longer than in the previous study by 
Neu et al (7.9 min vs 3 s). All 50 patients with BE were 
detected by the capsule. The majority of  patients (92%) 
preferred string-capsule endoscopy to EGD because 
usually, none or minimal discomfort was associated with 
capsule ingestion. They concluded that string esophageal 
capsule endoscopy is feasible, safe and highly acceptable 
by patients with esophageal disorders.

In 2004, Eliakim et al[24] published a pilot study of  
ECE using specifically-designed capsules for esophageal 
examination (double camera at a frame rate of  4 per 
second). They compared the diagnostic yield of  ECE 
to EGD (used as gold standard) in 17 patients with 

suspected esophageal disorders. All patients swallowed 
the capsule in supine position to avoid rapid esophageal 
transit of  the capsule. All patients with positive 
findings at EGD (12/17) were detected by the capsule. 
Sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value (NPV) were 100%, 80%, 
92% and 100%, respectively. Of  15 patients asked, 12 
(80%) preferred the capsule experience to EGD which 
was performed under sedation with Midazolam 2.5- 
5 mg. They concluded that ECE with the new device 
proposed is an accurate, convenient, safe and well- 
tolerated method for patients with esophageal disorders. 
These results were encouraging but the small sample 
size of  this pilot study was an obstacle to elaborate 
solid conclusions. Then, largescale studies seemed to be 
necessary.

A similar study conducted at 7 sites in 2005[25] 
evaluated the new developed PillCam™ ESO (double 
camera at a frame rate of  4 per second) compared to 
EGD in 106 patients (93 with GERD and 13 with BE). 
All patients swallowed the capsule in the supine position. 
Sensitivity, specificity, PPV and NPV for esophagitis 
were 89%, 99%, 97% and 94%, respectively, and 97%, 
99%, 97% and 99%, respectively, for BE. ECE was 
preferred over EGD by all patients. These results 
were consistent with those obtained by Eliakim et al[24] 
in 2004. They concluded that ECE was a convenient 
and sensitive method for visualization of  esophageal 
mucosal pathology and may provide an effective method 
to evaluate patients for esophageal disease.

However, some experiences have shown that the 
speed of  the capsule in the proximal esophagus can 
reach up to 20 cm per second. It means that using the 

Table 1  ECE in GERD patients: results in published studies

Author Yr n Indication Capsule Ingestion S (%) E (%) PPV (%) NPV (%)

Neu[22] 2003   8 Esophagitis SB Supine      37.5 (-) (-) (-)
Ramirez[23] 2005 50 BE String SB Standing 100 100 100 100
Eliakim[24] 2004 17 Esophagitis BE ESO 4-fps Supine 100   80   92 100
Eliakim[25] 2005 93 Esophagitis ESO 4-fps Supine   89   99   97   94
Eliakim[25] 2005 13 BE ESO 4-fps Supine   97   99   97   99
Koslowsky[26] 2006 25 Esophagitis BE ESO 4-fps Supine   81   61   74   79
Koslowsky[26] 2006 25 Esophagitis BE ESO 14-fps Supine 100   74 100   77
Sharma[27] 2007 53 BE (suspected-known) ESO 14-fps Supine 67-79 87-78 60-94 90-44
Sharma[27] 2007 41 Esophagitis ESO 14-fps Supine   50   90   56   88
Lin[28] 2007 90 BE ESO 14-fps Supine   67   84   22   98

Figure 4  A: PillCam™ ESO image of short segment 
Barrett´s esophagus; B: Subsequent upper endoscopy 
image which confirms capsule findings.
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4-frame per second capsule, only one image could be 
taken per 10 cm length in some instances. Koslowsky 
et al[26] speculated in 2006 that the diagnostic yield of  
the ECE might be improved by using a 14-frame per 
second capsule. Fifty patients (42 suffering from GERD 
symptoms and 8 with confirmed BE) were included in 
this study and all of  them swallowed the capsule in the 
supine position: 25 underwent ECE with the 4-frame 
per second capsule and 25 underwent ECE with the 
14-frame per second capsule. Using EGD as gold 
standard, the 4-frame per second capsule sensitivity, 
specificity, PPV and NPV were 81%, 61%, 74% and 
79%, respectively, and the 14-frame per second capsule 
sensitivity, specificity, PPV and NPV were 100% (P < 
0.02), 74%, 100% and 77%, respectively. The upper 
esophageal sphincter and the entire esophagus were 
assessed by the 4-fps capsule in 25% and 12% of  the 
cases, respectively, and in 81% (P < 0.01) and 76% (P 
< 0.01) of  the cases by the 14-fps capsule, respectively. 
They concluded that ECE using the 14-fps capsule has a 
greater sensitivity and allows better visualization of  the 
entire esophagus than the 4-fps capsule.

Recently, two prospective, blinded and well-designed 
studies have compared the diagnostic accuracy of  ECE 
using the 14-fps capsule vs EGD in both GERD and 
BE. Sharma et al[27] included 100 patients with GERD 
and BE. Ninety-four of  these patients swallowed the 
capsule in the supine position. Results reported showed 
a higher diagnostic accuracy for BE than for erosive 
esophagitis. The sensitivity, specificity, PPV and NPV 
for BE in GERD patients were 67%, 87%, 60% and 
90%, respectively, and for known Barrett’s esophagus 
in patients undergoing surveillance were 79%, 78%, 
94% and 44%, respectively. The diagnostic accuracy 
of  ECE for long Barrett’s segment esophagus (LSBE) 
was greater than for short Barrett’s segments esophagus 
(SSBE). For erosive esophagitis, the sensitivity was 50%, 
the specificity 90%, the PPV 56% and the NPV 88%. 
These results were quite different than those obtained in 
previous studies. These differences might be attributed 
in part, to the diagnostic skills of  examiners and to 
the ingestion protocol in the supine position. Anyway, 
the authors require for the future an improvement in 
technology and learning curve assessments. The other 
study, published at the same time by Lin et al[28], included 
96 patients with chronic gastroesophageal reflux and BE 
undergoing surveillance. Again, the selected ingestion 
protocol was in the supine position. ECE sensitivity, 
specificity, PPV and NPV for BE were 67%, 84%, 
22% and 98%, respectively. There were no differences 
between SSDE and LSBE detection. These results were 

similar to the study by Sharma et al[27] but again, quite 
different to those showed in previous studies with the 
4-fps capsule. The authors attributed these differences 
to the patient adjudication process in previous studies 
(unblinded investigators). They conclude that ECE is 
not, at present, suitable as a primary screening tool for 
BE but may be used in patients unwilling to undergo 
EGD. Precisely, one study by Sanchez-Yague et al[29] 
published in 2006, reviewed 30 cases of  ECE in patients 
refusing conventional endoscopy. They demonstrated 
that ECE is an adequate alternative diagnostic method 
for the study of  patients with suspected esophageal 
diseases.

ECE IN PATIENTS WITH PORTAL 
HYPERTENSION (TABLE 2, FIGURES 5 
AND 6)
The presence of  esophageal varices is one of  the most 
common complications of  portal hypertension in 
cirrhotic patients. Although they are present in about 
50% of  the patients when cirrhosis is diagnosed, 
most of  these patients develop varices during their 
lifetime[30,31]. Severe upper gastrointestinal bleeding 
as a complication of  portal hypertension occurs in 
about 30%-40% of  cirrhotic patients and in most cases 
because of  the presence of  esophageal varices[32,33]. 
Despite recent improvements in the diagnosis and 
treatment of  esophagogastric variceal haemorrhage, the 
mortality rate of  first variceal haemorrhage remains high 
(20%-35%)[33-36]. The risk of  bleeding is related to the 
hepatic venous pressure, the Child- Pugh class and the 
endoscopic appearance of  the varices[37]. Therefore, one 
of  the challenges is to identify those cirrhotic patients 
who have esophageal varices and are also at risk of  
bleeding. Recently, the Baveno Ⅲ Consensus Conference 
on portal hypertension recommended that all cirrhotic 
patients should be screened by means of  upper 
endoscopy for esophageal varices when liver cirrhosis is 
diagnosed, at 2-3 years intervals in compensated patients 
without varices and at 1-2 years intervals in compensated 
patients with previous small varices[38]. However, sedation 
during EGD in cirrhotic patients carries increased risks 
of  cardiopulmonary complications because they are 
more susceptible to oversedation than those with normal 
liver function[12,39].

At the moment, three published studies have 
evaluated the role of  ECE in portal hypertension. The 
first study was published in 2005 by Ramirez et al[40] who 
used the string-capsule endoscopy to evaluate portal 

Table 2  ECE in portal hypertension: Results in published studies

Author Yr n Indication Capsule Ingestion S E PPV NPV

Ramirez[40] 2005 30 Varices String SB Standing   96% 100% 100%     83.3%
Eisen[41] 2006 32 Varices ESO 14-fps Supine 100%   89% (-) (-)
Eisen[41] 2006 32 PHG ESO 14-fps Supine 100%   77% (-) (-)
Lapalus[42] 2006 21 Varices ESO 14-fps Supine       81.2% 100% 100% 57%
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hypertension in 30 cirrhotic patients. They reported an 
overall accuracy of  96.7% for varices (sensitivity of  96%, 
specificity of  100%, PPV of  100% and NPV of  83.3%, 
respectively) and all patients preferred string-capsule 
endoscopy to EGD.

On the other hand, two comparative studies have been 
recently published. Both of  them used the new 14-fps 
capsule, which were swallowed in the supine position, 
and compared ECE vs EGD for portal hypertension 
in cirrhotic patients. Eisen et al[41] included 32 cirrhotic 
patients who were undergoing EGD for varices screening 
or surveillance. They reported a sensitivity of  100%, 
specificity of  89%, positive likelihood ratio of  9.1 and 
negative likelihood ratio of  0.0 for esophageal varices 
detection in comparison with EGD. There was complete 
agreement in the grading of  varices in 65% of  the cases 
and in 95% of  the cases within one grade. They also 
evaluated the accuracy of  the capsule to detect portal 
hypertension gastropathy (PHG). Sensitivity, specificity, 
positive likelihood ratio and negative likelihood ratio for 
PHG were 100%, 77%, 4.3 and 0.0, respectively. This 
pilot study led to a multicenter study with more than 
300 patients included which is now finished but not 
yet published. The other comparative study by Lapalus  
et al[42], simultaneously  published, included 21 cirrhotic 
patients who were undergoing unsedated EGD for varices 
screening. Results showed that ECE accurately assessed 
the presence of  esophageal varices in 85% of  the cases 
and correctly indicated a need for primary prophylaxis 
in 100% of  the cases. All patients preferred ECE to 
unsedated EGD which was performed with a small-
diameter upper gastrointestinal endoscope.

CONCLUSION
Capsule endoscopy has opened a new era in small bowel 
examination. Its indications are now well-defined and 
currently, wireless capsule endoscopy is considered as 
the first-line imaging tool for the diagnosis of  small 
bowel diseases. ECE has been shown to be feasible, safe 
(no ECE-related complications have been reported with 
the PillCam™ ESO) and a good alternative technique 
in patients refusing conventional endoscopy. Although 
results reported in both GERD and cirrhotic patients 
are encouraging, great differences in terms of  accuracy 
(particularly in GERD patients) have been found in 
published studies. These differences have been attributed 
to study designs, the lack of  adequate experience and 
inconvenience of  ingestion protocols. In summary, more 
large-scale studies evaluating the new 14-fps capsule, 
adequate ECE-experience and new modified ingestion 
protocols are still needed.
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Abstract
Obscure gastrointestinal bleeding (OGIB) is defined as 
bleeding of an unknown origin that persists or recurs 
after negative initial upper and lower endoscopies. 
Several techniques, such as endoscopy, arteriography, 
scintigraphy and barium radiology are helpful for 
recognizing the bleeding source; nevertheless, in 
about 5%-10% of cases the bleeding lesion cannot 
be determined. The development of videocapsule 
endoscopy (VCE) has permitted a direct visualization 
of the small intestine mucosa. We will analyze those 
techniques in more detail. The diagnostic yield of CE 
for OGIB varies from 38% to 93%, being in the higher 
range in those cases with obscure-overt bleeding.
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INTRODUCTION
Obscure gastrointestinal bleeding (OGIB) is defined as 

bleeding of  an unknown origin that persists or recurs 
after negative initial upper and lower endoscopies[1]. It 
can be subclassified as either obscure-occult, detected 
only by positive fecal occult blood tests (FOBT) and/or 
iron deficiency anemia (IDA), or obscure-overt with 
recurrent or persistent visible episodes of  bleeding[2].

Approximately 5% of  all gastrointestinal bleeding[3] 

are of  obscure origin, and the most frequent causes 
are found among these: esophagitis, Cameron ulcers, 
Dieulafoy lesions, angiodysplasias, GAVE, portal 
hypertensive gastropathy, small bowel neoplasms, 
hemobilia, Meckel diverticulum, Crohn’s disease, 
medication-induced mucosal lesions and a few others[2].

Several techniques, such as endoscopy, arteriography, 
scintigraphy and barium radiology, are helpful for 
recognizing the bleeding source; nevertheless, in 
about 5%-10% of  cases the bleeding lesion cannot be 
determined[4]. Before 2001, the study of  OGIB was 
deficient as the small bowel could not be reviewed 
reliably in its whole, but the development of  videocapsule 
endoscopy (VCE) has permitted a direct visualization of  
the small intestine mucosa.

DIAGNOSTIC TECHNIQUES
Capsule endoscopy (CE)
Capsule endoscopy (CE) is a disposable 26 mm × 11 
mm plastic capsule (Figure 1) consisting of  an optical 
dome, 4 light-emitting electrodes, a sensor, 2 batteries 
and a micro transmitter. It acquires and transmits 
2 frames per second (until the battery expires after  
7 h ± 1 h[5]) to a sensor array attached to the patient[2]. 
Image features include a 140-degree field of  view, 
1:8 magnification, 1 to 30 mm depth of  field and a 
minimum size for detection of  about 0.1 mm[5].

It is passively propelled by peristalsis and it captures 
images of  the entire length of  the small intestine. The main 
limitations are the lack of  air insufflation, the unavailability 
of  rinsing, taking biopsies or/and treating lesions[2].

The incidence of  capsule retention accounts of  less 
than 1%[2] and is generally related to the presence of  
endoluminal narrowing. For that reason, and intending to 
predict the risk of  retention, patients with high suspicion 
of  bowel narrowing (history of  NSAID’s intake, Crohn’s 
Disease, occlusive symptoms or ischemic bowel disease) 
should undergo capsule endoscopy exploration after 
performing other techniques such as CT scan, small 
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bowel series or M2A patency capsule.
The diagnostic yield of  CE for OGIB varies 

from 38% to 93%[5], being in the higher range in 
those cases with obscure-overt bleeding[3]. The ability 
to exclude bleeding lesions is between 82.6% and 
100%[2]; nevertheless, in up to 35% of  cases the 
capsule doesn’t reach the cecum, probably due to 
slow gastric transit[2]. The most commonly detected 
les ions in the smal l bowel suspic ious of  being 
responsible for bleeding, that can be found on CE, 
are: angioectasia (Figure 2A), fresh blood (Figure 2B),  
ulceration (Figure 2C), polypoid or tumoral lesions  
(Figure 2D) and varices[5], and it seems that there is no 
significant difference in the diagnostic yield of  CE in 
obscure-overt and obscure-occult bleeding[5,6]. One of  
the difficulties while reading the CE is to determine 
what has to be considered a positive finding with clinical 
significance, and a consensus still has to be reached[3]. 
In general, nonspecific mucosal changes (red spots in  
Figure 3, white spots, etc) are not considered positive 

findings; while angioectasias, tumors (Figure 4), masses 
or mucosal breaks should be included as positive 
findings.

This wide range of  diagnostic yield can be related to 
several reasons, and one that has been suggested is the 
performance of  CE within 15 days which can improve 
it (91% vs 34%, P < 0.001)[4]. Despite this improvement, 
some bleedings are still from an unknown origin. 
It has been suggested that a repeated CE can come 
across new findings in about 75% of  cases, leading to 
changes in patient management in 62.5%[7] of  cases. 
One of  the main reasons to repeat a CE is the limited 
visualization that happens in about 44% of  cases[7]. 
Recurrent bleeding is another reason for repeating CE. 
It can be helpful if  the lesion responsible for bleeding is 
present intermittently or there was no bleeding source 
recognized in the first CE[7].

However, not only is it important to have a high 
diagnostic yield, but also to know if  patient outcomes 
are improved after performing a CE. Carey et al 
considered measures of  patient outcome the number 
of  hospitalizations, units of  blood transfused and the 
number of  tests or procedures related to GI bleeding. 
Considering these measures, patient outcome appeared 
to improve after CE[3].

Lai et al[8] reported, in 2006, the results of  a long-
term follow-up of  patients with obscure gastrointestinal 
bleeding. In 63.3% of  cases, CE was able to determine 
the bleeding source and 32.7% of  patients presented 
re-bleeding within the follow-up (median follow-up 
period: 19 mo)[8]. Patients with angiodysplasia were 
more susceptible to re-bleed (58.3% of  cases were 
due to this condition), followed by patients with active 

Figure 1  Hand holding a small bowel PillCam.
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Figure 2  Lesions in the small bowel suspicious of being responsible for 
bleeding that can be found on CE: Angioectasia (A); Active bleeding (B); Ileal 
ulceration (C); Polypoid lesion (D).
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Figure 4  Ulcerated polyp.
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Figure 3  Red spot, with 
no relevant clinical signifi-
cance.
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bleeding during the CE procedure with no identified 
bleeding source (53.8%)[8]. They found that the 
probability of  re-bleeding was significantly higher in 
patients with positive CE than in those with negative 
CE (P = 0.003)[8].

Repeat upper endoscopy and colonoscopy
Between 35% to 75% of  patients can be under-
diagnosed at the initial endoscopic study[2]. Missed 
lesions occur due to their size, location, presence of  clots 
or the absence of  active bleeding while the endoscopy 
is being performed. Other possible causes are anemia, 
volume contraction, the effect of  sedatives, as they can 
result in paleness of  vascular lesions, and the timing 
of  the endoscopy, as it is more probably to identify the 
bleeding source if  the endoscopy is performed within  
48 hours of  the acute event[2].

It has been recommended to repeat upper and lower 
endoscopy (“second-look endoscopy”)[2], nevertheless, 
about 5% to 10% of  patients will remain undiagnosed.

Push enteroscopy
Enteroscopy consists of  a peroral insertion into the 
jejunum of  a long endoscope, using either a pediatric 
colonoscope or an enteroscope, and with or without the 
use of  an overtube in order to avoid gastric looping[2]. 
This technique allows the examination of  15 to 160 cm  
beyond the ligament of  Treitz[5] and it is generally 
considered the next diagnostic step after upper and 
lower negative endoscopic studies.

In 38%-75% of  cases, the lesion causing OGIB can 
be identified with this technique[2,5]. However, in 28% 
to 75% of  cases, it is reachable with a gastroscope[5]. 
Common findings are angiodysplasias (20%-46%), 
peptic ulcer disease, benign and malignant jejunal 
tumors, diverticulum, esophagitis and varices[2]. A meta-
analysis has been published showing that the yield of  
CE for all findings is 63% vs 28% for Push Enteroscopy, 
with an incremental yield of  35%, P < 0.00001[9]. Yield 
of  clinically significant findings is 56% for CE vs 26% 
for Push Enteroscopy[9].

Small bowel series and enteroclysis
Before the development of  CE, a radiologic study of  
the small bowel was mandatory for the study of  OGIB. 
The diagnostic yield is about 6%[2,5], and the most 
common missing lesions include angioectasia, ulcers 
and erosions[5]. The diagnostic yield can be improved 
(diagnostic yield of  10%-20%)[5] by performing 
enteroclysis. This technique consists in the introduction 
of  a catheter into the small intestine followed by the 
injection of  barium and methylcellulose. The barium 
coats the intestine and the methylcellulose distends the 
lumen to give a double contrast exam that allows for 
fluoroscopic visualization of  the entire small bowel. 
The sensitivity of  enteroclysis for small bowel tumors is 
higher than small bowel series[5].

A recent meta-analysis has shown that the diagnostic 
yield for all findings for CE is 67%, compared with 
an 8% for small bowel series. Diagnostic yield for 

significant findings is 42% for CE vs 6% for small bowel 
radiography[9].

Bleeding scanning with technetium-99-labeled RBC and 
angiography
This test can be useful if  active bleeding is present as 
it may detect the source of  hemorrhage if  the bleeding 
rate ranges from 0.1 to 0.4 mL/min. Angiography 
can also be performed for diagnosis, as it is able 
to detect bleeding rates over 0.5 mL/min[2]. If  the 
bleeding scanning is positive, an angiography should 
be performed to detect bleeding lesions and treat them 
if  possible[2]. The diagnostic yield of  these techniques 
varies from 44% to 68%[2].

Computed tomographic angiography (CTA)
Angiographic images can be obtained, not only by routine 
angiographic techniques, but also by CT scan. CTA is 
noninvasive and potentially useful for the diagnosis of  GI 
bleeding, as it avoids the risks of  standard angiography[10]. 
The CTA is able to identify the bleeding source in 24% 
of  patients[10]. As has been recently published, CE is able 
to identify the bleeding source in a higher proportion of  
patients than CTA (72% vs 24%)[10].

Intraoperative enteroscopy (IE)
IE is the final diagnostic procedure for OGIB. It 
consists of  performing an enteroscopy with the help 
of  the surgeon, who helps by pushing the bowel over 
the enteroscope as the endoscopist examines it. The 
insertion can be done transoral or directly through a 
small enterotomy, but the last is more likely to achieve a 
complete examination of  the small bowel. One of  the 
drawbacks of  this technique is that the manipulation of  
the bowel can create artifacts, which can be considered 
as bleeding sources although they are really not[2]. The 
direct effect of  this handicap is that the examination of  
the mucosa has to be done while the intubation and not 
while the withdrawal of  the endoscope. IE can achieve 
a diagnostic yield of  a 70 to 93 which is comparable to 
CE[9].

Double balloon enteroscopy (DBE)
DBE is a novel endoscopic technique that allows 
for visualization of  the entire small bowel, tissue 
sampling and therapeutic interventions. It consists of  
an enteroscope with 2 latex balloons, one attached to 
the endoscope and the other attached to an overtube. 
The procedure is performed by inflating and deflating 
the balloons, allowing the deep intubation through 
the small bowel. The route of  insertion (perorally or 
transanally) selected depends on the patients’ symptoms 
(hematochezia, melena etc).

A potential bleeding cause can be found in 75.7% of  
patients[11] and approximately a quarter of  patients might 
need both anterograde and retrograde approaches[11]. 
DBE can change patient management in about 83.5% 
of  cases, with an average therapeutic endoscopic 
intervention of  15.7%[11]. Hadithi et al[12] have published 
that CE is able to detect the presence of  a possible 
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bleeding source in a higher proportion of  patients than 
DBE (80% vs 60%).

CONCLUSION
As explained before, there are some diagnostic 
techniques that can be used for the study of  OGIB. With 
so many different tools, it is important to establish which 
should be performed first, not only taking into account 
the diagnostic yield but also the cost effectiveness of  
each one. Finally the suggested algorithm for OGIB by 
the International Consensus on Capsule Endoscopy is 
shown in Figure 5.
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Abstract
Wireless capsule endoscopy has become the first 
imaging tool for small bowel examination. Recently, 
new capsule endoscopy applications have been 
developed, such as esophageal capsule endoscopy 
and colon capsule endoscopy. Clinical trials results 
have shown that colon capsule endoscopy is feasible, 
accurate and safe in patients suffering from colonic 
diseases. It could be a good alternative in patients 
refusing conventional colonoscopy or when it is 
contraindicated. Upcoming studies are needed to 
demonstrate its utility for colon cancer screening and 
other indications such us ulcerative colitis. Comparative 
studies including both conventional and virtual 
colonoscopy are also required.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is the second most frequent 
cause of  cancer-related death in western countries -skin 
tumors excluded-, after lung cancer in men and breast 
cancer in women. One out of  three patients suffering 
from CRC will not survive[1]. Nevertheless, it can be 
considered as a preventable and curable condition. 
Firstly a preventable condition because in most cases, 
it develops from colonic adenomas. In fact, colonic 
adenomas are found in 11% to 40% of  average risk 
population[2-4]. And secondly, a curable condition, 
because the 5-year survival rate in early stages can reach 
90%[1]. For these reasons, conventional colonoscopy 
is suggested to be the optimal technique to be used 
for CRC screening programs in high-risk population, 
allowing a 90% decrease in CRC incidence[5]. However, 
it has to be considered that no more than 25% of  
compliance has been achieved in screening programs[5]. 
This low compliance can be explained by the drawbacks 
of  conventional colonoscopy, such as being painful, 
patient’s embarrassment or the need of  sedation. 
Non-invasive techniques for colonoscopy, such as CT 
colonography[6-8] and Colon Capsule Endoscopy[9-11] are 
currently being evaluated as alternatives to conventional 
colonoscopy in order to improve the compliance to 
screening programs.

PILLCAM™ COLON CAPSULE
A large number of  clinical trials have been performed 
testing different capsule designs in healthy volunteers. 
Finally, Given Imaging Ltd. has developed the final 
prototype for colon examination, which is called  
PillCam™ Colon. The PillCam™ Colon capsule has 
some differences from those used to study the small 
bowel and the esophagus. It measures 31 mm in length 
(4 mm longer than the PillCam™ ESO and SB) and  
11 mm in diameter (the same as PillCam™ ESO and SB).

Figure 1 shows some morphologic differences 
between the three capsules commercially available. 
The PillCam™ Colon capsule has also some technical 
improvements, such as being equipped with cameras 
on both ends taking 4 images per second (2 images per 
camera). Each camera contains an automatic lighting 
control and has improved optics, which capture more 
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than twice the coverage area and depth of  field of  
PillCam™ SB resulting in a superior observation 
field. Other specific features are the presence of  a 
longer battery (lasts 9-10 h on average), which can also 
“hibernate” minutes to hours after ingestion in order to 
conserve power before the capsule enters into the colon.

The accessory devices (sensor arrays and Data 
Recorder) are similar to those ones used by the PillCam™  
ESO and SB. The RAPID® software used for images 
visualization during first clinical trials is a scientific 
version very similar to RAPID® 4, which includes (Ⅰ) 
a larger image display (round-rectangular shape), (Ⅱ) 
a complementary capsule localization system and an 
(Ⅲ) image enhancement (IE) features (Figure 2). The 
localization display is similar to the one already in use for 
the small bowel, but it also includes a schematic diagram 
of  the colon that helps the physician to identify the 
location of  findings, i.e., right, transverse and left colon 
segments once the main anatomic landmarks (first cecal 
image, the hepatic flexure, the splenic flexure and the 
body exit) have been selected. Moreover, this software 
allows the physician to enhance the appearance of  the 
image by changing their color, brightness and sharpness.

RAPID® Access RT by Given Imaging allows real time 
visualization of  capsule images. This is extremely useful 
in certain circumstances as the physician can intervene to 
optimize the procedure by changing patient position or 
administering medications such as laxatives depending on 
the images obtained in real time. In the PillCam™ Colon 
procedure, the importance of  the real time viewer is that -as 
we will see later in more detail- 2 h post PillCam™ Colon 
Capsule ingestion, the patient has to drink a small amount 
of  Sodium Phosphate. It is well known that Sodium 
Phosphate can delay gastric emptying time; therefore before 
giving it to the patient, it is recommended to check if  the 
capsule has left the stomach, which can be easily done with 
the real time viewer.

PROCEDURE AND CLEANLINESS
The procedure of  bowel cleansing until capsule ingestion 
is similar to that used for traditional colonoscopy. It 
usually begins one day before capsule ingestion, with 
the administration of  laxatives to the patient. Patients 
are usually asked to maintain a low fiber diet 2 d before 
capsule ingestion. After the capsule has been ingested 
additional laxative and prokinetic agents are provided 
to the patient in order to (Ⅰ) maintain the cleanliness 
of  the colon throughout the transit of  the capsule and 
(Ⅱ) enhance capsule propulsion and excretion within 9- 
10 h post ingestion. The laxative and prokinetic agents 
are commercially available, and are provided within their 
permitted dose. Detailed information of  the prep and 
procedure regimen used in recent trials[9-11] is shown in 
Table 1.

First results using the same prep as conventional 
colonoscopy showed low capsule excretion rates (about 

Figure 1  PillCam™ SB, ESO and Colon.

Figure 2  New Software for Colon Capsule reading: RAPID® 5 Scientific Edition.

Table 1  Procedure protocols

Eliakim[10] Schoofs[9] Lewis[11]

Day-2 Low fiber diet (-) (-)
Day-1 19:00-20:00 PEG 2 L 18:00-21:00 PEG 3 L 18:00-21:00 PEG 3 L
Day 01 07:00-08:00

 PEG 1 L
+

08:15
 Tegaserod 6 mg

+
08:30

Capsule ingestion
+

10:30
 NaP 30 mL2

+
13:00

Tegaserod 6 mg
+

14:00
 NaP 15 mL

+
16:30

Bisacodyl 
suppository 10 mg

06:00-07:00 
PEG 1 L

+
07:45 

Motilium 20 mg
+

08:00 
Capsule ingestion

+
10:00 

NaP 45 mL2

+
14:00 

NaP 30 mL
+

16:30 
Bisacodyl 

Suppository 10 mg

07:00-08:00 
PEG 1 L

+
08:15 

Tegaserod 6 mg
+

08:30 
Capsule ingestion

+
10:30 

NaP 30 mL2

+
13:00 

Tegaserod 6 mg
+

14:00 
NaP 15 mL

+
16:30 

Bisacodyl 
suppository 10 mg

1If the capsule was excreted, the regimen was discontinued; 2Only if the 
capsule has exit the stomach.
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20%) which meant low rates of  complete colonoscopies. 
Changes in prep regimens were then introduced (see 
Table 1) and higher excretion rates were reported by 
Eliakim et al[9], Schoofs et al[10] and Lewis et al[11] (78%, 
84% and 90%, respectively). Moreover, the colon 
cleansing level reported by Eliakim et al[9] and Schoofs 
et al[10] was good to excellent in 84.4% and 88% of  the 
patients, respectively. Recently, an undergoing European 
multicenter study published in abstract form[12] has 
reported a capsule excretion rate of  93% and good to 
excellent colon cleansing level in 71% of  the patients. 
All these results are consistent with those obtained 
by conventional colonoscopy. As the goal of  colon 
capsule endoscopy is to improve patient compliance 
to CRC screening, other simplified ingestion regimens 
including Moviprep® as the main laxative product or 
capsule procedures during the night are currently under 
evaluation.

LESIONS DETECTION
The long term primary objective of  the PillCam™ Colon 
capsule is the average risk population undergoing CRC 
screening. In order to evaluate the accuracy of  the new 
capsule device, it is being tested in those patients with 
known or suspected lesions (i.e. polyps or tumors). At 
the moment, encouraging results has been reported. Two 
European feasibility studies[9,10] including a total of  132 
patients and one American study[11] published in abstract 
form including 25 patients, have recently evaluated 
the role of  the PillCam™ Colon capsule in detecting 
colonic lesions. In all of  these studies, conventional 
colonoscopy was considered the gold standard and the 
American[11] study included also the virtual colonoscopy 
as an additional comparative procedure. Preliminary 
results from these studies are resumed in Table 2. The 
European studies showed a capsule sensitivity (S) for 
polyps of  any size of  69% and 76%, specificity (E) of  
81% and 64%, positive predictive value (PPV) of  74% 
and 83% and negative predictive value (NPV) of  78% 
and 54%, respectively. Those polyps greater than 6 mm 
or 3 polyps of  3 mm were considered significant lesions. 
The accuracy of  the colon capsule for significant lesions 
was very similar as well as for inflammatory lesions 
(i.e. diverticula, ulcerative colitis, etc). These results are 
consistent with those obtained in the American study 

which also showed that conventional colonoscopy was 
more accurate than colon capsule endoscopy and virtual 
colonoscopy (81%, 63% and 54%, respectively). In the 
European multicenter study[12], S, E, PPV and NPV 
for significant lesions were 66%, 82%, 72% and 77%, 
respectively; S, E, PPV and NPV for polyps > 6 mm 
were 64%, 84%, 60% and 86%, respectively and S, E, 
PPV and NPV for polyps > 10 mm were 60%, 98%, 
83% and 93%, respectively. These results are very similar 
to those obtained by previous studies. On the other 
hand, the Z line is clearly visualized in 60% of  cases 
by the capsule, even if  the capsule is ingested in the 
standing position[10]. It means that patients undergoing 
CRC screening by PillCam™ Colon capsule endoscopy 
could be also screened for Barrett´s esophagus. Figure 3  
shows some images from PillCam™ Colon capsule 
endoscopy.

SAFETY
The capsule colonoscopy seems to be a safe procedure. 
Capsule or laxatives-related complications during 
procedures has nor been reported by first feasibility 
studies[9-11]. On the other hand, 2 of  126 patients (1.6%) 
were unable to swallow the capsule in the study by 
Eliakim et al[9]. However, in these patients, the capsule 
can be easily introduced into the stomach or duodenum 
by means of  the capsule deliver system (US Endoscopy).

Table 2  Results of PillCam™ Colon trials

Yr n S E PPV NPV
Results for polyps (any size)
Eliakim[9] 2006 91 69% 81% 74% 78%
Schoofs[10] 2006 41 76% 64% 83% 54%
Results for significant polyps (> 6 mm or > 3 polyps > 3 mm)
Eliakim[9] 2006 91 63% 94% 67% 91%
Schoofs[10] 2006 41 60% 73% 46% 83%
Results for other lesions
Eliakim[9] 2006 91 78% 76% 47% 93%
Schoofs[10] 2006 41 76% 63% 82% 52%

S: Sensitivity; E: Specificity; PPV: Positive predictive value; NPV: Negative 
predictive value.
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Figure 3  Images captured by the Pillcam™ Colon and conventional 
colonoscopy. A and B: Pedunculated polyp in the sigmoid colon; C and 
D: Ulcerated tumor in the transverse colon; E and F: Flat adenoma in the 
ascending colon.
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COST-EFFECTIVENESS
As demonstrated by several studies, patients’ compliance 
for CRC screening is still much lower that for other 
common neoplastic diseases such as breast and prostate 
cancer. Therefore, alternative procedures such as colon 
capsule endoscopy or CT colonography, which may 
increase patients´ compliance, are welcome. In fact, 
colon capsule endoscopy is an attractive non-invasive 
method for CRC screening, especially for those patients 
who are non-compliant to current screening procedures. 
Whether colon capsule endoscopy will be cost-effective 
has not been widely evaluated. However, a recent paper 
by Hassan et al[13] based on a mathematical Markov 
model concludes that colon capsule endoscopy may 
be cost-effective compared with colonoscopy if  a 30% 
patients´ compliance increase is achieved. Moreover, as 
polyp detection by capsule endoscopy is expected to be 
more accurate in the future, it may be cost-effective even 
if  compliance rates achieved remains lower than 30%.

CONCLUSION
Based on current available studies, PillCam™ Colon 
capsule colonoscopy is a feasible, effective and safe 
procedure that allows the visualization of  the entire 
colon in most of  the cases. It may be complementary to 
conventional colonoscopy and could be an appropriate 
exam for those patients who have received incomplete 
colonoscopy, contraindicated or are unwilling to undergo 
conventional colonoscopy. Further studies are needed 
to confirm these results and the possibilities of  this new 
modality for endoscopic examination of  the colon and 
for CRC screening. As colon capsule endoscopy has 
still some limitations (cannot insufflate air, clean or take 
biopsies), future capsule prototypes seem to be necessary. 
Moreover, it is anticipated that future procedures with 
modified regimens that may be performed at home, 
possibly over the weekend, can offer a unique method 
and further enhance patient compliance.
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Abstract
Small bowel strictures can be missed by current 
diagnostic methods. The Patency capsule is a new 
non-endoscopic dissolvable capsule which has as an 
objective of checking the patency of digestive tract, in 
a non-invasive manner. The available clinical trials have 
demonstrated that the Patency© capsule is a good tool 
for assessment of the functional patency of the small 
bowel, and it allows identification of those patients 
who can safely undergo a capsule endoscopy, despite 
clinical and radiographic evidence of small-bowel 
obstruction. Some cases of intestinal occlusion have 
been reported with the Patency© capsule, four of them 
needed surgery. So, a new capsule with two timer 
plugs (Agile© capsule) has been recently developed 
in order to minimize the risk of occlusion. This new 
device stars its dissolution process earlier (30 h after 
ingestion) and its two timer plugs have been designed 
to begin the disintegration even when the device is 
blocked in a tight stricture.
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INTRODUCTION AND DEVICE 
DESCRIPTION
Since Iddan et al[1] reported the new wireless endoscopy 
system the capsule endoscopy (CE) has become 
one of  the most significant technical innovations 
of  Gastroenterology in recent years. Regarding the 
complications of  the techniques, some incidental cases 
of  impaction in a Meckel´s diverticulum[2], a Zenker´s  
diverticulum[3], or in the cricopharyngeal muscle[4], as 
well as aspiration of  the capsule[5-7], solved without 
complications, have been reported. However, the most 
frequent side effect is undoubtedly the non-natural 
excretion (NNE) of  the capsule due to a stricture or 
a tumor in the small bowel. The retrospective analysis 
of  some series indicates that the incidence of  NNE 
depends on the indication for the capsule exam: 0% 
in healthy controls[8], 1.4% in obscure gastrointestinal 
bleeding[9-13], 1.48% in suspected Crohn´s disease[14-17], 
5%-13% in known Crohn´s disease[17-19] and 21% in 
suspected small bowel obstruction[20].

In the vast majority of  cases, capsule retention, 
regardless of  its cause, is asymptomatic, being evidenced 
by the absence of  excretion and confirmed by means of  
radiology. On the other hand, capsule retention frequently 
allows for the identification of  the bowel pathology which 
caused the symptoms in the patient and which could not 
have been diagnosed by means of  standard methods, 
furthermore facilitating the location of  the stricture or 
the tumor for the surgeon after “milking” the capsule 
through the bowel. For these reasons, many authors have 
described NNE as a “therapeutic complication” of  the 
CE[21-23]. However, although this consideration is valid 
for patients with tumors or those with stricture due to 
NSAIDs, radiotherapy or previous abdominal surgery, it 
may not be valid in patients with stenoses secondary to 
Crohn’s disease. Unlike the previously mentioned groups, 
in patients with Crohn’s disease, surgery is not curative 
and may present more complications, thus in this case, 
NNE of  the capsule can become more an “undesirable 
circumstance” than a “therapeutic complication”. The 
same can be said of  those patients showing high surgical 
risk or who would not be willing to undergo surgery in 
the event that NNE occurs.

Current imaging techniques can show long or 
medium stenoses, with great reduction of  the lumen 
size; however, short stenoses usually cannot be detected 
by standard methods. This fact explains that in most 
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of  the reported cases of  non-natural excretion (NNE) 
of  the capsule, the previous performance of  the usual 
radiological studies was not capable of  diagnosing 
the intestinal strictures which the capsule clearly 
showed[9,11-13,19-21]. It is, therefore, proven that the lack of  
findings in radiological techniques does not rule out the 
existence of  a bowel stenosis.

The manufacturing company of  the PillCamSB has 
recently developed a new system (Given® M2A Patency 
System) which has as an objective of  checking the 
patency of  digestive tract, in a non-invasive manner. The 
Patency Capsule (PC) consists of  a small identification 
tag (RFID), detectable by radiofrequency, which is 
surrounded by an absorbable material with a small 
amount of  barium, all this covered by an external cover 
(Figure 1). PC has the same dimensions (11.4 mm ×  
26.4 mm) and the same shape as the standard capsule. 
PC is designed to remain intact in the gastrointestinal 
tract for about 80 h. After this period, if  still within 
the body, it spontaneously disintegrates, except for 
the identification tag, whose small size (3 mm ×  
13 mm) allows it to pass through a stenosis of  a very 
reduced lumen size. The persistence of  the PC inside 
the organism can be verified by means of  radiology, or 
with a radiofrequency emitting external detector device 
locating the identification tag. 

