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Abstract
The aim of this study is to describe the role of endosco-
py in detection and treatment of neoplastic lesions of the 
digestive mucosa in asymptomatic persons. Esophageal 
squamous cell cancer occurs in relation to nutritional 
deficiency and alcohol or tobacco consumption. Esopha-
geal adenocarcinoma develops in Barrett’s esophagus, 
and stomach cancer in chronic gastric atrophy with 
Helicobacter pylori  infection. Colorectal cancer is fa-
voured by a high intake in calories, excess weight, low 
physical activity. In opportunistic or individual screening 
endoscopy is the primary detection procedure offered 
to an asymptomatic individual. In organized or mass 
screening proposed by National Health Authorities to 
a population, endoscopy is performed only in persons 
found positive to a filter selection test. The indica-
tions of primary upper gastrointestinal endoscopy and 
colonoscopy in opportunistic screening are increasingly 
developing over the world. Organized screening trials 
are proposed in some regions of China at high risk for 
esophageal cancer; the selection test is cytology of a 
balloon or sponge scrapping; they are proposed in Ja-
pan for stomach cancer with photofluorography as a 
selection test; and in Europe, America and Japan; for 
colorectal cancer with the fecal occult blood test as a 
selection test. Organized screening trials in a country 
require an evaluation: the benefit of the intervention 
assessed by its impact on incidence and on the 5 year 

survival for the concerned tumor site; in addition a 
number of bias interfering with the evaluation have 
to be controlled. Drawbacks of screening are in the 
morbidity of the diagnostic and treatment procedures 
and in overdetection of none clinically relevant lesions. 
The strategy of endoscopic screening applies to early 
cancer and to benign adenomatous precursors of ad-
enocarcinoma. Diagnostic endoscopy is conducted in 
2 steps: at first detection of an abnormal area through 
changes in relief, in color or in the course of superficial 
capillaries; then characterization of the morphology of 
the lesion according to the Paris classification and pre-
diction of the risk of malignancy and depth of invasion, 
with the help of chromoscopy, magnification and image 
processing with neutrophil bactericidal index or FICE. 
Then treatment decision offers 3 options according to 
histologic prediction: abstention, endoscopic resection, 
surgery. The rigorous quality control of endoscopy will 
reduce the miss rate of lesions and the occurrence of 
interval cancer.

© 2012 Baishideng. All rights reserved.

Key words: Esophagus; Stomach; Colon; Adenoma; Ad-
enocarcinoma; Endoscopy; Screening

Peer reviewer: Naoki Muguruma, MD, PhD, Department of 
Gastroenterology and Oncology, the University of Tokushima 
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INTRODUCTION
Digestive endoscopy gives access to the lumen of  the 
esophagus and stomach with gastroscopes and to the 
lumen of  the colorectum with flexible sigmoidoscopes 
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and colonoscopes. The objective of  the present analysis 
is to describe the role of  endoscopy in the detection and 
treatment of  cancer arising in the mucosal surface of  the 
digestive lumen. The worldwide global cancer burden 
for both sexes in 2008 was estimated in the IARC da-
tabase globocan[1] at 12  600  000 new incident cases and 
7  560  000 deaths. The cumulative numbers for esophago-
gastric and colorectal cancers were 2  700  000, i.e., 21% 
of  the global estimated figure, for annual incident cases 
and 1  700  000 for annual deaths (22%). Measured figures 
are shown in population based cancer registries[2-8], which 
are tabulated in cancer incidence in five continents[9], but 
in most countries only a fraction of  the population is re-
ported in those registries. For national cancer statistics the 
data are completed by other sources from hospital regis-
tries, statistics of  medical insurance and civil registration 
files for birth and death. Annual incidence and mortality 
rates are expressed per 100  000 persons in the population 
of  a country or region. The crude rates show the actual 
risk, also influenced by the distribution of  age classes 
in the population because the average risk of  cancer in-
creases with aging. Comparisons of  the risk between dif-
ferent countries are therefore based on age standardized 
rates (ASR) of  incidence and mortality which refer to a 
single population model of  age classes (world population 
in the year 1960). Survival is estimated from cancer regis-
tries with a follow-up of  the cases after registration. The 
5-year relative survival rate compares survival in cancer 
patients and in a similar population when the disease is 
not present.

THE RISK OF CANCER IN THE DIGESTIVE 
TRACT
Geographic variations in incidence 
In 2008, in the IARC GLOBOCAN database[1] the re-
spective worldwide ASR incidence rate/100  000 for es-
ophageal, gastric and colorectal cancer was at 19.2, 19.8 
and 20.4 for men and at 4.2, 9.1 and 14.7 for women 
which are exposed to a lower risk than men, particularly 
for esophago-gastric cancer. However there are consider-
able variations of  the risk between geographic regions or 
countries, and in the near future an increased number of  
incident cases is expected. This temporal trend is in rela-
tion to the global aging of  the population, particularly in 
developing countries.

Esophageal squamous cell cancer occurs in relation to 
nutritional deficiencies and a low socio-economic status, 
and to alcohol and tobacco consumption. The incidence 
is relatively low in North America and Europe. Some 
areas of  China, South Africa (Transkei), South America, 
are exposed to a much higher risk. In Asia, areas of  high 
risk include Iran, Northen India and China, where the 
ASR incidence in men and women is as high as 183.3 and 
123.1/100  000 in Cinxian county in 1993-1997. In West-
ern countries the incidence tends to lower since 20 years 
in relation to a decreased consumption of  alcohol. The 

prognosis of  this cancer is still very poor, with a 5-year 
relative survival as low as 12.3 % in the European Union 
in 1995-1999[5,6].

Esophageal adenocarcinoma develops in Barrett es-
ophagus. The risk of  malignancy in this columnar lined 
esophagus is now evaluated as 1 case per 200 years/pa-
tient. The incidence of  this cancer is higher in North 
America and Northen Europe than in Asiatic countries. 
In cancer registries without histology subgroups, the inci-
dence of  adenocarcinoma is joined to that of  squamous 
cell cancer. In registries with histology subgroups the pro-
portion of  adenocarcinoma varies with the regions[9]; the 
proportions are 59.5% in the white non hispanic popula-
tion of  the United States, 44.9% in Denmark, 53.0% in 
the Netherlands contrasting with 3.2% in Japan, 4.1% in 
France 3.9% in Brazil in 1988-1992. In the United States, 
during the period 1976-1987, the incidence of  esophageal 
adenocarcinoma still increased[3] with an annual progres-
sion between 4% and 10%. Adenocarcinoma in esopha-
gus is linked to the following factors: caucasian, male sex, 
old age, alcohol consumption, continuous smoking, di-
etary deficiency in fruit and vegetable, and a long history 
of  reflux symptoms. The 5-year relative survival is low, in 
the range 25% to 30%, after surgical treatment. 