CLINICAL TRIALS WITH PATENCY 
CAPSULE
Clinical experience with PC is still limited. A prospective, 

multi-center trial was designed to assess the clinical 
usefulness and safety of  the PC capsule in patients 
with intestinal strictures suspected from clinical and/or 
radiological data. The global data of  this trial have not 
been published, but the results of  four of  these centers 
have been reported (Table 1)[24-27]. In the series reported 
by Spada et al[24], 30 out of  34 (88.2%) patients with 
known or suspected small bowel stricture retrieved 
the capsule in the stool. After the excretion, the PC 
was intact in 20 cases (median transit time 22 h), and 
disintegrated in 10 patients (median transit time 53 h).  
Ten patients underwent video capsule endoscopy 
following the patency capsule examination. In all of  
these the video capsule passed through the small-bowel 
stricture without complication. The rate of  patients 
with the PC excreted intact was similar in the seria of  
Boivin et al[25] (16/22, 73%), Delvaux et al[26] (16/22, 
73%), Signorelli et al[27] (26/32, 81%). In our center, 
the percentage of  cases with PC excreted intact was 
significant lower (13/29, 45%), probably because of  
patient selection[28]. In all the seria, the patency system 
scanner showed a good agreement (94%-100%) with 
fluoroscopy findings in identifying the presence of  the 
tag in the body and may be used to detect the presence 
of  the patency capsule without the need for radiology.

All these authors conclude that PC was unable 
to detect the presence of  a small bowel stricture as 
previously defined by radiological techniques, but it added 
crucial information on the functional patency of  the 
stenoses, and this information could allow a distinction 
between rigid fibrotic strictures and flexible ones. Boivin 
et al[25] found that passage of  an intact capsule that is 

Table 1  Summary of the main seria on Patency Capsule (%)

Author Inclusion criteria n Diagnosis known or suspected before 
Pillcam

Capsule integrity 
at egestion

Pts with uneventful 
PillCam after PC 
excreted intact

Spada et al[24] 2005 Suspected or confirmed small 
bowel stricture based on 
radiological exams

34 Crohn's disease: 30/34 (88.23)
Adhesional syndrome: 3/34 (8.82)
Ischemic enteritis: 1/34 (2.94)

30/34 (88.23) 10/10 (100)

Boivin et al[25] 2005 Obstructive small bowel 
symptoms, and/or 
radiographic evidence of 
structuring small bowel disease

22 Crohn's disease: 15/22 (68.18)
Adhesional syndrome: 4/22 (18.18)
Others: 3/22 (13.64)

16/22 (72.73) 13/13 (100)

Delvaux et al[26] 2005 Suspected or confirmed small 
bowel stricture based on 
either clinical background or 
radiological exams

22 Crohn's disease: 12/22 (54.54)
NSAIDs stricture: 3/22 (13.64)
Tumors: 3/22 (13.64)
Others: 4/22 (18.18)

16/22 (72.73)     5/5 (100)

Signorelli et al[27] 2006 Risk of capsule retention 
because of clinical background 
or radiological exams

32 Crohn's disease: 18/32 (56.25)
Intestinal surgery: 7/32 (21.87)
Others: 7/32 (21.87)

26/32 (81.25) 25/25 (100)

Caunedo et al[28] 2003 Suspected or confirmed small 
bowel stricture based on 
radiological exams

29 Crohn's disease: 15/29 (51.72)
Adhesional syndrome: 6/29 (20.69)
Tumors: 3/29 (10.34)
Others: 5/29 (17.24)

13/29 (44.83) 12/12 (100)

Spada et al[31] 2007 Radiologic findings suggesting 
small bowel stricture without 
clinical evidence of obstruction

27 Crohn's disease: 24/27 (88.89)
Adhesional syndrome: 2/27 (7.41)
Ischemic enteritis: 1/27 (3.70)

15/27 (55.55) 15/15 (100)

Total     166 Crohn's disease: 114/166 (68.67)
Adhesional syndrome: 15/166 (9.04)
Tumors: 6/166 (3.61)
Intestinal surgery: 7/166 (4.22)
Others: 24/166 (14.46)

  116/166 (69.88) 80/80 (100)
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accompanied by severe pain, similar to disintegration of  
the capsule with or without pain, seems indicative of  a 
clinically relevant small-bowel stricture and is associated 
with a high probability of  surgery. This observation seems 
to be confirmed by a recent retrospective analysis of  42 
patients who underwent PC with known or suspected 
small bowel stricture[29]. In this study, the rate of  patients 
who need to be operated in a period of  three months was 
significantly higher in those with a delayed excretion, with 
the capsule excreted deformed, or with pain during the 
procedure. Moreover, in patients where painless natural 
expulsion of  the intact PC occurred, CE could be applied 
without problems despite radiographic evidence of  small-
bowel strictures. This is an important finding since it 
might open the path to CE for about 60% of  patients 
where video capsule investigation would otherwise be 
denied on grounds of  history and radiological findings. 

Abdominal pain during the procedure seems to be the 
main complication of  PC (Table 2), observed in almost 
20% of  the cases reported to date. Probably, this pain 
is secondary to symptomatic intestinal occlusion, and it 
resolves spontaneously when the disintegration process 
concludes. However, at least four cases of  occlusion did 
not respond adequately to conservative treatment and 

needed surgery. According to Gay et al[30], the problem 
could be that when the PC entrapped in a very tight 
stenosis it might not have been in contact with fluids and, 
therefore, only started to dissolve 48 h later, after moving 
back to the enlarged intestinal loop where it encountered 
fluids. Another possible factor is proposed by Gay et al[30]; 
PC is mainly made of  lactose and the presence of  lactase, 
an enzyme produced by intestinal mucosal cells, may be 
of  importance in initiating the dissolution process. As 
lactase is mainly produced in the jejunum, one may also 
assume the enzyme is massively destroyed before the 
intestinal content reaches the ileum and that in the cases 
of  occlusion, the enzyme could not have interacted with 
the capsule material. These authors[26,31] conclude that the 
start of  dissolution at 40 h after ingestion is too slow to 
prevent episodes of  intestinal occlusion, and so, it should 
be used cautiously under clinical surveillance in patients 
with Crohn´s disease.

THE AGILE© PATENCY CAPSULE
In order to reduce the risk of  obstruction, a new 
dissolvable capsule with two timer plugs, one at each 
end, has been recently developed (Figure 2). With these 

Table 2  Complications reported in the main seria on Patency Capsule (%)

Author Pts with abdominal pain during 
procedure

Severity of adverse event (abdominal 
pain)

Action taken

Spada et al[24] 2005   6/34 (17.64) Mild: 5/34 (14.71)
Moderate: 0/34 (0)
Severe: 1/34 (2.94)

Nothing: 5/34 (14.71)
Medical therapy: 1/34 (2.94)
Surgery: 0/34 (0)

Boivin et al[25] 2005   6/22 (27.27) Mild: 1/22 (4.54)
Moderate: 1/22 (4.54)
Severe: 4/22 (18.18)

Nothing or medical therapy: 5/22 (22.73)
Surgery: 1/22 (4.54)

Delvaux et al[26] 2005   3/22 (13.64) Mild: 1/22 (4.54)
Moderate: 0/22 (0)
Severe: 2/22 (9.09)

Nothing: 1/22 (4.54)
Medical therapy: 0/22 (0)
Surgery: 2/22 (9.09)

Signorelli et al[27] 2006 2/32 (6.25) Mild: 2/32 (1.44)
Moderate: 0/32 (0)
Severe: 0/32 (0)

Nothing: 2/32 (1.44)
Medical therapy: 0/32 (0)
Surgery: 0/32 (0)

Caunedo et al[28] 2003 10/29 (34.48) Mild: 4/29 (13.79)
Moderate: 4/29 (13.79)
Severe: 2/29 (6.90)

Nothing: 3/29 (10.35)
Medical therapy: 7/29 (24.14)
Surgery: 0/29 (0)

Spada et al[31] 2007   6/27 (22.22) Mild: 5/27 (18.52)
Moderate: 0/27 (0)
Severe: 1/27 (3.70)

Nothing or medical therapy: 5/27 (18.52)
Surgery: 1/27 (3.70)

Total                   33/166 (19.88) Mild: 18/166 (10.84)
Moderate: 5/166 (3.01)
Severe: 10/166 (6.02)

Nothing or medical therapy: 29/166 (17.47)
Surgery: 4/166 (2.41)

Timer plug

Uncoated area 
for fluid erosion

Uncoated area 
for fluid erosion

Dissolvable body
RFID tag

Figure 2  Schematic drawing of AGILE® patency Capsule.
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Figure 1  Schematic drawing of M2A® patency Capsule. 
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two timer plugs, the dissolution process starts earlier 
(30 h), and the contact with intestinal fluids is ensured 
even if  the device is blocked in a tight stricture[32]. The 
new capsule, named Agile© Patency Capsule, has been 
evaluated in a multicenter clinical trial[33] designed to 
assess its safety in patients with known strictures and 
its ability to help physicians identify which patients may 
safely undergo CE. In this study, the intestinal tract 
was considered to be sufficiently patent if  the capsule 
was excreted intact, or if  the capsule was not detected 
by the scanner at 30 h after ingestion. If  patency was 
established, then the patient underwent CE. Fifty-nine 
out (56%) of  the 106 included patients excreted the 
Agile© capsule intact and subsequently underwent CE. 
There were no cases of  retention of  the video capsule 
and no Agile© capsules were found to have dissolved 
before 30 h after ingestion. Significant findings on CE 
were found in 24 patients (41%). A total of  17 (17/106) 
subjects had an adverse event, of  these, 11 (11/106) 
consisted of  abdominal pain. The pain resolved with 
conservative management within 48 h in all except for a 
patient with Crohn´s disease who need surgery (1/106). 
This patient developed obstruction after ingestion 
of  the AGILE capsule and underwent surgery with 
resection of  the terminal ileum and proximal colon, 
no remnants of  the capsule were found at surgery. The 
physicians involved felt that the capsule did not lead to 
the obstruction. All of  the other adverse events resolved 
within 48 h with conservative management.  

In summary, the AGILE Patency capsule seems to 
be a useful, non-invasive tool to identify which patients 
with suspected strictures could safely ingest the standard 
video capsule. It has been designed to minimize the risk 
of  intestinal occlusion. 
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Abstract
AIM: To investigate the potential role of Active 
Chinese mistletoe lectin-55 (ACML-55) in tumor 
immune surveillance. 
METHODS: In this study, an experimental model was 
established by hypodermic inoculating the colon cancer 
cell line CT26 (5 × 105 cells) into BALB/c mice. The 
experimental treatment was orally administered with 
ACML-55 or PBS, followed by the inoculation of colon 
cancer cell line CT26. Intracellular cytokine staining 
was used to detect IFN-γ production by tumor antigen 
specific CD8+ T cells. FACS analysis was employed to 
profile composition and activation of CD4+, CD8+, γδ 
T and NK cells.
RESULTS: Our results showed, compared to PBS 
treated mice, ACML-55 treatment significantly delayed 
colon cancer development in colon cancer -bearing 

Balb/c mice in vivo . Treatment with ACML-55 enhanced 
both Ag specific activation and proliferation of CD4+ 
and CD8+ T cells, and increased the number of tumor 
Ag specific CD8+ T cells. It was more important to 
increase the frequency of tumor Ag specific IFN-γ 
producing-CD8+ T cells. Interestingly, ACML-55 
treatment also showed increased cell number of 
NK, and γδT cells, indicating the role of ACML-55 in 
activation of innate lymphocytes. 
CONCLUSION: Our results demonstrate that ACML-55 
therapy can enhance function in immune surveillance 
in colon cancer-bearing mice through regulating both 
innate and adaptive immune responses.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Mistletoe (Viscum album) is a semiparasitic plant with 
many unusual properties. It was used as a kind of  
herbal remedy in the ancient Chinese Pharmacopoeia 
and has been used in traditional Chinese medicine for 
diseases, such as gonorrhea, syphilis, hypertension 
and rheumatism for thousands of  years. The aqueous 
extract of  European Mistletoe (EM) has been used in 
conventional cancer therapy for decades[1]. Therapeutic 
efficacy is mostly attributed to the mistletoe lectins 
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(ML) ML-Ⅰ, ML-Ⅱ, ML-Ⅲ, that belong to the “toxic 
lectin family” and represent ribosome deactivating 
proteins class Ⅱ. They consist of  one N-glycosidase 
(A chain) and one galactoside binding lectin (B 
chain) linked by a disulfide bridge. The lectins ML-
Ⅰ and ML-Ⅲ preferentially bind to galactoside or 
N-acetylgalactosamine groups while ML-Ⅱ can bind to 
both carbohydrates[2].

EM has recently been found to act through several 
distinct bioactivities as a potent immune modulator. 
First, EM exerts its broad immunostimulatory activity 
by activating different types of  cells[3-5] in vivo and 
in vitro. Incubation of  lymphocytes with EM could 
result in anti-tumoral cytotoxic T lymphocytes bearing 
phosphorylated mistletoe ligands[6,7]. Second, EM 
favors bridging of  natural killer tumor cell conjugates, 
enhancing its efficiency of  killing[8-10]. Third, it has 
been found that EM could activate immune responses 
by modulating the complex network of  cytokines that 
regulate leukocyte functions. EM caused increased 
secretion of  tumor necrosis factor (TNF)-α, interleukin 
(IL)-1, and IL-6 from isolated human mononuclear 
cells in vitro[11,12]. Finally, EM has also been described 
as an inducer of  cell apoptosis. In the presence of  
EM, human mononuclear cells and many cell lines 
underwent apoptosis[1,13].

While the EM has been studied intensively, less is 
known about the Chinese mistletoe as an anti-cancer 
drug. In our prior study, a mistletoe lectin was purified 
from Chinese mistletoe and the effect of  the active 
Chinese mistletoe mectin-55 (ACML-55) on human γδ 
T cell cytotoxicity, apoptosis and modulation of  the 
cytokine network was reported[14,15]. Although these 
investigations suggest that ACML-55 may modulate 
the immune response against tumor development, the 
precise mechanism by which ACML-55 regulates the 
immune function has not been studied systematically. 
In this study, we demonstrate that ACML-55 enhances 
tumor immune surveillance against colon cancer 
formation by regulating both innate and adaptive 
immune responses. Our results suggest that ACML-55 
may be a useful complementary therapy for treating 
colon cancer.

MATERIALS AND METHODS
Mice
BALB/c mice were purchased f rom Shangha i 
Experimental Animal Center, Chinese Academy 
of  Science and were used at 6-8 wk of  age in all 
experiments. All mice were maintained under specific 
pathogen-free conditions at Shanghai Jiao Tong 
University School of  Medicine.

Administration of ACML-55
ACML-55 was dissolved in PBS at final concentration 
of  2 g/L. Mice were treated with ACML-55 or PBS 
orally (200 μL/mouse) once a day for 2 wk. Oral 
administration was achieved by gavage to ensure all mice 

received the entire dose.
Reagents
Recombinant murine IL-2 was purchased from 
R&D Systems (Minneapolis, MN, USA). Anti-mouse 
antibodies (CD3, NK1.1, CD4, CD8, CD62L, CD44, 
anti-αβ, anti-γδ and IFN-γ) used for phenotypic and 
cytokine analysis were purchased from BD Biosciences 
(San Jose, CA, USA). 

Preparation of mistletoe lectins
Mist letoe lect ins were isolated from extract of  
Ch ine se m i s t l e toe , a subspec i e s o f  V. a l bum 
according to previously described methods[14] with 
our own modifications. Briefly, the air-dried mistletoe  
(3 kg), collected from Sichuan province, China, was 
crushed and purified twice with 20 L methanol/water 
(1:1, V/V). The homogenate was filtered through a 
nylon cloth. After filtration, with its volume reduced 
to 2 l i ters, the aqueous phase was success ively 
partitioned with cyclohexane, dichloromethane and 
ethyl acetate. Ethanol was added to the concentrated 
aqueous phase to a f inal concentrat ion of  85% 
(V/V). A precipitate was obtained and separated 
from the supernatant by centrifugation (8000 g ,  
20 min). The supernatant was concentrated and ethanol 
was added to 85% (V/V). After centrifugation, the 
precipitate was collected and combined with the former 
precipitate. The final yield of  ML extract was 100 g 
from 3 kg mistletoe. All the precipitate was dissolved in 
100 mL phosphate buffer (10 mmol/L, pH 6.5) and the 
stock solution of  mistletoe extract was stored at -80℃.

Purification of mistletoe lectins
To obtain the pure Chinese mistletoe protein, extract 
was fur ther pur if ied by CM-Sepharose column 
chromatography[14]. The aqueous layer (1 mL) was 
applied to a column of  CM-Sepharose (1.5 cm × 20 cm) 
equilibrated with 10 mmol/L phosphate buffer (pH 
6.5). After washing with 10 mmol/L phosphate buffer 
(pH 6.5) and 100 mmol/L NaCl in the same buffer at 
a rate of  0.5 mL/min, a peak eluted with 500 mmol/L 
NaCl in the same buffer was dialyzed with PBS (pH 
7.4). The fractions containing hemagglutinating protein 
were collected and then applied to a column of  Con A 
column (1.5 cm × 20 cm) equilibrated with 10 mmol/L 
PBS (pH 7.4). The column was washed with PBS (pH 7.4) 
and eluted with 300 mmol/L glucose in the same buffer. 
Fractions were subject to sodium dodecyl sulphate 
(SDS)-electrophoresis and fractions containing 55 kDa 
protein were pooled, dialyzed against water and freeze-
dried.

SDS-polyacrylamide gel electrophoresis (PAGE)
T he mo lecu l a r mas s and pur i t y o f  ACML-55 
was determined by SDS-PAGE. Twelve percent 
polyacrylamide gel was used as resolving gel and 5% was 
used as stacking gel. To further denature the proteins 
by reducing disulfide linkages, the samples were heated 
at 100ºC for 3 min in the presence of  a reducing agent, 



then electrophoresed using electrophoresis system at 
200 V for 75 min and lastly the gel was stained with 
Coomassie brilliant R-250 to show bands.

Tumor models
Colon cancer cell line CT26 and OVA-expressing EG7 
cell line were purchased from ATCC (Manassas, VA, 
USA). For tumor induction, colon cancer cell line CT26 
cells (5 × 105 cells/mouse) were injected subcutaneously, 
and tumor growth was monitored and recorded daily 
for over 3 wk as described in our previous studies[15]. 
For some experiments, EG7 tumor cells were also 
administered intraperitoneally (1.0 × 106 tumor cells/
mouse).

IFN-γ production of tumor antigen specific CD8+ T cells
Mice were treated with ACML-55 or PBS for 2 wk 
as described above. These treated mice (n = 5 for 
each group) were immunized with 200 μg of  CT26 
tumor lysate emulsified in CFA in the hind footpad, 
as described in previous studies[16]. On day 7 post-
immunization, draining lymph node cells were harvested, 
lymphocytes were cultured with comptumor air ratio 
RPMI-1640 containing 200 μg/mL CT26 tumor lysate 
for 24 h, with brefeldin A added for the last 3 h. Cells 
were then used for intracellular cytokine staining as 
described below.

Intracellular cytokine staining
Cultured draining lymph node cells were stained with 
FITC-anti-CD8 antibody followed by fixation with 2% 
formaldehyde and permeabilization with 0.5% saponin 
(w/v) for intracellular IFN-γ staining, using PE-anti-
IFN-γ as described previously[17]. PE-conjugated rat 
IgG2a (BD Pharmingen) was used as an isotype control. 
Gating was performed on CD8+ T cells and the 
percentage of  IFN-γ+ cells was reported. 

Detecting tumor antigen specific CD8+ T cells
Both ACML-55 treated mice (n = 4) and control mice 
(n = 4) were inoculated intraperitoneally with 1.0 × 106 

EG7 tumor cells. On day 10, splenocytes from these 

mice were isolated and stained with FITC-anti-CD8 and 
PE-tetramer antibodies for OVA. Percentage of  tetramer 
positive CD8+ T cells was shown by FACS analysis.

Analysis of cell composition and activation
Both ACML-55 treated mice (n = 4) and control mice 
(n = 4) were inoculated intraperitoneally with 5 × 105 
CT26 cells. On day 10, splenocytes from these mice 
were isolated and stained with one of  the following 
antibody combinations: FITC-anit-CD3 and PE-anti-
NK1.1; FITC-anti-γδ and PE-anti-αβ; PE-anti-CD62L, 
CyChrome- anti-CD44, FITC-anti-CD8a and APC-anti-
CD4. Percentages of  different cell subpopulations were 
shown by FACS analysis.

Statistical analysis
Statistical significance was evaluated by two tailed 
unpaired Student’s test or non-parametric analysis if  
SDs were significantly different between two compared 
groups using InStat 2.03 for Macintosh software (Graph 
Pad Software). The incidence of  tumor development 
was compared and analyzed using the log rank test, 
performed by Graph Pad Prism Version 3.0a for 
Macintosh (Graph Pad Software). P < 0.05 was used to 
denote statistical significance.

RESULTS
SDS-PAGE
Chinese ML extractions were analyzed by SDS-PAGE. 
In the presence of  the reducing agent, it showed an 
estimated 55 kDa band consisting of  two bands of  a  
30 kDa A chain and a 34 kDa B Chain (Figure 1).

Oral administration of ACML-55 enhances tumor 
immunesurveillance
Based on the findings that EM reduces the metastasis 
of  rat mammary adenocarcinomas and its ability to 
modulate immune functions[18,12], we hypothesized that 
ACML-55 might enhance tumor immune surveillance. To 
assess the effect of  ACML-55 on tumor development, 
ACML-55 or PBS was administered to sex- and age- 
matched BALB/c mice by gavage daily for 2 wk, 
followed by subcutaneous inoculation of  CT26 cells  
(5 × 105 cells/mouse). Tumor growth was observed and 
recorded daily as previously described[16,19]. Compared 
to control group (PBS treated), ACML-55 treated mice 
showed delayed tumor development (Figure 2A) as well 
as reduced tumor size (Figrue 2B). ACML-55 treated 
mice were much more resistant to tumor cell growth 
upon subcutaneous tumor inoculation (Figrue 2C). The 
results indicate that ACML-55 significantly enhances 
tumor surveillance. 

ACML-55 increases tumor specific activation of CD4+ 
and CD8+ T cells 
To define the underlying molecular mechanisms of  
ACML-55 mediated anti-tumor immune response, we 
first tested the effect of  ACML-55 on the adaptive 
immune response. Sex- and age- matched BALB/c mice 
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Figure 1  A: SDS-PAGE profiles of ACML-55. ACML-55 was determined by 
SDS-PAGE; ACML-55. B: ACML-55 was also determined by SDS-PAGE. 
ACML-55. ACML-55 in presence (lane 1) and absence (lane 2) of reducing 
agent.
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were given ACML-55 or PBS daily for 2 wk, followed by 
intraperitoneal inoculation with EG7 tumor cells (EG7 
tumor cells expressing OVA, 1.0 × 106 cell/mouse)[20]. 
On day 10 post-inoculation, harvested splenocytes were 
used for analysis of  CD4+ and CD8+ T cell activation 
using specific activation markers. ACML-55 treatment 
significantly increased the number of  activated CD4+ 
and CD8+ T cells. According to our findings, the 
percentage of  CD62Llow CD44high population in the 
spleen for each T cell subset was significantly higher 
in ACML-55 treated mice compared to those treated 
with PBS [14.29 ± 4.3 vs 7.63 ± 2.95 for CD4+ T 
cells, and 6.79 ± 1.41 vs 3.95 ± 1.97 for CD8+ T cells  
(Figure 3A), P = 0.0008 for CD4 and P = 0.0002 for 
CD8]. Representative data of  the FACS profile for 
CD4+ and CD8+ T cells from ACML-55 or PBS treated 
mice are represented in Figure 3B.

ACML-55 promotes IFN-γ production in CD8+ T cells
IFN-γ has been shown previously to be a critical 
cytokine in tumor immunosurveillance[21]. To define the 
effect of  ACML-55 on tumor antigen specific IFN-γ 
production, ACML-55 or PBS was administered to sex- 

and age- matched BALB/c mice (n = 6 for each group) 
as mentioned above for 2 wk, and then immunized 
in the hind footpad with CT26 tumor lysate in CFA. 
Eight days post-immunization, lymphocytes from the 
draining lymph nodes were isolated, cultured with  
200 μg/mL tumor lysate for 24 h, with brefeldin A 
added during the last 3 h of  culture. These cells were 
then fixed and permeabilized with 0.5% saponin for 
intracellular cytokine staining. The percentage of  IFN-γ 
producing CD8+ T cells from ACML-55 treated mice 
(mean ± SD) was significantly higher than that of  PBS 
treated mice (10.05 ± 2.3 and 2.30 ± 1.013, respectively, 
P = 0.0001; Figure 4A). An example of  FACS analysis 
is represented in Figure 4B. In the same cultures, the 
percentage of  IFN-γ producing CD4+ T cells from 
ACML-55 treated mice was also higher than those from 
PBS treated mice, although it did not reach significance 
(data not shown). ACML-55 treatment did not enhance 
the percentage of  IFN-γ producing CD8+ T cells 
responding to control tumor lysate (different tumor 
cell line, data not shown). Our results demonstrate that 
ACML-55 not only enhances activation and proliferation 
of  T cells, but also increases their capacity to produce 
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Figure 2  ACML-55 enhances tumor surveillance. A: ACML-55 treatment delays CT26 melanoma tumor formation. Sex- and age-matched BALB/c mice were 
administered orally either with 2 mg/mL (200 μL/mouse) ACML-55 or equivalent volume of PBS (control) daily for fifteen days (n = 20 for each group), followed by 
subcutaneous inoculation of CT26 melanoma tumor cells (5 × 105/mouse) on day 7 after the initiation of ACML-55 or PBS treatment. Tumor growth was recorded daily. 
Tumor size > 5 mm × 5 mm was considered positive. Data represents three independent experiments (P < 0.01). B: ACML-55 treatment inhibits tumor growth. The 
mean tumor size from ACML-55 and PBS-treated mice at day 20 is shown in this figure (P < 0.01). C: ACML-55 treatment significantly reduces intraperitoneal tumor 
formation. BALB/c mice were treated with ACML-55 or PBS followed by CT26 tumor cell inoculation intraperitoneally (n = 20 for each group) as described above, and 
tumor growth was monitored. A representative example of tumor formation is provided. Arrows point to intraperitoneal tumor.
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IFN-γ cytokine.
ACML-55 increases the number of both NK and γδ T 
cells
Both NK cells and γδ T cells play a critical role in tumor 
immune surveillance. To test the effect of  ACML-55 
on these cell types, sex- and age- matched BALB/c 
mice were treated with ACML-55 or PBS (n = 6 for 
each group) as above for 2 wk, and the percentages 
of  NK and γδ T cells in the spleen were analyzed by 
flow cytometry. Treatment with ACML-55 significantly 
increased the numbers of  splenic NK cells and γδ T 
cells, with the percentage (mean ± SD) of  NK1.1+ 

cells in ACML-55 treated mice vs control being 6.28 ± 
0.90 vs 3.48 ± 0.77, and the percentage of  CD3+ γδ+ 
cells for ACML-55 vs control being 6.51 ± 0.59 vs 3.85 
± 0.59, (Figure 5A, P = 0.0001). A representative result 
of  FACS analysis for CD3 and NK1.1 as well as αβ/γδ 
T cell staining is presented in Figure 5B. Splenocytes 
from ACML-55 or PBS treated mice were cultured with 
anti-CD3 and anti-CD28 antibodies in the presence of  
brefeldin A for 6 h, and the percentage of  IFN-γ + γδ+ 
T cells was analyzed by intracellular cytokine staining 
after gating TCR γδ positive cells. The results showed 
there is no significant difference in the percentage of  
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Figure 3  ACML-55 enhances CD4+ and CD8+ T cell activation. Sex- and age- matched BALB/c mice were administered orally with 2 mg/mL (200 μL/mouse) 
ACML-55 or equivalent volume of PBS daily for 15 days (n = 5 for each group), and on day 7, received an intraperitoneal inoculation with EG7 tumor cells  
(1 × 106 cells/mouse). Ten days postinoculation, splenoctyes were stained with antibodies against different surface molecules and analyzed by FACS. A: The 
percentage of activated CD4+ and CD8+ T cells (mean ± SD) is shown (P < 0.05); B: An example of the FACS profile for CD4+ and CD8+T cells is given.
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Figure 4  ACML-55 increases the number of IFN-γ+CD8+ T cells. Sex- and age- matched BALB/c mice were administered orally with 2 mg/mL (200 μL/mouse) 
ACML-55 or equivalent volume of PBS daily (n = 5 for each group) for fourteen days, followed by immunization with 200 μg of CT26 tumor lysate emulsified in CFA. 
After seven days, lymphocytes recovered from draining lymph nodes of immunized mice were cultured with 200 μg/mL of tumor lysate for 24 h, with the addition of 
brefeldin A to the culture for the remaining 3 h. Cells were then fixed with 2% formaldehyde and permeabilized with 0.5% saponin for intracellular IFN-γ staining. A: The 
percentage of IFN-γ producing cells (mean ± SD) from CD8+ T cells is shown; B: An example of intracellular cytokine staining upon gating on CD8+ T cells is shown.
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IFN-γ producing γδ T cells between two groups (data 
not shown). NKT cells (CD3+ NK1.1+) were also 
higher in ACML-55 treated mice compared to controls, 
although it did not reach significance. These results 
indicate that ACML-55 may enhance the antitumor 
immune response not only through modulating the 
adaptive immune response, but also working on innate 
immunity.

DISCUSSION
Extracts from European mistletoe are used widely 
in the treatment of  cancer, but the mechanism of  
antitumor properties has not yet been clearly elucidated. 
Consumers often use EM as a complementary therapy 
for cancer treatment, and in some cases as an alternative 
to conventional cancer treatment[22,23]. Although Korean 
mistletoe, a subspecies of  European mistletoe, has been 
used as a medicinal herb and shown to be cytotoxic 
against tumor cells as well[24], there are fewer systemic 
controlled studies to define the effect of  EM in tumor 
immunity. In this study, we demonstrate that ACML-55 
enhances tumor immune surveillance against both 
melanoma and lymphoma by regulating both innate and 
adaptive immune responses. We first illustrated that oral 
administration of  ACML-55 prior to tumor inoculation 
could significantly delay the tumor growth and reduce 
tumor size (Figure 2A and B).The anti-tumor effect of  
ACML-55 is not limited to melanoma.

It has been shown that lymphocytes and IFN-γ 
both are essential components of  tumor immune 
surveillance[25,26]. Different subsets of  lymphocytes 
contribute to anti-tumor immune responses at different 
stages. CD4+ and CD8+ T cells are critical elements 
for the adaptive anti-tumor immune response. CD4+ T 
cells, especially Th1 subsets, produce IFN-γ to facilitate 
innate and adaptive immune responses[27]. These cells 
are also in favor of  CD8+ T cells to develop memory 
response, whereas CD8+ T cells provide cytokines 
(IFN-γ and TNF-α) and cytotoxicity to exert their 
function to kill tumor cells directly. To explain the 
molecular mechanisms through which ACML-55 could 
mediate anti-tumor immune response, we sought to 
determine whether ACML-55 modulates the adaptive 
immune response. Our results indicate that ACML-55 
treatment enhances activation and proliferation of  both 
CD4+ and CD8+ T cells (Figure 3A and B). Moreover, 
administration of  ACML-55 significantly increases 
the frequency of  tumor antigen specific CD8+ T cells 
and their ability to produce higher level of  IFN-γ  
(Figure 4A and 3B). Finally, ACML-55 treatment 
can make antigen specific CD8+ T cells expand 
more actively. The increasing number of  CD8+ T 
cells partially contributes to the tumor resistance of  
ACML-55 treated mice. However, it is unclear how 
ACML-55 enhances the function of  these T cells. 
It is possible that the mixture of  polysaccharides in 
ACML-55 may activate the innate immune response 
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Figure 5  ACML-55 treatment increases the number of NK and γδ T cells. Sex- and age- matched BALB/c mice were administered orally with 2 mg/mL (200 μL/mouse) 
ACML-55 or equivalent volume of PBS daily (n = 5 for each group) for fourteen days, followed by inoculation with CT26 tumor cells intraperitoneally. Ten days post-
inoculation, splenocytes were used for analysis of NK, NKT, αβ, and γδ T cells. A: The percentage of NK and γδ T cells (mean ± SD) is shown (P < 0.05); B: An 
example of the FACS analysis is given.
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through undefined signaling pathways, such as Toll-like 
receptors and the downstream NF-κB pathway, which 
in turn helps to regulate the adaptive immune response. 
Consistently, it has been reported that ACML-55 enhances 
IL-12 production from macrophages[10] and increases 
nitric oxide concentration[12]. Further studies are needed to 
clarify the underlying mechanisms that mediate the effect 
of  ACML-55 on the adaptive immune response.

A potential target of  ACML-55 modulation within 
the innate immune system may be γδ T cells. These cells 
belong to a unique subset of  T cells. They recognize 
protein or peptide independent of  antigen presentation 
and function as innate like cells[28]. Our earlier studies 
have demonstrated that γδT cells predominantly 
produce IFN-γ upon activation[12,29] and play a critical 
role in tumor immune surveillance by providing an early 
source of  IFN-γ[14]. Interestingly, ACML-55 treatment 
significantly increases the number of  γδ T cells 
compared to those of  PBS-treated mice (Figure 5). Since 
ACML-55 was given orally, it is possible that the effective 
components in ACML-55 might directly encounter γδ T 
cells lining the epithelial layer of  the intestine resulting 
in their activation. In addition to γδ T cells, it has been 
well established that NK cells play an essential role in 
tumor immune surveillance. Interestingly, we found that 
treatment with ACML-55 also upregulates the number 
of  NK cells upon tumor inoculation. Although the 
changes of  NK T cells did not reach significance, the 
trend is clear. These results indicate that ACML-55 has 
multiple effects on the immune system.

Given the findings that ACML-55 could efficiently 
enhance several immune parameters (CD4+, CD8+ and 
γδ T cells), which were shown previously to be positive 
for tumor immune surveillance, it is likely that ACML-55 
mediates its potential effects on tumor surveillance, at 
least in part, by upregulation these particular parameters. 
Future studies using different T cell subset from 
deficient mice will help to illuminate these questions.

In summary, we have presented clear picture that, 
as an active lectin from Chinese mistletoe, ACML-55 
enhances tumor immune surveillance by regulating both 
the innate and the adaptive immune responses. Further 
studies are needed to define the molecular mechanisms 
mediating the effect of  ACML-55 in tumor immunity.

 COMMENTS
Background
Mistletoe is a semiparasitic plant with many unusual properties. In our prior 
study, a mistletoe lectin was purified from Chinese mistletoe and the effect 
of the active Chinese mistletoe lectin-55 (ACML-55 ) on human γδ T cell 
cytotoxicity, apoptosis and modulation of the cytokine network was reported. 
Although these investigations suggest that ACML-55 may modulate the immune 
response against tumor development, the precise mechanism by which 
ACML-55 regulates the immune function has not been studied systematically.
Research frontiers
In this study, an experimental model was established by hypodermically 
inoculating the colon cancer cell line CT26 into Balb/c mice. Intracellular 
cytokine staining used to detect tumor antigen specific CD8+ T cell IFN-γ 
production. The FACS profile for CD4+ and CD8+ T cells and NK or γδ T Cells 
composition and activation.
Innovations and breakthroughs

This study is investigates the potential effect of active Chinese mistletoe 
lectin-55 to enhance colon cancer immune surveillance through regulating both 
innate and adaptive immune responses.
Applications
The results demonstrate that ACML-55 can enhance colon cancer immune 
surveillance through regulating both innate and adaptive immune responses 
and also suggest that ACML-55 may be a useful complementary therapy for 
treating colon cancer.
Peer review
The study investigates the potential effect of ACML-55 to enhance colon cancer 
immune surveillance through regulating both innate and adaptive immune 
responses. Its scientific contents can reflect the advanced levels of basic 
research and the first report on Chinese mistletoe lectin-55.
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Abstract
AIM: To evaluate gallstone incidence and risk factors 
in a large population-based study.
METHODS: Gallstone incidence and risk factors, were 
evaluated by structured questionnaire and physical 
examination, respectively, in 9611 of 11 109 (86.5%) 
subjects who were gallstone-free at the cross-sectional 
study.
RESULTS: Six centers throughout Italy enrolled 
9611 subjects (5477 males, 4134 females, aged 30- 
79 years), 9517 of whom were included into analysis: 
424 subjects (4.4%) had gallstones and 61 (0.6%) 
had been cholecystectomized yielding a cumulative 
incidence of 0.67% per year (0.66% in males, 0.81% 
in females). Increasing age, a high body mass index 
(BMI), a history of diabetes, peptic ulcer and angina, 
and low cholesterol and high triglyceride levels were 
identified as risk factors in men while, in females, the 
only risk factors were increasing age and a high BMI. 

Increasing age and pain in the right hypochondrium 
in men and increasing age in females were identified 
as predictors of gallstones. Pain in the epigastrium/
right hypochondrium was the only symptom related to 
gallstones; furthermore, some characteristics of pain 
(forcing to rest, not relieved by bowel movements) 
were significantly associated with gallstones. No 
correlation was found between gallstone characteristics 
and clinical manifestations, while increasing age in 
men and increasing age and BMI in females were 
predictors of pain.
CONCLUSION: Increasing age and BMI represent 
true risk factors for gallstone disease (GD); pain in the 
right hypochondrium and/or epigastrium is confirmed 
as the only symptom related to gallstones.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Gallstone disease (GD) is a very common gastroin-
testinal disorder, presents mainly in the Western 
world[1,2]. Although this disease has a low mortality 
rate, its economic and health impact is significant due 
to its high morbidity. In fact, GD is one of  the most 
common abdominal conditions for which patients in 
developed countries are admitted to hospitals[3], and 
this frequency has increased in Western countries since 
the 1950s[4]. GD is considered “a surgical disease” 



Festi D et al . Gallstone disease incidence in Italy                                                                                         5283

www.wjgnet.com

since only a cholecystectomy is capable of  definitively 
curing the disease[5]. However, since the introduction 
of  laparoscopic cholecystectomy in the early 90s, which 
is considered a safe treatment for GD[6], a possible 
unjustified increase in surgical procedures has been 
observed[7]. Therefore, there is the need for more 
knowledge of  the epidemiological characteristics of  GD 
in order to better identify therapeutic strategies.

The availability of  ultrasonography (US) as an 
accurate tool for gallstone diagnosis has allowed 
the evaluation of  gallstone prevalence by means of  
epidemiological surveys of  the general population, both 
in Eastern and Western countries[8,9]. Furthermore, these 
studies, as well as case-control studies, have allowed the 
identification of  the factors most frequently associated 
with GD, i.e. increasing age, female sex, familial history 
of  GD, number of  pregnancies, obesity, or type 2 
diabetes[10].

However, only a few prospective US surveys, mainly 
in Europe[11-14], have been carried out which aimed 
measuring the gallstone incidence rate and risk factors 
for the disease. The knowledge of  disease risk factors is 
crucial to carrying out primary or secondary preventive 
programs.

The Multicenter Italian Study on Epidemiology of  
Cholelithiasis (the MICOL project) is a population-based 
cross-sectional study which began in 1985 and extended 
since 1998 and it was designed to obtain an overview of  
the distribution of  GD in Italy according to different 
regions and ages[15]. Results on prevalence distribution, 
associated factors, and clinical manifestations have been 
extensively reported in previous articles[15-17].

This article reports the incidence rate and risk factors 
for GD which were evaluated in six units belonging to 
the MICOL project.

MATERIALS AND METHODS
Study design
The MICOL project is a population-based, cross-
sectional study carried out in 8 Italian regions by 
different operative units. Complete details on the study 
protocol have been published elsewhere[15]. The project 
plan includes 2 cross-sectional surveys; the first began 
in 1985 and was completed in 1988 and the second 
survey was carried out on the same subjects 10 years 
later in order to estimate the incidence of  GD as well as 
its natural history. Seven of  the original operative units 
were able to complete the second survey.

Subjects
After 10 years, all participants in the first survey were 
invited to a follow-up examination. Preliminarily, using 
the electoral lists, subjects who had died or moved 
were identified. The remaining subjects received a 
standardized invitation for a general health examination 
and an US examination of  the upper abdomen. Subjects 
who did not respond were invited again; those who 
refused to participate or those who did not respond at 
all were contacted by telephone.

Screening protocol
The re-examination took place between 1995 and 1998. 
Subjects who were found to have had gallstones or 
a previous cholecystectomy for gallstones at the first 
survey were studied separately, the major aim of  this re-
examination being evaluation of  the natural history of  
gallstones.

Similarly to what had been carried out in the first 
survey[15], the screening protocol included upper 
abdominal US, physical examination, fasting blood 
specimen collection, and administration of  a precoded 
questionnaire. This questionnaire inquired about family 
and personal history, dietary habits, past and current 
use of  medications, and the presence of  comorbidities 
(diabetes, chronic heart disease, liver cirrhosis, peptic 
ulcer); the questionnaire also included a specific 
section aimed at assessing the occurrence/presence 
of  abdominal symptoms (details of  the structure of  
the questionnaire as well as details on its items have 
been published elsewhere[17]). The questionnaire was 
administered by trained interviewers selected from the 
medical staff  of  each operative unit. Upper abdominal 
US was performed thereafter by independent physicians.

Statistical analysis
The incidence rate for new-onset gallstones was 
determined from baseline to the second examination, 
after adjustment for age and gender. Logistic regression 
analysis was carried out providing risk factors and Odd 
Ratios (OR) for developing gallstones; Cox proportional 
hazard regression was used to calculate hazard ratios.

According to previous results regarding associated 
factors obtained from the gallstone prevalence study[15] 
and from available literature data[8,10,18], different factors 
were evaluated by means of  logistic regression analysis 
as possible risk factors for GD including age, gender, 
educational level, family history of  gallstones, body 
mass index (BMI) (measured both at the prevalence and 
the incidence studies), number of  pregnancies, history 
of  diets, diabetes, peptic ulcer, inflammatory bowel 
disease, liver cirrhosis, smoking, coffee drinking, and 
serum levels of  total cholesterol, HDL-cholesterol, and 
triglycerides.

To identify the possible role of  the disease status 
on clinical presentation, patients were subsequently 
classified into 4 groups according to their disease status: 
gallstone-free subjects (GF), patients with gallstones not 
previously diagnosed (GNDP), patients with previously 
diagnosed gallstones (GPD), and patients with a history 
of  cholecystectomy for gallstones (CC).

Logistic regression models were created for the 
latter 3 groups, using the gallstone-free subjects as the 
comparison group.

As a consequence of  the results of  the logistic 
regression models, patients referring pain located at the 
right hypochondrium or epigastrium were selected and 
further evaluated.

A multivariate analysis was subsequently carried out 
using logistic regression and, for each gallstone group, 
a model was created using the gallstone-free subjects 



as the comparison group. SPSS (ver.9.0 for windows) 
statistical software was used. A probability of  P < 0.05 
was considered significant.

RESULTS
Subjects
Out of  the 12 709 potentially enrolled subjects belonging 
to the seven participating units, 502 died and 1098 
transferred. Among the dead subjects, one case of  
gallbladder cancer was observed, which translates in a 
mortality rate for this cause of  2.5/10 000 per year.

Of  the 11 109 enrolled subjects, 9611 (5477 males, 
4134 females, aged 30-79 years) were evaluated (86.5%). 
The attendance rate was different in different age classes, 
greater in younger than in older subjects (83% in the 
40-60 years old group and 74% in the > 60 years old 
group) while no difference was documented between the 
sexes (78% in males, 89% in females). The mean follow-
up period was 8 years.

On the basis of  US diagnosis, 9517 (5428 males, 
4089 females) were suitable for analysis since, in 94 
cases, the US diagnosis was biliary sludge (35 cases) 
or gallbladder polyps (40 cases); in 19 cases, the 
US diagnosis was uncertain. These 94 cases were 
excluded from the study, since no definitive data are 
available in literature regarding these aspects as true 
gallstones[5,10,11].

Four hundred and twenty-four subjects (206 males, 
218 females) (4.4%) were found to have gallstones 
and 61 (26 males, 35 females) (0.6%) had been 
cholecystectomized for gallstones during the follow-up 
period.

The cumulative incidence rate of  GD thus was 
0.67% per year [0.66% per year in males, 0.81% per year 
in females (Table 1)]. Table 1 also shows the incidence 
rate among the different operative units.

Table 2 reports the morphological characteristics 
of  gallstones; incident gallstones were more frequently 
small in size (77.9% less than 1.5 cm); no difference 
was observed between males and females in terms of  
gallstone number or size.

According to the disease status evaluation, of  the 
9517 subjects enrolled in the study, 9032 (94.5%) were 
GF; 312 (3.3%) were GNPD, 112 (1.2%) were GPD, and 
61 (0.6%) were CC.

Risk factors and predictors for GD
Risk factors for GD: The results of  the logistic 
regression analysis carried out to identify the risk factors 
for GD are shown in Table 3.

Among the factors considered, in males, increasing 
age (P < 0.0001), a high BMI (P < 0.006), a history 
of  diabetes (P < 0.01) and of  peptic ulcer (P < 0.01), 
low levels of  total (P < 0.03) and HDL (P < 0.04) 
cholesterol, and high levels of  triglycerides (P < 0.007) 
were identified as risk factors.

In females, only increasing age (P < 0.00001) and a 
high BMI (P < 0.0001) were identified as risk factors for 
GD.

When evaluating the risk factor distribution 
according to the classification of  the patient’s clinical 
status (Table 4), no differences were observed in terms 
of  age, BMI, and biochemical parameters while the 
presence of  comorbidities increased among the three 
groups; in particular in males, diabetes, peptic ulcer, and 
myocardial infarction while, in females, peptic ulcer and 
myocardial infarction.

Predictors of  GD: The evaluation of  predictive factors 
for the presence of  GD (Table 5) in patients with 
abdominal pain indicated that these were increasing age 
(P < 0.04) and pain in the right hypochondrium (P < 
0.03) in males with gallstones and only increasing age  

Operative unit Overall % yr Male Female

Bologna Loiano 0.50 0.50 0.50
Bologna Brisighella 0.61 0.60 0.80
Bolzano 0.82 0.50 1.10
Castellana Grotte 0.75 0.70 0.80
Tivoli 0.64 0.50 0.70
Modena San Lazzaro 0.43 0.40 0.40
Modena Madonnina 0.86 0.60 1.20
Overall 0.67 0.66 0.81

Table 1  Incidence of GD in the different operative units of 
the MICOL project

Characteristics   %    P
Overall
   Number Single 48.90 < 0.0001

Multiple 51.10
   Size ≤ 1.5 cm 77.90 < 0.0001

≥ 1.5 cm 22.10
Male
   Number Single 44.80 < 0.0001
  Multiple 55.20
   Size ≤ 1.5 cm 78.70 < 0.0001

≥ 1.5 cm 21.30
Female
   Number Single 52.30 < 0.0001

Multiple 47.70
   Size ≤ 1.5 cm 77.10 < 0.0001

≥ 1.5 cm 22.90

Table 2  Characteristics of newly developed gallstones

Factor Coefficient   SE    P
Men
   Age    0.0405 0.0071 < 0.000
   BMI    0.0536 0.0195 < 0.006
   HDL cholesterol   -0.0118 0.0059 < 0.040
   Cholesterol   -0.0034 0.0016 < 0.030
   Triglycerides    0.0004 0.0001 < 0.007
   Diabetes    0.5293 0.2220 < 0.010
   Peptic ulcer    0.4378 0.1753 < 0.010
Women
   Age    0.0279 0.0073 < 0.000
   BMI    0.0178 0.0147 < 0.000

Table 3  Risk factors for GD

Logistic regression analysis: regression coefficients, corresponding SE, and 
P values for single factors and interactions, significantly associated with 
gallstones.
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(P < 0.0001) in females with gallstones; in cholecys-
tectomized male patients, the only factor was increasing 
age (P < 0.02) while, in cholecystectomized females, 
pain in the right hypochondrium (P < 0.01) and the 
epigastrium (P < 0.002) were the predictive factors.

Considering only the effect of  comorbidities, the 
evaluation of  predictive factors for the presence of  
GD indicated that, in males with gallstones, these 
factors were increasing age (P < 0.0001), the presence 
of  diabetes (P < 0.001), peptic ulcer (P < 0.04), and 
liver cirrhosis (P < 0.002) while, in females with 
gallstones, only increasing age (P < 0.0001) (Table 6) 
was a predictor of  GD; in cholecystectomized male 
patients peptic ulcer (P < 0.004) and liver cirrhosis (P 
< 0.0001) were predictors while, in female patients, 
only peptic ulcer (P < 0.004) appeared as a predictor of  
the disease.

Clinical manifestation of GD
The distributions of  abdominal symptoms in the four 
groups are reported in Table 7. No differences among 

the groups were documented in terms of  frequency 
for non-specific symptoms, with the exception of  
nausea, while pain in the epigastrium and the right 
hypochondrium were related to GD and varied 
according to the disease categories.

In Table 8, the characteristics of  abdominal pain in 
the considered groups are reported: some characteristics 
resulted significantly associated with GD, showing a 
progressive increase in the ORs throughout the disease 
categories; pain necessitating rest, pain not relieved by 
bowel movements and the presence of  clinical signs of  
gallstone complications (jaundice, fever, dark urine).

Predictive factors for biliary pain
No correlation was found between US gallstone 
characteristics (number and size) and their presence or 
clinical manifestation.

In males with GD, increasing age was the only 
predictor of  biliary pain (mainly pain in the right 
hypochondrium) while, in females, BMI was also related 
to pain (mainly pain in the epigastrium). No correlation 
was found between comorbidities and GD.

Factor OR (95% CI) Gallstones not previously 
  diagnosed (n  = 312)

Gallstones previously 
diagnosed (n  = 112)

Cholecystectomized
      (n  = 61)

Men
   Age         1.03 (1.01-1.05)       1.05 (1.02-1.07)     1.01 (0.97-1.06)
   BMI         1.06 (1.01-1.11)       1.03 (0.97- 1.10)     1.07 (0.96-1.06)
   HDL cholesterol         0.99 (0.97-1.004)       0.98 (0.96-1.00)     1.00 (0.97-1.03)
   Cholesterol         0.99 (0.99-1.00)       0.99 (0.98-0.99)     1.00 (0.99-1.01)
   Triglycerides         1.00 (0.99-1.00)       1.00 (1.00-1.01)     0.99 (0.99-1.00)
   Diabetes         1.75 (1.04-2.96)       1.60 (0.77-3.32)     2.72 (0.89-8.33)
   Peptic ulcers         1.11 (0.69-1.77)       2.53 (1.52-4.20)     3.38 (1.48-7.72)
   Myocardial infarction         0.99 (0.99-1.00)       1.27 (0.38-4.23)     1.43 (0.18-11.18)
Women
   Age         1.01 (1.00-1.03)       1.04 (1.02-1.07)     0.98 (0.94-1.02)
   BMI         1.08 (1.04-1.12)       1.05 (1.00-1.11)     1.07 (0.99-1.15)
   HDL cholesterol         1.00 (0.99-1.01)       0.98 (0.97-1.00)     0.98 (0.95-1.00)
   Cholesterol         0.99 (0.99-1.00)       1.00 (0.99-1.00)     1.00 (1.00-1.01)
   Triglycerides         1.00 (0.99-1.00)       0.99 (0.99-1.00)     0.99 (0.99-1.00)
   Diabetes         1.10 (0.58-2.09)       0.48 (0.14-1.58)     1.00 (0.22-4.49)
   Peptic ulcers         0.67 (0.34-1.34)       0.70 (0.28-1.76)     3.55 (1.57-8.04)
   Myocardial infarction         1.83 (0.99-1.00)       3.15 (0.70-14.18)   12.82 (2.69-60.94)

Table 4  Risk factors for GD

OR calculated by logistic regression analysis; regression coefficients, corresponding standard errors, and P values for 
single factors and interactions, significantly associated with gallstones.

Variables           Gallstones   Cholecystectomized

P OR 95% CI P OR 95% CI
Male
   Age 0.04 1.033 1.00-1.06 0.02 1.05 1.00-1.10
   Pain in the right 
   hypochondrium

0.03 2.35 1.04-5.3 0.62

   Pain in the 
   epigastrium

0.68 1.19 0.66

Female
   Age 0.000 1.053 1.02-1.08 0.50
   Pain in the right 
   hypochondrium

0.36 0.01 14.64 1.83-116.81

   Pain in the 
   epigastrium

0.09 0.002 24.19 3.18-183.92

Table 5  Predictors of GD in patients with abdominal pain

Variables            Gallstones   Cholecystectomized

P OR 95% CI P OR 95% CI
Male
   Age 0.0000 1.03 1.02-1.05 0.385
   Diabetes 0.0008 2.09 1.36-3.22 0.055
   Peptic ulce 0.04 1.44 1.01-2.05 0.004 3.28 1.45-7.41
   Cirrhosis 0.002 1.79 1.08-2.97 0.000 5.73 2.13-15.42
Female
   Age 0.0000 1.03 1.01-1.04 0.409
   Diabetes 0.522 0.208
   Peptic ulcer 0.186 0.004 3.19 1.43-7.08
   Cirrhosis 0.388 0.742

Table 6  Predictors of GD according to the presence of 
concomitant diseases
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DISCUSSION
The present study evaluated incidence and risk factors 
for GD in a large population from various Italian 
regions, thus providing a more detailed picture of  the 
epidemiological characteristics of  this disease. Incidence 
was higher in females than in males and increased 
with age. In our population, the risk factors for GD in 
males were increasing age, BMI, concomitant diseases 
such as diabetes, liver cirrhosis, peptic ulcer, coronary 
disease, HDL and total cholesterol, and high levels of  
triglycerides while, in females, only increasing age and 
BMI. Increasing age, pain in the right hypochondrium/
epigastrium, and the presence of  concomitant diseases 
are predictors of  GD. Pain in the right hypochondrium 
or epigastrium was the only symptom associated with 
GD; symptom severity increased as a function of  the 
natural history of  the disease. Increasing age in men 
and aging and BMI in females were the only predictive 
factors for the eventual presence of  symptoms.

GD is a very common gastrointestinal disorder 
mainly in the Western world[1,2]; although this disease 
has a low mortality rate, its economic and health impact 
is significant due to its high morbidity. In fact, GD is 
one of  the most common abdominal conditions for 
which patients are admitted to hospitals in developed 
countries[3]. Knowledge of  disease epidemiology is 
therefore crucial in managing this disorder, not only 
for planning preventive programs, but also for the 
identification of  the best therapeutic strategy. Several 
US-based surveys have been carried out in Europe[19-23] 
and in North[24,25] and South[26] America as well as in 
Asia[27,28], indicating prevalence rates for GD ranging 

from 5.9%[20] to 21.9%[22]. However, few studies[11-14] have 
been carried out to evaluate incidence and risk factors of  
GD, mainly due to the difficulties in following up large 
populations for several years. The MICOL study was 
designed to obtain a general overview of  GD in Italy, 
investigating GD in terms of  prevalence, incidence, risk 
factors, and natural history[15]. In the present study, a 
large general population was evaluated with the objective 
of  identifying gallstone incidence and risk factors as 
well as the morphological and clinical characteristics 
of  newly developed gallstones. Incidence was higher 
than that measured in previous Italian studies[12-14]; these 
differences could be related to the small population 
sample evaluated in the earlier studies. Furthermore, 
prevalence was also higher than in Denmark (4.5% and 
5.8%, in males and females, respectively)[11]. Differences 
in research design may justify these differences even 
it is not possible to exclude the role of  environmental 
factors.

In the present study, the response rate was higher 
(79%) than that reported in other GD incidence 
surveys performed in the north (63.7)[12] and in the 
centre (73.5%)[14] of  Italy and similar to that observed 
in Denmark (82.8%)[11] and in southern Italy (87.7%)[13]; 
this percentage indicates a high adherence of  the target 
population to the epidemiological study.

The participation rate was also higher in the present 
incidence study (79%) than in the previous study 
evaluating GD prevalence (64.4%)[15]; this difference 
could be related to a possible self-selection of  patients 
or to an effect of  dilution in the prevalence study since, 
in that study, 14 units participated while, in the present 
study, only 7 units were able to adhere to the protocol.

Symptoms (%) OR (95% CI)     Gallstone-free 
subjects (n  = 9001)

Gallstones not previously 
  diagnosed (n  = 312)

Gallstones previously 
diagnosed (n  = 112)

Cholecystectomized
      (n  = 61)

Belching 19.1        19.5        27.2      23.1
       1.03 (0.75-1.39)        1.27 (0.86-1.89)      0.92 (0.48-1.75)

Heartburn 32.2        33.1        37.5      44.2
       1.12 (0.85-1.39)        0.89 (0.61-1.30)      1.29 (0.72-2.03)

Nausea 12.3        14.3        18.4      26.9
       1.22 (0.82-1.82)        1.48 (0.90-2.42)      2.40 (1.19-4.83)

Vomiting   7.2        7.7        9.6      9.6
       0.99 (0.59-1.64)        0.79 (0.41-1.53)      0.97 (0.40-2.33)

Bloated feeling after meals 37.2        38.6        44.9      48.1
       1.24 (0.95-1.61)        1.12 (0.78-1.63)      1.24 (0.69-2.21)

Epigastric discomfort 33.8        33.1        40.4      38.5
       0.96 (0.72-1.26)        1.26 (0.87-1.83)      0.87 (0.48-1.59)

Bitter taste in the morning 36.4        35.4        41.2      44.2
       0.93 (0.71-1.21)        0.88 (0.61-1.26)      1.08 (0.61-1.88)

Heavy feeling on the right side 19.7        18.8        25.7      28.8
       0.94 (0.68-1.29)        1.14 (0.77-1.71)      1.09 (0.58-2.05)

Heavy feeling in the epigastrium 22.7        21.3        25.0      26.9
       0.83 (0.60-1.15)        0.81 (0.53-1.24)      0.67 (0.34-1.33)

Pain in the epigastrium 11.2        24.7        39.0      51.2
         1.5 (1.17-2.4)          3.0 (2.6-5.7)      29.9 (7.0-221.3)

Pain in the right hipocondrium 15.8        23.7        39.0      46.5
         1.7 (1.3-2.8)          3.9 (3.1-7.4)      32.1 (9.3-238.9)

Intolerance to fatty or fried foods 24.0         5        4.4      3.4
       0.99 (0.63-1.55)        0.94 (0.19-1.79)      1.04 (0.5-2.14)

Table 7  Distribution of symptoms (and unadjusted ORs) in gallstone-free subjects, patients with gallstones not previously 
diagnosed, patients with a previous diagnosis of gallstones, and patients with a history of cholecystectomy for gallstones

www.wjgnet.com

5286    ISSN 1007-9327    CN 14-1219/R      World J Gastroenterol    September 14, 2008     Volume 14    Number 34



We documented variability between the different 
units in terms of  incidence; this difference could be 
related to the role of  environmental factors (life style, 
dietary habit, etc.) even if  we were unable to identify any 
possible difference between the different operative units.

Gender, increasing age, and BMI were confirmed 
as true risk factors for GD; in males, low levels of  
cholesterol, high levels of  triglycerides, and the presence 
of  co-morbidities such as diabetes, peptic ulcer, 
angina, and liver cirrhosis represented additional risk 
factors. These results further confirm the importance 
of  environmental factors in gallstone development, 
possibly related to an unhealthy life style. In fact, recent 
epidemiological studies have suggested that GD may 
be included in those disorders which characterize 
the metabolic syndrome[29,30]. In particular, a close 
relationship between obesity and cardiovascular disease 
(two of  the more characteristic features of  the metabolic 
syndrome) and GD has been identified[31,32].

We did not confirm a family history of  gallstones, 
dieting, the number of  pregnancies, and the use of  

contraceptive pills, which were found to be significantly 
associated with GD in the prevalence study as risk 
factors[16]. We are unable to interpret the significance 
of  this result; however, the data available on some 
risk factors for GD are frequently conflicting[8,10]. The 
prospective cohort design of  the present study and 
the use of  US as the diagnostic tool have reduced 
the possibility of  a recall and other information bias; 
furthermore, the high response rate makes selection bias 
unlikely.

An important result of  the present study is related 
to the clinical manifestation of  incident gallstones. 
In fact, we have confirmed the observation made 
in the prevalence study[15,17] that pain in the right 
hypochondrium and/or epigastrium is the only symptom 
significantly associated with gallstones while the so-
called “non-specific biliary symptoms”, i.e. dyspeptic 
symptoms, showed the same frequency in gallstone-free 
subjects and GD patients.

We have also confirmed our previous observation[17] 
concerning the usefulness of  splitting the subjects 

Characteristics of Pain Gallstone-free 
    subjects

Gallstones not previously 
  diagnosed (n  = 312)

Gallstones previously 
diagnosed (n  = 112)

Cholecystectomized
        (n  = 61)

Radiation
   Not radiated (%)        53.0        55.4         43.9        53.5
   Radiated (%)        37.4        41.5         45.6        46.5
   OR (95% CI)        0.97 (0.63-1.50)         1.11 (0.74-1.66)        0.94 (0.57-1.53)
Duration1

   < ½ h (%)        30.3        35.5           7.8        16.3
   ½-1 h (%)        21.1        19.4         21.6        16.3
   1-3 h (%)        16.0        19.4         31.4        18.6
   > 3 h (%)        32.6        25.8         39.2        48.8
   OR (95% CI)        0.89 (0.71-1.10)         1.35 (1.05-1.75)        1.27 (0.96-1.69)
Tollerability
   Not forced to rest (%)        80.5        68.3         62.0        25.6
   Forced to rest (%)        19.5        31.7         38.0        74.4
   OR (95% CI)        1.98 (1.11-3.51)         2.26 (1.22-4.18)        9.88 (4.82-20.27)
Relationship with meals
   Yes (%)        13.2          9.7         10.2          9.5
   No (%)        86.8        90.3         89.8        90.5
   OR (95% CI)        1.84 (0.64-5.23)         1.30 (0.47-3.63)        1.29 (0.37-4.47)
During meals
   Yes (%)          2.6          1.7           6.1
   No (%)        97.4        98.3         93.9      100
   OR (95% CI)        0.94 (0.12-7.32)         0.38 (0.10-1.48)    129.09 (0.90-4.62)
Soon after meals
   Yes (%)        32.3        24.6         43.1        40.5
   No (%)        67.7        75.4         56.9        59.5
   OR (95% CI)        1.61 (0.84-3.09)         0.70 (0.37-1.31)        0.63 (0.31-1.25)
After heavy meals
   Yes (%)        24.5        23.8         26.0        23.8
   No (%)        75.5        76.2         74.0        76.2
   OR (95% CI)        1.02 (0.55-1.91)         0.73 (0.38-1.38)        1.82 (0.77-4.33)
Relieved by bowel movements
   Yes (%)        41        30         28        12.2
   No (%)        59        70         72        87.8
   OR (95% CI)        2.02 (1.07-3.82)         1.76 (0.99-3.10)        5.35 (2.07-13.76)
Clinical signs of gallstone complications

   Yes (%)        29.9        36.4         47.7        69.4
   No (%)        70.1        63.6         52.3        30.7
   OR (95% CI)        1.31 (0.69-2.46)         2.13 (1.16-3.94)        5.28 (2.56-10.9)

Table 8  Distribution of pain characteristics (and unadjusted ORs) in subjects reporting abdominal pain

1The category “< ½ h” has been taken as baseline.
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enrolled in the study into 4 categories reproducing 
the different stages of  GD (absence of  disease, silent 
disease, overt disease, severe disease); in fact, the 
frequency and severity of  the clinical symptoms and 
the signs of  GD increased throughout the 3 disease 
categories.

Fur ther more,  for  those character ist ics  that 
are an expression of  the degree of  pain severity 
(pain forcing to rest, presence of  clinical signs of  
gallstone complications) they progressively increased 
from silent gallstones to symptomatic gallstones to 
cholecystectomized patients for gallstones, suggesting 
that the natural history of  GD moves from a silent 
to a clinically evident stage; this is also true for newly 
developed gallstones. This information may be useful 
in choosing the best therapeutic strategy in gallstone 
patients since surgical treatment is indicated only in true 
symptomatic gallstone patients[5,33].

Finally, we were unable to identify any predictive 
factor for the presence of  biliary pain in terms of  
gallstone characteristics (number and size), while 
increasing age in males and a high BMI in females were 
related to the presence of  biliary pain. These results are 
in agreement with some[34], but in disagreement with 
others[35,36].

In conclusion, this study provides data on the 
gallstone incidence and risk factors for GD in a large 
free-living population; the incidence rate is higher in 
females and it increases with age. Increasing age and 
BMI represent true risk factors for GD; pain in the 
right hypochondrium and/or epigastrium is confirmed 
as the only symptom related to GD; pain, as well as its 
characteristics of  disease severity, increases in severity 
and frequency throughout the different stages of  GD 
(from silent to severe disease). This information may 
help physicians in clinical decision making.
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Abstract
AIM: To assess whether in ulcerative colitis (UC) 
patients with ileo-rectal anastomosis (IRA), ileal lesions 
may develop in the neo-terminal-ileum and their 
possible relation with phenotypic changes towards 
colonic epithelium. 
METHODS: A total of 19 patients with IRA under 
regular follow up were enrolled, including 11 UC 
and 8 controls (6 Crohn’s disease, CD; 1 familial 
adenomatous polyposis, FAP; 1 colon cancer, colon K). 
Ileal lesions were identified by ileoscopy with biopsies 
taken from the ileum (involved and uninvolved) and 
from the rectal stump. Staining included HE and 
immunohistochemistry using monoclonal antibodies 
against colonic epithelial protein CEP (Das-1) and 
human tropomyosin isoform 5, hTM5 (CG3). Possible 
relation between development of colonic metaplasia 
and ileal lesions was investigated. 

RESULTS: Stenosing adenocarcinoma of the rectal 
stump was detected in 1 UC patient. The neo-terminal 
ileum was therefore investigated in 10/11 UC patients. 
Ileal ulcers were detected in 7/10 UC, associated with 
colonic metaplasia in 4/7 (57.1%) and Das-1 and CG3 
reactivity in 3/4 UC. In controls, recurrence occurred in 
4/6 CD, associated with colonic metaplasia in 3/4 and 
reactivity with Das-1 and CG3 in 2/3. 
CONCLUSION: Present findings suggest that in UC, 
ileal lesions associated with changes towards colonic 
epithelium may develop also after IRA. Changes of 
the ileal content after colectomy may contribute to 
the development of colonic metaplasia, leading to 
ileal lesions both in the pouch and in the neo-terminal 
ileum after IRA.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory changes of  the distal ileum in ulcerative 
colitis (UC) may be observed in backwash ileitis [1-3] 
and after total proctocolectomy with ileal pouch 
(“pouchitis”)[4-8]. Chronic inflammation of  the ileal 
pouch has been described not only in patients with 
UC[9-13], but also after total proctocolectomy for other 
conditions, including Familial Adenomatous Polyposis 
(FAP). The frequency of  pouchitis is more frequent in 
UC (60%-70% at 1 years)[14-16] than in FAP (< 50% at  
1 years), thus suggesting that the underlying UC may be 
involved in the pathogenesis of  pouchitis[8,14,17]. Common 
bacterial flora also appears to play a major role in 
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pouchitis, as suggested by both experimental and clinical 
evidences, supporting the efficacy of  probiotics in 
subsiding symptoms of  pouchitis in UC[18-22]. Although 
the etiology of  pouchitis is unknown, the development 
of  changes of  the ileal mucosa lining the pouch, 
including flattening, reduced number and/or complete 
villar atrophy has been involved in UC[4,23,24]. These 
changes of  the ileum, becoming similar to the colonic 
epithelium (“colonic metaplasia”) have been reported 
more frequently associated with pouchitis. Changes of  
the resident bacterial flora after proctocolectomy have 
therefore been involved in the development of  both 
colonic metaplasia and pouchitis.

Proctocolectomy represented the procedure of  
choice in severe UC over the past 30 years[25], and 
permanent ileostomy[26,27] is still a valid option in an 
elderly patient in whom either an ileal pouch or an ileo-
rectal anastomosis (IRA) is contraindicated. Nowadays, 
colectomy with IRA[28-30] must be compared with 
the more recent sphincter saving procedure, namely 
restorative proctocolectomy. Ravitch and Sabiston[31] 
are rightly given the credit for the development of  
total colectomy and ileo-anal pouch, representing the 
preferred surgical option in referral IBD surgical unit[32].

IRA for UC determines the persistence of  the 
diseased rectal stump requiring local treatment and 
cancer surveillance, thus being rarely performed in UC, 
due to technical feasibility or clinical requirements. It is 
conceivable that not only after ileal pouch, but also after 
IRA, the neo-terminal ileum may develop inflammatory 
changes.

In order to investigate this issue, we aimed to 
assess whether inflammatory changes of  the ileum in 
UC may also be observed after IRA. We also explored 
whether these changes of  the neo-terminal ileum are 
associated with the development of  colonic metaplasia 
of  the ileum itself. For this purpose, colonic metaplasia 
of  the ileum was investigated in biopsy samples taken 
from the neo-terminal ileum of  patients with IRA for 
UC, by both conventional histological assessment and 
immunohistochemistry, using monoclonal antibodies 
(MoAb) against colonic epithelial antigens (CEP and 
hTM5)[23,33-36]. In one UC patient, ileal lesions were also 
assessed by wireless capsule endoscopy (WCE). As 
controls, a small group of  patients with IRA for Crohn’s 
disease (CD), FAP or colon cancer (colon K) were also 
investigated as patients with IRA for UC. 

MATERIALS AND METHODS
Patients
A total of  19 patients with IRA in regular follow up 
at the University “Tor Vergata” of  Rome, Italy, were 
studied. Clinical characteristics of  each patient are 
reported in Table 1. The study population included 
patients with IRA for UC (n = 11), and, as control 
group, 6 patients with IRA for CD, 1 for FAP and 1 for 
adenocarcinoma of  the sigmoid colon (colon K). In all 
UC patients and controls the diagnosis was confirmed 
by macroscopic and histological analysis of  the surgical 

specimen. Clinical history, endoscopic, surgical and 
histological findings were reviewed for the possibility 
that endoscopic findings after surgery would suggest 
possible changes of  previous diagnosis (i.e. ileal lesions 
in UC). The study group included 11 UC patients (5 M; 
median age 46; range 25-63), with a median UC duration 
of  7 years (range 1-20), a median time interval from 
surgery of  4 years (range 1-12). Indication for surgery 
was adenocarcinoma in the rectal stump (n = 1), medical 
intractability (n = 8), toxic megacolon (n = 2). Among 
the 8 controls, there were 6 patients with CD (3 M, 
median age 51, range 22-83), with a median CD duration 
of  3 years (range 0-24), a median time interval from 
surgery of  4 years (range 1-20). Indication was stenosis 
of  the sigmoid colon (n = 2), recto-vaginal fistula (n = 1), 
obstruction (n = 1), pelvic abscess (n = 1), refractory CD 
(n = 1). Control group also included 2 patients with IRA 
for FAP (F, age 57) (n = 1) and adenocarcinoma of  the 
sigmoid colon (F, age 68) (n = 1).

Study protocol
Endoscopy: Endoscopy was performed according to 
clinical criteria, including possible treatment changes, 
cancer surveillance, or recurrence assessment (in CD). 
According to these criteria, 9 IBD patients underwent 
repeated endoscopic assessments of  the rectum and 
ileum, in a median follow up of  4 years (range 1-20). 
The numbers of  endoscopic assessment were: 21 in 
the 11 UC, 12 in the 6 CD, and 1 in the only FAP and 
colon cancer patients. Persistence or healing of  the ileal 
lesions was searched in patients undergoing repeated 
endoscopies. All endoscopies were performed by the 
same gastroenterologist (LB), with pictures taken from 

Table 1  Demographic and clinical characteristics of patients 
with IRA for UC, CD, FAP and colon cancer

Patient Sex Age Disease duration 
before surgery (yr)

Indication for surgery

UC
   DLE M 50   7 Refractory UC
   LRA F 25   7 CS-Refractory 
   DFML F 49   2 CS-Refractory 
   ML M 37   1 Refractory UC
   BM F 46   1 Toxic megacolon
   TE M 47   8 Refractory UC
   SC F 39   1 Refractory UC
   CF M 36   8 Toxic megacolon
   LP F 50 20 Refractory UC
   NF M 63   8 Refractory UC
   TR F 47 11 Toxic megacolon
CD
   DAD F 37   5 Colonic stenosis
   MA M 83   0 Colonic stenosis
   CP F 51 24 Pelvic abscess
   DCE M 30   5 Obstruction
   DLLV M 22   1 Refractory CD
   CRL F 59   1 Recto-vaginal fistula
FAP
   ZG F 57 16 FAP
Colon K
   ML F 68   1 Colon cancer

CS-Refractory: Steroid-refractory disease.



the rectum, anastomosis and neo-terminal ileum. In 
UC, the endoscopic degree of  inflammation was graded 
according to the Mayo score (0-4)[37]. The presence and 
degree of  ileal lesions visualized by the endoscope was 
searched and described as: erosions, aphthoid or deep 
ulcers, strictures and/or stenosis. The extent of  the 
lesions (cm), the number of  ulcerations (few or diffuse: 
< 5 or ≥ 5) and macroscopic aspect of  the ileum 
between ulcers were also reported. In CD, endoscopic 
recurrence was graded according to Rutgeerts et al (from 
0 to 4)[38].

Histology: In all patients biopsies (n = 2) were taken 
from the neo-terminal ileum (uninvolved and involved 
area), anastomosis and rectal stump. In all patients, at 
least 10 cm of  the neo-terminal ileum were visualized. 
When considering all biopsy samples taken during 
repeated endoscopies, 90 biopsy samples (180 biopsies) 
were taken from the ileum, anastomotic area and rectum. 
In UC, biopsies were taken from the neo-terminal ileum 
(macroscopically uninvolved n = 17, involved n = 12), 
anastomosis (n = 3) and rectum (n = 18). In controls, 
biopsies were taken: in CD from the ileum (uninvolved 
n = 8; involved n = 8), anastomosis (n = 6) and rectal 
stump (n = 11), in FAP (n = 1) and colon cancer 
patients (n = 1) from the uninvolved n = 2 or involved 
n = 1 ileum, anastomosis (n = 2) and rectum (n = 2). 
Biopsy samples were kept in 10% formalin. Paraffin 
blocks were used for routine histology by HE staining 
and for immunohistochemistry by immunoperoxidase 
staining. Histological assessment was made by one 
single histopathologist (GP), in order to: (1) Confirm 
the diagnosis of  UC or CD; (2) Assess the presence 
and degree of  inflammation; (3) Detect dysplasia/
neoplasia in the rectal stump; (4) Detect changes of  the 
epithelium lining the ileum towards colonic epithelium. 
Inflammatory changes were assessed according to 
conventional criteria [4,23,39]. Histologic elements of  
inflammatory and colonic metaplasia were assessed 
according to Fruin et al[24], including: (1) An inflammatory 
score considering histological characteristics of  the villi 
epithelia, crypt epithelia, stroma and ulceration (A score: 

range 0-28); (2) Colonic metaplasia score considering 
characteristics of  villous atrophy and crypt hyperplasia (B 
score: range 0-6).

Immunohistochemistry: In order to detect possible 
ileal changes towards colonic epithelium, the expression 
of  colonic antigens was assessed by immunoperoxidase 
using 2 MoAbs against human tropomyosin isoform 
5 (hTM5) (CG3) and against the > 200 kDa colonic 
epithelial antigen (Das-1)[33-36]. Sections were stained as 
reported previously[33-36].

Clinical assessment: Clinical assessment was made 
according to the Mayo score in UC[37] and to the CD 
Activity Index (CDAI) in CD[40].

WCE: In one compliant UC patient, the presence and 
extent of  the lesions in the neo-terminal ileum was also 
investigated by WCE. WCE examination was performed 
us ing the Given M2A capsule (Given Imaging, 
Yoqneam, Israel[41,42]) as described[43], by using bowel 
preparation with PEG (2 L). Exclusion criteria included: 
low compliance, diverticula, blind loop, pace-maker, 
neurological disorders, intestinal strictures. WCE images 
were assessed by one gastroenterologist. The detection 
of  the following lesions was reported: erosions, ulcers, 
strictures or stenosis. Any other lesion was also reported.

The study was approved by the Local Ethic 
committee.

RESULTS
UC patients
In one UC patient, an anastomotic stricture that 
could not be passed by the endoscope was detected. 
A hard and ulcerated area was present in the rectal 
stump, compatible with adenocarcinoma, confirmed 
by histology (Figure 1). The ileum was therefore 
visualized in 10/11 patients. Figure 2A shows the 
percentage of  UC patients with endoscopic lesions in 
the neo-terminal ileum, together with changes towards 
colonic epithelium, as detected by both conventional 
histology and staining using CG3 and Das-1 MoAbs. 
As indicated, i leal lesions were detected at f irst 
endoscopy in 7/10 patients. Histological analysis of  
the macroscopically involved ileum detected changes 
towards colonic epithelium in 4/7 patients. CG3 and 
Das-1 MoAbs staining were observed in ileal samples 
from 3 out of  these 4 patients. The endoscopic and 
histological views of  the neo-terminal ileum and rectal 
stump from 2 UC patients with lesions associated or 
not with changes towards colonic epithelium are shown 
in Figures 3 and 4, respectively.

Clinical assessment: At first endoscopy, UC was 
clinically active (Mayo score) in 5 and inactive in 6 
patients.

Endoscopy: As the neo-terminal i leum was not 
visualized in 1 UC patient due to an adenocarcinoma of  

Figure 1  Endoscopic view of the rectal stump from one UC patient (TR) 
showing a hard and ulcerated mass inducing stenosis of the anastomosis, not 
passed by the colonoscope. Histological analysis of the lesion detected an 
adenocarcinoma of the rectal stump.
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the rectal stump (Figure 1), the ileum was visualized in 
10/11 patients. Among these 10 patients, macroscopic 
lesions were detected in the rectal stump in 8, in the 
anastomosis in 6, in the ileum in 7. Rectal lesions in the 
8 patients included erosions (n = 2) and ulcers (n = 6). 
In 2/6 patients with anastomotic lesions, a stricture that 
could be passed by the endoscope was observed. Table 2 
shows the endoscopic and histological findings in each 
of  the 11 UC patients studied. Among the 10 patients, 
7 showed macroscopic lesions in the ileum proximal to 
the IRA at first endoscopy. Lesions were localized within 
15 cm above the anastomosis in all patients, including 
ulcers, sporadic (< 5) in 5 (apthoid, n = 3; deep, n = 2) 
and diffuse (> 5) in 2 UC. In all 7 patients, ileal lesions 
were surrounded by macroscopically uninvolved areas, 
while the rectal stump showed typical UC lesions. All 6 
UC with anastomotic lesions also showed ileal lesions, 
while 1 patient with ileal lesions showed a normal 
anastomosis.

Histology: HE staining. Adenocarcinoma of  the 
rectal stump was detected in 1 patient (Figure 1) and 

inflammatory changes in the remaining 10. In the 
macroscopically uninvolved ileum, biopsies were taken 
from 7/10 UC, showing inflammatory changes (n = 
2), lamina propria oedema (n = 3) or no lesions (n = 
2) (Table 2). In the macroscopically involved ileum, 
histology detected inflammation in all 7 UC (acute and 
chronic inflammation n = 3; villous atrophy n = 4). The 
anastomotic area showed inflammation in 3/6 UC.

Assessment of  changes of  the ileal epithelium toward 
colonic epithelium. Changes towards colonic epithelium 
are observed in the macroscopically uninvolved ileum 
from 7/10 UC, showing an inflammatory infiltrate in 3 
(A1, n = 1; A2, n = 2), no inflammation in 4 and colonic 
metaplasia in 1 (B2) (Table 2). Changes toward colonic 
epithelium were found in the 7/10 UC with ileal lesions, 
showing inflammatory changes in 4 (A12, n = 1; A10, n 
= 1; A6, n = 2). Ileal changes towards colonic epithelium 
have been detected in the 4/7 UC with ileal lesions (A12, 
n = 1; A4, n = 1; A3, n = 1; A2, n = 1).