Stomach cancer develops in the background of  ch
ronic atrophic gastritis in relation to Helicobacter pylori (H. 
pylori) infection[10-15]. The incidence is high in countries of  
Eastern Asia including Japan, in South America, much 
lower in North America and in Europa. In 1988-1992 
the respective ASR incidence rate/100  000 for men and 
women was at 7.2 and 3.4 in the United States, 7.1 and 
3.2 in Denmark, contrasting with high figures in Japan: 
(51.3 and 19.8 in Osaka registry) or in Chile: (43.1 and 
16.0 in Valdivia registry). The recent worldwide decrease 
in incidence applies to the distal, but not to the proximal 
stomach. This temporal trend is attributed to changes in 
life style, diet and control of  H. pylori infection. In Japan 
during period 1963-1989, the incidence decreased by 47% 
in men and 43% in women. In Western countries most 
cases are detected at advanced stage and the 5-year relative 
survival is low: in 2002-2004, its median value is 24.9 % in 
Europe and 25% in the United States. Detection occurs at 
an earlier stage in Japan and in 1987-1989, the 5-year sur-
vival is as high as 47% in the Osaka registry[4].

Colorectal cancer is more frequent in developed than 
in developing countries of  the world. Favouring factors 
include a high intake in calories from meat and fat, ex-
cess weight and a low physical activity. In 1998-2002 the 
respective ASR incidence/100  000 for men and women 
is at 38.6 and 28.3 in the United States, 39.3 and 29.8 in 
Denmark and 37.4, and 21.7 in Japan. In Japan the inci-
dence increases dramatically since 1975. In contrast in the 
United States the risk is stable since 1985, with a decline 
in mortality. The decrease in incidence is linked to the 
detection (and treatment) of  premalignant neoplastic le-
sions during colonoscopy. The 5-year survival progressed 
in the United States, from 52.3% to 65.2% in men and 
from 52.3% to 66.3% in women during period 1975-2002 
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(3). In Japan it progressed from 37.1% to 71.7% in 
men and from 32.8 to 72.1% in women during period 
1962-1996[4]. In the European Union the 5-year survival 
for both sexes, progressed from 54% in 1995-1999 to 
56.8% in 2000-2002[5,6].

Precursors and premalignant lesions
The term of  precursor applies to temporal ancestors of  
neoplasia like chronic inflammation and to premalignant 
neoplastic lesions which progress to cancer in succes-
sive stages of  localized, regional, and distant invasion. 
In the digestive tract[16-25], cancer is called “superficial” 
when invasion is limited to mucosa and submucosa. The 
assessment of  a precursor depends on histology and on 
molecular markers such as inactivation of  the suppressor 
gene TP53 encoding p53 protein, or the CDKN2A gene 
encoding P16; or amplification of  CCND1 encoding cyc-
lin D1 protein or overexpression of  proto-oncogenes like 
epidermal growth factor receptor or c-myc. The Vienna 
classification of  neoplasia in the digestive mucosa[26,27] 
applies to superficial neoplastic lesions in the stomach 
and colon: group 1: negative for neoplasia; group 2: in-
definite for neoplasia; group 3: low grade intraepithelial 
neoplasia; group 4: high grade intraepithelial neoplasia 
and intramucosal cancer; group 5: invasive cancer in the 
submucosa. The depth of  invasion of  a superficial cancer 
in the submucosa is measured by micrometry. The legiti-
macy of  endoscopic resection is ensured up to 200 µm in 
esophagus, 500 µm in stomach and 1000 µm in colon. In 
addition, qualitative indices of  poor prognosis are found 
in tumor grade, images of  vascular invasion, and tumor 
budding.

For esophageal squamous cell cancer, chronic non 
erosive esophagitis which has a high prevalence in Henan, 
China, Transkei in Africa is classified as a precursor of  
neoplasia[21]. In contrast reflux esophagitis which is often 
erosive is not a precursor[19].

For esophageal adenocarcinoma, columnar meta-
plasia, with or without areas of  intestinal metaplasia, is 
a precursor showing increased risk of  development of  
neoplasia. Columnar metaplasia is linked to gastro-es-
ophageal reflux; the surgical correction of  reflux will not 
suppress the risk of  cancer in the metaplastic segment of  
mucosa. The prevalence of  columnar metaplasia in the 
adult population is estimated at 1.6% in Sweden[24].

For gastric cancer, atrophic gastritis with infection 
by H. pylori is considered as a precursor with increased 
risk of  development of  neoplasia. This risk is linked to 
achlorhydria and the possible direct oncogenic role of  
the bacteria, implanted in the epithelial cells[10,12]. The se-
quence leading from chronic gastritis to cancer has been 
described by Correa[16]. Pre-malignant neoplastic areas 
in the gastric mucosa are usually flat and the majority of  
polypoid lesions like the cystic polyps are not neoplastic.

For colorectal cancer chronic inflammation of  the 
mucosa is a precursor and there is an increased risk of  
neoplasia in inflammatory bowel disease (IBD). In con-
trast most cases of  cancer occur in absence of  inflam-

mation in the mucosa, through the sequence adenoma-
carcinoma. Polypoid and non-polypoid adenomas are 
premalignant neoplastic lesions which develop through 
genetic alterations like APC inactivation, KRAS muta-
tion and TP53 inactivation. Recently distinct genomic 
profiles have been established by DNA sequencing in 
colorectal carcinogenesis[28-30]: serrated lesions including 
hyperplastic polyps and sessile serrated lesions provide a 
common pathway between neoplastic and non-neoplas-
tic precursors. 

SCREENING FOR CANCER IN THE 
DIGESTIVE TRACT
Opportunistic and organized screening
When asymptomatic persons, at the individual scale, are 
the target of  early detection of  cancer, screening is called 
opportunistic; in this situation endoscopy, the primary 
procedure of  detection, is included in an individual health 
contract between patient and doctor. When screening for 
cancer is adopted as a population based national policy, 
by the heath authorities of  a country, the intervention is 
called organized or mass screening; then endoscopy is 
performed only in those persons positive to a relatively 
simple filter selection test. Actually there is no clear cut 
distinction between indications of  endoscopy in organ-
ized or in opportunistic screening. Opportunistic screen-
ing by primary endoscopy, with free examination at regu-
lar intervals, may be offered by an industrial company, or 
by health care insurances or hospitals to their employees 
of  affiliated persons. In this situation the screening is 
organized, but not population based. In the near future 
cancer screening should undergo a strategic revolution 
with the development of  new selection tests prior to 
endoscopy. Stool and blood DNA tests based on epige-
netics and nanotechnology, will be more easy to collect 
and have a larger spectrum, with enough sensitivity and 
specificity.