Figures 3A to C and 4A to C show the endoscopic, 
histologic and immunohistochemistry analysis of  
biopsy samples taken from 4 additional UC patients 
with IRA.

Immunohistochemistry: Expression of  hTM5-related 
antigens was seen in the uninvolved ileum from 6/10 
UC, showing CG3 staining in all 6 and Das-1 staining 
in 5/6 UC. The involved ileum showed CG3 staining in 
5/6 UC and Das-1 staining in 3/6 UC. 

Longitudinal study: Endoscopy. Among the 7 patients 
with ileal lesions, 6 underwent repeated endoscopies 
(n = 5 in 1; n = 2 in 4; n = 3 in 1). Ileal lesions were 
detected at all endoscopies in 3/6 UC, at first but not 
at second endoscopy in 2, healing at third endoscopy 
in 1 UC. Figure 5 shows the endoscopic, histologic 
and immunohistochemical analysis of  the rectum, 
involved and uninvolved ileum from one UC patient at 3 
consecutive endoscopies.

Histology. Ileal lesions at endoscopy were confirmed 
by histology in all UC patients. One patient showed ileal 
changes toward colonic epithelium at all endoscopies 
(Figure 3). 

Immunohistochemistry. In UC, biopsy samples were 
taken during repeated endoscopies from the uninvolved 
(n = 11) and involved ileum (n = 10). In the uninvolved 
ileum, 10/11 biopsies showed CG3 staining (strong in 4) 
and 8/11 Das-1 staining (glandular n = 5; epithelial cells 
n = 3). In the involved ileum 9/10 biopsies showed CG3 
staining (glandular n = 2; epithelial cells n = 7, strong 
in 3) and 6/10 showed Das-1 staining (glandular n = 5; 
epithelial cells, n = 1).

WCE. In the only UC patient studied by WCE, this 
procedure confirmed the endoscopic findings, showing 
multiple erosions and ulcers covered by fibrin in the 
distal 10 cm of  the neo-terminal ileum (Figure 3D). 
These lesions appeared focal, being surrounded by 
macroscopically uninvolved mucosa. No other lesions, 
active bleeding or strictures were detected by WCE in 
the entire small bowel.

2/3 Posltive n  = 3

3/4 Col. Met. n  = 4

4/6 Ileal lesions n  = 6

1        2        3        4        5        6        7

Ileal
Lesions

Endoscopy

Histology

Expression of
colonic epithelial
antigens (hTM5)

Number of CD patients

B

3/4 Posltive n  = 4

4/7 Colonic Metaplasia n = 7

7/10 Ileal lesions n  = 10

1     2     3     4     5     6     7     8     9     10

Ileal
Lesions

Endoscopy

Histology

Expression of
colonic epithelial
antigens (hTM5)

UC patients (n )

A

Figure 2  Histograms indications. A: The number of UC patients after IRA 
showing: Lesions in the neo-terminal ileum as assessed by endoscopy; 
Histological findings compatible with colonic metaplasia; Expression of hTM5-
related colon epithelial antigens; B: The number of CD patients with IRA 
showing ileal recurrence at endoscopy, inflammatory changes at histology 
(including those compatible with colonic metaplasia) and expression of hTM5-
related colonic epithelial antigens.
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Controls with IRA
CD patients: F igure 2B shows the percentage 
of  CD patients with ileal recurrence detected by 
endoscopy and histology, together with changes 
towards colonic epithelium assessed by histology and 
immunohistochemistry. Recurrence was detected in 4 out 
of  6 patients: histology detected changes towards colonic 
epithelium in 3 out of  these 4 patients, associated with 
the expression of  colonic epithelial antigens in 2 out of  
3 patients.

Clinical assessment. At first endoscopy, disease was 
active in 3 (CDAI > 150) and inactive in 3 patients.

Endoscopy. Lesions were detected in the rectum 
in 2/6 patients, in the anastomosis in 5/6 and in the 
ileum in 4/6 patients. Lesions included CD recurrence 
of  grade 0 (n = 2), 2 (n = 2), 3 (n = 1) or 4 (n = 1) 

(Figures 6 and 7). 
Histology. (1) HE staining: In rectal samples, 

inflammatory changes were detected in 3/6 CD. The 
macroscopically uninvolved ileum from 4/6 patients 
showed changes towards colonic metaplasia (n = 1), 
inflammation and villous atrophy (n = 2) or no lesions 
(n = 1) (Figures 6 and 7). Among the 4 patients with 
ileal recurrence, inflammation was detected in 3 (with 
villous atrophy in 2) and colonic metaplasia in 1. The 
anastomosis showed inflammation in 3 (glandular 
hyperplasia n = 1, villous atrophy n = 1, colonic 
metaplasia n = 1). (2) Assessment of  changes of  the 
ileal epithelium toward colonic epithelium: In 4/6 CD, 
biopsy samples were taken from the macroscopically 
uninvolved ileum, showing inflammation in 3/4 (A2, n 
= 1; A4, n = 2) and changes towards colonic metaplasia 

Figure 3  Endoscopic view, histological analysis and immunohistochemistry against CG3 and Das-1 MoAbs of biopsy samples taken from the neo-terminal ileum and 
rectal stump from a second UC patient (DLE) with IRA. A-C: Endoscopic views of the neo-terminal ileum at 3 endoscopies, showing focal erosions and ulcers at all 
times; D: Histological analysis of ileal biopsy samples, compatible with changes towards colonic epithelium, including villous atrophy; E: Immunostochemistry showing 
staining against CG3 (E1) and Das-1 (E2) MoAbs in the same ileal samples. F-H: Endoscopic view (F), histological (G1, G2) and immunohistochemical analysis 
against CG3(H1) and Das-1 MoAbs (H2) of the uninvolved ileum, showing no inflammation or colonic metaplasia. I-M: Endoscopic view (I), histological (L1, L2) and 
immunohistochemical analysis using CG3(M1) and Das-1 MoAbs (M2) of the rectal stump, showing typical UC lesions and staining against hTM5-related antigens.

M2 Das-1

M1 CG3

H2 Das-1H1 CG3

E2 Das-1E1 CG3

C

←

B ←A

←

L2L1I

G2G1

FD3

D2D1

www.wjgnet.com

5294    ISSN 1007-9327    CN 14-1219/R      World J Gastroenterol    September 14, 2008     Volume 14    Number 34



in 2/4 (B2, n = 1; B4, n = 1) (Table 3). Ileal lesions at 
endoscopy were confirmed by histology in all 4 CD 
(A2, n = 1; A8, n = 1; A10, n = 1; A12, n = 1) showing 
colonic metaplasia in 3/4 patients (B3, n = 1; B4, n = 

2). (3) Immunohistochemistry: hTM5-related antigens 
expression in the uninvolved ileum was searched in 2 
CD, showing staining against CG3 in both and against 
Das-1 in 1 patient. Biopsies from the involved ileum 

C

Figure 4  Endoscopic view, histological analysis and WCE images of the rectum and neo-terminal ileum from a third UC patient (LRA) with IRA. A: Endoscopic view 
of the rectal stump showing erosions and pseudopolyps; B: Endoscopic views of the ileum showing small focal ulcers above the anastomosis; C: Ileal biopsy sample 
from the same patient showing no villous atrophy or colonic metaplasia by histology; D: WCE images showing in the neo-terminal ileum above the anastomosis, 2 
ulcers covered by fibrin (arrows) surrounded by macroscopically normal ileum.
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Table 2  Endoscopic and histologic findings at different time intervals in each patient with IRA for UC

Patient Endo (n) Ileal lesions Histology

at endoscopy Uninvolved ileum Involved ileum

Conventional histology[23] Immunohistochemistry Conventional histology[23] Immunohistochemistry

A B Colonic metaplasia CG3 MoAb Das-1 MoAb A B Colonic metaplasia CG3 MoAb Das-1 MoAb

LRA 1 Y 1 0 N - - ND ND ND ND ND
2 Y 0 0 N + + 12 12 Y + +
3 Y 2 0 N + +   6   1 N + +
4 Y 0 0 N + +   6   0 N + +
5 Y 0 0 N + +   8   0 N + +

DFML 1 Y ND ND ND ND ND   0   0 N + -
2 N 0 0 N + + ND ND ND ND ND

SC 1 N 2 0 N + + ND ND ND ND ND
ML 1 Y 0 0 N + + 10   4 Y + +

2 N 0 0 N ND ND ND ND ND ND ND
TE 1 Y ND ND ND ND ND   0   0 Y + -
LP 1 N 0 0 N ND ND ND ND ND ND ND
BM 1 N 0 0 N ND ND ND ND ND ND ND

2 N 1 0 N + - ND ND ND ND ND
3 N 0 0 N ND ND ND ND ND ND ND

DLE 1 Y 0 0 N + -   6   2 Y + -
2 Y 0 2 Y + +   0   2 Y + +
3 N 0 0 N ND ND ND ND ND ND ND

CF 1 Y ND ND ND ND ND   2   0 N - -
2 Y 0 0 N ND ND ND ND ND ND ND

NF 1 Y ND ND ND ND ND   6   3 Y ND ND
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were taken from 3 CD, showing CG3 staining in all 3, 
and Das-1 staining in 2/3 patients.

Longitudinal study: Endoscopy: Repeated endoscopies 
(n = 4 in 1; n = 3 in 2) were performed in 3/6 patients, 
showing persistent lesions. Histology: In 5/6 patients, 
i leal inf lammatory changes were detected at a l l 
endoscopies. Immunohistochemistry: The only patient 
with repeated immunohistochemical analysis showed 
persistent CG3 positivity and Das-1 negativity.

Patient with FAP
Endoscopy: One anastomotic ulcer was detected. 
Histology: Inflammation were detected only in the 
anastomosis (A = 0; B = 2).

Patient resected for colon cancer
Endoscopy: No lesions were detected. Histology: Mild 
inflammation was detected in the rectum only. 

DISCUSSION
In UC, inflammatory changes of  the ileum in UC may 
be observed in pouchitis[4-8] and in backwash ileitis[1-3]. 
In pouchitis, ileal lesions have been related to the 
development of  changes of  the epithelium towards 
colonic epithelium (“colonic metaplasia”)[4,23,24]. Although 
the etiology of  pouchitis remains unknown, the 
resident bacterial flora is involved in the pathogenesis 
of  this condition[15,18,19,21,22]. In particular, the efficacy 
“in vivo” of  probiotic preparations in UC patients with 
pouchitis suggests a pathogenetic role for changes of  
the resident bacterial flora after proctocolectomy[18,19,21]. 
As proctocolectomy is required for both ileal pouch 
and IRA, we aimed to assess whether UC patients may 
develop inflammatory changes of  the ileum not only 
in the ileal pouch, but also above the IRA. We also 
explored whether these changes are associated with the 
development of  colonic metaplasia of  the epithelium 
lining the ileum. Ileal changes have been examined by 

Figure 5  Endoscopic view and histological analysis of the anastomosis and neo-terminal ileum from 3 UC patients with IRA. A: Endoscopic views of the anastomosis 
from 3 UC patients showing focal small ulcers; B: Endoscopic views of the neo-terminal ileum from the same 3 UC patients, scattered ulcerations surrounded by 
macroscopically uninvolved ileum; C: Histological analysis of biopsy samples taken from the involved neo-terminal ileum from patients 5 and 6, showing changes 
towards colonic metaplasia.
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histology and immunohistochemistry using MoAbs 
against the major cytoskeletal microfilament protein, 
tropomyosin isoform 5 (hTM5) in colon epithelium[33-36]. 
Evidence indicates that bacterial-host interactions may 
induce the expression of  cryptic cytoskeletal proteins on 
human cells surface[23,44]. Cytoskeletal proteins include 
a family of  intracytoplasmatic proteins (α-actinin, talin, 
ezrin, villin, F-actin, myosin Ⅱ, calpactin, gelsolin, 
laminin, tropomyosin), modulating the structure, 

shape, and motility of  several cell types, including 
human colonic epithelial cells[45]. The enteropathogenic 
Escherichia coli binds to enterocytes by injecting a 
translocated intimin receptor in the host cells membrane, 
linking to the intimin receptor of  the bacterium itself. 
This binding is followed by a rearrangement of  the 
cytoskeletal proteins within the cytoplasm of  the 
enterocytes (α-actinin, talin, ezrin, villin, F-actin, myosin 
Ⅱ, TMs), thus forming pedestals linking the bacterium 

Figure 6   Endoscopic view (A), 
histological (B) and immunohis-
tochemical  analysis using CG3 
(C) and Das-1 MoAbs (D) of the 
neo-terminal i leum form one CD 
pa t ien t .  Endoscopy  shows CD 
recurrence (grade 2),  histology 
lesions compatible with changes of 
the ileum towards colonic epithelium 
and immunohistochemistry staining 
against CG3 and Das-1 MoAbs.

BA

←

C CG3 D Das-1

Figure 7   Endoscopic view (A), 
rou t ine  h is tochemica l  (B )  and 
immunohistochemistry analysis using 
CG3 (C) and Das-1 MoAbs (D) of the 
neo-terminal ileum from a second 
CD patient. Endoscopy detected 
recurrence of the anastomosis and 
neo-terminal ileum (grade 3), histology 
lesions compatible with changes of 
the ileal epithelium towards colonic 
epithelium and immunohistochemistry 
the expression of colonic epithelial 
antigens, compatible with colonic 
metaplasia.
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itself  to colonic epithelial cells[44,45]. These observations 
prompted us to also assess whether hTM5 may be 
expressed on the epithelial cells lining the neo-terminal 
ileum in UC patients with IRA, due to changes of  the 
ileum towards colonic epithelium after colectomy and the 
possible relation between the development of  colonic 
metaplasia and ileal lesions. Our findings from a limited 
number of  patients with IBD suggest that ileal lesions 
may be observed after IRA, although more frequently 
in UC (7 out of  10 patients). The presence of  scattered 
erosions and ulcers in the neo-terminal ileum above the 
anastomosis was confirmed by WCE images, acquired 
as described[41-43], from the only patient performing 
this procedure. Despite the focal inflammation of  
the ileum, histological analysis of  the surgical colonic 
specimen confirmed the diagnosis of  UC in all 7 
patients. Ileal lesions were associated with epithelial 
changes towards colonic epithelium in 4 out of  these 
7 patients, associated with the expression of  hTM5-
related antigens in 3 out of  these 4 patients. The same 
findings were not detected in any of  the 7 UC patients 
with no ileal lesions. Surprisingly, colonic metaplasia 
and the expression of  colonic epithelial antigens were 
also observed in some of  the few tested patients with 
IRA for CD. Although “colonization” of  the ileum after 
total colectomy for any indication has been described, 
its possible relation with the development of  ileal 
lesions is unknown. The score from Fruin et al[24] was 
used for assessing colonic metaplasia, as for pouchitis. 
Major limits of  our study include the low number of  
patients and the cross-sectional study plan, not allowing 
comparisons before versus after surgery. Although it is 
said that colectomy cures UC, this study underscores the 
fact that surgery is not the final answer due to the high 

incidence of  pouchitis and other functional problems 
experience by these patients. Of  particular concern is 
the asymptomatic neoplasia that can arise in the residual 
rectal stump required for these surgical procedures, 
which was seen in one of  the study patients.

Although not conclusive, our findings suggest that 
lesions may be observed in the neo-terminal ileum of  
UC and CD patients following IRA. These changes 
are towards colonic epithelium phenotype and with 
the expression of  colonic epithelial antigens in some 
patients. Longitudinal studies are ongoing for further 
characterization of  the molecular mechanisms leading 
to ileal changes in UC. Present findings suggest that 
changes of  the ileal content after colectomy may 
contribute to the development of  colonic type of  
metaplasia, leading to ileal lesions both in the pouch and 
in the neo-terminal ileum after IRA.

 COMMENTS
Background
Inflammatory changes of the distal ileum in ulcerative colitis (UC) may be 
observed in backwash ileitis and after total proctocolectomy with ileal pouch 
(“pouchitis”). Although total proctocolectomy with ileal pouch currently 
represents the most frequently performed surgical procedure in UC, colectomy 
with ileo-rectal anastomosis (IRA) is still in these patients. The persistence 
of the diseased rectal stump after IRA requires endoscopical surveillance. 
Ileal inflammation may be observed in UC patients with pouchitis, being 
related to changes of the ileal epithelium towards colonic epithelium (“colonic 
metaplasia”). Whether the ileum above IRA in patients with IRA for UC may 
develop inflammatory changes as observed in pouchitis is unknown and this 
observation may be useful for proper follow up of patients after surgery. 
Research frontiers
The etiology of pouchitis in patients with UC is unknown. However, the 
development of changes of the ileal mucosa lining the pouch, including 
flattening, reduced number and/or complete villar atrophy has been involved in 
the pathogenesis of pouchitis. These changes of the ileum, becoming similar 
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Table 3  Endoscopical and histologic findings of patients with IRA for CD, FAP or colonic K

Patient Endo (n) Ileal lesions at endoscopy Histology

Uninvolved ileum Involved ileum
Conventional histology[23] Immunohistochemistry Conventional histology[23] Immunohistochemistry

Score Score Colonic CG3 Das-1 Score Score Colonic CG3 Das-1

A B metaplasia MoAb MoAb A B metaplasia MoAb MoAb

DAD 1 Y ND ND ND ND ND 4 0 N + -
(CD-1) 2 Y ND ND ND ND ND 0 0 N + -

3 Y 0 0 N + - 0 0 N + -
4 Y 0 0 N + - 8 4 Y + -

MA 1 N 4 4 Y + + 0 3 Y + +
(CD-2)
DCE 1 N ND ND ND ND ND ND ND ND ND ND
(CD-3)
CP 1 N 0 0 N ND ND ND ND ND ND ND
(CD-4) 2 N 2 0 N ND ND ND ND ND ND ND

3 Y 1 1 N ND ND 2 1 N ND ND
DLV 1 Y ND ND ND ND ND 4 1 Y + +
(CD-5) 2 N 2 2 Y ND ND

3 Y 4 2 Y ND ND 12 4 Y ND ND
CRL 1 Y ND ND ND ND ND 10 3 Y ND ND
(CD-6)
ZG 1 N 0 0 N ND ND 8 2 N ND ND
(FAP)
ML 1 N 0 0 N ND ND ND ND ND ND ND
(K)



to the colonic epithelium (“colonic metaplasia”) have been reported more 
frequently associated with pouchitis. Changes of the resident bacterial flora 
after proctocolectomy therefore have been involved in the development of both 
colonic metaplasia and pouchitis. It is conceivable that after total colectomy 
for UC and related changes of the common bacterial flora, ileal lesions may 
develop not only after ileal pouch, but also after IRA.
Innovations and breakthroughs
The present study showed that In UC, ileal lesions associated with changes 
towards colonic epithelium may develop after IRA. Changes of the ileal content 
after colectomy may contribute to the development of colonic metaplasia, 
leading to ileal lesions also after IRA. 
Applications
Results from our study suggest that patients with IRA for UC need endoscopical 
assessment not only for cancer surveillance but also for assessing the possible 
development of ileal lesions above anastomosis. Present findings also add new 
insights regarding the natural history of UC after IRA.
Terminology
Tropomyosin isoform 5 (hTM5) is a cytoskeletal microfilament protein present 
in the epithelium from human colon, but not from the ileum. Mucosal and 
circulating antibodies against hTM5 have been demonstrated in patients 
with UC. Evidences indicate that bacterial-host interactions may induce the 
expression of cryptic cytoskeletal proteins on human cells surface. Cytoskeletal 
proteins include a family of intracytoplasmatic proteins (α-actinin, talin, ezrin, 
villin, F-actin, myosin Ⅱ, calpactin, gelsolin, laminin, tropomyosin), modulating 
the structure, shape, and motility of several cell types, including human colonic 
epithelial cells.
Peer review
This is a clinical and immunohistochemical study supporting the need of 
continued endoscopical follow up of UC patients after IRA.
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to -0.029; P = 0.04, day 3 weighted mean difference: 
-0.61; 95% CI: 1.01 to -0.20; P = 0.0038). Local an-
aesthetic wound infusion was associated with a signifi-
cant decrease in total opioid consumption (weighted 
mean difference: -40.13; 95% CI: -76.74 to -3.53; P 
= 0.03). There was no significant decrease in length 
of stay (weighted mean difference: -20.87; 95% CI: 
-46.96 to 5.21; P = 0.12) or return of bowel function 
(weighted mean difference: -9.40; 95% CI: -33.98 to 
15.17; P = 0.45).
CONCLUSION: The results of this systematic re-
view and meta-analysis suggest that local anaesthetic 
wound infusion following laparotomy for major color-
ectal surgery is a promising technique but do not pro-
vide conclusive evidence of benefit. Further research is 
required including cost-effectiveness analysis.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Open surgery comprising colonic resection and primary 
bowel anastomosis accounts for up to a third of  elective 
general surgical admissions[1]. The control of  pain 
following these operations represents a major challenge 
as highly complex nociceptive pathways are involved[2-4]. 
Pain control following abdominal laparotomy and 
bowel anastomosis is therefore not amenable to 
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Abstract
AIM: To provide a specific review and meta-analysis of 
the available evidence for continuous wound infusion 
of local anaesthetic agents following midline laparoto-
my for major colorectal surgery.
METHODS: Medline, Embase, trial registries, con-
ference proceedings and article reference lists were 
searched to identify randomised, controlled trials of 
continuous wound infusion of local anaesthetic agents 
following colorectal surgery. The primary outcomes 
were opioid consumption, pain visual analogue scores 
(VASs), return to bowel function and length of hospital 
stay. Weighted mean difference were calculated for 
continuous outcomes.
RESULTS: Five trials containing 542 laparotomy 
wounds were eligible for inclusion. There was a sig-
nificant decrease in post-operative pain VAS at rest 
on day 3 (weighted mean difference: -0.43; 95% CI: 
-0.81 to -0.04; P = 0.03) but not on post-operative 
day 1 and 2. Local anaesthetic infusion was associated 
with a significant reduction in pain VAS on movement 
on all three post-operative days (day 1 weighted mean 
difference: -1.14; 95% CI: -2.24 to -0.041; P = 0.04, 
day 2 weighted mean difference: -0.97, 95% CI: -1.91 
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pharmacological monotherapy and modern analgesic 
strategies following major colorectal surgery involve 
the combination of  many agents including parenteral 
opiates, nonsteroidal anti-inflammatory drugs (NSAIDs), 
paracetamol and epidural infusion techniques[5].

Unfortunately, there is no ideal analgesic regimen - 
all current techniques have disadvantages in the form of  
important side-effects, cost, patient compliance, proce-
dural complications and delays in discharge[6]. Subopti-
mal post-operative pain control is of  great clinical conse-
quence and has been associated with cardiovascular and 
respiratory complications and increased gastrointestinal 
paralysis[5].

A recent systematic review[7] has revealed the prom-
ise of  continuous wound infusion of  local anaesthetic 
agents to provide improved pain control following 
thoracic[8-10], abdominal[11-13], gynaecological[14-16], and or-
thopaedic[17-19] operations, but there is a need for a more 
focused review of  the evidence specific to colorectal 
laparotomy.

MATERIALS AND METHODS
An electronic search was performed using the Embase 
and Medline databases from 1966 until 2007. The search 
terms “postoperative pain”, “postoperative analgesia”, 
“local anesthetics”, “continuous”, “infusion”, “per-
fusion”, “irrigation”, “patient-controlled”, and MeSH 
headings “Colorectal Surgery” (MeSH), “Laparotomy” 
(MeSH), were used in combination with the Boolean 
operators AND or OR. Two authors independently 
performed electronic searches in March 2008. The 
electronic search was supplemented by a hand search 
of  published abstracts from meetings of  the Surgical 
Research Society, the Society of  Academic and Research 
Surgery, the American Society of  Anesthesiologists, the 
Anaesthetic Research Society and the Association of  
Surgeons of  Great Britain and Ireland from 1980 to 
2007. The reference lists of  articles obtained were also 
searched to identify further relevant citations. Finally, the 
search included the Current Controlled Trials Register 
(www.controlled-trials.com) and the Cochrane Database 
of  Controlled Trials.

Abstracts of  the citations identified by the search 
were then scrutinised by two observers (SRW and AK) 
in order to determine eligibility for inclusion in the meta-
analysis. Studies were included if  they met each of  the 
following criteria: randomised controlled trial, patients 
undergoing midline laparotomy for colorectal surgery, 
randomisation to groups with or without continuous 
wound infusion of  local anaesthetic.

The primary outcome measure for the meta-analysis 
was the opioid consumption in each arm. Data from eli-
gible trials were entered into a computerized spreadsheet 
for analysis. The quality of  each trial was assessed using 
the Jadad scoring system[20]. The statistical analysis was 
performed using Statsdirect 2.5.7 (Statsdirect Ltd., UK). 
Weighted mean difference were calculated for the effect 
of  local anaesthetic infusion on opioid consumption and 
linear analogue pain scores on post-operative days 1, 2 

and 3. Further pooled outcome measures were duration 
of  hospital stay and time to return of  bowel function. 
All pooled outcome measures were determined using 
random-effects models as described by Der Simonian 
and Laird[21]. Heterogeneity amongst the trials was as-
sessed by Cochran’s Q statistic, a null hypothesis test in 
which P < 0.05 is taken to indicate the presence of  sig-
nificant heterogeneity. The Egger test was used to assess 
the funnel plot for significant asymmetry, indicating pos-
sible publication or other biases.

RESULTS
The initial search identified 590 papers. After screening, 
5 randomised controlled trials were identified[22-26]. The 
five trials included 542 laparotomy wounds, of  which 
259 were randomised to infusion of  local anaesthetic 
agents.

Outcome measures
Opioid consumption: Four of  the five trials reported 
total opioid consumption with or without local anaes-
thetic wound infusions[22-25] (Figure 1A). Local anaes-
thetic wound infusion was associated with a significant 
decrease in total opioid consumption (weighted mean 
difference: -40.13; 95% CI: -76.74 to -3.53; P = 0.03). 
This outcome measure was associated with significant 
statistical heterogeneity (Cochran’s Q = 45.31, P = 0.02) 
but not significant bias (Egger Test = -4.69, P = 0.27).

Four of  the five trials reported separate data for opio-
id consumption with or without local anaesthetic wound 
infusion on post-operative day 1[22,23,25,26] (Figure 1B). 
Local anaesthetic wound infusion was associated with 
a significant decrease in opioid consumption on post-
operative day 1 (weighted mean difference: -8.34; 95% 
CI: -16.38 to -0.31; P = 0.04). There was significant 
statistical heterogeneity (Cochran’s Q = 9.98, P = 0.019) 
but not significant bias (Egger test: -2.11, P = 0.48).

Three trials reported opioid consumption on post-
operative days 2 and 3[22,23,26] (Table 1). There was no 
significant effect on opioid consumption (d 2 weighted 
mean difference: -9.49; 95% CI: -20.37 to 1.39; P = 0.087; 
day 3 weighted mean difference: -4.80; 95% CI: -11.72 to 
2.13; P = 0.17). Two trials did not report this outcome 
measure rendering calculation of  statistical heterogeneity 
or bias impossible.

Visual analogue pain scores at rest
Four of  the five trials reported visual analogue scores 
(VASs) of  pain on post-operative days 1, 2 and 3[22-24,26]. 
Post-operative pain was reduced with local anaesthetic 
infusion on d 1 and 2 but the difference was not signifi-
cant (Table 1) (d 1 weighted mean difference: -0.18; 95% 
CI: -1.31 to 0.95; P = 0.75 and d 2 weighted mean differ-
ence: -0.20; 95% CI: -1.06 to 0.66; P = 0.65). However, 
these outcome measures were associated with significant 
statistical heterogeneity (Cochran’s Q 18.15 and 15.42, 
P < 0.05). The use of  local anaesthetic wound infu-
sions was associated with a significant decrease in post-
operative pain at rest on d 3 (Figure 1C) (weighted mean 
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difference: -0.43; 95% CI: -0.81 to -0.044; P = 0.0288). 
There was no evidence of  bias for days 1, 2 or 3 (day 1 
Egger test 0.99, P = 0.80; day 2 Egger test 2.75, P = 0.47; 
day 3 Egger test -1.00, P = 0.63).

Visual analogue pain scores on coughing or movement
Three of  the five trials reported pain VAS on cough-
ing or movement, grouped for this analysis as a com-
posite endpoint[23,24,26]. Local Anaesthetic infusion was 
associated with a significant reduction in pain VAS on 
all three post-operative days (Figures 1D to F) (day 
1 weighted mean difference: -1.14; 95% CI: -2.24 to 
-0.041; P = 0.04, day 2 weighted mean difference: -0.97, 

95% CI: -1.91 to -0.029; P = 0.04, day 3 weighted mean 
difference: -0.61; 95% CI: 1.01 to -0.20; P = 0.0038). 
Two trials did not report this pain on movement, ren-
dering calculation of  statistical heterogeneity or bias 
impossible. 

Duration of hospital stay
All five trials reported length of  stay. There was no sig-
nificant decrease in length of  stay (Table 1) (weighted 
mean difference: -20.87; 95% CI: -46.96 to 5.21; P = 0.12). 
This outcome measure was associated with significant 
statistical heterogeneity (Cochran’s Q: 12.20, P = 0.016) 
without significant bias (Egger test: -1.12, P = 0.30).

Table 1  Results of meta-analyses

Outcome measure Weighted mean difference 95% CI P Heterogeneity Bias

Opioid consumption
   Total -40.13  -76.74 to -3.53 0.03 P = 0.02 P = 0.27
   Postoperative day 1   -8.34  -16.38 to -0.31 0.04   P = 0.019 P = 0.48
   Postoperative day 2   -9.41 -20.37 to 1.39   0.087 NA NA
   Postoperative day 3 -4.8 -11.72 to 2.13 0.17 NA NA
Visual analogue pain score at rest
   Postoperative day 1   -0.18   -1.31 to 0.95 0.75 P < 0.05 P = 0.80
   Postoperative day 2   -0.20   -1.06 to 0.66 0.65 P < 0.05 P = 0.47
   Postoperative day 3   -0.43      -0.81 to -0.044   0.029 NA P = 0.63
Visual analogue pain score on 
coughing or movement
   Postoperative day 1   -1.14       -2.24 to -0.041 0.04 NA NA
   Postoperative day 2   -0.97       -1.91 to -0.029 0.04 NA NA
   Postoperative day 3   -0.61      1.01 to -0.20     0.0038 NA NA
Duration of hospital stay -20.87 -46.94 to 5.21 0.12   P = 0.016 P = 0.30
Time to return of bowel function -9.4    -33.98 to 15.17 0.45 NA NA
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Figure 1  A: Forest plot for total postoperative opioid consumption with or without continuous wound infusion of local anaesthetic agent; B: Forest plot for opioid 
consumption on postoperative d 1 with or without continuous wound infusion of local anaesthetic agent; C: Forest plot for pain VAS at rest on postoperative d 3 with or 
without continuous wound infusion of local anaesthetic agent; D: Forest plot for pain VAS on coughing or movement on postoperative d 1 with or without continuous 
wound infusion of local anaesthetic agent; E: Forest plot for pain VAS on coughing or movement on postoperative d 2 with or without continuous wound infusion of 
local anaesthetic agent; F: Forest plot for pain VAS on coughing or movement on postoperative d 3 with or without continuous wound infusion of local anaesthetic 
agent.
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Time to return of bowel function
Mean time to production of  faeces was reported by 
three trials[22-24]. There was no significant effect of  local 
anaesthetic wound infusion (Table 1) (weighted mean 
difference: -9.40; 95% CI: -33.98 to 15.17; P = 0.45). 
Two trials did not report this outcome measure render-
ing calculation of  statistical heterogeneity or bias impos-
sible.

DISCUSSION
The results of  our meta-analysis suggest that wound 
infusions are a promising adjunct to existing analgesic 
regimens following laparotomy for major colorectal sur-
gery. The results do not, however, provide conclusive 
evidence of  significant benefit conferred by this tech-
nique and it is doubtful whether the data gathered are 
sufficient to support generalisation of  this conclusion to 
routine practice. The number of  eligible trials (5) and to-
tal abdominal wounds (542) is small, and meta-analyses 
on small samples may be vulnerable to confounding if  
one or two of  the eligible trials demonstrate a strong 
trend for or against the intervention under investigation.

For the purpose of  this meta-analysis, the outcome 
measure “opioid consumption” was chosen to reflect 
opioid-sparing effect provided by local anaesthetic infu-
sions. However, the significant statistical heterogeneity 
associated with this outcome measure reflects a variety 
of  background analgesic regimens used in both control 
and treatment groups. Polglase et al utilized a multimodal 
analgesic regimen whereas the other trials studied used 
only patient controlled opioid analgesia to provide back-
ground analgesia. This degree of  methodological hetero-
geneity between the trials may have influenced the meta-
analysis.

Analysis of  pain VAS may also have been affected by 
methodological heterogeneity between the trials studied. 
Furthermore, pain VAS is a non-parametric variable 
whereas the meta-analysis models used assume paramet-
ric distribution of  the variables under study. The vari-
able “length of  stay” reflects a composite endpoint that 
may have been affected by several factors other than the 
presence of  local anaesthetic infusions, and therefore it 
is not possible to draw causative inferences from the re-
sults of  this pooled outcome measure with great validity. 
It was not possible to obtain sufficient data for all the 
trials under study to provide a reliable analysis of  return 
to bowel function. 

An economic analysis of  local anaesthetic wound 
infusions is also needed - it seems likely that a greater 
amount of  data is needed to clarify any trends in post-
operative complications that may support the use of  
these infusions. Further large randomised controlled 
trials are required to investigate the promise of  local 
anaesthetic wound infusions in major colorectal surgery, 
using standardized local anaesthetic agents, background 
analgesic regimens, experimental protocols, discharge 
criteria and anatomical site for wound infusion delivery.

In conclusion, Although suboptimal postoperative 
pain control is associated with cardiovascular, respira-

tory and gastrointestinal complications, many multimo-
dal regimens for analgesia following major colorectal 
laparotomy provide inadequate pain relief. Although the 
number of  trials available for meta-analysis is small, the 
available data demonstrate potential benefit in terms of  
reduction in opioid consumption following laparotomy 
for major colorectal surgery. Further large-scale studies 
will be needed to ascertain if  any clear benefit or harm 
is conferred by the prophylactic use of  local anaesthetic 
wound infusions in major colorectal surgery. Future re-
search on this topic should also address the inaccuracies 
introduced by the methodological heterogeneity pre-
viously addressed in available trials, and provide a cost-
effectiveness analysis of  the use of  continuous wound 
infusions in colorectal surgery.
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there were no differences in TLR4 or TLR5 mRNA lev-
els among the different clinical presentations/histologi-
cal findings (P  > 0.05). In the in vitro  assay, the mRNA 
levels of TLR4 or TLR5 in AGS cells were not influ-
enced by the vacAs1  status or the clinical condition as-
sociated with the strains (P  > 0.05 for both TLR4 and  
TLR5).
CONCLUSION: The results of this study show that 
the mRNA levels of TLR4 and TLR5 in gastric cells, 
both in vivo  and in vitro , are independent of H py-
lori  colonization and suggest that vacA  may not be a 
significant player in the first step of innate immune 
recognition mediated by TLR4 or TLR5.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
H pylori is a Gram-negative, flagellated bacterium that 
colonizes the gastric mucosa of  approximately two-
thirds of  the world’s population and is the primary 
cause of  peptic ulcers and gastric adenocarcinoma. The 
complex interactions between different H pylori strains, 
the host immune system or environmental factors (or 
combinations thereof) are responsible for the significant 
variability in disease presentation associated with H pylori 
infection[1].

Vacuolating cytotoxin (VacA) and the CagA protein 
are the two major virulence markers usually associated 
with H pylori pathogenicity. VacA induces the forma-
tion of  intracellular vacuoles in epithelial cell lines. 
Aside from its direct cell-damaging effect in vitro, VacA 
also plays a major role in inducing cytoskeletal changes, 
apoptosis and suppression of  epithelial cell prolifera-

Elvira Garza-González, Francisco Moreno, Departmento de 
Microbiología, Facultad de Medicina, Universidad Autónoma 
de Nuevo León, Monterrey 64460, Mexico
Virgi l io Bocanegra-García, Departmento de Biología 
Molecular y Bioingeniería, UAM Reynosa Aztlán, Universidad 
Autónoma de Tamaulipas, Reynosa, Tamaulipas 88740, Mexico
Francisco Javier Bosques-Padilla, Juan Pablo Flores-
Gutiérrez, Hospital Universitario “Dr. José Eleuterio González”, 
Universidad Autónoma de Nuevo León, Monterrey 64460, 
Mexico
Guillermo Ignacio Perez-Perez, Department of Medicine and 
Microbiology, New York University School of Medicine, New 
York NY 10010, United States
Author contributions: Garza-González E designed and 
coordinated the study, optimized PCR conditions, and drafted 
the manuscript; Bocanegra-García V and Moreno F extracted 
RNAs and performed molecular assays; Flores-Gutiérrez 
JP performed histological examination and interpretation 
of results; Bosques-Padilla FJ recruited patients and carried 
out endoscopies; Pérez-Perez GI participated in the design, 
coordination of the study and revised the drafted manuscript.
Correspondence to: Elvira Garza-González, Departmento de 
Microbiología, Facultad de Medicina, Universidad Autónoma 
de Nuevo León, Av. Madero y Dr. Aguirre s/n, Colonia Mitras 
Centro, Monterrey 64460, 
Mexico. elvira_garza_gzz@yahoo.com
Telephone: +52-81-83294166  Fax: +52-81-83294166
Received: May 4, 2008    Revised: August 18, 2008
Accepted: August 25, 2008
Published online: September 14, 2008 

Abstract
AIM: To determine if the presence H pylori  or its viru-
lence affect toll-like receptor 4 (TLR4) and TLR5 mRNA 
expression levels.
METHODS: For the in vivo  assays, gastric biopsies 
were obtained from 40 patients and H pylori  status 
was determined. For the in vitro  assays, human gastric 
adenocarcinoma mucosal cells (AGS) were cultured in 
the presence or absence of twelve selected H pylori  
strains. H pylori  strains isolated from culture-positive 
patients and selected strains were genotyped for cagA  
and vacA . The cDNA was obtained from mRNA extract-
ed from biopsies and from infected AGS cells. TLR4 
and TLR5 mRNA levels were examined by real-time 
PCR.
RESULTS: The presence of H pylori  did not affect the 
mRNA levels of TLR4 or TLR5 in gastric biopsies. The 
mRNA levels of both receptors were not influenced 
by the vacA  status (P  > 0.05 for both receptors) and 
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tion[2]. The vacA gene is present in all H pylori strains and 
contains at least two variable domains. The s-region, 
which encodes the signal peptide, exists as either an s1 
or s2 isoform. The vacA s1 genotype has been linked to 
increased disease severity[2,3].

Some H pylori strains contain a pathogenicity island, 
which carries a number of  virulence factors, including 
cagA, which is considered to be a marker for this island. 
A type Ⅳ secretory system translocates the CagA pro-
tein into host epithelial cells where it is phosphorylated 
by host-cell kinases[4]. H pylori cagA-positive strains have 
been associated with more severe inflammation of  the 
gastric mucosa and more severe disease manifesta-
tions[1,2].

Toll-like receptors (TLRs) are a family of  mammalian 
homologs of  the Drosophila Toll proteins and, in mam-
malian systems, TLR4 confers responsiveness to Gram-
negative lipopolysaccharide (LPS), while TLR5 recog-
nizes flagellin[5]. Previous studies have shown that gastric 
epithelia express both TLR4 and TLR5[6-9]. Here, we 
studied the mRNA levels of  TLR4 and TLR5 in gastric 
epithelial cells to determine if  distinctive changes in the 
levels of  mRNA could be affected by the presence of  
toxigenic and non-toxigenic (in particular vacA+ strains) 
H pylori strains.

MATERIALS AND METHODS
Study population, RNA isolation, and H pylori status 
Forty patients (mean age, 58.3 years; age range, 18- 
81 years; F/M, 25/15) with indications of  upper gastro-
duodenal endoscopy were included and the study was 
approved by the local ethics committee. Eighteen biopsy 
specimens were obtained from each patient. Total RNA 
was extracted from four of  the biopsies from each pa-
tient (two from the antrum and two from the corpus) 
using Trizol® reagent (Invitrogen, Carlsbad, CA, USA) 
according to manufacturer’s instructions. Eight biopsies 
were used for histological evaluation; two from the lesser 
curvature, two from the greater curvature, two from the 
incisura angularis, and two from the prepyloric region. 
Biopsies were fixed, paraffin embedded and examined 
histologically after hematoxylin-eosin staining.