For squamous cell esophageal cancer early detection in 
opportunistic screening is based on upper gastrointestinal 
(GI) endoscopy in asymptomatic persons smoking and 
drinking alcohol. Organized screening trials are proposed 
to high risk populations in some areas of  China exposed 
to a high risk and in Southern Brazil. The selection test is 
a balloon or sponge scrapping for cytology followed by 
upper GI endoscopy in positive cases.

For esophageal adenocarcinoma in columnar lined 
esophagus, the risk is too low to justify opportunistic or 
organized screening in asymptomatic persons, in the ab-
sence of  reflux symptoms.

For stomach cancer, opportunistic screening with 
endoscopy is of  current practice in persons asympto-
matic or complaining from dyspepsia in regions of  the 
world exposed to a high risk, particularly in Asia; Popu-
lation based screening trials are occurring since 1963 in 
Japan[8,31-34]; the selection test is photofluorography with 
7 small films, or the measure of  the Pepsinogen I/Ⅱ 
ratio in the blood[32]. The filter test is followed by upper 
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GI endoscopy in positive cases. The prolonged policy of  
organized and opportunistic screening in this country re-
sulted in a higher proportion of  early gastric cancer and 
an increased 5-year survival.

For colorectal cancer, opportunistic endoscopic 
screening with flexible sigmoidoscopy or colonoscopy 
in asymptomatic persons from age 50-year, is of  cur-
rent practice in regions of  Western countries exposed to 
a high risk. Organized and population based screening 
protocols are also proposed in in Europe, North America 
and in Japan. The fecal occult blood test (FOBT) is still 
the current selection test, either as a Guaiac FOBT or as 
a immunochemical test, like in Japan; this test requires 
only one stool sample and no specific diet. Various rand-
omized trials on the efficacy of  the FOBT test have been 
conducted[35-40]: (1) the American Minnesota trial, con-
ducted in volunteers, with an annual rehydrated guaiac 
test, achieves a reduction in mortality in the screened 
group of  33%[37]. However the rate of  positive tests is 
very high as well as the proportion of  screened persons 
submitted to colonoscopy; and (2) the 2 European popu-
lation based trials (Nottingham trial, Funen trial) based 
on a biennial non rehydrated test show a lower reduction 
is mortality in the screened group (15%-18%) but are 
more cost/effective because the proportion of  colono-
scopies is much lower[35,36]. The sensitivity of  the FOBT 
trials to the detection of  premalignant colorectal lesions 
is fairly low; therefore there is no impact on the incidence 
of  cancer.

Evaluation of screening for cancer 
Evaluation is not applicable to opportunistic screening at 
the individual scale. In contrast, evaluation of  benefits, 
drawbacks, and cost/effectiveness, including follow-
up of  the results, is required for organized population 
based screening. The intervention is launched by the 
health authorities of  a country in age classes exposed to 
the risk, from the age 50-year. Priority in evaluation of  
the benefit is given to the prevalence of  the concerned 
cancer, screening is worthwhile only if  there is a sizable 
impact on the health of  the population. Aging persons 
are exposed to multiple concurrent causes of  mortality. A 
life saved from digestive cancer is not saved from other 
diseases. Screening trials in age classes prone to cancer 
have an excessively high cost and a negligible impact on 
the global mortality of  the population.

The benefit of  a screening intervention with early de-
tection of  premalignant and malignant lesions is shown 
by the impact on the 5-year survival and mortality from 
the targeted tumor site. This impact is analyzed on death 
statistics and, in reference to stage and treatment, in can-
cer registries.

The harms and drawbacks of  screening are as fol-
lows: (1) the intervention has an impact on morbidity 
with the potential complications of  endoscopy; and (2) 
the number of  cases detected and their mortality is arti-
ficially increased as compared to data in cancer registries 
because some of  the detected cases would not be the 

final cause of  death. This factor is well acknowledged for 
the screening of  prostate cancer with the PSA antigen.

Multiple interfering bias must be accounted for, in 
the evaluation: (1) the lead time bias applies to cancer de-
tected at an early preclinical stage, then the length of  the 
survival is prolonged by definition; (2) the selection bias 
applies to cases detected during the first years of  the in-
tervention; these cases usually have a slow evolution and 
better prognosis; and (3) the stage migration bias refers to 
progress in early detection of  cancer occurring along the 
years and independently from the screening intervention. 
Similarly the progress in treatment improves the results 
and increases artificially the impact of  the intervention 
on mortality and 5-year survival, this is why randomized 
trials are required.

ENDOSCOPY IN DIAGNOSIS OF CANCER 
Strategy of endoscopic diagnosis 
Nowaday the basic material used in the endoscopy unit 
fulfills the following requirements: a recent model of  
electronic video-endoscope in the HDTV standard with 
an adapted processor and monitor-availability of  image 
magnification either with an optical or electronic zoom or 
an adaptative focal in the objective-a technique of  image 
processing, of  which neutrophil bactericidal index is the 
more reliable. Chromoscopy is often used during the step 
of  detection, indigo carmine being the most frequent 
dye. In agreement with the Japanese school, endoscopic 
diagnosis is based on two successive steps of  detection 
and characterization[41,42] with prediction of  histology and 
staging of  depth of  invasion in order to adopt treatment 
decision between 3 categories: (1) abstention in non-
neoplastic lesions; (2) endoscopic resection in neoplastic 
lesions fulfilling the criteria of  complete cure; and (3) 
surgical treatment.when those criteria are not ensured. 

Detection of  an abnormal area in the mucosa re-
quires a complete cleanliness of  the lumen in upper GI 
endoscopy as well as in colonoscopy, abnormal areas are 
first detected in standard vision on any of  the following 
criteria: (1) obvious elevation or depression; (2) mucosal 
discoloration; and (3) interruption in the course of  super-
ficial capillaries. Nonpolypoid lesions, even large, can be 
missed when the operator lacks cognitive knowledge and 
training for a slight change in the color of  the mucosa[41]. 
Exploration of  the proximal colon requires a special at-
tention, because poorly visible and flat lesions are more 
frequent and often covered with mucus. Chromoscopy 
is then used with indigocarmine, a non absorbable dye at 
0.5% dilution, or absorbable dyes like crystal violet (0.2%) 
or methylene blue (0.5%). The lesion is classified in size 
as diminutive (up to 5 mm), small or intermediate (5 to 9 
mm), or large (10 mm and more). Lesions with a super-
ficial appearance are classified in the categories of  type 
0 of  the Paris classification[43]: (1) subtype 0-1, polypoid 
or sessile (0-1p, 0-1s); (2) 0-2 non-polypoid with variants 
elevated (0-2a) flat (0-2b) or depressed (0-2c); and (3) 
0-3 ulcerated. These categories have a distinct prognostic 
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value; depressed lesions, even small have a higher risk of  
malignancy than elevated lesions. In Japanese series the 
proportion of  non-polypoid (0-1p) lesions is 84% in es-
ophagus, 95% in stomach and 49% in colon.

Characterization follows detection and predicts the 
risk of  malignancy. Prediction is based on morphologic 
subtype and on the microarchitecture, explored in mag-
nification, with or without chromoscopy, and image 
processing[44-48]. The microarchitecture of  the epithelium 
(pits grooves and crests) is called “pit pattern”; that of  
the superficial subepithelial capillaries is called “vascular 
pattern”. The prediction of  massive invasion in the sub-
mucosa from the pit pattern and the vascular pattern is a 
contra-indication to endoscopic treatment.

Morphology of neoplastic lesions in the digestive tract
In the esophagus, most superficial type 0 lesions in squa-
mous cell cancer are flat or depressed. In a metanalysis 
of  143 centres in Japan the distribution of  subtypes was: 
2.2% in 0-1, 12.6% in 0-2a, 31.4% in 0-2b, 53% in 0-2c 
and less 1% in 0-3 (in 43). In magnifying endoscopy the 
vascular pattern of  the normal squamous epithelium is 
distributed in regular intrapapillary capillary loops (IPCL). 
At a very early stage of  neoplasia the IPCL are elongated; 
later they disappear with development of  irregular vessels 
with a large diameter. For type 0 adenocarcinoma devel-
oped in the columnar lined esophagus the non-polypoid 
morphology is also predominant. In magnifying endos-
copy the pit pattern of  neoplastic areas shows an abrupt 
change in size of  epithelial crests, which are irregular and 
distorted or an amorphous surface suggesting submucos-
al invasion. The alterations of  the vascular pattern also 
relate to the depth of  invasion in the columnar epithe-
lium. Both histological types of  cancer in the esophagus 
vary in morphology and in the time trends of  incidence 
in various countries[49].

In the stomach the usual morphology of  superficial 
neoplasia is non polypoid. Lesions flat or depressed are 
detected as discoloured areas (pale or red). Flat neoplastic 
lesions are easily missed during gastroscopy: A recent 
analysis of  the miss rate for early gastric cancer has been 
conducted in Japan in the Fukui registry, cross referenced 
with databases on gastroscopy: the sensitivity of  this pro-
cedure for gastric cancer was 81% with 19% false nega-
tive[33]. In the stomach most polypoid lesions correspond 
to non-neoplastic fundic cystic polyps or hyperplastic 
polyps. In magnifying endoscopy the normal pattern of  
regular round pits in the mucosa of  the gastric fundus 
is replaced by a gyrus and villous pattern with irregular 
epithelial crests. An amorphous surface pattern suggests 
submucosal invasion. Concerning the vascular pattern in 
the gastric fundus, the honeycomb network of  capillaries 
around the neck of  gastric pits is replaced by abnormal 
vessels with a mesh, coil or corkscrew appearance. In the 
antrum the coiled subepithelial capillaries around epithe-
lial crests are replaced by irregular and large vessels.

In the colon and rectum, the upward growth of  ad-
enomas results in polypoid type 0-1 neoplastic lesions. 

Polyps over 10 mm in diameter, are called advanced ad-
enomas, Non-polypoid adenomas are classified as 0-Ⅱa. 
Depressed adenomas account for only 5% of  neoplastic 
lesions, but invasion of  the submucosa is frequent: the 
proportion reaches 35.9% in 0-2c lesions in a large series 
(n = 25  862) collected in Akita and Yokohama and 27% 
in another series[28,29] collected in Hiroshima. Laterally 
spreading tumors are large lesions, either granular or 
non-granular with an often depressed morphology. Ses-
sile serrated lesions are non-neoplastic lesions, also large, 
over 10 mm, with a predominant lateral growth pattern; 
which have a significant risk of  progression to serrated 
adenomas. Finally the majority of  non neoplastic hyper-
plastic polyps are classified as non-polypoid 0-2a. In mag-
nifying endoscopy the pit pattern of  the colonic mucosa 
is described in categories: (1) type 1, normal, with small 
and regular pit opening; (2) type 2 with less contrasted 
pit openings for non-neoplastic hyperplastic lesions; (3) 
types 3l, 3s, 4, 5i, 5n for neoplasia with progression of  
irregularity of  epithelial rests and branching from low to 
high risk of  malignancy and submucosal massive inva-
sion in type 5n. The vascular pattern is also classified in 
categories as faint, network; dense, irregular and sparse, 
the later suggesting submucosal invasion. The sensitivity 
of  colonoscopy in the detection of  colorectal cancer is 
superior to that of  barium enema, with a higher propor-
tion of  Dukes-A stage among detected cases. Concerning 
premalignant adenomas the miss rate is high (27%) only 
for lesions, under 5 mm in diameter.

Endoscopic treatment of neoplastic lesions 
After endoscopic diagnosis and prediction of  the risk of  
malignancy of  a lesion in the digestive mucosa with a su-
perficial appearance there are 3 options in treatment deci-
sion: (1) non neoplastic lesions deserve no treatment, this 
applies to small hyperplastic polyps; (2) neoplastic lesions 
with prediction of  curability by local treatment deserve 
endoscopic resection and “en bloc” resection is preferred. 
Lesions less than 25 mm are resected by endoscopic mu-
cosal resection, lesions over 25 mm should be resected 
with submucosal dissection, by the endoscopic submu-
cosal dissection technique. The curability of  malignant 
neoplastic lesions developed in the squamous epithelium 
of  the esophagus by endoscopic resection requires more 
severe criteria. Cure is ensured when the depth of  tumor 
is intraepithelial (m1), micro-invasive (m2) and intramu-
cosal (m3). When there is a superficial invasion of  the 
submucosa (sm1) the risk of  lymph node invasion is still 
acceptable for a local treatment. When invasion is deeper 
(sm2 and sm3), the risk reaches 40% and endoscopic 
resection should not be performed. In synthesis, histopa-
thology of  the specimen with serial sections is always re-
quired to confirm the legitimacy of  the endoscopic treat-
ment; and (3) neoplastic lesions without prediction of  
curability by local treatment deserve a surgical treatment. 
Decision on surgery is based on the depth of  invasion in 
the submucosa and risk of  lymph node invasion. 
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Endoscopy in screening and surveillance 
Endoscopy has a major role in the detection and charac-
terization of  neoplastic lesions along the digestive tract in 
all screening strategies, as a primary procedure, applied to 
all screenies in opportunistic screening or after the selec-
tion of  persons positive to a filter test in organized, pop-
ulation based, screening. Surveillance refers to endoscopy 
scheduled at regular intervals (2 to 5 years), independently 
of  symptoms. It can be proposed to persons who are at 
increased risk of  cancer because of  specific environmen-
tal factors connected to life style, or to persons having a 
disease considered as a precursor of  cancer. The endo-
scopic surveillance of  the esophageal lumen is proposed 
to persons at risk of  squamous cell cancer because of  a 
high consumption of  alcohol and tobacco. Surveillance 
is also proposed to persons in which a columnar lined 
esophagus has been detected when they are Caucasians, 
of  male sex and are intensive smokers. The endoscopic 
surveillance of  the gastric mucosa is proposed to patients 
with pernicious anemia and to those with chronic atroph-
ic gastritis in the post operative stomach. The endoscopic 
surveillance of  the colonic lumen is proposed to persons 
which were treated for adenomatous polyps or cancer[50,51] 
because new lesions may occur. It is also proposed to 
persons with IBD of  continuous evolution. First degree 
relatives of  persons who had a colorectal cancer are pro-
posed a screening colonoscopy, followed by surveillance 
procedures if  adenomas were detected.