Patients’ H pylori status was determined by histology, 
the rapid urease test performed by an in-house validated 
test on two biopsies (one from the antrum and one 
from the corpus)[10], and culture analysis performed 
by standard methods on four biopsies (two from the 
antrum and two from the corpus)[11]. Bacterial genomic 
DNA was extracted from H pylori strains and typing for 
cagA and vacA was performed using primers previously 
described[3,12]. Patients were considered H pylori-positive 
when at least two of  the diagnostic tests were positive.

Infection of AGS cells and RNA isolation
From our collection, we selected 12 strains that were 
isolated from patients with gastritis, distal gastric cancer, 
and peptic ulcer disease (4 from each pathologic/
histologic finding). All strains were genotyped for vacA 
and cagA as described above. Human gastric epithelial 

AGS CRL-1739 cel ls were grown in RPMI 1640 
supplemented with 10% FBS. H pylori bacteria were 
added at a multiplicity of  infection (MOI) of  100:1, 
followed by a phosphate buffered saline (PBS) pH 7.4 
wash to remove non-adherent bacteria. After 24 h, total 
RNA was isolated using the RNA tissue kit (Gentra 
Systems, Minneapolis, MN). The H pylori J99 ATCC 
700824 strain was used as a control in all experiments.

Reverse transcription and real-time PCR
Five micrograms of  RNA were reverse-transcribed using 
SuperScript Ⅲ (Invitrogen) in a 20 μL reaction volume 
using oligo dT primers. The resulting cDNA was real-
time-amplified in a final volume of  25 μL. The mix 
contained 1 U of  Hot-Start Taq DNA polymerase (In-
vitrogen), 1 × reaction buffer, 200 μmol/L of  each de-
oxynucleoside triphosphate (dNTPs), 3 mmol/L MgCl2, 
0.3 μmol/L of  each primer and 0.25 × SYBR Green 
(Molecular Probes, Eugene OR). PCR was performed in 
glass capillaries using a Light Cycler instrument (Roche 
Applied Science, Indianapolis, IN). All reactions were 
performed in duplicate, and the thermal cycling condi-
tions were 1 min at 94℃, followed by 35 cycles of  94℃ 
for 10 s, 59℃ for 10 s and 72℃ for 10 s with a ramp of  
5℃/s. Real time PCR for glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was performed as described 
previously[7]. The relative amounts of  the PCR products 

were calculated as the ratio of  each TLR mRNA to 
GAPDH mRNA.

Statistical analysis
Comparisons were performed using a non-paired 
Student’s t test. Analyses were carried out using the 
Statistics software 7.0 (Melbourne, Australia).

RESULTS
H pylori infection status and histological findings in the 
study population
The majority, 57.5 % (n = 23), of  the patients examined 
were H pylori positive (F/M, 14/9; 22-81 years; 53.8 ± 
20.3). Of  the 40 patients in the study, 29 had gastritis 
confirmed by histology, 5 had intestinal metaplasia (IM) 
and 4 had antral ulcers. Only two patients had atrophic 
gastritis. All of  the H pylori strains that were isolated 
were cagA-positive (Table 1).

TLR4 and TLR5 mRNA levels in gastric biopsies
We plotted the TLR/GADPH ratios for both TLR4 

Table 1  Distribution of H pylori  infection status and the H 
pylori  genotype

H pylori  genotype (n  = 20 strains)

Diagnosis vacA s1 vacA s2 cagA
Gastritis   5/15 10/15 15/15
Intestinal metaplasia 4/4 0/4 4/4
Antral ulcer 0/1 1/1 1/1
Atrophic gastritis 0/0 0/0 0/0



and TLR5 in both infected and non-infected patients  
(Figure 1A). The presence of  H pylori did not affect the 
mRNA levels of  either Toll receptor. We did a similar 
analysis comparing patients infected with either H pylori 
vacAs1 or H pylori vacAs2 (Figure 1B). These data demon-
strated that the mRNA levels of  TLR4 and TLR5 were 

not influenced by the vacA status (P > 0.05 for both 
receptors). There were no differences in TLR4 or TLR5 
mRNA levels between patients with different clinical 
presentations/histological findings (P > 0.05, data not 
shown). We were not able extract conclusions with re-
spect to cagA, because all strains were cagA positive.

mRNA levels of TLR4 and TLR5 in AGS cells
Eleven (91.7%) of  the selected strains were cagA-positive 
and there was an equal vacA s1 and s2 distribution 
between the strains examined. There were no differences 
in the mRNA levels of  TLR4 or TLR5 regarding the 
vacAs1 status or the clinical condition associated with 
the infecting strains (P > 0.05 for both TLR4 and TLR5, 
Figure 1C).

DISCUSSION
Several studies have addressed the mRNA levels and 
protein expression of  TLR4 and TLR5 in gastrointestinal 
cells or in AGS cells[6-9,13]. In this study, we examined the 
mRNA levels of  TLR4 and TLR5 in gastric epithelial 
cells (biopsies and AGS cells) in order to determine if  
significant changes in mRNA levels could be related 
to the presence of  H pylori or differences between the 
virulence of  the strains. Our examination of  gastric 
biopsies from infected and non-infected patients showed 
that there were no quantitative differences in the mRNA 
levels of  these receptors regardless of  whether H pylori 
was present or of  the patient’s H pylori vacA status.

Gastritis is thought to precede the development of  
IM, antral ulcer or atrophic gastritis[1,2]. In this study, we 
included biopsies from 40 patients and among them, 
29 had gastritis, 5 had IM, 4 had antral ulcers, and 2 
had atrophic gastritis. When we compared the mRNA 
levels of  both receptors between patients with gastritis 
and with each clinical condition/histological findings, 
we were unable to identify differences, suggesting that 
mRNA levels for both receptors may not be influenced 
by the infection process, or at least not at the time points 
selected for analysis.

Our analysis of  TLR4 and TLR5 mRNA levels in 
AGS cells in the presence or absence of  H pylori showed 
that the amounts of  TLR4 and TLR5 mRNA in human 
gastric epithelial cells were independent of  H pylori 
vacA status. In the in vitro assay, the analysis showed no 
differences in the amounts of  TLR4 and TLR5 mRNA 
linked to different clinical conditions related to the H 
pylori strains selected.

Our results do not exclude the possibil ity of  
differential expression between TLR4 and TLR5 
receptors since mRNA levels do not accurately reflect 
protein expression. In this study, we used quantitative 
real-time PCR, which is the most commonly used 
technique for studying mRNA expression levels[14]. 
This technique has some advantages, such as accuracy, 
sensitivity and reproducibility. Also, it allows for high 
throughput analyses and can be performed on very small 
samples. However, some problems associated with this 
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Figure 1  A: Mean (95% CI) ratio of TLR/GADPH mRNA levels for both TLR 4 
and TLR5 in H pylori-positive and H pylori-negative patients; B: Mean (95%CI) 
TLR/GADPH mRNA ratios for both TLR 4 and TLR5 in patients infected with 
either H pylori vacAs1 or H pylori vacA s2 (P > 0.05 for both analysis); C: Mean 
(95% CI) TLR/GADPH mRNA ratios for both TLR 4 and TLR5 expression in 
AGS cells infected with H pylori vacAs1 or H pylori vacA s2. All is P > 0.05.
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technique must be addressed, such as the effects of  
different amounts of  starting material, especially when 
analyzing biopsies. To deal with this variation, an internal 
control (housekeeping gene) must be simultaneously 
amplified with the gene of  interest for normalization 
purposes[15]. In this study, even though we included 
analysis of  GADPH as an internal control we could not 
assume that protein expression levels of  both receptors 
were equal based on the levels of  detected mRNA.

An additional caveat was that the in vivo mRNA 
analysis of  pooled biopsies from for ty patients 
minimized the ability to identify biopsy-to-biopsy or 
patient-to-patient differences. Since RNA was extracted 
from all four antrum and corpus biopsies in the same 
vial, different gene expression profiles associated with 
different tissues would not have been detected. By 
analyzing four combined biopsies, it was possible that 
mRNA differences between corpus and antrum mucosal 
samples could have been missed. However, in the in vitro 
assay the mRNA levels obtained following infections 
with 12 different H pylori strains showed no differences 
in TLR expression. Although this is a uniform tissue, the 
observation that at least different H pylori strains did not 
affect TLR mRNA levels suggested that the same results 
would be observed in biopsy samples.

Some invest ig ators have sug gested that the 
subcellular distribution of  receptors, rather than TLR 
expression level, could be relevant in the pathogenesis 
of  inflammatory diseases because the expression of  
these receptors seems to be constitutive[7]. Our results 
are consistent with this view. Nonetheless, a study 
examining the cellular distribution of  expression in 
relation to H pylori vacA status would be an interesting 
issue to address.

Schmausser et al[9], reported that gastric epithelium 
with intestinal metaplasia and dysplasia expressed TLR4 
and TLR5. They demonstrated that 17 out of  22 patients 
strongly expressed TLR4 (77.27%) and all 22 patients 
with gastric carcinoma expressed TLR5. Our study 
confirmed the presence of  TLR4 and TLR5 mRNA, 
which preceded the expression of  both receptors.

It is likely that evaluating the roles of  other Toll-like 
receptors would help elucidate differences in disease 
manifestation and severity of  diseases caused by H 
pylori infections. Valuable information regarding the 
recognition of  whole H pylori or its LPS by TLR2 has 
been reported. Smith et al[16] demonstrated that gastric 
epithelial cells recognized and responded to H pylori 
infection, at least in part, via TLR2 and that H pylori LPS 
was a TLR2 agonist. 

Additionally, Mandell et al [17] demonstrated that 
cytokine responses to whole H pylori were mediated 
by TLR2. Based on these investigations, more work 
examining the role of  TLR2 in relation to the H pylori 
vacA status is needed. The results of  this study show that 
the TLR4 and TLR5 mRNA levels in gastric cells both in 
vivo and in vitro are independent of  H pylori and suggest 
that vacA may not be involved in the first steps of  innate 
immune-recognition of  H pylori.
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CONCLUSION: Chemoradiotherapy with low-dose 
gemcitabine administered twice weekly could be 
effective to patients with locally advanced pancreatic 
cancer; however, patients developing liver metastases 
had a worse prognosis. Another chemoradiotherapy 
strategy might be needed for those patients, such 
as administrating one or two cycles of chemotherapy 
initially, followed by chemoradiotherapy for the cases 
with no distant metastases.
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INTRODUCTION
Pancreatic cancer is one of  the leading causes of  cancer 
death in the world and in most patients the tumor is 
surgically unresectable at the time of  diagnosis[1]. Even 
in the patient with complete surgical resection, both 
distant and local patterns of  recurrence are common[2]. 
In approximately 50% of  resected pancreatic tumors, 
the surgical margins are involved with tumor cells, so it 
can be assumed that most patients are harboring occult 
metastases at the time of  diagnosis[3]. Recently, studies 
for adjuvant chemotherapy or chemoradiotherapy, 
a n d th o s e fo r n eo a d juva n t ch emo th e r a p y o r 
chemoradiotherapy have been investigated[3-6]. 

For patients with locally advanced pancreatic cancer, 
chemoradiotherapy has been accepted as a standard 
treatment[7]. The results of  previous randomized trials 
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Abstract
AIM: To evaluate the chemoradiotherapy for locally 
advanced pancreatic cancer ut i l iz ing low dose 
gemcitabine as a radiation sensitizer administered 
twice weekly. 
METHODS: We performed a retrospective analysis of 
chemoradiotherapy utilizing gemcitabine administered 
twice weekly at a dose of 40 mg/m2. After that, 
maintenance systemic chemotherapy with gemcitabine, 
at a dose of 1000 mg/m2, was administered weekly 
for 3 wk with 1-wk rest until disease progression or 
unacceptable toxicity developed. 
RESULTS: Eighteen patients with locally advanced 
unresectable pancreatic cancer were enrolled. Three 
of those patients could not continue with the therapy; 
one patient had interstitial pneumonia during radiation 
therapy and two other patients showed liver metastasis 
or peritoneal metastasis during an early stage of the 
therapy. The median survival was 15.0 mo and the 
overall 1-year survival rate was 60%, while the median 
progression-free survival was 8.0 mo. The subgroup 
which showed the reduction of tumor development, 
more than 50% showed a tendency for a better 
prognosis; however, other parameters including age, 
gender and performance status did not correlate with 
survival. The median survival of the groups that died 
of liver metastasis and peritoneal metastasis were  
13.0 mo and 27.7 mo, respectively. 
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have indicated that external-beam radiation therapy and 
5-fluorouracil (5-FU) therapy results in a significantly 
longer survival time than radiotherapy[8] or chemotherapy 
alone[9]. Gemcitabine, a deoxycytidine analog that 
functions as an antimetabolite, has been approved for 
use in patients with advanced pancreatic cancer[10,11]. In 
a randomized study, gemcitabine improved survival in 
inoperable pancreatic cancer in comparison with 5-FU[12]. 
Gemcitabine has also been shown to exert an effect in 
5-FU-refractory pancreatic cancer[13]. Gemcitabine has 
also been shown to be a potent radiosensitizer, both in vivo 
and in vitro[14]. The vast majority of  the reported phase I-
Ⅲ clinical trials have used gemcitabine as a single agent 
given weekly in a single dose[7,15,16] (i.e. 250 mg/m2). 

Several preclinical data, including animal studies[17], 
would suggest that maximum radiation sensitization with 
gemcitabine is observed at a lower dose administered 
twice weekly[15,17]. Blackstock et al[14,15] and Magnino et al[18]  
reported on a phase Ⅱ study of  chemoradiotherapy 
in which the patient’s were treated with gemcitabine 
twice weekly at 40 mg/m2 and 50 mg/m2, respectively, 
associated with radiotherapy. Therefore, in the present 
study, we analyzed the results of  retrospective analysis of  
chemoradiotherapy for locally advanced pancreatic cancer, 
utilizing gemcitabine as a radiation sensitizer administered 
twice weekly at a dose of  40 mg/m2, followed by 
maintenance systemic chemotherapy with gemcitabine.

MATERIALS AND METHODS
Eligibil i ty criteria included (1) local ly advanced 
unresectable pancreatic cancer confirmed histologically 
or by imaging techniques including systemic computed 
tomography; (2) 20-74 years of  age; (3) ECOG 
performance status of  0-2; (4) adequate hematological 
function, and adequate renal function, and (5) no prior 
anti-cancer treatment. A total dose of  40-50.4 Gy was 
delivered using 1.8-2.0 Gy daily fractions. Treatment 
planning was determined by a three-dimensional 
treatment planner. The targeted irradiation volume 
included the tumor, possible surrounding edema, and 
1-cm margin. Gemcitabine, at a dose of  40 mg/m2, was 
administered as a 30-min intravenous infusion twice 
weekly (80 mg/m2 per week) for 4-5 wk. Gemcitabine 
was given within 2 h before radiation treatment. At 2 wk 
after the completion of  chemoradiotherapy, maintenance 
systemic chemotherapy of  gemcitabine at a dose of  
1000 mg/m2 was administered as a 30-min intravenous 
infusion weekly for 3 wk with 1-wk rest until disease 
progression or unacceptable toxicity. Both radiation 
therapy and chemotherapy were suspended for grade 3 
hematological toxicities or grade 2 non-hematological 
toxicities (according to the National Cancer Institute 
Common Toxicity Criteria) during the treatment course, 
and treatment was resumed when toxicity was resolved. 
The objective tumor response, as defined by the WHO 
criteria, was assessed every 2 mo or 3 mo by computed 
tomography scan or earlier if  clinically indicated. 

The Kaplan-Meier method was used to estimate the 
distribution of  overall survival and progression free 

survival. Progression free survival was calculated from 
the first day of  treatment until there was evidence of  
clinical progression, tumor progression assessed by 
computed tomography scan measurement or death. 
Overall survival was calculated from the first day of  
treatment until the date of  death. In this study, there is 
no control arm to treat the locally advanced pancreatic 
cancer. 

RESULTS
Clinical data
Eighteen patients were enrolled in this study. Three of  
those patients could not continue with the therapy under 
this protocol; one patient had interstitial pneumonia dur-
ing radiation therapy and two other patients showed liver 
metastasis or peritoneal metastasis in an early stage of  
this protocol. Fifteen patients, including nine males and 
six females, completed therapy as planned and patient 
characteristics are shown in Table 1. The mean age was 
62.2 years old (range, 50-73). The mean diameter of  the 
tumor was 4.8-cm and the tumor was located in the pan-
creatic head in seven patients. Twelve patients received 
radiotherapy at a total of  40-Gy, two patients at a total 
dose of  50-Gy and one patient with 50.4-Gy. In general, 
therapy was well tolerated, one patient suffered AGML 
and another patient had an eruption. All the patients 
showed elevation of  tumor markers, including CA19-9, 
Span-1 and DUPAN-2, at the enrollment for this study. 

Survival
Regarding overall response, there was one complete 
response, 4 partial responses, 9 stable diseases and one 
progressive disease; the response rate was 33%. No 
patients could undergo tumor resection even after the 
completion of  chemoradiotherapy, because of  infiltration 

Table 1  Patient characteristics

Number of patients completing the protocol     15

Gender                                                        
   Male   9 (60%)
   Female   6 (40%)
Age (yr)
   Mean (range) 62.2 (50-73)
Tumor location
   Head   7 (46.7%)
   Head-Body   1 (6.6%)
   Body-Tail   7 (46.7%)
Total radiation dose
   40.0 Gy 12 (80%)
   50.0 Gy   1 (6.6%)
   50.4 Gy   2 (13.4%)

Response
   Complete response   1 (6.6%)
   Partial response   4 (26.7%)
   Stable disease   9 (60 %)
   Progressive disease   1 (6.6%)
Cause of death
   Liver metastasis 10 (66.7%)
   Peritoneal metastasis   3 (20%)
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of  the adjacent large vessels. The median survival was 
15.0 mo and the overall 1-year survival rate was 60%, 
while the median progression-free survival was 8.0 mo,  
estimated by the Kaplan-Meier method (Figure 1). In 
80% of  the patients, the level of  tumor marker, including 
CA19-9, Span-1 and DUPAN-2, was reduced more than 
50% compared to that of  pretreatment. The subgroup 
where the tumor marker was reduced more than 
50% had a tendency for a better prognosis (Figure 2),  
compared to the group with reduced tumor marker 
below 50% of  pretreatment. Blackstock et al[15] postulated 
previously that the extended median survival observed 
in the CA19-9 responding patients might reflect the 
impact of  the improved local control. However, a recent 
study demonstrated that pretreatment serum CA19-9 
concentration was an independent prognostic factor for 
survival for advanced pancreatic cancer, but a decrease in 
concentration during chemotherapy was not significantly 
associated with lengthened survival compared with those 
who did not have a corresponding decrease[19]; therefore, 
the importance of  decreasing in serum tumor marker 
concentration during therapy requires further discussion. 
In the subgroup with a tumor size less than 4-cm in 
diameter, median progression-free survival was 14.0 mo, 

which was better than those above 4-cm in diameter  
(8.0 mo, Figure 3). Other parameters, including age, 
gender and performance status, did not correlate with 
survival. The major causes of  death were liver metastasis 
and peritoneal metastasis. The median survival of  the 
groups that died of  liver metastasis and peritoneal 
metastasis were 13.0 mo and 27.7 mo, respectively. 

DISCUSSION
A recent retrospective comparison of  the toxicity and 
efficacy of  concurrent gemcitabine-based chemoradio-
therapy with that of  5-FU based chemoradiotherapy 
for the patients with unresectable pancreatic cancer[20], 
showed a significantly higher toxicity rate in patients 
treated with gemcitabine and similar median survival 
times between the two arms. Investigators in Taiwan[21] 
reported favorable results for chemoradiotherapy with 
concurrent gemcitabine administration (600 mg/m2 once 
a week); however, this needs further confirmation by 
larger multi-institutional clinical trials. 

Although this study, using a twice weekly gemcitabine 
infusion schedule for locally advanced pancreatic cancer 
was not a controlled study, the results of  the median sur-
vival time, median disease free survival time and overall 
1-year survival rate was found to be preferable compared 
to previous studies[7-9,15]. Okusaka et al[7] presented data 
of  a phase Ⅱ study for locally advanced pancreatic can-
cer treated with external-beam radiation (50.4 Gy) and 
weekly gemcitabine (250 mg/m2 once a week) followed 
by maintenance chemotherapy using gemcitabine. The 
median survival time, median progression-free survival 
time and 1-year survival rate was 9.5 mo, 4.4 mo and 
28%, respectively[7]. An expanded retrospective review 
of  patients receiving gemcitabine-based chemoradio-
therapy at the M. D. Anderson Cancer Center reflected 
the difficulties combining the systemic toxicities of  
200-500 mg/m2 doses of  gemcitabine with the local-
regional toxicities associated with chemoradiotherapy 
to the upper abdomen[22]. Furthermore, in the original 
GITSG trial of  radiation and 5-FU based chemotherapy, 
18% and 21% of  the patients randomized into the 
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Figure 1  Overall survival curve and progression-free survival curve for 15 
patients who received chemoradiotherapy under this study protocol. Dot 
indicates censored cases.

Figure 2  Overall survival curve for patients with tumor markers reducing more 
than 50% compared to that of pretreatment (n = 12) and those reducing below 
50% (n = 3). Dot indicates censored cases.
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Figure 3  Progression free-survival curve for patients with tumor size less than 
4-cm (n = 6) and those with a size above 4-cm (n = 9). Dot indicates censored 
cases.
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40-Gy and the 60-Gy treatment arms, respectively, were 
unable to complete all planned radiation[8]. For those 
patients completing the chemoradiotherapy, almost one-
third were unable to initiate the planned maintenance 
5-FU chemotherapy[8]. In this study, 15 of  18 patients 
could complete the planned protocol which might have 
come from the treatment with gemcitabine administered 
via a twice weekly infusion with radiation therapy and 
that most patients received radiation therapy at a total 
dose of  40-Gy. This might have resulted in the success-
ful initiation in the maintenance of  gemcitabine che-
motherapy and to obtain a feasible survival rate in this 
trial. Some investigators did not propose maintenance 
chemotherapy after chemoradiotherapy[1]. Several studies 
of  chemoradiotherapy used a therapeutic sequence with 
prior chemoradiotherapy and then chemotherapy until 
disease progression, but increased toxicity of  chemo-
therapy after chemoradiotherapy limits this strategy[23,24], 
which might partially contribute to the total dose of   
radiation. 

Two of  the three patients enrolled initially who 
did not continue with the therapy under this proto-
col showed liver metastasis or peritoneal metastasis 
in the early stage of  this protocol. Blackstock et al[15] 
pointed out in their study that the radiation sensitiz-
ing properties of  twice weekly gemcitabine were im-
portant for improving the local control, and did not 
impact the survival for patients harboring micrometa-
static disease at the initiation treatment. Hugutet et al[1] 

discussed that, an important concern about administrat-
ing chemoradiotherapy as first-line treatment in patients 
with locally advanced pancreatic cancer was that ap-
proximately 30% of  them had occult metastatic disease 
at diagnosis and thus, they would clearly not benefit from 
this locoregional treatment. Furthermore, another in-
vestigator demonstrated that a fraction of  patients with 
locally advanced pancreatic cancer developed metastases 
within a few weeks and died very quickly despite the type 
of  treatment[25]. In this study, the patients who developed 
liver metastasis had a worse prognosis, which might owe 
to the miss-diagnosis of  the staging of  the disease at 
the initiation of  the therapy, because of  failure to detect 
micrometastasis by conventional imaging modalities. In 
this situation, we might need another strategy for the 
chemoradiotherapy for locally advanced pancreatic can-
cer, such as one in which the patients receive one or two 
cycles of  systemic chemotherapy using gemcitabine at a 
dose of  1000 mg/m2 weekly for 3 wk with 1-wk rest, and 
then re-evaluated the staging of  the disease, initiating the 
chemoradiotherapy under the protocol in this study. A re-
cent study suggested that after control of  disease by initial 
chemotherapy for at least 3 mo using combination of  leu-
covorin, fluorouracil and gemcitabine, or gemcitabine and 
oxaliplatin, chemoradiotherapy with 5-FU, could signifi-
cantly improve survival in patients with locally advanced 
pancreatic cancer compared with chemotherapy alone[1]. 

In conclusion, chemoradiotherapy with low-dose 
gemcitabine given twice weekly could be effective to pa-
tients with locally advanced pancreatic cancer; however, 
patients developing liver metastases had a worse prog-

nosis. We might need another strategy for the chemora-
diotherapy for those patients. Further investigations are 
required in the near future.
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Abstract
AIM: To investigate the therapeutic usefulness of 
leukocytapheresis (LCAP; Cellsoba) in steroid-naive 
patients with moderately active ulcerative colitis (UC).
METHODS: Eighteen steroid-naive patients with 
moderately active UC received one LCAP session every 
week for five consecutive weeks.
RESULTS: The remission rate 8 weeks after the last 
LCAP session was 61.1% (11/18). All three patients 
with deep ulcers showed worsening after LCAP. For 
the remaining 15 patients, who had erosions or 
geographic ulcers, the average clinical activity index 
(CAI) score dropped significantly from 9.4 to 3.8 
eight weeks after the last LCAP session (t  = 4.89, P  
= 0.001). The average C-reactive protein (CRP) levels 
before and after LCAP were 1.2 mg/dL and 1.0 mg/dL, 
respectively. Of the patients with erosions, geographic 
ulcers, and deep ulcers, 100% (9/9), 33.3% (2/6), and 
0% (0/3) were in remission 8 weeks after the last LCAP 
session, respectively (χ2 = 7.65, P  < 0.005). Forty-
eight weeks after the last LCAP session, the remission 
rates for patients with erosions and geographic ulcers 
were 44.4% (4/9) and 16.7% (1/6), respectively. Only 
one patient suffered a mild adverse event after LCAP 
(nausea).
CONCLUSION: LCAP is a useful and safe therapy 

for steroid-naive UC patients with moderate disease 
activity. Moreover, the efficacy of the treatment can be 
predicted on the basis of endoscopic findings.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Although the etiology of  ulcerative colitis (UC) is still 
unknown, it is believed that an immune abnormality may 
be involved in its development[1,2]. It is characterized by 
chronic over-activation of  the colonic mucosal immune 
system. Consequently, if  remission cannot be achieved 
by salazosulfapyridine or mesalazine treatment, the 
second line of  treatment has conventionally been to 
administer steroids[2-6]. However, steroid administration 
can increase susceptibility to infections, diabetes mellitus 
and osteoporosis. Recently, it was reported that steroid-
refractory or steroid-dependent patients with UC can 
be effectively treated by cytapheresis[7-10]. To determine 
whether leukocytapheresis (LCAP) may also be useful 
with other UC patients, we administered LCAP to 18 
steroid-naive UC patients. We also assessed whether 
the efficacy of  LCAP can be predicted on the basis of  
endoscopic findings.

MATERIALS AND METHODS
From January 2005 to April 2007, 33 UC patients were 
treated with LCAP at our hospital. All patients were 
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examined by colonoscopy before treatment and UC was 
diagnosed on the basis of  established endoscopic and 
histological criteria[11]. At the time of  diagnosis, infectious 
colitis (Salmonella, Campylobacter, Vibrio, Yersinia and 
Shigella spp.) was ruled out by stool culture and Clostridium 
difficile toxin testing. Moreover, we excluded Crohn’s 
disease, ischemic colitis, radiation colitis and intestinal 
Behçet disease. None of  patients were receiving drugs, 
including non-steroidal anti-inflammatory drugs or 
antibiotics. Patients with severe cardiovascular disease, 
severe cerebral disease, severe anemia (hemoglobin; less 
than 8 g/dL) and hypotension (less than 80 mmHg) 
were excluded. Of  the 33 patients, 15 had severe activity 
and were treated with steroids along with LCAP. These 
patients were excluded from the study. The remaining 18 
steroid-naive patients had moderate activity, as defined 
by a Lichtiger’s clinical activity index (CAI) score[12] of  
< 12. These patients were enrolled in the study. Their 
characteristics are summarized in Table 1.

For all patients, LCAP sessions were performed once 
a week for five consecutive weeks by using Cellsorba 
(Asahi Medical Co., Ltd, Tokyo, Japan). Leukocyte 
removal in LCAP is effective because of  its adherence 
to fibers in the filter. The throughput was 2-3 L of  
whole blood and the flow rate was 30-50 mL/min for 
approximately 60 min. The access and return lines were 
connected to cubital veins. Heparin was used as an 
anticoagulant for the extracorporeal circulation.

Patients were 46.1 ± 18.4 years old; there were 11 
males and 7 females. Their duration of  disease was 
6.0 ± 8.5 years. With regard to their clinical course, 
four patients presented the “first attack” type, six 
the “relapse-remitting” type, and eight the “chronic 
continuous” type. We defined patients presenting with 
an activity phase lasting for 6 mo or longer from the 
first attack as belonging to the “chronic continuous” 
type. Fifteen patients had total colitis, two had left-sided 
colitis and one had proctitis. We performed endoscopy 
before and after LCAP. For the present study, we 
classified the patients into three groups on the basis 
of  the endoscopic findings before LCAP treatment, 
namely, those with erosions, geographic ulcers, or deep 

ulcers (Figure 1). Nine patients had erosions in the large 
intestine, six had geographic ulcers, and three had deep 
ulcers. All patients were concomitantly treated with 
mesalazine (2250 mg/d) for at least 4 weeks prior to 
the initiation of  LCAP therapy. There was no change in 
the dosage of  mesalazine. Immunomodulators such as 
azathioprine, 6-mercaptopurine and cyclosporine were 
never administered.

Disease activity was evaluated before and after LCAP 
by measuring the CAI. A CAI less than 4 indicates 
remission. Relapses were also identified when the patient 
needed another therapy, such as steroid or cyclosporine 
treatment and/or LCAP.

The endpoint of  this study was to determine the 
factor related to remission by LCAP.

Statistical analysis
The Wilcoxon test was used to compare CAI scores 

Table 1  Steroid-naïve UC patient characteristics (mean ± SD)

Characteristics Data

Male/Female 11/7
Age (yr) 46.1 ± 18.4
Duration of disease (yr) 6.0 ± 8.5
Clinical course
   First attack   4
   Relapse-remitting   6
   Chronic continuous   8
Extent of disease
   Entire 15
   Left sided   2
   Rectum   1
Endoscopic findings
   Erosions   9
   Geographic ulcers   6
   Deep ulcers   3

A

B

C

Figure 1  The patients were divided before LCAP into three groups according 
to whether their endoscopic findings revealed erosions (A), geographic ulcers 
(B), or deep ulcers (C). Representative findings are shown.



and C-reactive protein (CRP) levels before and after 
treatment. The Mann-Whitney U-test was used to 
compare the age, duration of  disease, pre-CAI, post-
CAI, pre-CRP and post-CRP levels of  two groups, while 
the χ2 test was used to test the effect of  sex. χ2 test was 
used to compare the clinical course, extent of  disease 
and endoscopic findings of  two groups. P < 0.05 was 
considered to indicate statistical significance. Results 
were presented as mean ± SD.

RESULTS
Efficacy of LCAP
For all 18 patients, the remission rates 8 and 48 wk after 
the last LCAP session were 61.1% (11/18) and 27.7% 
(5/18), respectively. At 48 wk after remission, the relapse 
rate was 54.5% (6/11), and the duration to relapse was 
8.7 ± 4.2 mo. Three patients with deep ulcers worsened 
during LCAP and required additional treatments such as 
steroids. However, the remaining 15 patients showed a 
significant drop in the CAI score from 9.4 ± 1.9 to 3.8 ± 

4.8 eight weeks after the last LCAP session (P = 0.001) 
(Figure 2). The CRP levels before (1.2 ± 0.8 mg/dL) 
and after (1.0 ± 2.0 mg/dL) LCAP did not differ 
significantly (Figure 2). When the endoscopic findings 
obtained before LCAP were considered, we found that 
all nine patients with erosions had entered remission 
(100%) 8 wk after the last LCAP session. However, 
only two of  six (33%) and none of  three of  the patients 
with geographic ulcers and deep ulcers, respectively, had 
entered remission at this time point (P < 0.005) (Table 2). 
The remission rates dropped over time as of  the patients 
with erosions and geographic ulcers who were in 
remission at the 8-wk timepoint, 44.4% (4/9) and 16.7% 
(1/6) remained in remission 48 wk after LCAP.

Clinical characteristics of the patients who entered
remission
Table 2 shows how the responders compare to the 
non-responders 8 wk after LCAP. These two groups 
did not differ significantly in patient characteristics 
(i.e., sex, age, duration of  disease, pre-CAI levels and 
pre-CRP levels). However, all first attack and relapse-
remitting type patients entered remission while seven of  
the eight chronic continuous type patients did not (P < 
0.001). Whether there was total colitis, left-sided colitis, 
or proctitis was not significantly associated with the 
ability of  the patient to enter remission after LCAP. As 
indicated above, with regard to the endoscopic findings, 
all patients with erosions entered remission after LCAP 
but it was more difficult to induce remission in patients 
with geographic ulcers or deep ulcers (P < 0.005).

Clinical characteristic of the patients who entered 
remission and then relapsed
Of  the 11 patients who entered remission 8 wk 
after LCAP, six relapsed. Table 3 summarizes the 

Figure 2  Change in average CAI score (A) and CRP levels (B) 8 wk after 
the last LCAP session. The data of the three patients with deep ulcers whose 
conditions worsened during LCAP are not included. The average CAI dropped 
from 9.4 ± 1.9 to 3.8 ± 4.8 (P = 0.001) while the average CRP levels before and 
after LCAP were 1.2 ± 0.8 mg/dL and 1.0 ± 2.0 mg/dL, respectively, and did not 
differ significantly.
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Table 2  Comparison of responders and non-responders 8 wk 
after the last LCAP session (mean ± SD)

Responders
(n  = 11)

Non-responders
(n  = 7)

P

Patient characteristic
   Male/Female 7/4 4/3 NS
   Age (yr) 39.7 ± 15.9 56.1 ± 17.5 NS
   Duration of disease (yr) 5.7 ± 7.7 6.3 ± 9.7 NS
   Pre-CAI 9.0 ± 2.0        11.1 ± 0.9 NS
   Pre-CRP 1.0 ± 0.8 2.4 ± 2.7 NS
Clinical course
   First attack 4 0
   Relapse-remitting 6 0
   Chronic continuous 1 7 < 0.001
Extent of disease
   Entire 8 7
   Left sided 2 0
   Proctitis 1 0 NS
Endoscopic findings
   Erosions 9 0
   Geographic ulcers 2 4
   Deep ulcers 0 3 < 0.005

LCAP: Leukocytapheresis; CAI: Clinical activity index; CRP: C-reactive 
protein levels (mg/dL).
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characteristics of  the five patients who remained in 
remission 48 wk after LCAP and the six relapsed 
patients. The two groups only differed significantly in 
terms of  the post-CAI scores (P < 0.05). None of  the 
other parameters, namely, the clinical course, extent of  
disease, or endoscopic findings, correlated with relapse.

Course of the cases who worsened during LCAP
Table 4 summarizes the courses of  the three cases 
with deep ulcers that worsened during LCAP. As a 
result, two cases were given steroids and one case 
received cyclosporine. Two patients became infected 
with cytomegalovirus and received ganciclovir. After 
a transient improvement, two patients relapsed and 
underwent surgery. The remaining patient, who 
developed interstitial pneumonitis, died of  aspiration 
pneumonitis. Aspiration pneumonitis developed 3 mo 
after LCAP, and therefore the two events were probably 
unrelated to each other. We think that interstitial 
pneumonitis was a cause of  the development of  
aspiration pneumonitis.

Adverse effects
None of  the patients experienced any severe adverse 
effects from LCAP. Only one patient reported a mild 
adverse event (nausea). However, this patient did not 
suffer from the same problem after subsequent LCAP 
sessions.

DISCUSSION
When UC pat ients fa i l to enter remiss ion after 
salazosulfapyridine or mesalazine treatment, the 
conventional second-line therapy involves administration 
of  steroids[13,14]. However, steroids can cause severe side 
effects in some patients[15,16]. When patients with severe 

activity fail to respond to steroids, they must undergo 
a colectomy, although cyclosporine can sometimes 
induce remission in these cases[17-20]. In 1995, Sawada 
et al[21] introduced LCAP therapy for patients with UC. 
This therapy is now a widely used treatment option for 
UC[22,23]. LCAP is a method where the blood is passed 
though a leukocyte removal filter before being returned 
to the body. On average, 1.6 × 1010 leukocytes are 
removed during one session. These leukocytes include 
granulocytes, lymphocytes and monocytes. Almost 
100% of  granulocytes and monocytes and 60% of  
lymphocytes are removed by removal filter[24,25]. It has 
been reported that 73.3% of  steroid-refractory patients 
with UC enter remission after LCAP[26]. It is likely that 
this treatment is effective because it reduces the number 
of  leukocytes available for transmigration and infiltration 
into the colonic mucosa.

In this study, we found that 61.1% of  steroid-naive 
UC patients (11/18) had entered remission 8 wk after 
the last LCAP session. At this time point, the average 
CAI score had dropped significantly from 9.4 ± 1.9 to 
3.8 ± 4.8 (P = 0.001) (the three cases who worsened 
during LCAP were excluded from this calculation). 
Since steroids can induce remission in 45% to 90% of  
salazosulfapyridine or mesalazine non-responders[15,27-29], 
it appears that LCAP is as efficacious as steroids as a 
second-line treatment. Given the low rate of  adverse 
events suffered by patients treated with LCAP, we 
propose that patients with moderately active UC should 
be treated with LCAP before steroids are considered. It 
should be noted, however, that 54.5% of  the patients 
in remission (6/11) relapsed 48 wk after the last LCAP 
session, and that the average duration to relapse was  
8.7 mo. Thus, while LCAP is useful for inducing 
remission in steroid-naive UC patients, it does not 
maintain remission.

Analysis of  the endoscopic findings of  the patients 
revealed that while all nine patients with erosions had 
entered remission 8 wk after the last LCAP session, 
only two of  six (33%) and none of  three patients 
with geographic ulcers and deep ulcers, respectively, 
entered remission. Indeed, the three cases with deep 
ulcers worsened during LCAP and had to be given 
steroids (2 cases) or cyclosporine (1 case). Two of  these 
cases became infected with cytomegalovirus and were 
administered ganciclovir. These observations suggest 
that patients with geographic ulcers and deep ulcers tend 
to be refractory to LCAP, particularly the latter. Indeed, 

Table 3  Comparison of the remission and relapse groups 48 
wk after the last LCAP session (mean ± SD)

Remission (n  = 5) Relapse (n  = 6) P
Patient characteristic
   Male/Female 2/3 5/1 NS
   Age (yr) 45.4 ± 13.5 35.0 ± 16.1 NS
   Duration of disease (yr) 3.5 ± 3.2 7.6 ± 9.6 NS
   Pre-CAI 8.8 ± 1.7 9.1 ± 2.2 NS
   Post-CAI 0.6 ± 0.4 1.8 ± 1.0 < 0.05
   Pre-CRP 1.0 ± 0.9 1.0 ± 0.8 NS
   Post-CRP 0.18 ± 0.14 0.32 ± 0.39 NS
Clinical course
   First attack 3 1
   Relapse-remitting 2 4
   Chronic continuous 0 1 NS
Extent of disease
   Entire 3 5
   Left sided 1 1
   Proctitis 1 0 NS
Endoscopic findings
   Erosions 4 5
   Geographic ulcers 1 1
   Deep ulcers 0 0 NS

CAI: Clinical activity index; CRP: C-reactive protein levels (mg/dL).

Table 4  Course of cases whose condition worsened during LCAP

Case 1 Case 2 Case 3

Additional therapy PSL PSL CsA
GCV GCV

Complication - CMV CMV
Aspiration pneumonitis

Result Operation Operation Dead

PSL: Prednisolone; CsA: Cyclospoline; GCV: Ganciclovir; CMV: 
Cytomegalovirus.
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LCAP may not improve the situation for patients 
with deep ulcers given their higher risk of  developing 
cytomegalovirus infections[30]. Such patients should 
perhaps be treated with an intensive therapy such as 
cyclosporine at a more early stage[31]. However, since all 
patients with erosion entered remission 8 wk after LCAP 
and many (44.4%) remained in remission at the 48-wk 
time point, LCAP is strongly recommended for patients 
with erosion.

The post-CAI was the only factor that predicted 
a relapse. In other words, if  the post-CAI could be 
maintained at < 1 by LCAP, it may be possible to 
maintain long duration remission.

In conclusion, LCAP is a useful and safe therapy 
for steroid-naive UC patients with moderate activity. 
Moreover, endoscopic findings help to predict the 
efficacy of  this treatment.

COMMENTS
Background
An immune dysfunction is believed to be involved in the development of 
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Abstract
AIM: To study halothane hepatitis (HH) in Iran and its 
associated risk factors.
METHODS: We retrospectively studied files of all 
cases diagnosed with HH referred to three referral 
hospitals and four private centers in Iran from April 
1994 to September 2006. Information on age at 
surgery, gender, medications history, obesity, history 
of previous exposure, previous reaction to halothane, 
familial history, type of surgery, perioperative hypoxia 
or sepsis, morbidity and mortality were recorded and 
analyzed.
RESULTS: A total of 59 cases were identified. Forty-
eight (81%) were women. The median age at the time 
of surgery was 44 years (range, 18 to 80 years). Sixty 
percent of patients were above 40-year-old. Obesity 
was observed in 22.2%. Previous history of exposures 
to halothane was noted in 61% of which 50% had 
history of post-exposure reaction. Coronary artery 
bypass graft (CABG), cholecystectomy, and cosmetic 
surgeries (mainly weight reduction) were the most 
frequent surgeries. The mortality rate was 12.2%. In 
patients developing encephalopathy, it was as high as 
50%.
CONCLUSION: HH remains an important cause 
of morbidity and mortality in centers still using this 
anesthetic. However, a large percentage of these cases 

could have been avoided. To lessen occurrence of 
further cases of HH, the authors suggest that in female 
patients having a history of surgery (or delivery) with 
general anesthesia, the use of halothane should be 
absolutely avoided. Utilization of proper substitutes in 
adults’ anesthesia is advocated.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Halothane was first introduced to clinical practice 
in 1956 and was immediately recognized as a great 
advance in anesthesia[1]. First reports of  postoperative 
liver necrosis with halothane began to appear in 
1958[2,3] followed by further anecdotal reports[4-7]. By 
1963, 7 years after the introduction of  halothane, at 
least 350 cases of  “halothane hepatitis” (HH) had been 
reported[8]. These reports led to the National Halothane 
Study, which estimated fatal hepatic necrosis following 
halothane anesthesia to be approximately 1 in 35 000 
in the US[9]. Other retrospective studies confirmed that 
halothane was associated with severe liver dysfunction, 
with an incidence ranging from 1 in 6000 to 1 in 
35 000[10].

Two major types of  hepatotoxicity are associated 
with halothane administration: type Ⅰ (mild) and type 
Ⅱ (fulminant). Type Ⅱ hepatotoxicity is associated with 
massive centrilobular liver cell necrosis that leads to 
fulminant liver failure and is clinically characterized by 
fever, jaundice, and grossly elevated serum transaminase 
levels. It appears to be immune mediated and initiated 
by oxidative halothane metabolism by cytochrome P450 
to an intermediate compound. This compound binds 
to trifluoroacetylate proteins in the hepatic endoplasmic 
reticulum, thought to occur in genetically predisposed 
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individuals[11]. In this study, type Ⅱ hepatotoxicity was 
regarded as HH.

Concerns about its hepatotoxicity have virtually 
eliminated the use of  halothane for adults in the 
United States and many other countries. Halothane was 
eventually replaced by safer newer volatile anesthetics 
such as isoflurane[12,13]. But in other countries with 
different medicolegal climates, halothane is still widely 
used because of  its relatively low cost[11]. There are 
reports of  HH from South Africa[14],  Tunisia[15], 
Kenya[16], India[17], and Spain[18]. Halothane is being used 
as the main anesthetic in more than 80% of  hospitals 
of  Iran[19]. Unfortunately, increasing numbers of  HH 
are being reported in Iran. In this retrospective study, 
we review cases reported within a 12-year period from 7 
centers in Iran.

MATERIALS AND METHODS
Cases were recruited from three referral hospitals 
(Namazi Hospital of  Shiraz University of  Medical 
Sciences, Shariati Hospital of  Tehran University of  
Medical Sciences, Mehr General Hospital of  Tehran) 
and four referral GI clinics in Tehran, from April 1994 
to September 2006.

There is no definite test for the diagnosis of  HH and 
it is basically a diagnosis of  exclusion. In our study, the 
diagnosis of  HH was confirmed if  the patient met the 
following criteria; clinical findings (jaundice, malaise), 
paraclinical findings (marked elevation of  ALT, AST, 
total and direct bilirubin), recent exposure to halothane, 
exclusion of  other causes of  liver damage (viral hepatitis, 
etc) and confirmation by at least one gastroenterologist as 
fulminant HH.

Charts were reviewed to determine the age at surgery, 
weight, gender, medication history (including P450 
inducing drugs), preoperative obesity (BMI ≥ 30), history 
of  recurrent exposure to halothane, history of  previous 
reaction to halothane (unexplained post-operative fever, 
jaundice, abnormal liver enzymes following earlier 
halothane anesthetics), positive family history (defined 
as reactions to halothane in first degree relatives), type 
of  surgery, perioperative hypoxia, interval between 
anesthesia with halothane and symptoms heralding or 
attesting hepatitis, postoperative sepsis, morbidity and 
mortality.

Data were presented as simple count and percent, 
median and range, or mean ± SD and were compared by 
Fisher’s exact test. Statistical calculations were performed 
using SPSS version 15.0. P < 0.05 was considered 
significant.

The study was approved by the institutional review 
board and ethics committee of  the Digestive Disease 
Research Center (DDRC) of  Tehran University of  
Medical Sciences.

RESULTS
Fifty-nine cases of  HH were identified, 48 women 
(81%), 11 men (19%). The median age at the time 

of  surgery was 44 years (range, 18 to 80 years). Sixty 
percent of  patients were above 40 years old. The age 
distribution of  patients is given in Figure 1.

The mean of  interval between anesthesia and 
hepatitis symptoms was 15.2 ± 13.6 d. The mean weight 
of  patients was 76.1 ± 18.7 kg and 22.2% of  patients 
were obese. Data on clinical findings, morbidity, and 
mortality are given in Table 1. No cases had previous 
history of  liver disease or sepsis. One case had 
documented perioperative hypoxia, another one had 
a positive family history of  HH, and two others had 
positive drug history (Phenobarbital). Table 1 shows the 
results of  routine laboratory investigations including 
biochemistry and coagulation tests.

Coronary artery bypass graft (CABG), cholecyste-
ctomy and cosmetic operations (mainly weight reducing 
surgeries including partial gastrectomy and liposuction) 
were the most common operations. Information 
about different types of  surgery is given in Table 2. 
The mortality rate was 12.2%. In patients who 
developed encephalopathy, it was as high as 50%. The 
mortality rate in male patients was higher than females 
(20% vs 12%), although this did not reach statistical 
significance.
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Figure 1  The age distribution of patients with HH.

Table 1  Characteristics and laboratory test results of 59 
patients with HH

Variable n   %
Characteristics
   Female gender 48   81.4
   Obesity   6   22.2
   Recurrent exposure history 22   61.2
   Post-exposure reaction history 10   17
   Encephalopathy   8   14.5
   Requiring ICU care   7   12.5
   Mortality   6   12.2
Laboratory test results
   ALT rise 48 100
   AST rise 47   97.9
   Total bilirubin rise 41   97.6
   Direct bilirubin rise 37 100
   Alkaline phosphates rise 35 100
   PT rise 21   61.8

Percentages are relative to patients for whom data was available.



DISCUSSION
Because of  the retrospective nature of  the study, 
confirmation of  the diagnosis with antibodies to 
halothane-altered protein antigens was not possible.

It has been shown that HH is more frequent in 
females, male-to-female ratio ranging from 1:1.6[11] to 
1:2[20,21]. In our series, this ratio was 1:4.3. Additionally, it 
has been revealed that middle-aged patients have a greater 
propensity to develop liver damage than the young or 
elderly[11, 21-24]. Over 70% of  patients are more than 40 years 
old with peak age of  50-60[10]. We also observed a greater 
prevalence among middle-aged patients, yet it appears that 
the patients in our series are younger compared to other 
series[14]. The younger age of  our patients could be due 
to the fact that the most common surgery in our series, 
cholecystectomy, is frequently performed in young to 
middle-aged women. Obesity appears to be the common 
factor between most frequent operations associated with 
HH in our series. CABG, cholecystectomy and weight 
reducing-cosmetic surgeries are all linked with obesity 
(Figure 2). It has been showed that hepatic dysfunction is 
more common in obese than in non-obese patients[23-25]. 
As halothane accumulates in adipose tissue, this could 
delay its excretion and, theoretically, prolong exposure 
to potentially reactive halothane metabolites, resulting in 
increased risk in obese patients. In addition, obese patients 
metabolize halothane more extensively than do non-obese 
patients[26], further predisposing them to liver injury. 

Other possible relationships between the most 
common surgeries are shown in Figure 2. Female gender 
and middle age are common risk factors for gall stone 
formation, cholecystitis, and coronary artery disease[27-30]. 
Dyslipidemia is also a risk factor for coronary artery 
disease and plays an important role in the pathogenesis 
of  gallstones[27,28]. Furthermore, hypoperfusion is the 
possible explanation of  hepatic injury in CABG and 
cholecystectomy surgeries. Imbalance between oxygen 

supply and demand predisposes the patient to halothane-
induced liver damage[10,31]. Halothane has been shown 
to decrease both portal blood flow and hepatic arterial 
blood flow[32-35]. Furthermore, surgical manipulation of  
the splanchnic bed may reduce hepatic blood flow[36]. 
It has been demonstrated that CABG is accompanied 
with splanchnic hypoperfusion and hypoxia[37,38]. The 
ischemia is probably caused by hypoperfusion due to 
low cardiac output, hypotension due to blood loss, and 
intra-abdominal atheroemboli. As a result, ischemia may 
be the common mechanism of  predisposing the patients 
to the HH in CABG and cholecystectomy surgeries.

Multiple exposures to halothane are the single 
greatest risk factor for HH[11]. The association between 
hepatotoxicity and repeated exposure to halothane 
might be explained by the fact that halothane anesthesia 
itself  induces drug metabolizing enzymes[39-41]. The risk 
of  HH is increased greatly when repeated halothane 
anesthetics are given over a short period[11,22,42,43], 
especially at intervals of  < 6 wk[11]. In the present 
study, previous history of  exposure to halothane was 
noted in 22 of  36 (61.1%) and obvious post-exposure 
reaction history in 10 of  22 (45.5%). Considering the 
fact that guidelines clearly elucidated that patients with 
previous reaction to halothane are among the high-risk 
groups[44] and should have not received halothane again, 
in addition to the results of  this study, it is concluded 
that a large percentage of  these cases could have been 
avoided. To lessen further occurrence of  cases of  HH, 
we suggest that the use of  halothane in patients who 
are at risk of  HH should be absolutely avoided. This 
group of  patients consists of  female patients having a 
history of  post-anesthesia reactions following exposure 
to halogenated anesthetics. On the other hand, the 
item of  “post-exposure reaction history” is often quite 
difficult to obtain with a reasonable certainty; therefore, 
its usefulness in preventing HH should be weak. As a 
result, a second set of  criteria, which is female gender 
patients with a history of  surgery (or delivery) with 
general anesthesia, is recommended. This is likely easier 

Variable n %

Cholecystectomy 5 8.5
CABG surgery 4 6.8
Aesthetic surgeries
   Partial gastrectomy 1 1.7
   Liposuction 1 1.7
   Face lifting 1 1.7
   Mandible reconstruction 1 1.7
   Others 3 3.4
General Surgeries
   Intra-abdominal surgeries 2 3.4
   Extra-abdominal surgeries 4 6.8
Obstetrics & Gynecologic surgeries
   Cesarean section 2 3.4
   Others 9
Eye surgeries 3 5.1
Orthopedic surgeries 2 3.4
Urologic surgeries 2 3.4
Other types of surgery 5 8.5

Table 2  Surgery types and the percentage of cases of HH 
regarding each type of surgery

Percentages are relative to patients for whom data was available.
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Figure 2  Common risk factors between three most common surgeries among 
patients with HH. 1Coronary Artery Bypass Graft Surgery.
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to obtain and can be simply defined pre-operatively by 
the anesthesiologist via reviewing the “anesthesia sheet” 
of  the previous general anesthesia. Strict adherence to 
this set of  criteria will reduce, but not totally prevent, 
further cases from occurring in countries still utilizing 
halothane in adults’ anesthesia.

Furthermore, the incidence of  liver injury was 
greater in subjects treated with phenobarbitone before 
halothane anesthesia than in those not taking enzyme 
 inducing medication[11,45]. There were two cases of  
chronic Phenobarbital use in our series among the 16 for 
which data was available.

Susceptibility to HH may be heritable and positive 
family history must be taken into consideration[11,46]. We 
had one case with positive family history of  HH out of  
7 cases that had data. 

Type Ⅱ hepatotoxicity has a mortality rate of  
approximately 50%, which rises to 80% when hepatic 
encephalopathy is present[10,11,31,47]. Our data confirms 
this since the mortality was 50% in our patients 
with encephalopathy. Such patients have a very poor 
prognosis and should be referred to specialist centers 
where orthotopic liver transplantation is available[48]. 
Patients who survive the acute illness usually make a 
complete recovery[11]. Considering that none of  our 
patients underwent liver transplantation, our mortality 
rate is considerably lower than other reports[14]. 
Improved intensive care, faster diagnosis and initiation 
of  medical care may be involved. In consistence with 
former reports[22,24,49], mortality in male patients was 
higher than females in our series (20% vs 12.1%), 
although it did not reach statistical significance.

Although halothane is rarely associated with 
fulminant hepatic failure[48], it occupies the fifth place 
of  suspected hepatic adverse drug reactions with a fatal 
outcome received by the WHO Collaborating Centre for 
International Drug Monitoring in Uppsala Sweden from 
1968 to 2003[50]. Consequently, its usage was restricted 
in adults’ anesthesia; however, it is still widely used in 
many countries, including Iran, mainly due to economic 
reasons[11].

Guidelines have been developed to reduce the 
probability of  a patient developing HH; still, adverse 
reactions continue to occur. Even though it was clearly 
noted in guidelines that patients thought to be sensitized 
to halothane must never be re-exposed to the drug, 
we found ten cases of  known previous reaction that 
were re-exposed to halothane. Based on the results of  
this study, to lessen further cases of  HH to occur, the 
authors suggest that in female patients having a history 
of  surgery (or delivery) with general anesthesia, the use 
of  halothane should be absolutely avoided. However, 
the most effective preventive tool is to avoid the use of  
halothane in adults’ anesthesia. Utilization of  proper 
substitutes is advocated.
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 COMMENTS
Background
Halothane is a volatile anesthetic, which was first introduced to clinical practice 
in 1956. After several years, concerns about its hepatotoxicity have virtually 
eliminated the use of halothane for adults in the United States and many 
other countries. It was replaced by safer newer volatile anesthetics such as 
isoflurane. However, in some countries with different medicolegal climates, 
halothane is still widely used because of its relatively low cost. In Iran, 
halothane is being used as the main anesthetic in more than 80% of hospitals. 
Unfortunately, increasing numbers of halothane hepatitis (HH) are being 
reported in Iran.
Research frontiers
Although the use of halothane was restricted in many countries, there are 
reports of HH occurring in South Africa, Tunisia, Kenya, India, and Spain in 
recent years.
Innovations and breakthroughs
In previous studies, guidelines have been developed to reduce the probability 
of a patient developing HH; however, the results of this study revealed that 
they are largely ignored in Iran. Furthermore, the results showed that a large 
percentage of these cases could have been avoided. In this study, we aimed 
to suggest a set of criteria that can easily define the high risk group of patients 
pre-operatively.
Applications
To reduce, but not totally prevent, further cases of HH from occurring in 
countries still utilizing halothane in adults’ anesthesia, the authors suggest 
that the use of halothane should be absolutely avoided in female patients with 
a history of surgery (or delivery) with general anesthesia. However, the most 
effective preventive tool is to avoid the use of halothane in adults’ anesthesia. 
Utilization of proper substitutes is advocated.
Terminology
Two major types of hepatotoxicity are associated with halothane administration: 
type Ⅰ (mild) and type Ⅱ (fulminant). Type Ⅱ hepatotoxicity is associated 
with massive centrilobular liver cell necrosis that leads to fulminant liver failure 
and is clinically characterized by fever, jaundice, and grossly elevated serum 
transaminase levels. In this study, type Ⅱ hepatotoxicity was regarded as HH.
Peer review
This series of 59 cases of HH collected in 12 years in a country with health 
security conditions lower than those found in the US or Western Europe is 
of high medical interest for the Iranian population and populations of other 
countries in the Middle East and, most likely, also in Africa and Asia. Therefore, 
the topic of the present paper is quite pertinent and extremely interesting for 
many physicians around the world.
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anti-HBc screening and discarding large number of 
blood units versus  considering ID NAT (Individual donor 
nuclic acid testing) needs to be assessed.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a serious global 
health problem affecting two billion people worldwide, 
and 350 million people suffer from chronic HBV 
infection[1]. Despite mandatory screening for HBsAg by 
ELISA for over 20 years, transfusion-associated HBV 
(TAHBV) continues to be a major problem in India, 
more so in patients receiving repeated transfusions[2]. 
The incidence of  transfusion-associated hepatitis (TAH) 
after cardiac surgery (4 + 2.4 units transfusion) was 
estimated at 6.9%, of  which TAHBV constituted 20%[2]. 
The incidence of  TAHBV in patients receiving multiple 
transfusions, such as thalassemia, ranged from 17.9% in 
the first year to 69.2% by the third year. Patients on renal 
dialysis showed similar rates of  infection with HBV[2]. 
It has been demonstrated that some HBsAg-negative 
individuals and those reactive for anti-HBc continue 
to replicate HBV[3,4]. Thus the absence of  HBsAg in 
the blood of  apparently healthy individuals may not 
be sufficient to ensure lack of  circulating HBV. Blood 
containing anti-HBc with or without detectable presence 
of  HBsAg might be infectious; therefore, routine blood 
donor screening for anti-HBc has been implemented 
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Abstract
AIM: To study the seroprevalence of antibody to 
hepatitis B core antigen (anti-HBc) in healthy blood 
donors negative for HBsAg and to evaluate whether 
anti-HBc detection could be adopted in India as a 
screening assay for HBV in addition to HBsAg.
METHODS: A total of 1700 serum samples collected 
from HBsAg-negative healthy blood donors were 
tested for the presence of anti-HBc antibody (IgM + 
IgG). All samples reactive for anti-HBc antibody were 
then investigated for presence of anti-HBs and for liver 
function tests (LFTs). One hundred serum samples 
reactive for anti-HBc were tested for HBV DNA by PCR 
method. 
RESULTS: Out of 1700 samples tested, 142 (8.4%) 
blood samples were found to be reactive for anti-HBc. It 
was significantly lower in voluntary (6.9%) as compared 
to replacement donors (10.4%, P  = 0.011). Seventy-
two (50.7%) anti-HBc reactive samples were also 
reactive for anti-HBs with levels > 10 mIU/mL and 70 
(49.3%) samples were non-reactive for anti-HBs, these 
units were labeled as anti-HBc-only. These 142 anti-HBc 
reactive units were also tested for liver function test. 
HBV DNA was detected in only 1 of 100 samples tested. 
CONCLUSION: Keeping in view that 8%-18% of donor 
population in India is anti-HBc reactive, inclusion of anti-
HBc testing will lead to high discard rate. Anti-HBs as 
proposed previously does not seem to predict clearance 
of the virus. Cost effectiveness of introducing universal 
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in some countries resulting in a decrease in the risk of  
post-transfusion HBV infection[5].

These findings suggest that recovery from acute 
hepatitis B virus infection may not result in complete 
virus elimination, but rather the immune system keeps 
the virus at a very low level called occult hepatitis B 
infection. Occult hepatitis B infection (OBI) is defined as 
the presence of  HBV DNA in blood or tissues without 
detectable HBsAg, with or without antibody to hepatitis 
B core antigen (anti-HBc) or hepatitis B surface antigen 
(anti-HBs)[6]. Such occult hepatitis B infection may be 
detected in (1) individuals with resolving HBV infection 
reactive for both anti-HBc and anti-HBs, (2) “anti-HBc-
only” carriers in a window period of  infection who 
are seronegative for HBsAg, and (3) carriers in whom 
HBsAg is not detectable due to presence of  escape 
mutants[7]. 

As of  today, some countries have retained or adopted 
anti-HBc testing to decrease HBV transfusion risk, while 
others have not. Anti-HBc testing is still not mandatory in 
blood banks in India and only HBsAg testing by ELISA is 
used as screening test for HBV[8]. In this study, we aimed 
to evaluate whether anti-HBc detection could be adopted 
in India as a screening assay for HBV in addition to 
HBsAg to improve the safety of  blood transfusion.

MATERIALS AND METHODS
Materials
This study was conducted by the Department of  
Transfusion Medicine in collaboration with Department 
of  Hepatology, PGIMER, Chandigarh, India from July 
2005 to December 2006, after obtaining an approval from 
the Ethics Committee of  the Institute. Seventeen hundred 
HBsAg ELISA non-reactive blood donors were included, 
998 of  them were voluntary donors and 702 were 
replacement donors. These samples were then tested for 
anti-HBc (IgM + IgG), anti-HBs, LFTs and HBV DNA 
in the following sequence: (1) Blood units non-reactive for 
HBsAg and reactive for anti-HBc were tested for antibody 
to surface antigen (anti-HBs ) and for liver function tests 
(LFTs); (2) the blood units non-reactive for HBsAg but 
reactive for anti-HBc with or without anti-HBs were 
tested for HBV DNA by PCR method.

Serological tests
HBsAg was tested by using commercial ELISA kit 
SURASE B-96 (TMB) (GBC, Taiwan, ROC); anti-
HBc antibodies were tested using commercial ELISA 
kit HBcAb two-step incubation (MBS-SRL, Milano, 
Italy); anti-HBs antibodies were tested using commercial 
ELISA kit MONOLISA anti-HBs 3.0 (BIORAD). 

HBV DNA detection
The DNA from serum was extracted using QiaAmp 
(Qiagen, Hilden, Germany), followed by in-house nested 
PCR, amplifying two different regions of  the HBV 
genome using two sets of  primers shown in Table 1. The 
procedure was standardized by positive control obtained 
from National Institute of  Virology Pune, India.

F irs t PCR was car r ied out in 20 μL volume 
containing 1 × Taq buffer [100 mmol/L Tris HCL (pH 
8.4), 25 mmol/L MgCl2 and 500 mmol/L KCL], 20 
pmol of  reverse and forward primers (Table 1), 1 unit 
of  Taq polymerase and 200 ng viral DNA. Thirty-five 
amplification cycles were performed in PCR machine 
(Stratagene, La Jolla, USA). Each cycle consisted of  
denaturation at 94℃ for 30 s, annealing at 55℃ for 30 s  
and extension at 72℃ for 30 s. A second PCR was 
performed using the first PCR product as a template 
using the primers GP-3 and GP-4 which amplified a 
485-bp product.  

For the detection of  PCR product, the second PCR 
product was run on 20 g/L agarose in TBE buffer 
containing 0.5 μg/mL ethidium bromide at 50 V for about 
1 h and finally visualized under a UV transilluminator 
(UVP, Upland, USA) and then photographed. A 100-bp 
DNA ladder (MBI Fermentas, Opelstrasse, Germany) 
was also run in parallel and the predicted size of  the PCR 
product, which was found to be 485 bp.

Biochemical tests
Liver function tests, including serum bilirubin, alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), were carried out by enzymatic method.

RESULTS
A total of  1700 HBsAg non-reactive blood donors 
(998 voluntary and 702 replacement donors) were 
screened for anti-HBc (IgM + IgG) using competitive 
ELISA, of  them 142 turned out to be reactive, giving 
an overall seropositivity of  8.4%. It was markedly 
lower in voluntary (6.9%) as compared to replacement 
donors (10.4%, P = 0.011). Donors with age 18-30 years 
had minimum seropositivity (6.1%) with 50% donors 
contributing from this group. No significant difference 
was found in the seropositivity of  first time versus repeat 
donors, male versus female donors and student versuss 
non-student donors, although the seropositivity was 
slightly less in female donors and student donors.

The anti-HBc reactive donors were tested for anti-
HBs. Seventy-two (50.7%) anti-HBc reactive samples 
were also positive for anti-HBs with levels > 10 mIU/
mL and 70 (49.3%) samples were non-reactive for anti-
HBs, these units were labeled as anti-HBc-only. The anti-
HBc-only reactivity was significantly lower in voluntary 
(34/998, 3.4%) than in replacement donors (36/702, 
5.1%; P = 0.38) (Table 2). The anti-HBc reactive units 
were also tested for LFTs. All the samples had normal 

Table 1  Primers used for HBV PCR

First PCR 
GP1 5'-YCCTGCTGGTGGCTCCAGTTC-3': sense nt 3144-3164
GP2 5'-AAGCCANACARTGGGGGAAAGC-3': antisense nt 583-604

Second PCR (nt 120-604)
GP3 5'-GTCTAGACTCGTGGTGGACTTCTCTC-3': sense nt 120-145
GP4 5'-AAGCCANACARTGGGGGAAAGC-3': antisense nt 583-604
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serum bilirubin levels, and 25 (18%) samples showed 
enzyme elevation. Out of  these 25 samples with elevated 
enzyme levels, 14 (56%) were positive for anti-HBc-only 
and 11 (44%) were positive for anti-HBc + anti-HBs (P 
= 0.460).

One hundred samples from these 142 anti-HBc 
reactive (45 anti-HBc-only and 55 anti-HBc with anti-
HBs) samples were tested for HBV DNA by using PCR. 
Only one sample was positive for HBV DNA. This 
sample had an anti-HBs level > 150 mIU/mL, LFTs 
for this sample were within normal limits. This was a 
22-year-old male repeat replacement blood donor.

DISCUSSION
Despite mandatory screening of  donor blood for 
HBsAg, transfusion-associated HBV (TAHBV) 
continues to be a major problem in India, more so in 
patients receiving repeated transfusions[2].  

Literature worldwide shows presence of  anti-HBc in 
HBsAg-negative blood donors. The incidence of  anti-HBc 
in blood donors varies from 0.07% to 18%, and 0.3%-38% 
of  these donors show presence of  HBV DNA in their 
blood, depending on the type of  blood donors and the 
endemicity of  disease in the study population[2,4,6,9-12].

This study was conducted on 1700 HBsAg ELISA 
non-reactive blood donors. The study population 
belonged to Chandigarh and states of  Punjab, Haryana, 
Himachal Pradesh, Jammu and Kashmir. The present 
study showed 8.4% anti-HBc positivity. Prevalence of  
anti-HBc was 6.9% in voluntary donors and 10.4% in 
replacement donors. A study reported from New Delhi 
(Northern India) by Chaudhuri et al[2] revealed that the 
prevalence of  anti-HBc was 10.82% with distribution of  
6.92% in voluntary donors and 12.53% in replacement 
donors. In contrast, a study from West Bengal (Eastern 
India) by Bhattacharya et al [7] showed an anti-HBc 
positivity as high as 18.3% in voluntary blood donors. 
Prevalence of  anti-HBc reported by Behzad-Behbahani 
et al[10] in Iran was 6.55%, in this study only voluntary 
donors were included. High prevalence of  anti-HBc 
(17.28%) was reported by Bhatti et al[6] from Pakistan, 
and all the donors in this study were replacement 
donors. The prevalence of  anti-HBc in Europe and 
North America is quite low, an anti-HBc prevalence 
of  0.07% in the UK and 1.5% in Germany has been 
reported[6]. A study from Japan[4] reported anti-HBc 
prevalence of  as 1.1%. The enormous variation in global 
seroprevalence of  anti-HBc among blood donors is a 

reflection of  difference in the type of  blood donors 
and HBV endemicity of  the study population. The low 
seroprevalence in US, UK and German blood donors 
may be due to 100% voluntary donor base, stringent 
donor screening, high literacy rates and self  exclusion 
by high- risk donors. In our study, a significantly low 
seropositivity (6.1%) was seen in donors with age 18- 
30 years as compared to donors with age 31-40 years 
(11.6%, P = 0.003). Donors with age 18-30 years were 
50% of  the study population and were largely composed 
of  young college students. The results are comparable 
with study from our department in 2004 by Sharma 
et al [13] that student donors have significantly lower 
incidence of  all the markers for transfusion-transmitted 
infections. Therefore, efforts should be made to increase 
and retain these young motivated voluntary donors to 
maintain safe blood supply.

Our study revealed similar prevalence of  anti-HBc 
positivity in first time donors (8.4%) and repeat donors 
(8.3%, P = 0.94), suggesting that lack of  education 
among both our donor groups regarding minor modes 
of  HBV transmission like tattooing, ear/nose piercing, 
sharing of  shaving kits or a visit to a road side barber. 
It highlights the uniformity of  donor behavior between 
the two groups. Our study is in accordance with recent 
three studies by Retrovirus Epidemiology Donor Study 
(REDS)[14-16] groups which showed that the incidence 
rate of  viral infection is not lower in repeat blood 
donors than first time donors and abbreviated screening 
for repeat blood donors is not advisable.

 Prevalence of  anti-HBc-only was 4.1% in our study, 
out of  which 3.2% was in voluntary and 5.1% in the 
replacement donors (P = 0.038). In a study from New 
Delhi (Northern India)[2], the reported prevalence of  
anti-HBc-only was 4.2%, out of  which 2.72% was in 
voluntary and 4.85% in replacement donors[2]. Similarly, 
a study from Iran[10] reported anti-HBc-only prevalence 
of  2.3%.  

Anti-HBc reactive samples were tested for LFTs. 
All the samples had normal serum bilirubin levels, and 
25 (18%) samples showed elevation of  liver enzymes. 
Elevated levels of  liver enzymes in our donors indicates 
underlying hepatitis or some kind of  liver injury which 
can be ruled out by additional investigations, such as 
hepatic ultrasound, liver biopsy and genetic testing which 
were not an objective of  the present study.

HBV DNA was detected in 1 of  100 anti-HBc reactive 
donors tested. None of  the anti-HBc-only samples were 
positive for HBV DNA. One sample was positive for 
HBV DNA and sample also contained anti-HBs levels > 
150 mIU/mL, LFTs for this sample were within normal 
limits. Other studies from india[2,7] reported HBV DNA 
positivity of  20.87% in New Delhi (Northern India) and 
21% in West Bengal (Eastern India). HBV DNA was 
detected among 12.2% of  anti-HBc reactive donors in 
Iran, 2.8% in Lebanon, 2.9% in Pakistan[7]. A study from 
Japan[4] reported that HBV DNA was detected in 19 
(38%) of  50 anti-HBc reactive samples. The viral load in 
these samples is usually low and their detection requires 
sensitive DNA amplification techniques. 

Table 2  Prevalence of anti-HBc and anti-HBs in study 
population

Donor 
category

Number Anti-HBc 
total

Anti-HBc-
only

Anti-HBc 
and anti-HBs

Voluntary (%) 998 (58.7)   69 (6.9) 34 (3.4) 35 (3.5)
Replacement (%) 702 (41.3)     73 (10.4) 36 (5.1) 37 (5.3)
Total (%) 1700 142 (8.4) 70 (4.1) 72 (4.2)
P value 0.011 0.038 0.03
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In our study, low incidence of  HBV DNA in anti-
HBc reactive samples may be due to limitation of  
sensitivity of  HBV DNA amplification technique. 
Another reason of  low HBV DNA positivity in our 
study could be due to type of  blood donors and the 
endemicity of  disease in the study population, in 
our study 50% of  donors were between 18-30 years, 
largely belong to young college students. This group 
being better educated can understand and cooperate in 
answering to the risk factors in acquiring HBV infection 
during pre-donation questionnaire. Another study from 
Chandigarh (Northwestern India) by Duseja et al[17] 
showed 0% prevalence of  HBV DNA in 100 adult 
healthy blood donors, non-reactive for HBsAg.

Keeping in view that 8% to 18% of  donor population 
in India is anti-HBc reactive, inclusion of  anti-HBc testing 
will lead to high discard rate. Anti-HBs as proposed 
previously does not seem to predict clearance of  the virus 
as the single donor, who tested reactive for HBV DNA in 
our study, had high anti-HBs titers. Cost effectiveness of  
introducing universal anti-HBc screening and discarding 
large number of  blood units versus considering ID NAT 
(Individual donor nuclic acid testing) needs to be assessed. 
Awareness and education of  donors is required regarding 
minor modes of  HBV transmission, modification of  the 
donor questionnaire to eliminate all donors with a history 
of  jaundice in adult life and more stringent one-to-one 
donor screening to elicit such information should be 
implemented. 
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Abstract
AIM: To identify the characteristics of morphology, loca-
tion and collateral circulation involved in paraesophageal 
varices (para-EV) of portal hypertension patients with 
64-row multidetector computed tomography (MDCT).
METHODS: Fifty-two of 501 patients with portal  
hypertensive cirrhosis accompanied with esophageal 
varices were selected for 64-row MDCT examination af-
ter the observation of para-EV. The CT protocol includ-
ed unenhanced, arterial and portal phases with a slice 
thickness of 0.625 mm and a scanning field of 2 cm  
above the bifurcation to the lower edge of kidney. 
The CT portal venography (CTPV) was reformatted 
on AW4.3 workstation. The characteristics of origina-
tion, location, morphology and collateral circulation in  
para-EV were observed.
RESULTS: Among the 52 cases of para-EV, 50 showed 
the originations from the posterior branch of left gastric  
vein, while the others from the anterior branch. Fifty 
cases demonstrated their locations close to the esoph-
ageal-gastric junction, and the other two cases were 
extended to the inferior bifurcation of the trachea. 
The circuitous pattern was observed in 16 cases, while 
reticulated pattern was seen in 36 cases. Collateral 
circulation identified 4 cases of single periesophageal 
varices (peri-EV) communication, 3 cases of single 
hemiazygous vein, one case of single inferior vena 
cava, 41 cases of mixed type (collateral communica-

tions of at least 2 of above mentioned types) and 3 
cases of undetermined communications. Among all 
the cases, 43 patients showed the communications 
between para-EV and peri-EV, while hemiazygous vein 
(43 cases) and inferior vena cava (5 cases) were also 
involved.
CONCLUSION: Sixty-four-row multidetector computed 
tomography portal venography could display the loca-
tion, morphology, origin, and collateral types of para-
EV, which provides important and referable information 
for clinical management and disease prognosis.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Esophageal varice is a common collateral circulation 
manifestation in portal hypertension, and may cause 
a severe complication if  ruptured[1-3]. Endoscopic 
therapy is an effective approach that is being applied 
worldwide[4,5], although the recurrences have been 
reported in many cases[6]. Some authors reported that 
the existence of  perforating veins, the communicating 
branches between periesophageal varices (peri-EV) and 
paraesophageal varices (para-EV), and their blood flow 
found by endoscopic color Doppler ultrasonography 
(ECDUS) affected the recurrences of  hemorrhage 
caused by rupturing[7].  However,  ECDUS is an 
invasive technique, requires specialized equipment 
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and technology, and is incapable of  demonstrating the 
drainage types and morphologic features of  esophageal 
varices. Multidetector computed tomography portal 
venography (MDCTPV) has been used widely in 
collateral circulation studies of  esophageal and gastric 
varices[8-11]. The drainage veins of  esophageal varices can 
be clearly displayed on MDCTPV[10]. Our study focuses 
on the utilization of  MDCTPV in observing para-EV 
drainage types to provide referable information for 
clinical management selection and prognosis evaluation.

MATERIALS AND METHODS
Patient population
A total of  501 portal hypertensive cirrhotic patients with 
esophageal varices were investigated from April 2007 to 
May 2008. Among them, 52 patients with presence of  
para-EV were selected for this study, including 35 male 
and 17 female, aged 21-71 years, averaging 45.2 years. 
There were 27 cases of  hepatitis B, 3 hepatitis C, 16 
alcoholic, 2 primary biliary and 4 cases of  cryptogenic 
cirrhosis. Based on Child’s grading, 9 cases were Grade 
A, 28 cases Grade B and 15 cases of  Grade C. Among 
the 52 patients, 50 were accompanied with gastric 
varices. Fifty patients were not treated with esophageal 
varice ligation (EVL), esophageal varice sclerotherapy 
(EVS) or any other endoscopic therapies, while 1 case 
received post-EVL therapy and 1 case  received post-
EVS therapy. Liver cirrhosis was confirmed in all 
patients through general consideration from clinical 
histories, laboratory findings, as well as CT, sonography 
or MRI examinations. Informed consent for CT scans 
and the use of  contrast media were obtained from all 
patients before scanning procedures.

Imaging acquisition
A GE VCT 64-row MDCT scanner was applied to 
perform unenhanced, arterial and portal vein phase 
enhanced scans on all patients. The scanning range 
covers from 2 cm above the tracheal bifurcation to the 
lower edge of  the kidney. One hundred mL of  non-ionic 
contrast medium (Omnipaque 350) was introduced with 
an infusion rate of  4.0 mL/s. The arterial phase scanning 
time delay was determined with Smart technology, and 
portal phase scanning was initiated at 25 s after the 
beginning of  arterial phase. Slice thickness was set at  
5.0 mm, and reconstitution thickness was 0.625 mm.

Image analysis
Post-processing methods: vertebrae, costal bones and 
other structures with bony densities were removed using 
GE AW4.3 workstation, and then maximum intensity 
projection (MIP), multi-planner reformation (MPR) 
technique were applied to reveal the origin, location, 
morphology and communicating veins of  para-EV. The 
3D structures of  esophageal varices were displayed with 
volume rendering (VR) technique.

Observation item and indications
Origin of  para-EV: The relationship between para-EV 

and anterior or posterior branches of  the left gastric vein 
were examined and determined.

Morphology and location of  para-EV: The morpho-
logical patterns of  para-EV were categorized into 
circuitous pattern and reticulated pattern, in which 
circuitous pattern was denoted as para-EV linear, near-
parallel pathways, while reticulated pattern was denoted 
as prominent para-EV winding and distortion, forming 
meshwork or loops. In case of  the presence of  both 
circuitous and reticulated patterns, the categorization was 
determined according to their diameter ratios and then 
was defined as “mainly circuitous pattern” or “mainly 
reticulated pattern”. Large-diameter vessels with a ratio 
of  over 1 were defined as dominant type. The para-EV  
was divided into 3 sections according to the extent, 
including the upper section located at a level superior to 
the tracheal bifurcation; the middle section located at or 
near the tracheal bifurcation level, and the lower section 
located at the abdominal as well as the lower thoracic 
segment of  the esophageal periphery.

Communicating veins of  para-EV: The communica-
tions between para-EV and peri-EV, hemiazygous vein, 
subphrenic vein, inferior vena cava and other vessels 
were investigated. The criteria set for CTPV judgment 
on the communication of  para-EV and its collaterals 
were as follows: (1) Para-EV was directly conjoint with 
the above-mentioned vessels; (2) Para-EV and the vessels 
mentioned above were conjoint with their peripheral 
circuitous and reticulated blood vessels, respectively.

RESULTS
Origination of para-EV
There were 50 patients with their varices originating 
from the posterior branch of  the left gastric vein (50/52, 
96.15%) (Figure 1A) while the varices of  the other 2 
patients originated from the anterior branch of  the left 
gastric vein (2/52, 3.85%), in which the posterior branch 
of  the left gastric vein was absent and the anterior 
branch of  left gastric vein routes up and enters the 
fundus through the gastroesophageal junction to form 
gastric fundal varices. The latter routes up to form peri-
EV, then penetrate through esophageal wall to form 
para-EV.