Cost/effectiveness of endoscopy in screening
Cost/effectiveness (C/E) studies must be conducted 
in population based screening interventions conducted 
under the control of  Health Authorities. The C/E ra-
tio is estimated on the following criteria-cost per year 
of  life gained in the population submitted to screening. 
The benchmark of  the cost of  a valid intervention is 
estimated at 40  000 $ per year of  life gained in the con-
cerned population. The evaluation takes in account the 
prevalence of  the tumor in the population aged 50-year 
and over, and is based on modelization. The assump-
tions concern the efficacy of  detection, dwelling time of  
premalignant lesions to malignancy, cost of  procedures 
and treatment. With respect to digestive endoscopy the 
cost of  procedures and treatment is limited to those per-
formed in persons found positive to the selection test.

For esophageal cancer, there is no reliable analysis of  
the C/E ratio in screening for esophageal squamous cell 
cancer even in countries with a high risk, and organized 
screening is not recommended for esophageal adenocar-
cinoma.

For stomach cancer, in Japan organized population 
based screening is operational. The traditional filter test 
is the 7 films radiophotofluorography. Recent studies 
confirm the comparable validity of  the Pepsinogen I/
Ⅱ ratio as a filter test. In Western countries there is no 
population based screening, but many studies taking in 
account the frequency of  the clinical symptoms of  dys-
pepsia, have compared the costs of  2 distinct strategies 

of  opportunistic screening in patients with dyspepsia: the 
prompt endoscopy strategy uses no filter test and upper 
GI endoscopy is the primary exploration. In contrast the 
so-called empirical strategy uses eradication of  H. pylori 
as a filter test and upper GI endoscopy is proposed only 
if  symptoms persist after the eradication. A randomized 
trial of  the 2 strategies ended in higher cost of  the em-
pirical strategy.

For colorectal cancer the C/E ratio of  organized and 
population based screening with FOBT as a filter test 
is well under the bench mark of  a valid intervention, in 
the range 20  000 to 26  000 $ per life-year gained[40]. The 
following assumptions are adopted: (1) prevalence of  
premalignant polyps estimated at 30% in persons aged 50 
years and over; (2) dwelling time of  premalignant lesions 
to cancer estimated at 5 to 10 years-sensitivity of  FOBT 
around 60% to cancer and 10% to polyps; (3) sensitivity 
of  colonoscopy for neoplastic lesions 90%. Protocols 
wit the FOBT filter test before decision of  colonoscopy 
have been compared to protocols based on primary flex-
ible sigmoidoscopy or on primary colonoscopy. Depend-
ing on the strategy 3000 to 7000 life-years are gained for 
100  000 persons screened at a cost of  250 to 1200 $ for 
persons submitted to endoscopy.

Primary colonoscopy for direct and opportunistic 
screening is progressively accepted in Western coun-
tries[52]. The C/E ratio depends on the compliance of  
population; on morbidity associated to test, on age range 
of  the persons screened and on the intervals in surveil-
lance endoscopy. The option-once in a life colonoscopy-
is the most effective model and would cost around 750 $ 
per person screened. The option-colonoscopy every 10 
years from age 50-years-is valid and cost/effective if  the 
dwelling time from polyp to cancer is around 10 years. 
In such protocols the quality control of  colonoscopy de-
serves extreme attention: Interval cancers occurring a few 
years after a false negative endoscopy have a disastrous 
impact on cost/effectiveness of  the strategy[53-55].

Flexible sigmoidoscopy with a depth of  insertion 
between 48-55 cm, can be used as a filter test in homog-
enous socio-economic groups rather than in population 
based mass screening[56]. The procedure is performed 
as well by GI specialized nurses; the potential of  cancer 
detection is 40% to 60% of  that of  colonoscopy which 
is recommended in a second step, if  a distal neoplastic 
lesion. Is found the Kaiser medical program conducted 
by Selby et al[57] a 50 % reduction in mortality from cancer 
in the distal colon and rectum was obtained. However in 
the absence of  sentinel lesions in the distal colon, 20% 
to 30% of  advanced neoplasia would be missed by sig-
moidoscopy screening because only 30% of  subjects with 
proximal neoplasia have an index distal colorectal lesion.

CONCLUSION
Endoscopic diagnosis, and eventually treatment, is the 
final step in screening asymptomatic persons for curable 
digestive cancer or premalignant precursors. Endoscopy 

523 December 16, 2012|Volume 4|Issue 12|WJGE|www.wjgnet.com

Lambert R. Screening for digestive cancer



is the primary test in opportunistic screening and is also 
performed in organized population based screening in 
persons positive to the filter test, including false posi-
tive tests, Indicators of  the quality of  the endoscopic 
procedures are required because there is still a significant 
proportion of  missed lesions, and interval cancers af-
ter false negative results. Organized and opportunistic 
screening are complementary in the detection of  cancer 
in asymptomatic persons. In spite of  being organized at a 
population scale, mass screening detects much less cases 
than opportunistic screening in individuals and in groups 
affiliated to industrial companies, Health Care Insur-
ances or Hospitals. This difference was shown in Japan 
for gastric and colorectal cancer in the data published in 
the Journal of  Gastroenterological mass survey. On the 
other hand the institution by National Health Authorities 
of  a population based screening stimulates opportunistic 
screening in persons isolated or affiliated to groups.
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Abstract
Nutritional therapy has an important role in the man-
agement of patient with severe acute pancreatitis. This 
article reviews the endoscopist’s approach to manage 
nutrition in such cases. Enteral feeding has been clearly 
validated as the preferred route of feeding, and should 
be started early on admission. Parenteral nutrition 
should be reserved for patients with contraindications 
to enteral feeding such as small bowel obstruction. 
Moreover, nasogastric feeding is safe and as effective 
as nasojejunal feeding. If a prolonged course of enteral 
feeding (> 30 d) is required, endoscopic placement of 
feeding gastrostomy or jejunostomy tubes should be 
considered.
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INTRODUCTION
One of  the earliest references to the pancreas as a dis-
tinct organ occurs in the Talmud in which the organ is 
referred to as the finger of  the liver[1]. Acute pancre-
atitis (AP) is an acute inflammatory disorder involving 
the pancreas, peripancreatic tissue, as well as adjacent 
organs. It has been estimated that in the United States 
there are more than 210  000 admissions yearly for AP 
with it being the third most common inpatient gastroin-
testinal diagnosis[2]. In the majority of  patient it is a self-
limiting disease and will usually resolve with five days of  
supportive management. Unfortunately, AP is severe in 
10%-20% of  cases and results in a systemic inflamma-
tory response syndrome which predisposes the patient 
to multiple organ dysfunction and/or pancreatic necro-
sis. The overall mortality is reported as 10%-15%, rang-
ing from < 5% to those presenting with mild AP to 20% 
with severe AP[3].

Nutritional therapy has an important role in the man-
agement of  AP patients. In this review article, we will 
discuss the endoscopist’s approach to manage nutrition 
in patients with AP. As mentioned before, AP resolves 
in majority of  cases by supportive measures. Hence, 
it is important to know: When nutritional therapy is 
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required? Why it is important? And, how it should be 
given? 

WHEN NUTRITIONAL THERAPY IS 
REQUIRED IN AP?
The majority of  patients with mild AP respond to sup-
portive care measures that form the hallmark of  treat-
ment in AP: bowel rest, intravenous hydration with 
crystalloid and analgesia. Oral intake is usually restored 
within 3-7 d of  hospitalization once the patient is pain 
free in the absence of  parenteral analgesia[4]. Supportive 
care with aggressive intravenous fluid replacement is of  
critical importance to counteract hypovolemia caused 
by third space losses, vomiting, diaphoresis, and greater 
vascular permeability caused by inflammatory media-
tors. There is abundant literature that has supported 
early aggressive fluid resuscitation in AP to improve the 
delivery of  oxygen which in turn prevents or minimizes 
pancreatic necrosis and improves survival[4-6].

The nutritional support is needed in severe AP. Se-
vere pancreatitis, defined by the Atlanta Symposium, 
is organ failure of  at least one organ system (systolic 
blood pressure < 90 mm Hg, PaO2 < 60 mmHg, creati-
nine > 2.0 mg/dL after rehydration, and gastrointestinal 
bleeding > 500 mL/24 h) and the presence of  local 
complications such as necrosis, pseudocyst, and ab-
scess[7]. When it is clear that the patient will not be able 
to tolerate oral feeding, nutritional support should be 
initiated. 

WHY NUTRITIONAL THERAPY IS 
IMPORTANT IN SEVERE AP?
Severe AP is a hypermetabolic state with negative en-
ergy balance due to the release of  hydrolytic enzymes, 
toxins, and cytokines[8,9]. Protein catabolism can increase 
by 80%, with negative nitrogen balance up to 20-40 
g/d[10,11]. The mortality increases tenfold in patients un-
able to achieve a positive nitrogen balance[12]. Glucose 
intolerance develops in 40%-90% of  cases due to in-
sulin resistance and islet cell damage[13]. Hypocalcemia 
is noted in 40%-60% of  patients, and is related to the 
severity of  the disease. Micronutrient deficiencies can 
complicate the picture, especially in alcoholic pancreati-
tis[14,15]. Consequently, nutritional therapy has emerged 
from adjunctive therapy to proactive primary therapy in 
severe AP[16]. 

HOW NUTRITIONAL THERAPY SHOULD 
BE GIVEN IN SEVERE AP?
Approaches adopted for nutritional support in severe 
AP include; total parenteral nutrition, nasojejunal feed-
ing, nasogastric feeding, or direct enteral feeding. 

Total parenteral vs enteral nutrition
It is important to rest the pancreas in order to avoid 
further inflammation. All common routes of  enteral 
nutrition stimulate the pancreas to some extent. Stud-
ies have shown that pancreatic stimulation can only be 
avoided by parenteral route only[17,18]. Parenteral nutri-
tion used to be the standard route of  nutrition support 
in severe AP[19]. However, several studies have shown 
that total parenteral nutrition (TPN) impair humoral 
and cell mediated immunity, increases the vigour of  the 
proinflammatory response, increases bacterial transloca-
tion, and increases infection rate in various critically ill 
patients[20-23]. Enteral nutrition (EN) prevents bacterial 
translocation, is less expensive, and is associated with 
fewer complications than parenteral nutrition. The con-
cept of  EN in AP originated from a study by Voitk et 
al[24] in 1970s. The beneficial effects were noted in six 
patients with complicated AP in resolution of  sepsis 
and achievement of  positive nitrogen balance by jejunal 
feeding of  an elemental diet. Since then, multiple con-
trolled studies have reported the beneficial effects of  
EN over TPN in patient with severe AP.

McClave et al[25] performed one of  the earliest pro-
spective studies which compared the safety, efficacy, cost, 
and impact on patient outcome of  early EN vs TPN in 
AP. Patients who were admitted with AP were random-
ized to receive EN via endoscopically placed nasojejunal 
feeding tube vs TPN within 48 h of  admission. Thirty 
patients were studied over 32 admissions, 16 were given 
TPN and 16 EN. The mean cost of  TPN per patient 
was over four times greater than that for EN. Compared 
with TPN, EN may promote more rapid resolution of  
the toxicity and stress response to pancreatitis.

In a smaller prospective study by Windsor et al[26], 
34 patients with severe pancreatitis were randomized to 
receive either TPN or nasojejunal tube feeds. Despite 
unchanged pancreatic injury on computed tomography, 
clinical benefits were noted with enteral feeding in the 
form of  faster reduction in C reactive protein (CRP) 
and APACHE II scores. Kalfarentzos et al[27] random-
ized 38 patients with severe pancreatitis to receive either 
TPN or nasoenteric tube feeding. The authors noted 
less morbidity, septic complications, and lower hospital 
costs with EN. In a study by Hernández-Aranda et al[28], 
22 patient who had undergone emergent surgery for se-
vere pancreatitis were randomized to TPN or surgically 
placed jejunostomy tube feedings. EN was associated 
with fewer septic complications and lower costs.

Abou-Assi et al[29] studied 156 patients with AP in a 
prospective randomized comparative trial between tube 
feeding and bowel rest with TPN. 75% of  the patients 
improved with bowel rest, of  the 53 remaining 26 were 
randomized to enteral nasojejunal tube feeds and the 
27 to TPN. Duration of  feeding was shorter with EN; 
metabolic and septic complications were higher in TPN-
fed patients as were hospital costs. In another larger 
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study, Petrov et al[30] randomized 70 patients with severe 
pancreatitis to receive either EN or TPN within 72 h of  
symptoms onset. Decreased incidence of  infected pan-
creatic complications, multiple organ failure, and overall 
mortality was noted with EN.