Morphology and  location of para-EV
Sixteen cases of  circuitous morphological pattern 
(16/52, 36.54%) (Figure 1B) and 36 cases of  reticulated 
morphological pattern (36/52, 63.46%) (Figure 1C) were 
observed. The locations of  para-EV were identified 
as follows: 50 cases in lower section (50/52, 96.15%) 
(Figure 1C), 2 cases in middle section (2/52, 3.85%), and 
none in upper section.

Communicating veins of para-EV
Among the 52 cases,  3  showed undeter mined 
communicating vessels (3/52, 5.77%) with 1 of  circuitous 
morphological pattern, while the others were of  reticulated 
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morphological pattern. In the other 49 cases, 43 cases 
involved the peri-EV (43/49, 87.76%) (Figure 1D-G), 
and a similar number of  patients also demonstrated the 
hemiazygous vein (Figure 1B, C and G). Inferior vena cava 
was included in 5 cases (5/49, 10.20%) (Figure 1H).

The specific communicating patterns found in this 
study were listed as follows (Table 1): 8 cases with single 
communication, 41 with mixed communications and, 
in 3 cases, the drainage veins of  the para-EV remained 
uncertain. Among the 8 cases of  single communication, 
the para-EV connecting to peri-EV (Figure 1E and F)  
with reticulated shape was found in 4 cases (4/49, 
8.16%), connecting to Hemiazygos vein of  circuitous 
appearance in 3 cases (3/49, 5.77%), and to the 
subphrenic vein draining circuitously in 1 case (1/49, 
1.92%).

In the 41 cases of  mixed type, the para-EV was 
found connecting to peri-EV and hemiazygous vein in 
37 cases (37/49, 71.15%) (Figure 1G), with circuitous 

shape in 8 cases and reticulated in 29 cases. Three cases 
presented para-EV communicating to subphrenic vein: 
1 to peri-EV (1/49, 1.92%) and 2 to Hemiazygos vein 
circuitously (2/49, 3.84%). In 1 case (1/49, 1.92%), 
all the drainage mentioned above was observed with 
reticulated appearance. The para-EV was circuitous in 1 
case and reticular in 2 cases of  uncertain drainage.

DISCUSSION
The prevalence rate of  esophageal varices is high in 
patients with liver cirrhosis, and the mortality rate is very 
high imposed by massive hemorrhage due to rupture[2,12]. 
It is reported that more than 70% of  portal hypertension 
patients with a variceal bleeding history may suffer from 
recurrent bleeding[13]. The esophageal varice was divided 
into three groups: peri-EV, para-EV and perforating 
veins[14]. The factors associated with the rupture of  
esophageal varices included the extent and collateral 
circulation of  peri-EV and  para-EV[15,16]. Therefore, the 
acquisition of  reliable images for the above mentioned 
factors will provide valuable information for further 
treatment implementation and prognosis of  the patients.

Angiography is one of  the earliest investigations 
appl ied in  hemodynamic eva luat ion of  por ta l 
hypertension-induced esophageal varices by displaying 
esophageal varices and their drainage vessels through 
arterial portography[17]. However, the invasive procedure 
and the incapability to differentiate peri-EV and para-
EV prevent it to be applied in a general clinical setting.

Color Doppler ultrasound has been widely used 
to investigate the relationship between EV and 
hemodynamics associated with portal hypertension and 
liver cirrhosis. But it could not show the para-EV and 
peri-EV clearly[18].

Figure 1  A: Para-EV originated from the posterior branch of the left gastric varices (arrow); B: Circuitous morphological para-EV (arrow); C: Para-EV in reticulatous 
pattern (short arrow), located at lower section of the esophagus (arrowhead), communicating to hemiazygous vein (long arrow); D: Para-EV communicating to peri-
EV (arrow); E: Para-EV communicating to peri-EV directly (arrow); F: Para-EV communicating to peri-EV with peripheral circuitous appearance (arrow); G: Para-EV 
communicating to peri-EV (short arrow) and the hemiazygous vein (long arrow); H: Para-EV communicating to the subphrenic vein (arrow).

A B C D

E F G H

Drainage vein Shape Cases Total

Single Peri-EV   Reti     4     8
Hemi   Cir     3
Sub   Cir     1
Peri-EV + Hemi   Cir     8   41
Peri-EV + Hemi   Reti   29

Mixed Sub + Peri-EV   Cir     1
Sub + Hemi   Cir     2
Sub + Peri-EV + Hemi   Reti     1

Uncertain   Cir     1     3
  Reti     2  

Total   52

Table 1  Communicating varices and para-EV shapes

Hemi: Hemiazygos vein; Sub: Subphrenic vein; Reti: Reticular; Cir: 
Circuitous.
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Endoscopy is a more popular approach for the 
observation of  morphological patterns, extension and 
severity of  esophageal submucotic varices with the 
limitations to intramural and para-EV[19].

ECDUS is gradually becoming a useful tool for 
esophageal varicose inspection, which is able to display 
peri-EV, para-EV, perforating veins and the blood flow 
directions of  perforating veins[7,14,20]. However, it is 
unable to clearly display the pathway and collaterals of  
para-EV. On the other hand, endoscopic sonography 
is costly, and also an invasive procedure that requires a 
skillful operator, which limited its application in clinical 
settings.

MDCTPV has already been a matured investigation 
technique used to examine esophageal and gastric varices. 
It is competent in displaying the types of  morphological 
pattern, origin and collateral circulations of  esophageal 
and gastric varices[10,11]. Sixty-four-row MDCT consists 
of  thin slice of  0.625 mm, and a high spatial resolution, 
which makes it capable of  displaying the communicating 
patterns of  para-EV and peri-EV. Among the 52 cases 
in our study, this pattern of  collateral circulation was 
shown in 49 (94.23%) cases. Generally, it is a non-
invasive technique, and hence, it can be used to evaluate 
para-EV conveniently. However, displaying of  this sort 
of  collaterals is relatively rough and unsatisfactory in 
detail if  compared with EUS. In addition, it is incapable 
to assess the blood flow directions of  paraesophageal-
periesophageal collateral circulation due to the characters 
of  CTPV.

According to our study, vast majority of  para-EV 
originate from the posterior branch of  left gastric vein, 
and only 2 cases originated from the anterior branch 
of  left gastric vein. The latter is highly associated with 
gastric fundal varices. A previous report suggested 
that[21], in cases of  coexisting gastric fundal varices and 
esophageal varices in lower esophageal segment, the 
extent of  esophageal varices could be aggravated after 
imposing obliteration therapy for gastric fundal varices. 
In our study, there was one patient who experienced 
alleviation of  gastric varices with aggravated para-EV 
and peri-EV after receiving gastroesophageal varices 
treatment. The origination of  para-EV may be related 
directly to its anatomical formation.

In our study, para-EV was found more abundant 
near the superior part of  the gastroesophageal junction, 
which is also the lower esophageal segment (96.15%) 
than in the middle segment (3.85%). There was no 
para-EV involved in the upper segment. This suggests 
that para-EV usually occurs in the middle and lower 
esophageal segment and drains into the vena cava system 
through collateral vessels. The involved drainage vessels 
that we have noted were peri-EV, hemiazygous veins and 
subphrenic veins.

The communicating branches of  para-EV and 
hemiazygous vein manifest as drainage “detour” veins 
bypassing along the anterior descending aorta to the 
hemiazygous vein, and subsequently drain into the 
superior vena cava. Ibukuro et al[22] described the above 
anatomic changes as preaortic vein using CT and CTAP 

application. This “detour” is a commonly seen drainage 
route, and has an occurrence rate of  87.76%.

The hemodynamics of  para-EV communicating 
peri-EV is relatively complicated. The communicating 
vessels of  para-EV and peri-EV are mostly situated 
close to the top of  the cardia level. Sato et al[7] observed 
the presence of  perforating veins between peri-EV 
and para-EV with Levovist ECDUS, and meanwhile, 
he found the bidirectional blood flow of  peri-EV and 
para-EV, which included the directions from para-EV 
to peri-EV and from peri-EV to para-EV, as well as 
mixed type that presented both blood flow directions. 
This may explain why previous para-EV studies about 
the recurrence risk of  post-esophageal varices treatment 
remain controversial[20,23,24].

Para-EV can still drain into the inferior vena cava 
through the subphrenic vein, or directly communicate 
with the inferior vena cava. The subphrenic veins are 
the bilateral vessels which end up at inferior vena cava 
at the diaphragm level[25]. The communication between 
para-EV and subphrenic veins shown on CTPV was 
consistent to the precaval route and morphological 
pattern as reported by Ibukuro et al[25] from their CTAP 
and autopsy findings.

The degree of  varices will be more severe if  the 
morphological patterns of  para-EV are reticulated. 
Under such condition, para-EV and peri-EV are 
individually communicated, or may be accompanied 
with hemiazygous vein drainage. They will mostly drain 
into the hemiazygous veins or subphrenic veins if  the 
collaterals of  para-EV are circuitous. Explanations about 
this correlation and its pathological significance require 
further studies.

Even though CTPV is incapable of  displaying 
the blood flow directions of  para-EV, it has a certain 
guidance value for EUS application. If  para-EV is 
detected on CTPV, EUS should be further implemented 
to confirm the presence of  specific communicating 
branches between peri-EV and para-EV as well as the 
location and hemodynamic characteristics of  their 
communicating branches so as to provide relevant 
referable information for treatment selections.

 COMMENTS
Background
The existence of para-EV and perforating veins and the direction of their blood 
flow can affect the recurrence of hemorrhage caused by rupturing.
Research frontiers
The morphology, location and collateral circulation characteristics of para-EV in 
portal hypertensive patients were studied with 64-row multidetector computer 
tomography portal venography (MDCTPV), which is a non-invasive method.
Innovations and breakthroughs
In majority cases of this study, the collateral circulation pattern of para-EV and 
the morphological characteristics of para-EV were revealed thanks to the high 
spatial resolution images of the advanced MDCT and the appropriate image 
post-processing.
Applications
MDCTPV is a noninvasive method to display the morphological characteristics 
of para-EV, which is useful in clinical management and disease prognosis.
Terminology
Paraesophageal varices are the varices that exist outside the esophagus. Peri-
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EV is the varices that exist in the esophageal wall or the submucotic varices. 
Perforating vein is the communicating branch between peri-EV and para-EV. 
The subphrenic vein is the bilateral vessel that ends up at inferior vena cava at 
the diaphragm level. CTPV is the abbreviation of CT portal venography.
Peer review
This is a good review with excellent images. MDCTPV is a convenient method 
to display the morphological and collateral circulations of the para-EV. It is of 
important value in the selection of clinical therapy and evaluation of prognosis.
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Abstract
AIM: To integrate results from different studies in 
examining the effectiveness of music in reducing the 
procedure time and the amount of sedation used 
during colonoscopic procedure. 
METHODS: An electronic search in various databases 
was performed to identify related articles. Study quality 
was evaluated by the Jadad’s scale. The random effect 
model was used to pool the effect from individual 
trials and the Cohen Q-statistic was used to determine 
heterogeneity. Egger’s regression was used to detect 
publication bias. 
RESULTS: Eight studies with 722 subjects were 
included in this meta-analysis. The combined mean 
difference for the time taken for the colonoscopy 
procedure between the music and control groups 
was -2.84 with 95% CI (-5.61 to -0.08), implying 
a short time for the music group. The combined 
mean difference for the use of sedation was -0.46 
with 95%CI (-0.91 to -0.01), showing a significant 
reduction in the use of sedation in the music group. 
Heterogeneity was observed in both analyses but no 
publication bias was detected. 
CONCLUSION: Listening to music is effective in 
reducing procedure time and amount of sedation 
during colonoscopy and should be promoted.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
In 2005, colorectal cancer was the fourth most frequent 
cancer type worldwide for both sexes and colon 
cancer accounted for about 655 000 deaths per year[1]. 
Most colon cancers develop from polyps that grow 
abnormally in the colon. If  polyps grow unnoticed and 
are not removed, they may become cancerous. Indeed, 
colorectal cancer is among the most preventable and 
curable cancers and with early detection 75%-90% 
of  them can be prevented[2]. The aim of  screening is 
to find precancerous polyps so they can be removed 
before they become cancerous. Screening for colon 
cancer has been shown to be effective in reducing 
mortality[3].

Colonoscopy is now the recommended method 
for screening colon cancer[4]. During a colonoscopy 
procedure, physicians insert a colonoscope into the 
rectum of  a patient from the anus and slowly guide it 
into the colon for direct visualization and diagnosis[5]. 
As can be imagined, it is not a comfortable experience. 
In fact, many people refuse to undergo colonoscopy 
because of  discomfort and anxiety[6], some feel out 
of  control with what would be happening during 
the procedure and were fearful of  looking foolish[7]. 
Even those who agree to undergo a colonoscopy feel 
frightened and anxious before the procedure[8]. After 
it, they express it was an unpleasant and stressful 
experience[9]. Therefore, most physicians prefer to 



www.wjgnet.com

Tam WWS et al . Music and colonoscopy: A meta-analysi                                                                               5337

perform colonoscopy with conscious sedation[10] 

although some still start the procedure without sedation, 
particularly in non-anxious patients[11]. 

Since the use of  sedation is risky-it may contribute 
to the occur rence of  cardiovascular events and 
is associated with the risk of  cardio-respiratory 
complication[12,13] especially for elderly patients[14]-pand 
costly, non-pharmacological methods for alleviating 
patients’ discomfort and anxiety have been developed 
and music therapy is one of  them. The use of  music 
therapy to promote relaxation has a long history in 
medicine[15,16]. The ancient Chinese medical reference, 
Yellow Emperor’s Classics of  Internal Medicine, 
mentioned the use of  music for treatment[17], while 
ancient Indian treatises, like Samaveda, stated the 
therapeutic utility of  music[18]. Earlier studies show 
the effectiveness of  music on patients with acute 
myocardial infarctions[19] and receiving intensive 
medical/surgical care[20]. The effects of  music on 
different screening procedures were examined during 
the early 1990s. For example, Fullhart[21] and Palakanis[6] 
s tudied anxiety in pat ients undergoing f lexible 
sigmoidoscopy and Bampton[22] assessed the role of  
relaxation music on patient tolerance of  gastrointestinal 
endoscopic procedures. Since then, more and more 
studies have examined the effect of  music during 
colonoscopy, but no conclusion has yet been reached 
about its effectiveness. Recently, a meta-analysis[23] 
focusing on the general endoscopic procedure was 
published and the authors reported significantly lower 
anxiety levels and shorter procedure times. The aim of  
this meta-analysis is to integrate results from different 
studies in examining the effectiveness of  music in 
reducing procedure time and amount of  sedation used 
during colonoscopy. 

MATERIALS AND METHODS
Search strategies
We identified studies to evaluate the effect of  listening 
to music during colonoscopy. The electronic search 
was conducted on six databases, namely, AMED-
Allied and Complementary Medicine (1985 to 2007), 
ACP journal club (1991 to 2007), CINAHL (1982 to 
March 2007), Cochrane Central Register of  Controlled 
trials (up to 1st quarter of  2007), EMBASE (1980 to 
March 2007), and MEDLINE (1966 to March 2007). 
Only two sets of  keywords, i.e. Colonoscopy and 
Music/Music, were used to include as many articles as 
possible. We also attempted to identify any potential 
unpublished studies such as theses and dissertations 
using the above keywords through the ProQuest 
Dissertations and Theses database, and the web 
using Internet search engines, Google and Yahoo, 
with thesis or dissertation as additional keywords. 
Reference lists of  the collected papers were also 
checked for any potential articles.

Inclusion criteria
Only randomized controlled studies reported in English 

were included. At least one of  the comparison groups 
included listening to music during colonoscopy as part 
of  the intervention. 

Data extraction
For each eligible study, we extracted information on 
author/s, year of  publication, age distribution, gender 
proportion, other demographic data, intervention, 
outcome measures, and results. The data extraction 
form was modified from the data extraction form of  
van Tulder[24]. Two investigators (WT and EW) of  the 
study independently extracted the data, which was then 
summarized by one of  them. Agreement was reached 
on the extracted data before proceeding to data 
analysis.

Methodological quality
The methodological quality of  the included studies 
was assessed using the Jadad’s scale[25]. The quality 
var iab les recorded in the cr i ter ia l i s t inc luded 
the procedure of  patient allocation, information 
regarding withdrawals and dropouts, blinding of  
patients, and outcome assessment. A maximum of  
five points can be obtained using the scale. However, 
as blinding of  patients is difficult while assessing 
behavioral interventions[26], only blinding of  outcome 
assessors was considered in the scale. Furthermore, 
as withdrawals and attrition of  patients were unlikely 
in such a short period, such item in the Jadad’s scale 
was also ignored. Therefore, the maximum points 
obtainable for each study became four. Besides the 
Jadad’s scale, one additional question was extracted 
from van Tulder[24] for assessing the comparability of  
the two comparison groups.

Statistical analysis
Random-effect models were used to combine the 
outcome effect, i.e. the (standardized) difference 
between treated and control groups, for each study[27]. 
Heterogeneity was examined using the Q-test and I2[27]. All 
analyses were conducted using RevMan[27]. Publication 
b ias was examined by funnel p lot and Eg ger ’s 
regression[28]. 

RESULTS
Search strategies
The electronic search was conducted in May 2007 
and 19 records were found. The title and abstracts 
of  these papers were examined and it was found that 
one was written in Portuguese[29], one was a systematic 
review focus on pain[30], one was a discussion paper 
on the use of  sedation[31], one was an editorial[32], and 
two were news[33,34]. One paper[35] occurred twice in 
our search as the surname of  the first author was 
recorded differently in two electronic databases 
(EBASE and MEDLINE), so one was removed. 
Hence, only 12 studies[35-46] were included and the 
full articles were obtained for further examination. 
A study[37] was found to be a non-randomized study 



and was excluded and another study[43] not examining 
the procedure time nor the amount of  sedation was 
also excluded. One study[39] required their subjects 
in the intervention group to listen to music before 
the colonoscopy procedure on a voluntary basis. The 
author was contacted to see how many subjects in 
the intervention group listened to music during the 
procedure. Although the author implied that most 
of  the subjects continued to listen to music during 
the procedure, the study was excluded because not 
all participants in the intervention group listened 
to music during the procedure. Another study[40] 
provided audiovisual distraction to patients instead on 
listening to music alone and the effect may have been 
enhanced; therefore, it was also excluded from the 
analysis. 

As to the search of  potential theses or dissertations, 
one doctoral dissertation[47] and two master theses[48,49] 

were identified and their abstracts were obtained. 
However, one[48] was not related to colonoscopy and 
the others[47,49] related to the papers from previous 
search[40,45]. A flowchart is provided to show the search 
history (Figure 1). 

A total of  722 subjects were involved in 8 studies 
(Table 1), four from Europe[35,36,42,44], two from the 
US[36,45], and three from Asia[38,41,46]. Two studies[38,45] 

provided different types of  music for their patients 
to choose from. Four studies broadcasted the music 
through headphones/earphones [35,38 ,41 ,45], three 
broadcasted as background music[36,42,44], and one 
did not specify the media method[46]. Seven studies 
mentioned that all colonoscopy procedures were 
conducted by an experienced colonoscopist[42,46] or a 
group of  experienced colonoscopists[35,36,38,41] for both 
comparison groups.  

Quality of studies
All of  the included studies were randomized controlled 
studies and only five of  them reported the method of  
randomization[35,36,38,41,42]. No information on attrition 
was reported in any study probably because most of  
the procedures were completed in a relatively short 
period of  time. Incomplete procedures were reported 
in two studies but no significant incomplete rates were 
detected[35,41]. Although it would be impossible to blind 
the subjects, outcomes assessor was blinded in two 
studies[35,38] by requesting the patients in the control 
group to take the earphones. Six studies[35,36,41,42,45,46] 
showed that baseline characteristics between control 
and treatment groups were comparable. One study did 
not provide the test statistics[44] and one did not report 
the baseline characteristics[38] (Table 2). Overall, five 
studies[35,36,38,41,42] got 2 points (half) or above in our 
modified Jadad’s scale.  

Procedure time (Figure 2)
The total t ime taken for the procedure between 
music and control groups was measured in seven  
studies[35,36,38,41,44-46]. Six of  them[36,38,41,44-46] showed a 
reduction of  time in the music group but only in one 
case was this significant[44]. Since two studies[36,38] did 
not provide the means or standard deviations, the 
corresponding authors of  the studies were contacted to 
obtain this information. Authors from both studies[36,38] 
generously provided the means and standard deviations 
of  the respective parameters and therefore their results 
could be included in the analysis. The combined mean 
difference between the treated and control groups 
was -2.84 with 95% CI (-5.61 to -0.08). The Q-value 
and the I2 were 13.46 (P = 0.04) and 55%, suggesting 
possible heterogeneity among the studies. Publication 
bias was not detected using Egger’s regression method 
(P = 0.9133).

Sedation (Figure 2)
Six studies[36,38,41,42,44,45] examined the use of  sedation, i.e. 
midazolam in mg, and four[38,41,42,45] showed a reduction 
in the music group. Sedation was given or added 
based on patients’ request[38,41,44] or colonoscopists’ 
decision[36,42]. The means and standard deviations of  
the 2 studies[36,38] were requested from the authors. The 
combined mean difference for the six trials was -0.46 
with 95% CI (-0.91 to -0.01), showing a marginally 
significant reduction of  the use of  sedation in the 

Databases1 search:
Keyword-Colonoscopy 

(n  = 33 756)

Databases1 search:
Keyword-Music,
Music therapy
(n  = 19 138)

Combined 2 databases 
(n  = 46)

Removed duplicates 
(n  = 22) 

Removed 1 non-English paper, 2 
reviews, 2 news, 1 editorial  and 

1 duplicated study (n  = 12)

Removed 1 not listening
music during procedure[39],
1 non-randomized[37], 1 with
audio-visual distraction in

the intervention[40], 1 
without relevant 

outcome[43](n  = 8)

Search2 for theses:
Keyword-Music, colonoscopy and 

thesis/dissertation (n  = 3)

Removed 1 not related to 
colonoscopy, 2 related to

the included papers (n  = 0)

1Databases included CINAHL (1982 to 2007 March), Cochrane Central 
Register of Controlled trials (up to 1st quarter of 2007), EMBASE 
(1980 to 2007 March) and MEDLINE (1966 to 2006 January); 2Search 
in ProQuest Dissertations and Theses database (1861 to 2007) and 
through search engine yahoo and google (only the first 20 pages of 
results were checked for detail).

Figure 1  Flowchart of the search history.
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Table 1  Characteristics of each of the included studies

Study Design Baseline characteristic Comparison group Outcome
Andrada et al (2004)[35] RCT Intervention- Intervention- Blood pressure, capillary and 

31 males 32 females, Listening music until the end of procedure (classical tracts) oxygen saturation, heart rate 
mean age: 46 (14.22) level of anxiety
Control- Control-
28 males 27 females, Usual colonoscopy screening
mean age: 49 (13.88)

Bechtold et al (2006)[36] RCT Intervention- Intervention- Dose consumed, time to time, 
41 males and 44 females, Playing music upon the entrance the patient (same reach cecum, total procedure 
age: 58.5       music for all patients) insertion difficulty scale, 
Control- Control- experience scale, pain scale, 
42 males 39 females, 50 mg of meperidine and 1 or 2 mg  of midazolam  want music next time
age: 54.1      

Harikumar et al (2006)[38] RCT Intervention- Intervention- Pain score, discomfort score, 
38 (male + female), 
age 15 - 60

Listening music (popular film songs based on 
classical rages, classical music, devotional songs, folk 
songs, soft instrumental music, and bioacoustics 

procedure time, recovery 
time, dose consumed

Control- Control-
40 (male + female),
age 15-60

2 mg intravenous boluses of midazolam on demand; 
Colonoscopic procedure performed by endoscopists 
with experience of performing at least 200 full-length 
colonoscopic procedure

Lee et al (2002)[41] RCT Intervention 1- Intervention 1- Dose of propofol, pain score, 
33 male 22 female Patient-controlled sedation satisfactory score, willingness 
Inter-quartile age range: 46-68 to repeat the same mode of 
mean age: 54 sedation.
Intervention 2- Intervention 2-
29 male 26 female, Patient-controlled sedation+ music1
Inter-quartile age range: 39-67
mean age: 47
Intervention 3- Intervention 3-
27 males 28 females, Music1
Inter-quartile age range: 40-65 Could request intravenous administration of 
mean age: 51 diazemuls (0.1 mg/kg) and meperidine (0.5 mg/kg)

Nasal oxygen (2 L/min) to all patients in the study
1Type of music: classical, jazz, popular (Chinese and 
English) and Chinese opera
Examination performed endoscopists having more 
than 300 similar procedures before

Ovayolu  (2006)[42] RCT Intervention- Intervention- Dose of sedation consumed, 
14 males 16 females, Listening music (classical Turkish music, a slow and anxiety score, pain score, 
age: 20-39 (n = 10), 40-59 (n = 
11), 60 or above (n = 9)       

relaxing music) VAS score, willingness to 
the procedure score and 

Control- Control- satisfaction score.
14 males 16 females, Usual colonoscopy screening;
age: 20-39 (n = 5), 40-59 (n = 
11), 60 or above (n = 14)      

procedure performed by an expert endoscopist with 
experience of performing at least 200 full-length 
procedure previously

Schimann et al (2002)[44] RCT Intervention- Intervention- Request of sedation 
25 males 34 females, Music from radio (midazolam), oxygen 
mean age: 52.3 (13.9), supplement, procedure time
Control- Control-
33 males 27 females, Conventional procedure
mean age: 55.8 (13.5)

Smolen et al (2002)[45] RCT Intervention- Intervention- Sedation, anxiety and heart rate
10 male 6 females, mean age: 
58.83 (13.64)

Listening music (classical, jazz, pop rock and easy 
listening) 

Control- Control-
7 males 9 females,
mean age: 61.06 (9.48)

Undergo standard colonoscopy procedure including 
explanation of the procedure by the nurse; receive 
a standard pre-procedure sedation consisting of a 
slow intravenous injection of 1 mg of midazolam in 
combination with 50 mg of meperidine

Uedo et al (2004)[46] RCT Intervention- Intervention- Salivart cortisol levels
7 males 7 females, 
mean age: 54 (6)

Listen the music (easy listening style) from the 
beginning and during procedure

Control- Control-
11 males 4 females,
mean age: 54 (8)

Usual procedure for undergoing colonoscopy, no 
anxiolytic medications, no antisecretory agents



music group. The Q-test and I2 were respectively 34.83 
(P < 0.001) and 86% suggesting strong heterogeneity. 
Publication bias was not detected using Egger’s 
regression method (P = 0.1150). 

DISCUSSION
Colon cancer is the fourth leading cause of  death among 
all cancers[1] but remains one of  the most preventable 
and curable cancers if  detected early[2]. Screening for 
colon cancer has been shown to be an effective method 
of  reducing the risk of  mortality, but the compliance 
rate is still low probably due to the unpleasant feeling of  
patients during the procedure[9]. Non-pharmacological 
methods for alleviating patients discomfort and anxiety 
have been developed and, in the early 1990s, Palakanis[6] 

demonstrated that listening to music before and during 
sigmoidoscopy was effective in reducing one’s anxiety. 
Colonoscopy has been the recommended procedure for 
screening colon cancer[4] and more studies have been 
conducted in examining the effect of  listening to music 
during this procedure. 

Our results show that listening to music during 
the colonoscopy would effectively reduce the mean 
procedure time and the amount of  sedation used. One 
possible explanation for the reduction of  sedation 
is that patients in the music group are more relaxed 
and with less anxiety. Therefore, the physician can 
complete the procedure in a shorter period of  time 
and use less sedation[45]. The reduction of  procedure 
time implies a reduction of  the anxious, frightening, 
and unpleasant time spent while undergoing the 
procedure and may be useful in enhancing the 
compliance rate. 

It was reported that conscious sedation with 
midazo l am cont r ibu ted to the occur rence o f  
cardiovascular events during colonoscopy[12] and 
was associated with the risk of  cardio-respiratory 
complication[14]. Avoidance of  sedation may provide 
a quicker patient discharge, less need for monitoring, 
and overall cost savings[50]. Our results also found a 
significant reduction in anxiety score, but only weak 
evidence was observed for pain score, blood pressure, 
and mean recovery time.

Besides the above-mentioned beneficial effects 

to patients, two advantages of  listening to music 
dur ing colonoscopy are cheapness and ease of  
implementation[51]. Although cassette players and 
compact disc players were used in most of  the included 
studies, digital players, like MP3 players, may be a better 
choice in the future[52]. With advanced technology, a 
thumb-sized MP3 player can store hundreds of  songs 
at a much lower cost. Therefore, more choices can 
be given to patients, which is important as personal 
preference has a strong impact on one’s responses to 
music[53].

No harmful effects from listening to music were 
reported in any study in the meta-analysis and other 
references that we read. Only one shortcoming about 
patients listening to music through headphone/earphone 
was the isolation of  verbal communication between 
patients and the medical staff  during the procedure. 
However, broadcasting the music as background music 
might disturb the staff  conducting the procedure 
probably because an imposed choice of  musical selection 
can be annoying to the listener[53].

Recently, a meta-analysis was published on a similar 
topic[23] but there are several differences between that 
study and the present one. First of  all, colonoscopy 
was the focus of  this paper. Second, this study’s search 
strategy was more comprehensive, meaning that more 
databases were included and theses/dissertations 
were also identified. Third, besides the numerically 
combined results, the characteristics of  all included 
studies were presented and discussed in the text or in 
the table. 

Although our findings confirm the effectiveness of  
listening to music during the colonoscopy procedure, 
several areas are worth further investigation. These 
include the choice of  music, the mode of  broadcasting 
music (earphone, background, or both), the possibility 
of  using placebo to the patients in the control group, the 
possibility of  blinding to the colonoscopist/s or medical 
staff  involved in the procedure, the interaction of  the 
medical staff  to background music as well as the effect 
of  playing audiovisual materials. Finally, it was suggested 
that the role of  music should be considered whenever 
applicable[54].

Our results confirm that patient listening to music 
during colonoscopy is an effective way in reducing 

Table 2  Quality assessment by Jadad’s scale and baseline comparison

Study (year of publication) Is the study randomized? Is the procedure 
appropriate & reported?

Is the study blind 
to the assessors?

Is the blinding method 
appropriate & reported?

Were the groups 
similar at baseline?

Andrada et al (2004)[35] C C C C C
Bechtold et al (2006)[36] C C N NA C
Harikumar et al (2006)[38] C C C C P1

Lee et al (2002)[41] C P C N C
Ovayolu et al (2006)[42] C C N NA C
Schiemann et al (2002)[44] C N N NA P2

Smolen et al (2002)[45] C N N NA C
Uedo et al (2004)[46] C N N NA C

Remark: C, correct; N, not correct; P, partly correct; NA, not applicable. 1No result provided; 2No test result provided. 
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procedure time, anxiety, and the amount of  sedation. 
More importantly, no harmful effects were observed 
for all the studies. Therefore, listening to music during 
colonoscopy should be recommended.
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 COMMENTS
Background
Colonoscopy is the recommended method for screening colon cancer but 
many people are unwilling to receive it because of fearing the pain, anxiety 
and other reasons. The use of music in medical research has long history and 
the beneficial effects of listening music during colonoscopy have been widely 
reported.
Research frontiers
A meta-analysis was conducted to integrate results from different studies in 
examining the effectiveness of music in reducing the procedure time and the 
amount of sedation during colonoscopy. 
Innovations and breakthroughs
Our results show that listening to music during colonoscopy may effectively 
reduce the mean procedure time and the amount of sedation used.
Applications 
Listening to music during colonoscopy should be promoted because of its 
beneficial effect and negligible cost.

Peer review
This is a research on a kind of a complementary and alternative medicine, a 
“music therapy”.
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Figure 2  A: Forrest plot of the effect of music in procedure time; B: Forrest plot of the effect of music in sedation.

www.wjgnet.com

Tam WWS et al . Music and colonoscopy: A meta-analysi                                                                               5341



26: 342-346
8 Salmore RG, Nelson JP. The effect of preprocedure 

teaching, relaxation instruction, and music on anxiety 
as measured by blood pressures in an outpatient 
gastrointestinal endoscopy laboratory. Gastroenterol Nurs 
2000; 23: 102-110

9 Kim LS, Koch J, Yee J, Halvorsen R, Cello JP, Rockey DC. 
Comparison of patients' experiences during imaging tests of 
the colon. Gastrointest Endosc 2001; 54: 67-74

10 Balsells F, Wyllie R, Kay M, Steffen R. Use of conscious 
s e d a t i o n  f o r  l o w e r  a n d  u p p e r  g a s t r o i n t e s t i n a l 
endoscopic examinations in children, adolescents, and 
young adults: a twelve-year review. Gastrointest Endosc 
1997; 45: 375-380

11 Fisher NC, Bailey S, Gibson JA. A prospective, randomized 
controlled trial of sedation vs. no sedation in outpatient 
diagnostic upper gastrointestinal endoscopy. Endoscopy 
1998; 30: 21-24

12 Ristikankare M,  Julkunen R, Laitinen T, Wang SX, 
Heikkinen M, Janatuinen E, Hartikainen J. Effect of 
conscious sedation on cardiac autonomic regulation 
during colonoscopy. Scand J Gastroenterol  2000; 35 : 
990-996

13 Bell GD. Premedication, preparation, and surveillance. 
Endoscopy 2002; 34: 2-12

14 Yuno K ,  I ishi  H, Tatsuta M, Hifumi K, Omori M. 
Intravenous midazolam as a sedative for colonoscopy: a 
randomized, double-blind clinical trial. Aliment Pharmacol 
Ther 1996; 10: 981-984

15 Rorke MA. Music therapy in the age of enlightenment. J 
Music Ther 2001; 38: 66-73

16 West M. Music Therapy in Antiquity. Horden P, editor. 
Music as medicine: the history of music therapy since 
antiquity. Aldershot; Brookfield, Vt: Ashgate, 2000: 
51-68

17 Ni MS. The Yellow Emperor’s Classic of internal medicine: 
A new translation of the Neijing Suwen with commentary. 
Boston: Shambhala Pub, 1995: 14-17

18 Katz JB. Music Therapy: Some Possibilities in the Indian 
Tradition. Horden P, editor. Music as medicine: the history 
of music therapy since antiquity. Aldershot; Brookfield, Vt: 
Ashgate, 2000: 84-102

19 White JM. Music therapy: an intervention to reduce anxiety 
in the myocardial infarction patient. Clin Nurse Spec 1992; 6: 
58-63

20 Updike P. Music therapy results for ICU patients. Dimens 
Crit Care Nurs 1990; 9: 39-45

21 Fullhart JW. Preparatory information and anxiety before 
sigmoidoscopy: a comparative study.  
1992; 14: 286-290

22 Bampton P, Draper B. Effect of relaxation music on patient 
tolerance of gastrointestinal endoscopic procedures. J Clin 
Gastroenterol 1997; 25: 343-345

23 Rudin D, Kiss A, Wetz RV, Sottile VM. Music in the 
endoscopy suite: a meta-analysis of randomized controlled 
studies. Endoscopy 2007; 39: 507-510

24 van Tulder M ,  Furlan A, Bombardier C, Bouter L. 
Updated method guidelines for systematic reviews in the 
cochrane collaboration back review group. Spine 2003; 28: 
1290-1299

25 Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, 
Gavaghan DJ, McQuay HJ. Assessing the quality of reports 
of randomized clinical trials: is blinding necessary? Control 
Clin Trials 1996; 17: 1-12

26 Monninkhof E ,  van der  Valk P,  van der Palen J , 
van Herwaarden C, Partridge MR, Zielhuis G. Self-
management education for  patients  with chronic 
obstructive pulmonary disease: a systematic review. Thorax 
2003; 58: 394-398

27 Review Manager (RevMan) [Computer program] Version 
5.0. Copenhagen: The Nordic Cochrane Centre, The 

Cochrane Collaboration, 2008
28 Egger M, Davey Smith G, Schneider M, Minder C. Bias 

in meta-analysis detected by a simple, graphical test. BMJ 
1997; 315: 629-634

29 Arruda Alves PR, Roncaratti E, Habr Gama A. Reduction 
in salivary levels of cortisol by music therapy during 
colonoscopy. GED-Gastrenterologia Endoscopia Digestiva 2004; 
23: 83-84

30 Cepeda MS, Carr DB, Lau J, Alvarez H. Music for pain 
relief. Cochrane Database Syst Rev 2006; CD004843

31 Lazzaroni M, Bianchi Porro G. Preparation, premedication, 
and surveillance. Endoscopy 2005; 37: 101-109

32 Lotufo PA. The noise stops you from hearing good music: 
the possibilities for a mortality reduction program for 
cancer of the colon and rectum in Sao Paulo. Sao Paulo Med J 
2003; 121: 95-96

33 Kurth T, Krevvsky B, Chiu C. Late-breaking news. Bottom 
Line Health 2007; 21: 1

34 Anonymous. Tuned up for colon test. Nur Standard 2006; 21: 
8

35 Lopez-Cepero Andrada JM, Amaya Vidal A, Castro 
Aguilar-Tablada T,  Garcia  Reina I ,  S i lva L,  Ruiz 
Guinaldo A, Larrauri De la Rosa J, Herrero Cibaja I, 
Ferre Alamo A, Benitez Roldan A. Anxiety during the 
performance of colonoscopies: modification using music 
therapy. Eur J Gastroenterol Hepatol 2004; 16: 1381-1386

36 Bechtold ML, Perez RA, Puli SR, Marshall JB. Effect of 
music on patients undergoing outpatient colonoscopy. 
World J Gastroenterol 2006; 12: 7309-7312

37 Binek J, Sagmeister M, Borovicka J, Knierim M, Magdeburg 
B, Meyenberger C. Perception of gastrointestinal endoscopy 
by patients and examiners with and without background 
music. Digestion 2003; 68: 5-8

38 Harikumar R , Raj M, Paul A, Harish K, Kumar SK, 
Sandesh K, Asharaf S, Thomas V. Listening to music 
d e c r e a s e s  n e e d  f o r  s e d a t i v e  m e d i c a t i o n  d u r i n g 
colonoscopy: a randomized, controlled trial. Indian J 
Gastroenterol 2006; 25: 3-5

39 Hayes A, Buffum M, Lanier E, Rodahl E, Sasso C. A music 
intervention to reduce anxiety prior to gastrointestinal 
procedures. Gastroenterol Nurs 2003; 26: 145-149

40 Lee DW, Chan AC, Wong SK, Fung TM, Li AC, Chan SK, 
Mui LM, Ng EK, Chung SC. Can visual distraction decrease 
the dose of patient-controlled sedation required during 
colonoscopy? A prospective randomized controlled trial. 
Endoscopy 2004; 36: 197-201

41 Lee DW, Chan KW, Poon CM, Ko CW, Chan KH, Sin KS, 
Sze TS, Chan AC. Relaxation music decreases the dose 
of patient-controlled sedation during colonoscopy: a 
prospective randomized controlled trial. Gastrointest Endosc 
2002; 55: 33-36

42 O v a y o l u  N ,  U c a n  O ,  P e h l i v a n  S ,  P e h l i v a n  Y , 
Buyukhatipoglu H, Savas MC, Gulsen MT. Listening to 
Turkish classical music decreases patients' anxiety, pain, 
dissatisfaction and the dose of sedative and analgesic drugs 
during colonoscopy: a prospective randomized controlled 
trial. World J Gastroenterol 2006; 12: 7532-7536

43 Salmore RG, Nelson JP. The effect of preprocedure teaching, 
relaxation instruction, and music on anxiety as measured by 
blood pressures in an outpatient gastrointestinal endoscopy 
laboratory. Gastroenterol Nurs 2000; 23: 102-110

44 Schiemann U, Gross M, Reuter R, Kellner H. Improved 
procedure of colonoscopy under accompanying music 
therapy. Eur J Med Res 2002; 7: 131-134

45 Smolen D, Topp R, Singer L. The effect of self-selected 
music during colonoscopy on anxiety, heart rate, and blood 
pressure. Appl Nurs Res 2002; 15: 126-136

46 Uedo N, Ishikawa H, Morimoto K, Ishihara R, Narahara 
H,  Akedo I ,  Ioka T,  Kaj i  I ,  Fukuda S .  Reduct ion 
in salivary cortisol level by music therapy during 
colonoscopic examination. Hepatogastroenterology 2004; 

www.wjgnet.com

5342    ISSN 1007-9327    CN 14-1219/R      World J Gastroenterol    September 14, 2008     Volume 14    Number 34



51: 451-453
47 Lee DWH. The use of patient-controlled and adjunct 

sedation for colonoscopy. Thesis. Chinese University of 
Hong Kong 2005

48 Parker DB. The effect of Music Therapy for pain and 
anxiety versus literature on the immediate and future 
perceptions of cardiac patients. Thesis. The Florida State 
University, 2004

49 Smolen D, Topp R, Singer L. The effect of self-selected 
music during colonoscopy on anxiety, heart rate, and blood 

pressure. Appl Nurs Res 2002; 15: 126-136
50 Takahashi Y, Tanaka H, Kinjo M, Sakumoto K. Sedation-

free colonoscopy. Dis Colon Rectum 2005; 48: 855-859
51 Kemper KJ, Danhauer SC. Music as therapy. South Med J 

2005; 98: 282-288
52 Maag M. Podcasting and MP3 players: emerging education 

technologies. Comput Inform Nurs 2006; 24: 9-13
53 Bonny HL. Music and healing. Music Ther 1986; 6A: 3-12. 
54 Thaut MH. The future of music in therapy and medicine. 