A meta-analysis of  randomized controlled trials com-
paring EN to TPN in AP was performed by Marik et al[31]. 
They concluded that EN should be the preferred route 
of  nutritional support in patients with AP because it was 
associated with a significantly lower incidence of  infec-
tion and a reduced length of  hospital stay[31] (Table 1).

Methods of EN
The methods of  delivering EN have evolved over the 
past millennium. There are reports that go as far back 
as the 15th century with the use of  feeding tubes. In the 
18th century, John Hunter, a pioneering British surgeon, 
used eel skin tubes for the purpose of  EN[32]. These EN 
devices are usually delivered either via nasoenteric or di-
rect enteral routes. 

Nasoenteric feeding tubes
These are made of  silicone or polyurethane, and they 
may be placed unassisted at the bedside or with en-
doscopic or fluoroscopic guidance. They range from 
3.5F to 16F in diameter and 15 to 170 cm in length. 
Nasogastric feedings vs nasojejunal feedings has long 
been debated among experts as to which are the ideal 
approach. A major concern relates to stimulation of  
pancreatic secretion when feeding is introduced into the 
stomach or duodenum. There is evidence that intraduo-
denal feedings increase pancreatic enzymes synthesis 
and secretion, which may lead to an exacerbation of  ab-
dominal pain associated with a greater amylase level[33,34]. 
Nasojejunal placement overcomes the problem of  gas-
troparesis, and any mechanical duodenal or gastric en-
croachment from pancreatic swelling or pseudocyst can 
be bypassed. Small bowel feeding increases energy deliv-

ery compared with gastric feeding. However nasojejunal 
feeding tube placement requires endoscopic placement, 
at times under fluoroscopic guidance and may require a 
suture or mechanical clip to anchor itself  deep into the 
small intestine. 

Nasogastric vs nasojejunal feeding
Nasogastric feeding can be advantageous as they are 
easier to place without a need for endoscopic assistance, 
and can even be placed by non-physician personnel. 
Multiple studies have been performed comparing naso-
gastric and nasojejunal feeding tubes. 

Eatock et al[35] compared nasogastric with nasojejunal 
feeding that was introduced at 72 h from onset of  pain 
in patients with AP. The study questioned whether or 
not early nasogastric feedings was as effective and safe 
as nasojejunal feeding in patients with severe AP. 49 con-
secutive patients with objectively graded severe AP were 
randomized to receive either nasogastric (27 patients) 
or nasojejunal (23 patients) feeding. The results demon-
strated that nasogastric feeding was safe, with no differ-
ences in pain score, analgesic requirements, serum CRP 
or clinical outcome[35].

Kumar et al[36] compared early nasojejunal feeding 
to nasogastric feeding. A total of  31 patients with se-
vere AP were randomized to receive feeding by either 
nasogastric (15 patients) or nasojejunal (16 patients) 
routes. The authors reported no difference in outcome 
measures (discharge, surgery, death) and satisfactory 
toleration of  EN by both nasojejunal and nasogastric 
routes[36].

In a meta-analysis by Jiang et al[37] (articles 2-46), three 
randomized controlled trails including 131 patients with 
severe pancreatitis were reviewed. The authors concluded 
that early nasogastric enteral feed was as effective and 
safe as early nasojejunal enteral feed or TPN in acute se-
vere pancreatitis, without increase in mortality. In another 
meta-analysis by Petrov et al[38], four studies on nasogastric 
tube feeding involving 92 patients with severe AP were 
analyzed. The enteral feeding was initiated within 24-72 h 
of  admissions. The nasogastric enteral feeding was found 
to be safe and well tolerated in most of  the patients with 
severe AP. 

Direct enteral feeding
Sinusitis, tube malposition, aspiration, nasal trauma, and 
significant patient intolerance are amongst the difficul-
ties with nasoenteric tubes[39]. Nasoenteric feeding is 
preferred for patients expected to resume oral feeding 
within 30 d (reference asge-enteral tubes articles)[40]. If  
a prolonged course of  enteral feeding is required, endo-
scopic placement of  feeding gastrostomy or jejunostomy 
tubes is indicated.

Percutaneous endoscopic gastrostomy (PEG) tube- 
is indicated for patients that cannot consume adequate 
nutrition but have a working gastrointestinal tract. The 
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Table 1  Enteral vs  parenteral nutrition in the patient with 
acute pancreatitis

Enteral nutrition Parenteral nutrition

Advantages Physiologic Reliable and rapid deliv-
ery

Less costly Role for unstable patients
Easier to implement Use in face/neck

/abdominal injury
Preserves mucosal integrity

Less systemic infection
Disadvantages Diarrhea Need for vascular device

Tube migration
/displacement

Hyperglycemia

Bacteria colonization Increased systemic 
infection

Aspiration Thrombophlebitis
Gastric and abdominal 

distention
Small bowel mucosal 

atrophy
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most common indications for PEG placements are 
dysphagia due to neurological causes, oropharyngeal 
or esophageal cancer, and severe facial trauma[41]. In 
patients with sequela of  severe pancreatitis, such as 
pancreatic pseudocyst, necrosis, abscess that can be 
managed as an outpatient the endoscopic approach is 
ideal.

Percutaneous endoscopic gastro-jejunostomy (PEG-
J)-is an option for patients who cannot tolerate gastric 
nutritional infusions, are at considerable risk for aspira-
tion, and/or require gastric decompression and jejunal 
feeds. The PEG-J procedure as initially described in-
volved passing a jejunal tube through a PEG, grasping 
the J-tube with an endoscopic forceps or snare, and 
advancing the scope and J-tube into the duodenum[42,43] 
(Figure 1).

Direct percutaneous endoscopic jejunostomy (DP
EJ)-is a modification of  PEG placement. The indica-
tions are the same as those of  PEG-J, but also include 
post-surgical patients with anatomy precluding PEG[44,45]. 
A colonoscope is advanced through the mouth, into 
the jejunum and transillumination is performed. The 
procedure is complete as described for pull-type PEG 
placement. DPEJ is more difficult and time consuming 
to perform than PEG, and fluoroscopic guidance may 
be beneficial. Enteral formula infusion may begin imme-
diately and adjusted to goal[46].

Timings for initiation of EN
Enteral feeding should be initiated shortly after admis-
sion with severe AP. Hegazi et al[47] studied early jejunal 
feeding and clinical outcomes in patients with severe 
AP. 31 patients were enrolled and underwent bedside 
placement of  a nasojejunal feeding tube using transnasal 
endoscopy with jejunal guidewire deployment followed 
by introduction of  a semi-elemental formula. This study 
demonstrated that early initiation of  deep jejunal feed-
ing in the intensive care unit was associated with reduced 
mortality in a cohort of  patients with severe AP. Mul-
tiple randomized controlled trials of  enteral vs parenteral 

nutrition in AP showed that initiation of  EN within 48 
h of  admission was associated with better clinical out-
comes[27,29,48,49]. However, a delay in initiation of  enteral 
feeds may lead to prolonged ileums and reduced toler-
ance[50]. Low volume enteral feed via continuous low rate 
infusion can still be given in patients with significant 
ileums[19].