Ann N Y Acad Sci 2005; 1060: 303-308

    S- Editor  Zhong XY    L- Editor  Negro F    E- Editor  Zhang WB

www.wjgnet.com

Tam WWS et al . Music and colonoscopy: A meta-analysi                                                                               5343



Online Submissions: wjg.wjgnet.com                                                                                               World J Gastroenterol  2008 September 14; 14(34): 5344-5348
wjg@wjgnet.com                                                                                                                             World Journal of Gastroenterology  ISSN 1007-9327
doi:10.3748/wjg.14.5344                                                                                                                                                © 2008 The WJG Press. All rights reserved.

Effect of mutant p27kip1 gene on human cholangiocarcinoma 
cell line, QBC939

Jian Luo, Yong-Jun Chen, Wei-Yu Wang, Sheng-Quan Zou

 RAPID COMMUNICATION

www.wjgnet.com

Jian Luo, Yong-Jun Chen, Wei-Yu Wang, Sheng-Quan 
Zou, Department of General Surgery, Tongji Hospital, Tongji 
Medical College, Huazhong University of Science and 
Technology, Wuhan 430030, Hubei Province, China
Author contributions: Luo J, Chen YJ, Wang WY and Zou 
SQ designed the research; Luo J and Chen YJ performed the 
research; Wang WY contributed to the new reagents/analytic 
tools; Wang WY analyzed the data; Luo J wrote the paper.
Supported by The National High Technology Research 
and Development Program of China (863 Program), No. 
Z2002AA214061
Correspondence to: Sheng-Quan Zou, Department of 
General Surgery, Tongji Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, Wuhan 
430030, Hubei Province, China. sqzou@tjh.tjmu.edu.cn
Telephone: +86-27-83662398  Fax: +86-27-83662851
Received: December 16, 2007  Revised: August 8, 2008
Accepted: August 15, 2008
Published online: September 14, 2008

Abstract
AIM: To investigate the effects of exogenously 
mutated p27kip1 (p27) on proliferation and apoptosis of 
human cholangiocarcinoma cell line, QBC939 in vivo .
METHODS: Adenoviral vectors were used to transfect 
mutated p27 cDNA into human QBC939 cell l ine. 
Expression of p27  was detected by RT-PCR. Western 
blot. Cell growth, morphological change, cell cycle, 
apoptosis and cloning formation were determined by 
MTT assay and flow cytometry.
RESULTS: The express ion of p27 protein and 
mRNA was increased significantly in QBC939 cell line 
transfected with Ad-p27mt. The transfer of Ad-
p27mt could significantly inhibit the growth of QBC939 
cells, decrease the cloning formation rate and induce 
apoptosis. p27  over expression caused cell cycle 
arrest at G0/G1 phase 72 h after infection with Ad-
p27mt.
CONCLUSION: p27  may cause cell cycle arrest at 
G0/G1 phase and subsequently lead to apoptosis. 
Recombinant adenovirus expressing mutant p27 
may be potent ia l ly useful in gene therapy for 
cholangiocarcinoma.
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INTRODUCTION
It is well known that cell cycle progression is governed 
by cyclin-dependent kinases (CDKs). P27kip1 (p27), a key 
inhibitor of  CDKs, can directly inhibit the entry of  cell 
cycle from G1 phase into S phase. A major mechanism 
underlying the regulation of  p27 is proteolysis by the 
ubiquitin–proteasome pathway. Phosphorylation of  p27 
on threonine 187 (T187) by Cdk2 creates a binding site 
for a Skp2-containing E3 ubiquitin-protein ligase, SCF. 
Ubiquitylation of  p27 by SCF results in degradation of  
p27 by the proteasome.

In this study, a replication-deficient adenovirus 
vector encoding a mutated p27 at the Thr-187/
pyrophosphorylat ion s i te was constr ucted and 
transfected into the cultured human cholangiocarcinoma 
cell line QBC939, in order to investigate the effects of  
adenovirus-mediated p27 on proliferation and apoptosis 
of  cholangiocarcinoma cells.

MATERIALS AND METHODS
Materials
Human cholangiocarcinoma cell l ine QBC939 was 
kindly donated by Professor Wang Shu-Guang of  the 
Hepatobiliary Department of  Xinan Hospital, Third 
Military Medical University. Tetramethyl-azo-zole-cyan 
(MTT) and iodized-dine (PI) were purchased from 
Sigma Ltd. Human-source rat anti-p27 monoclonal 
antibody was purchased from Beijing Zhongshan Ltd. 
Sense and anti-sense primers of  p27 were synthesized 
by Shanghai Sangon Bioengineering and Technology 
Service Co. Ltd. Recombinant adenovirus vehicle Ad-
p27mt and adenovirus control vehicle Ad-LacZ were 
kindly donated by Professor Xu Shao-Yong at Digestive 
Medical Department and Doctor Wang Jia-Ning at 



same method as described above. The proteins electro-
transferred onto nitrocellulose membranes and blocked 
by confining liquid were bound to p27 monoclonal 
antibody and secondary antibody, and colored by 
enhanced chemiluminescence (ECL). 

Cell cycle and apoptosis counting analysis by flow 
cytometry
Cells of  each group (above 106 cells in each group) 
were harvested at different time points. RNA enzyme 
was added at 37℃ and reacted for 1 h after cells were 
fixed in 70% alcohol at 4℃ for 24 h (final concentration  
5 0 μg / m L ) . A f t e r 2 0 - 3 0 m i n o f  P I s o l u t i o n 
(concentration 100 μg/mL) staining, cells were counted 
by monochromatic fluorescence flow cytometry to 
observe the apoptosis rate. 

Statistical analysis
All data were expressed as mean ± SD. The data were 
analyzed with SPSS 10.0 software. Variance analysis 
SNK method was employed in comparison of  multi-
groups. P < 0.05 was considered statistically significant.

RESULTS
Titre of recombinant adenovirus
Ultraviolet spectrophotometry showed that the titre of  
recombinant adenovirus after multiplication, amplification, 
and purification was up to 7.95 × 1012 CFU/mL.

Transduction efficacy of recombinant adenovirus
Ad-LacZ was used to infect QBC939 cholangiocarcinoma 
cells. The multiplicity of  infection (MOI) was 25, 50, 100 
and 200. X-gal staining was performed after 48 h culture. 
Blue-staining cells were counted and the percentage 
was calculated to confirm the recombinant adenovirus 
infection efficacy. Results demonstrated that as MOI ≥ 
50, recombinant adenovirus was able to implement an 
approximately transduction efficacy rate of  100% in the 
two types of  cells.

Growth suppression of QBC939 cells by introduction of 
mutated p27 gene
Clone formation test: The number and ratio of  
cellular clones in different groups are shown in Table 1  
and Figure 1. The transfer of  Ad-p27mt significantly 
inhibited the growth of  QBC939 cells, decreased the clone 
formation, which was significantly different from the 
Ad-LacZ-infected and uninfected groups (F = 10.361, P 
= 0.011) with no statistical difference.
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Cardiovascular Department, Yunyang Medical College. 
CO2 gas incubator(Binder, Germany), inverted phase 
contrast microscope (Olympus, Japan), FACsort flow 
cytometry (USA BD Ltd.) were used in this study. Cells 
used in experiments were divided into control group 
(QBC939 group), Ad-LacZ group and Ad-p27mt group.

Cell culture and transfection
Human cholangiocarcinoma cell l ine QBC939 was 
incubated in 10% FCS-containing RPMI 1640 culture 
medium at 37℃ at an atmosphere containing 50mL/L 
CO2, and infected with Ad-LacZ or with Ad-p27mtatant 
at multiplicity of  infection (MOI) of  50 as the density 
reached to 40%-50%. 

Transduction efficacy of recombinant adenovirus
Ad-LacZ was used to infect QBC939 cholangiocarcinoma 
cells when the MOI was set at 25, 50, 100 and 200. X-gal 
staining was performed after 48 h culture. Blue-staining 
cells were counted and the percentage was calculated 
to confirm recombinant adenovirus infection efficacy. 
Results demonstrated that as MOI ≥ 50, recombinant 
adenovirus was able to implement an approximately 100% 
transduction efficacy rate on the two types of  cells.

Cell growth inhibition test (MTT assay) 
Cells (4000-6000 cells/well) were inoculated in 96-well 
plates. The culture fluid was discarded after 48h of  
grouping, and 150 μL /well (0.5 mg/mL) MTT solution 
was supplemented at 37℃ for 4 h followed by 150 μL/
well DMSO, and shaken for 10 min. Absorbance (A) 
value was detected with an autokinetic enzyme scaling 
meter at 492 nm wavelength. Cell growth suppressive 
rate = (1-A value of  experimental group/A value of  the 
same titre QBC939 group) × 100%.

Clone formation
The cells infected with Ad-LacZ or with Ad-p27mutant 
at a MOI of  50 were transferred into a 12-well plate 
(500 cells/well) in triplicate and cultured for 3, 6, 9, and 
12 d, respectively, then fixed with methanol and stained 
with 0.4% crystal violet. Clones containing at least 50 
cells were counted under inverse microscope. Clone 
formation ratio (%) = cell clone amounts/500 × 100%. 

Extraction of total RNA and RT-PCR
Total cellular RNA was extracted from QBC939 cells 
transfected with Ad-p27mt and Ad-LacZ for 48 h 
using the Trizol method. PCR was performed after 
reverse transcription. The sequences of  P27mt gene are 
upstream primer: 5'-CCTAGAGGGCAAGTACGAG
TG-3', downstream primer: 5'-GAAGAATCGTCGG
TTGCAGGTCGCT-3'. Reaction parameters were pre-
degenerated at 95℃ for 5 min, degenerated at 94℃ for 
30 s, 39 cycles of  annealing at 56.3℃ for 35 s, extension 
at 72℃ for 35 s, a final extension at 72℃ for 10 min. 
Electrophoresis was performed for the PCR products 
on a 2% agarose gel.

Western blot
Cellular protein disposed for 72 h was extracted with the 

Table 1  In different testing groups QBC939 cells 

Group Cell clone count (ratio, cell clone amounts/500)

3 d after 
transfect

6 d after 
transfect

9 d after 
transfect

12 d after 
transfect

Ad-p27mt group    9 (1.8) 14 (2.8) 15 (3.0) 21 (4.2)
Ad-LacZ group (n = 3) 16 (3.2) 27 (5.4) 49 (9.8)   56 (11.2)
QBC939 group (n = 3) 18 (3.6) 31 (6.2) 46 (9.2)   62 (12.4)

F = 10.361, P = 0.011 (cell clone ratio, Ad-p27m vs AdLacZ group).



MTT assay for cell growth and viability: MTT 
assays also indicated that the proliferation of  QBC939 
cells was significantly inhibited after Adp27 infection, 
with its inhibitory effect peaked at 72 h. The transfer 

of  Ad-p27mt could significantly inhibit the growth of  
QBC939 cells and decrease clone formation. After 24, 
48 and 72 h of  Adp27 infection, the average CD value 
was remarkably lower in Adp27-infected group than 
in Ad LacZ-infected and uninfected groups, revealing 
that introduction of  exogenously mutated p27 gene via 
a recombinant adenovirus vector could significantly 
suppress the growth of  QBC939 cells in a non time-
dependent manner within 72 h.

Expression of p27 in cholangiocarcinoma QBC939 cells 
at mRNA level  
Gel electrophoresis for the RT- PCR products displayed 
that the expression of  p27 was decreased in normal 
control group, but the expression of  QBC939 cells was 
significantly elevated with a distinct 275bp objective gene 
strap (Figure 2A).

Expression of p27 in cholangiocarcinoma QBC939 cells 
at protein level 
The expression of  p27 was significantly increased in Ad-
p27mt-tranfected QBC939 cells. However, the expression 
of  p27 could be detected in a small number of  Ad-LacZ-
tranfected QBC939 cells (endogenous) and in the control 
group (Figure 2B).

Figure 1  Clone formation test and MTT assay showing effect of Ad-p27mt and Ad-LacZ on growth curve of QBC939 cells (A1, B1) and on the proliferation of QBC939 
cells (A2, B2).
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Figure 2  p27 expression at mRNA (A) and protein level (B). Lane 1: Marker; 
Lane 2: QBC939; Lane 3: b-actin; Lane 4: QBC939/Ad-p27mt in Figure 2A; Lane 1: 
QBC939; Lane 2: QBC939/Ad-LacZ; Lane 3: QBC939/Ad-p27mt in Figure 2B.
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Impact of exogenous p27 gene on QBC939 cell cycle 
and apoptosis
A high expression level of  exogenous p27 protein in 
QBC939 cells evoked a strong cell cycle arrest at G0/G1 
phase in a time-dependent manner within 72 h. The 
cell ratio was stabilized at about 83.63% ± 2.10% in 
a non time-dependent manner after 72 h, which was 
significantly different from that in the Ad-LacZ-infected 
and uninfected groups (F = 15.954, P = 0.012; Table 2 

and Figure 3). The apoptosis rate was 11.61% ± 1.23% 
when the cells were infected with Ad-p27mt for 72 h. 
The sub-G1 apoptosis was more significant in Ad-p27mt 
group than in AdLacZ and control groups (Table 2 and 
Figure 3). All results were obtained from experiments 
performed in triplicate. 

DISCUSSION 
Cholangiocarcinoma remains one of  the most difficult 
tumors to treat in clinical practice. Currently, there is no 
effective chemotherapy for this disease. Surgery offers 
the only opportunity to cure it. However, the majority of  
patients fail to qualify for such a treatment. Therefore, 
new therapeutic modalities are needed. Gene therapy is 
regard as one of  the most important and potential new 
modalities for this disease.

The CDK inhibitor p27 plays a major role in 
controlling the cell cycle, which negatively regulates 
the transition from the G1 into the S phase. Moreover, 
p27kip1 is a lso a tumor suppressor. Loss of  p27 
function weakens the control of  G1/S checkpoint, thus 
accelerating cell cycle progression and predisposing 
cells to malignant transformation[1,2]. Ganoth et al[3] 

Table 2  Influence of gene transfect on QBC939 cells at G0/G1 
phase and apoptosis in different testing groups (mean ± SD)

Group G0/G1 (%)/apoptosis (%)

24 h after 
transfect

48 h after 
transfect

72 h after 
transfect

Ad-p27mt group (n = 3) 61.02 ± 1.03/
  0.81 ± 0.052

73.32 ± 2.99/
  5.27 ± 0.030

  83.63 ± 2.10/ 
11.61 ± 1.23

Ad-LacZgroup (n = 3) 54.91 ± 2.32/
  0.76 ± 0.031

62.56 ± 2.71/
  1.28 ± 0.043

  63.57 ± 2.32/
    4.16 ± 0.230

QBC939 group (n = 3) 49.76 ± 1.97/
  0.78 ± 0.041

 56.95 ± 1.06/
   1.10 ± 0.071

 62.56 ± 2.88/
   4.13 ± 0.454

F = 15.954, P = 0.012 (G0/G1 cell ratio, Ad-p27m vs AdLacZ group); F = 
3.236, P > 0.05 (apoptosis rates, Ad-p27m vs AdLacZ group).
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Figure 3  Impact of exogenous p27 gene on QBC939 cell cycle and apoptosis.
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and Troncone et al[4] reported that the degradation of  
p27 is mainly regulated by post-translational ubiquitin-
proteasome-mediated proteolysis of  phosphorylation in 
threonine (Thr) 187. In order to inhibit the degradation 
of  p27 and restore the function of  G1/S checkpoint, 
we transfected mutated p27 into cholangiocarcinoma 
QBC939 cell line, which has a mutation of  Thr-187/
Pro-188 (ACGCCC) to Met-187/Ile-188(ATGATC). 

Western blot analysis showed that 72 h after 
infection with Ad-p27mt, p27 in the CBC939 cells 
expressed a strong band, whereas Ad-LacZ-infected 
QBC939 cells showed a faint p27 protein product in the 
uninfected groups, suggesting that tansgenes can be 
successfully induced and expressed. The elevated level 
of  p27 expression demonstrated that mutated p27 was 
resistant to degradation and more stable than wild p27, 
indicating that phosphorylation of  threonine (Thr) 187 
can trigger degradation of  wild p27. The transfer of  Ad-
p27mt significantly inhibited the proliferation of  QBC939 
cells, decreased clone formation, strongly induced cell 
cycle arrest and apoptosis at G1/S phase within 72 h 
after infection, which is consistent with the previous 
findings[5].

It has been well documented that over expression of  
wild p27 via adenoviral gene transfer on p27-deficient 
tumor cells could strongly inhibit cell cycle arrest 
and even lead to significantly apoptosis in disparate 
types of  human cancers, such as spongiocytoma, lung 
cancer, leukaemia. It is a common phenomenon that 
recombinant adenovirus-mediated p27 can eliminate 
carcinoma cells through apoptosis. Although there 
was no significant difference in apoptosis between 
Adp27mt- and AdLacZ-infected cells, uninfected cells at 
any time point, our data show that 72 h after infection 
with Adp27mt, the typical sub-G1 apoptotic peak 
could be observed by flow cytometry, which was more 
apparent than in AdLacZ-infected and uninfected cells. 
Although the precise mechanism by which p27 induces 
apoptosis is unclear, transfer of  p27 is associated with a 
moderate level of  apoptosis as shown by FACS analysis. 
Since QBC939 cells have mutated p53, the mechanism 
underlying apoptosis induced by transfer of  p27 must 
be p53-independent. Further investigation is needed on 
how p27 regulates and induces apoptosis. 

In conclusion, Ad-p27mt at Thr-187 can be used as 
a novel, potent, tumor-suppressing gene therapy tool in 
the treatment of  cholangiocarcinoma.
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 COMMENTS
Background
As a cyclin-dependent kinase inhibitor, p27Kip1 (p27) regulates cell cycle 
progression by transcriptional, translational and proteolytic mechanisms. 
G1/S cell cycle progression requires p27 proteolysis, which is triggered by its 
phosphorylation of threonine (Thr) 187. Increased p27 causes proliferating cells 
to exit from the cell cycle, while decreased p27 is required for quiescent cells 
to resume cell division. Low levels of p27 are associated with excessive cell 
proliferation in pathological conditions such as inflammation and cancers. High 
levels of p27 are observed in such conditions of diminished cell proliferation 
as in late stages of arterial wound repair in atherosclerosis. Interestingly, in 
many types of tumors such as gastric, prostate and breast carcinomas, the 
expression of p27 gene is down-regulated. Loss of p27 expression may result 
in tumor development and/or progression.
Research frontiers
The research involved cell morphologyoncology, cell morphology, molecular 
biology and gene therapy for cholangiocarcinoma. 
Innovations and breakthroughs
It is well know that the degradation of p27 is mainly regulated by post-
translational ubiquitin-proteasome-mediated proteolysis during phosphorylation 
of threonine (Thr) 187. In order to inhibit the degradation of p27 and 
restore the function of G1/S checkpoint, we transfected mutated p27 into 
cholangiocarcinoma QBC939 cell line, which can mutate from Thr-187/Pro-188 
(ACGCCC) to Met-187/Ile-188(ATGATC). The recombinant adenoviral 
vector cannot replicate in target cells because it lacks the E1 gene, thus 
only expressing the inserted gene. Because the foreign gene fragment is not 
incorporated into the genome of target cells, the danger of mutations affecting 
treatment is reduced. Meanwhile, adenoviral vectors are stable and easy to 
purify. This technique can effectively affect both proliferating and quiescent cells 
ex vivo. The potential for gene therapy by using the recombinant adenovirus is 
worthy of extensive attention. The results of our study suggest that adenovirus-
mediated p27 gene transfection can be used as a novel gene therapy for 
cholangiocarcinoma.
Applications 
The prognosis of cholangiocarcinoma is extremely poor although aggressive 
multidisciplinary cancer therapies have been used in clinical practice. 
Thus, it is imperative to develop new and effective treatment modalities for 
cholangiocarcinoma, such as gene therapy.
Peer review
The authors showed that transfection of a human cholangiocarcinoma cell line 
(QBC939) could cause cell cycle arrest and apoptosis, which are of interest in 
developing new treatment modalities for cholangiocarcinoma. The methods 
used were well described. The results are of scientific interest.
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Abstract
We present a case report of a patient with a suspicious 
ileal carcinoid tumour. Clinical examination as well as 
computer tomography (CT) scan suggested a tumour. 
Octeotride scan showed uptake in the same bowel loop 
reported as pathological in CT. The patient underwent 
surgery and biopsy which reported Crohn’s disease (CD). 
The interest in the case is due to the fact that this is, to 
the best of our knowledge, the second report of Crohn’s
disease as a cause of false positive octeotride scan. 
Unfortunately, no somatostatin receptors could be found 
in the sample, so further studies should be performed.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Somatostat in receptors (SS-Rs) are membrane 

glycoproteins spreading over a large number of  body 
tissues and can be found in normal and pathological 
conditions[1]. Many benign and malignant tumours 
over express SS-R in their membranes especially in 
neuroendocrine tumours (NETs) but there are other 
benign conditions showing an increase number of  SS-
Rs, such as granulomatous or inflammatory disease[2].

Octeotride is an analogue whose molecule is a shortened 
version of  somatostatin’s, from 8 to 14 aminoacides, sharing 
its active nuclei and allowing the 111Indium-DPTA molecule 
to bind to the N-terminal (d-phe).

Thus, 111In- DTPA-D- Phe1- octreótido (111In- 
DTPAOC) is the labelled form of  octreotide. There 
are 5 subtypes of  SS-R, and somatostatin shows a high 
affinity for all of  them. However, octeotride has a high 
affinity for only SS-R 2 subtype and a low affinity for 
SS-R 3 and SS-R 5 subtypes. Therefore, pathological 
conditions over expressing these receptors are able to be 
imaged in 111In- DTPAOC scans.

The sensitivity of  111In- DTPAOC in detecting these 
pathological conditions is variable being very high in 
carcinoid tumour (86%)[3]. Uptake in other tissues can 
lead to false-positive findings when studying suspected 
NETs. Only one case of  Crohn’s disease (CD) has been 
recently reported as a cause of  false positive scan[4].

We report a case of  a false positive 111In- DTPAOC 
scintigraphy in a patient with CD mimicking an ileal 
carcinoid tumour. A discussion about SS-R potential 
alterations in CD was included.

CASE REPORT
A 40-year-old man was admitted to our outpatient clinic 
with an 8-mo history of  dull abdominal pain and weight 
loss of  20 kg, but no other gastrointestinal symptoms. 
In terms of  past medical or surgery history, the patient 
denied of  smoking or other diseases. Physical examination 
only revealed a painful site in the right lower quadrant 
of  the abdomen and a body temperature of  37.3℃. 
Laboratory test only revealed an increased erythrocyte 
sedimentation rate of  35 mm/h (normal range: 0- 
25 mm/h) and C-reactive protein rate of  2.37 mg/dL 
(normal range: 0-0.5 mg/dL). A computer tomography 
(CT) scan was performed (Figure 1) and showed 
thickening of  the ileum distal wall and the presence of  
a 4 cm solid mass with irregular border adjacent to the 
affected ileum, conditioning retraction, with prominent 
mesenteric lymph nodes. All these findings suggested a 
carcinoid tumour.
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Further explorations were performed. Colonoscopy 
with ileoscopy (at least 15 cm of  the distal ileum 
was explored) showed an irregular ileal mucosa with 
erythema, irregular nodular areas and marked stiffness, 
suggesting an infiltrative process. Ten ileal biopsies 
were taken and showed unspecific inf lammatory 
changes without evidence of  malignancy, granulomas 
or histological features suggestive of  carcinoid tumour 
or CD. A 24-h urine collection for 5-hydroxyindolacetic 
acid (5-HIAA) showed a normal result of  3.3 mg/24 h 
(normal range < 10 mg/24 h).

Due to the low sensitivity of  the 24-h 5-HIAA test 
and the high suspicion of  carcinoid tumour, an 111In- 
DTPAOC scan was performed. The patient was injected 
with 3mCi 111In- DTPAOC. Total body images were 
obtained at 4 and 24 h, and an abdominal SPECT was 
also performed at 14 h. The images showed pathological 
uptake in central and right pelvic fossae at 4 and 24 h 
(Figure 2). SPECT showed a C-shape uptake in the 
sagittal plane that matches with the thickened loop on 
CT. No uptake was observed in the solid mass. The scan 
was reported as a highly suspicious carcinoid tumour.

With all these results, laparoscopy with curative 
intention was performed. An inf lammatory mass 
involving the distal ileon was found at surgery, and a 
distal small bowel resection and right hemicolectomy with 
lateral anastomosis were performed. Histological analysis 

of  macroscopically-affected segments and specimens 
of  non-macroscopically-involved segments was carried 
out. Thickened serosa and shortened mesentery could be 
grossly observed in the involved terminal ileum (20 cm), 
resulting in a corrugated bowel contour in the terminal 
portion of  the small bowel. These changes could probably 
mimic the impression on CT-scan to an abdominal mass. 
The mesenteric lymph nodes were enlarged measuring 
8 mm in the larger diameter. The detailed macroscopic 
examination failed to show any tumour mass. Photo of  
gross specimen neither was nor included. Other gross 
findings of  significance included stricture formation, 
fissuring, cobblestone appearance (discontinuous 
involvement with transmural spread) with an intervening 
normal or edematous mucosa. The main microscopic 
features were ulceration, fissure, non caseating sarcoid-like 
granuloma and lymphoid aggregates. The regional lymph 
nodes showed sinusal dilatation and lymphoid hyperplasia. 
Chromogranin stain was not performed.

Intestinal tissue sections were routinely fixed in 
10% neutral formalin and embedded in paraffin. 
Immunohistochemical staining for Dako® polyclonal 
antibodies against human somatostatin protein was 
performed with the standard avidin-biotin method. The 
slide-mounted tissue sections were allowed to reach 
room temperature and incubated for 60 min at a solution 
of  1:900, using saponic to antigenic recuperation. 
Somatostatin immunohistochemical expression was 
undetectable in the veins or arteries of  inflamed and 
non inflamed control intestinal tissue sections. No 
concordance was reached in immunohistochemistry/
scintigraphy somatostatin receptor. No areas of  dysplasia 
or carcinoma were identified.

In the absence of  features other than the typical 
appearance of  CD, the pathologic diagnosis of  Crohn’s 
ileitis was made (Figure 3).

Figure 1  CT-scan showing thickening of the distal ileum (long arrow) with an 
adjacent solid mass (short arrow), suggesting a carcinoid tumour.

Figure 2  Octeotride-SPECT images showing pathological uptake in the ileal 
thickened loop at CT-scan.

TUMOR SPECT                        *************   OCTREOTIDO    Hospital povisa
Three plane spots collection    *************  5/30/2007 12:13

Figure 3  CD showing marked transmural inflammatory changes (involving 
the walls of veins and arteries): edema, lymphatic dilatation, hyperplasia of the 
muscularis mucosae, fibrosis (“obliterative muscularization”), and epithelioid 
granuloma.
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After surgery, azathioprine was started for prevention 
of  postoperative recurrence. The patient underwent 
a complete clinical recovery and 6 mo later he was 
asymptomatic. A surveillance/follow-up colonoscopy 
did not show any abnormality and inflammatory signs 
of  recurrence.

DISCUSSION
There are many cases of  carcinoid tumour misdiagnosed 
as CD only discovered when treatment is not effective or 
surgery is performed. It was reported that approximately 
2.3% of  patients with ileal carcinoid are first diagnosed 
and treated as CD[5]. However, the reverse is a very 
uncommon situation.

In our case, the clinic features as well as the image 
of  CT-scan strongly suggested a carcinoid tumour. In 
order to confirm the suspected disease, 111In- DTPAOC 
scan was performed and showed a C-shape uptake in 
the bowel loop that corresponded to that reported as 
pathologic in CT, but there was no uptake in the solid 
mass. The patient underwent surgery and the final 
pathologic report was CD. The mass that did not show 
uptake was reported as inflammatory.

111In- DTPAOC is a radio-labelled octreotide 
analogue that binds to SS-R expressed in cell membranes. 
Many benign and malignant diseases overexpress 
SS-R and thus, can be imaged with this radioligand[6]. 
Carcinoid tumour, one of  the malignant tumours, 
shows more uptakes in the bowel loop due to its high 
density of  SS-R. Reported values for the detection of  
known carcinoid tumour localizations vary from 80% 
to nearly 100%[1]. Uptake is related to SS-R density and 
even tumours smaller than 1 cm in diameter can be 
detected. This is the reason why somatostatin receptor 
scintigraphy (SRS) plays a central role in locating and 
assessing the primary gastroenteropancreatic NET[7] 
and has a marked effect in the clinical management 
of  these malignancies[8,9]. However, 12% of  SRS 
examinations result in false-positive localization of  
NET, understanding a false-positive as an uptake not 
related with the tested pathology. Renal parapelvic 
cysts, accessory spleens, ventral hernias, thyroid or 
breast disease are the most frequent cases of  false 
positive localizations[10]. SS-R is over expressed in 
activated peripheric lymphocytes and macrophages in 
granulomatous and inflammatory diseases, allowing 
obtaining images[11,12].

I n  n o r m a l  b o w e l ,  S S - R i s  e x p r e s s e d i n 
gastrointestinal mucosa, peripheral nervous system and 
lymphoid tissue. Several tumours, such as carcinoid 
tumour, express SS-R in peritumoral veins[13]. In 
intestinal inflammatory disease, a high density of  SS-R 
is detected by autoradiography in intestinal intramural 
veins but not in normal tissues. SS-R is seen in small 
muscular veins of  submucosa, tunica muscularis and 
subserosa, and the thickness of  veins is labelled. These 
veins are histologically normal and seldom have a 
minimal lymphocyte infiltration although label intensity 
does not seem to depend on them as the surrounding 

tissues are infiltrated with these cells and do not show 
labelling[14-16].

Usually no 111In- DTPAOC uptake is found in 
inflammatory bowel disease. There is only one recent 
report of  111In- DTPAOC uptake in Crohn’s disease 
in literature although there is no evidence that SS-R is 
determined[4]. In our case, the samples were studied to 
assess the existence of  SS-R. Immunohistochemical 
staining of  somatostatin receptors was performed and 
somatostatin immunohistochemical expression was 
undetectable in the veins or arteries of  inflamed and non 
inflamed control intestines.

Unfortunately, SS-R could not be found in the tissues 
studied, so we could not explain this abnormal uptake. 
No concordance was reached in immunohistochemistry/
scintigraphy somatostatin receptor, possibly as a 
consequence of  somatostatin receptor heterogeneity. 
Further studies should be made to assess the possible 
causes of  uptake in CD.

However, there are severa l repor ts of  smal l 
carcinoid tumours (a few millimetres in diameter ) 
found in patients with CD, suggesting a correlation 
between the pathogenesis of  both disorders[17]. It has 
been theorized that inflammation creates a favourable 
environment for the development of  carcinoid tumour, 
although most of  the carcinoid tumours reported 
are found in non-inflamed bowel. Other theories 
include the hyperstimulation of  enteroendocrine cells 
by inflammation[18] and the role of  proinflammatory 
cytokines such as PTHrP or IL-6[19].

We would like to encourage physicians to be aware of  
CD as a cause of  false positive results when performing 
111In- DTPAOC scans.
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Abstract
A case of inflammatory myoglandular polyp (IMGP) 
causing hematochezia is reported. The patient was a 
33-year-old man who visited our hospital for further 
evaluation of hematochezia. Colonoscopy revealed 
a red, hard, spherical peduncular polyp with erosion 
and mucous exudation, about 20 mm in diameter, 
in the descending colon. Excluding the polyp, 
there was no lesion in the colorectum. Endoscopic 
polypectomy was performed. Histological examination 
of the specimen revealed inflammatory granulation 
tissue in the lamina propria, proliferation of smooth 
muscle, and hyperplastic glands with variable cystic 
changes. This polyp was diagnosed as an IMGP. 
The symptom of hematochezia was resolved after 
endoscopic resection. Our case shows that treatment 
is necessary for IMGP if intestinal bleeding occurs 
and endoscopists should be aware of the endoscopic 
characteristics of IMGP.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
In f l ammator y myog landu la r po lyp ( IMGP) i s 
characterized by inflammatory granulation tissue in 
the lamina propria[1], proliferation of  smooth muscle[2], 
and hyperplastic glands with variable cystic changes[3-7]. 
Only a small number of  cases have been reported 
and the pathogenesis and natural history remain 
unclear[8-12]. Herein, we describe a relatively rare case of  
inflammatory myoglandular polyp causing hematochezia.

CASE REPORT
A 33-year-old man presented with the symptom of  
hematochezia. He was in good health with no specific 
family or past medical history. His body temperature 
was 36.7℃, blood pressure was 148/82 mmHg, and 
radial pulse rate was 70 beats/min and regular. He had 
neither anemia nor jaundice. Neurological examination 
revealed no abnormal findings. Abdominal palpation 
revealed tenderness in the left lower quadrant. Routine 
hematological examination and biochemical tests were 
within normal limits. Colonoscopy revealed a red, hard, 
spherical peduncular polyp with erosion and mucous 
exudation, about 20 mm in diameter, in the descending 
colon (Figure 1). With conventional colonoscopy, 
the lesion did not show type Ⅲ or Ⅳ pit pattern 
although magnifying colonoscopy was not performed. 
We speculated that this polyp was non-neoplastic. 
It was suspected to be an inflammatory polyp from 
endoscopic findings although it should be distinguished 
from a juvenile polyp. An air contrast barium enema 
also revealed a pedunculated polyp in the descending 
colon (Figure 2). Excluding the polyp, there was no 
lesion in the colorectum. We speculated that the polyp 
in the descending colon was the causative lesion of  
hematochezia. Endoscopic polypectomy was performed. 
At polypectomy, polyp erosion was healed (Figure 3). 
Histological examination of  the specimen revealed 
inflammatory granulation tissue in the lamina propria, 
proliferation of  smooth muscle, and hyperplastic glands 
with variable cystic changes (Figure 4). The lesion was 
diagnosed as an IMGP. After endoscopic polypectomy, 
the symptom of  hematochezia was resolved.
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DISCUSSION
IMGP is a non-neoplastic colorectal polyp, first 
described by Nakamura et al [1]. IMGP is solitary, 
pedunculated and rarely, covered by a fibrin cap, and 
follows a benign course. Also, IMGP has no association 
with inflammatory bowel diseases and is located not 
only in the rectosigmoid, but also in the descending and 
transverse colon[3]. In the present case, it was located 
in the descending colon. Although the pathogenesis of  
IMGP remains unknown, Nakamura[1] proposed that 
chronic trauma from intestinal peristalsis may contribute 
to the pathogenesis of  IMGP. 

Only a small number of  IMGP cases have been 
reported. According to Fujino et al [8], a review of  

the literature revealed 48 cases of  IMGP in the large 
intestine up to 2001. However, recent advances in 
diagnostic techniques, especially the widespread use of  
colonoscopy for colorectal tumors, have enabled us to 
identify small and asymptomatic polyps, and reports 
on IMGP of  the colon have been increasing[9,10]. Fujino  
et al[8] described that the macroscopic appearance is the 
pedunculated type in 83.3% of  cases. In that report, 
the sites of  IMGP in the large intestine were studied 
and 47 of  48 cases (97.9%) had lesions in the rectum to 
transverse colon. Thus, IMGPs of  the large intestine are 
predominantly in the distal colon[8,9]. IMGPs in the colon 
are usually asymptomatic and often detected incidentally 
on barium enema or endoscopy[8-10]. Another review 
of  the literature revealed that the main clinical feature 
of  colorectal IMGPs is hematochezia[10,11]. Endoscopic 
characteristic findings include (1) pedunculated or 
semipedunculated, (2) red and (3) smooth, spherical and 
hyperemic surface with patchy mucous exudation and 
erosion[8,9]. In the present case, the endoscopic findings 
of  the polyp were compatible with those of  IMGP.

As to therapy, IMGP of  the large intestine can best 
be removed endoscopically, because it is thought to be 
clinically and histologically benign. Most Japanese cases 
have been treated with polypectomy or endoscopic 
mucosal resection (EMR)[5,7-11]. If  we could confirm 
the histological diagnosis of  small colonic IMGPs by 
endoscopic biopsy, endoscopic resection of  IMGP might 
be unnecessary because IMGP follows a benign course. 

Figure 1  Endoscopy showing a red, hard and spherical peduncular polyp, 
about 20 mm in diameter, in the descending colon.  

Figure 2  Double contrast radiograph 
of descending colon showing an about 
20 mm peduncular polyp.

←

Figure 3  The second colonoscopy showing a healed polyp.

Figure 4  Microscopic findings of the polypectomy specimen. Low-power 
view of a cross section showing a stalked polyp containing numerous 
cystically dilated glands (A) and inflammatory granulation tissue in the 
lamina propria mucosae and proliferation of smooth muscle (B).

A

B
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However, the diagnosis of  colorectal IMGPs could 
seldom be made by endoscopic biopsy and the final 
diagnosis of  colonic IMGP depends on the pathological 
findings of  EMR or endoscopic polypectomy specimens. 
Endoscopic or surgical treatment is necessary if  
gastrointestinal bleeding[9] or colonic intussusception 
occurs. Local excision of  the polyp is curative. Kayhan 
et al[12] have reported a case of  large IMGP (> 6 cm) that 
was too large to be removed endoscopically, and was 
thus treated with surgical resection. We consider that the 
percentage of  patients with colonic IMGP who undergo 
surgical resection will decrease and endoscopic resection 
will increase in the future because of  recent advances in 
diagnostic technologies such as improved endoscopic 
images.

In conclusion, we report a case of  IMGP causing 
hematochezia. IMGP should generally be taken into 
consideration as a differential diagnosis of  peduncular 
polyp of  the colon. IMGP of  the large intestine is not 
fatal and patients remain asymptomatic in their daily lives 
except for gastrointestinal bleeding or bowel obstruction. 
Therefore, it is likely that there are many latent patients 
with IMGP who might be incidentally discovered in the 
future. Endoscopists should be aware of  that IMGP may 
exhibit the aforementioned endoscopic characteristics 
and may cause hematochezia. The causes of  IMGP are 
still obscure, and further accumulation of  cases may 
disclose their pathogenesis.
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will not be returned to the author(s) and the editors will not be 
responsible for loss or damage to photographs and illustrations 
sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://wjg.wjgnet.com/wjg. Authors are highly 
recommended to consult the ONLINE INSTRUCTIONS TO 
AUTHORS (http://www.wjgnet.com/wjg/help/instructions.
jsp) before attempting to submit online. For assistance, authors 
encountering problems with the Online Submission System may 
send an email describing the problem to submission@wjgnet.com, 
or by telephone: +86-10-85381892. If  you submit your manuscript 
online, do not make a postal contribution. Repeated online 
submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
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be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
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(remove all unnecessary words), emphasize what is new, and avoid 
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Abstract
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should accompany each manuscript. Abstracts for original 
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Only the purpose should be included. METHODS: The materials, 
techniques, instruments and equipment, and the experimental 
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