Initiation of oral feeding after severe AP
There is a paucity of  data on the optimal timings or type 
of  oral diet. Oral diet is usually initiated when abdominal 
pain or tenderness has subsided, there are no complica-
tions, and serum amylase and/or lipase levels are near 
normal[19]. A clear liquid diet is given first, followed by 
gradual advancement as tolerated to a diet rich in carbo-
hydrates and protein but low in fat. The abdominal pain 
may recur, usually on day 2 or 3 of  oral reseeding[51]. The 
risk factors are longer duration of  initial pain (> 6 d), 
higher severity index on computed tomography scan, and 
higher serum lipase (> 3 times normal) the day before 
oral reseeding.

In conclusion, nutritional support is required in se-
vere AP. It has emerged as a proactive primary therapy 
in such patients. Enteral feedings have been clearly vali-
dated as the preferred route for feeding patients with 
acute severe pancreatitis who require nutritional support. 
Parenteral nutrition is reserved only for patients who 
are intolerant of  enteral feedings or have a contraindica-
tion to enteral feedings such as small bowel obstruction. 
EN should be initiated early (preferably within 48 h) of  
admission. Nasogastric feeding is safe and as effective 
as nasojejunal feeding. If  a prolonged course of  en-
teral feeding (usually over 30 d) is required, endoscopic 
placement of  feeding gastrostomy or jejunostomy tubes 
should be considered.
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Abstract
Since its initial report in 1992, endoscopic ultrasound-
guided fine needle aspiration (EUS-FNA) has now been 
incorporated into the diagnostic and staging algorithm 
for the evaluation of benign and malignant diseases of 
the gastrointestinal tract and of adjacent organs. Its 
introduction constitutes a major breakthrough in the 
endoscopic field and has gradually transformed EUS 
from a pure imaging modality into a more intervention-
al procedure. In addition, the possibility of collecting 
samples, providing a definitive cytological and/or his-
tological evidence of the presence of malignancy, has 
strongly contributed to changing EUS from a subjective, 
highly operator dependant procedure into a more ob-
jective one. This article will review the instrumentation, 
technique and the most important clinical applications 
of EUS-FNA.
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INTRODUCTION
Since its initial report by Henriksen et al[1], endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA) has 
now been incorporated into the diagnostic and staging 
algorithm for the evaluation of  benign and malignant dis-
eases of  the gastrointestinal (GI) tract and of  adjacent or-
gans[2]. Its introduction constitutes a major breakthrough 
in the endoscopic field and has gradually transformed 
EUS from a pure imaging modality into a more interven-
tional and lately therapeutic procedure. In addition, the 
possibility of  collecting samples, providing a definitive 
cytological and/or histological evidence of  the presence 
of  malignancy, has strongly contributed to changing EUS 
from a subjective, highly operator dependant procedure 
into a more objective one. 

In this article, we have done a critical appraisal of  
recent published literature and reviewed the instrumenta-
tion, technique and the most important clinical applica-
tions of  EUS-FNA. The role of  EUS in diagnosis and 
staging of  esophageal, gastric, rectal cancers, subepithelial 
tumors, pancreatobiliary cancers, mediastinal cancers, 
lung and miscellaneous tumors has been dealt with. De-
spite the availability of  advanced cross sectional imaging 
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like computed tomography (CT) and magnetic resonance 
imaging, EUS is still the gold standard for diagnosis and 
staging of  various gastrointestinal cancers in particular of  
the pancreas, due to its high sensitivity and specificity and 
safe technique of  acquiring tissue. We have not covered 
topics like general role of  EUS in diagnosis of  pancrea-
tobiliary stone disease, chronic pancreatitis, autoimmune 
pancreatitis or in screening patients with a family history. 
We have also not dealt with the most challenging and 
exciting therapeutic aspect of  EUS in stone disease, pseu-
docysts, celiac blocks and fine needle injection of  tumors. 
We have tried to focus on the issues that have strongest 
evidence currently and also just mention the controversial 
topics like use of  EUS post neoadjuvant chemotherapy.

EQUIPMENT AND ACCESSORIES
Curvilinear echoendoscopes
EUS-FNA is performed using curvilinear array echoen-
doscopes (CLA-EUS) that are produced by three leading 
manufacturers: Olympus (Olympus Medical Systems 
Inc., Tokyo, Japan), Pentax (Pentax,  Tokyo, Japan) and 
Fujinon (Fujifilm Corp., Tokyo, Japan). CLA-EUS pro-
vide a plane of  imaging parallel to the long axis of  the 
endoscope, with the transducer placed on the tip of  the 
echoendoscope and directed to provide ultrasound im-
ages along one aspect of  the instrument. These features 
allow for tracing the needle from its exit from the tip of  
the echoendoscope to its entrance into the target lesion 
under real-time ultrasound guidance. The working chan-
nel must be at least 2.8 mm to accept the FNA needle 
and presents at its end located on the side of  the scope 
an elevator that is able to make changes in the exit angle 
of  the FNA needle to facilitate the targeting process. 
Curvilinear echoendoscopes with a larger working chan-
nel diameter (from 3.7 to 4.2 mm) to allow for the pas-
sage of  larger devices, such as stent, are available and are 
used for interventions that are beyond the present discus-
sion. Recently, a forward viewing EUS scope has become 
available, with the working channel placed on the tip of  
the scope that allows for accessories to exit with the axis 
parallel to the longitudinal axis of  the scope[3,4]. As com-
pared to the oblique view, the perpendicular approach 
would theoretically facilitate access, optimize precision, 
and maximize transfer of  force to the target site. 

FNA Needles
Needles for EUS-FNA are currently available in 3 sizes 
(19, 22 and 25 gauge) (Table 1). All the needles have a 
removable stylet and the more recently developed are 
equipped with an adjustable length sleeve or sheath to 
fit precisely to the length of  the working channel of  
the EUS scope, which varies between the three differ-
ent brands. The stylet could have either a sharp tip or a 
smooth one, the latter requiring the stylet to be pulled 
back few millimeters before performing the FNA. Finer 
needles are used to gather cytological specimens, while 
larger needle can be utilized when acquisition of  a tis-

sue specimen for histological examination can be more 
useful to reach the definitive diagnosis. For this purpose, 
specifically designed biopsy needles have been developed 
(Quick-core biopsy needle and ProCore needle, Cook 
Medical Inc., Bloomington, IN). 

EUS-FNA TECHNIQUE 
When available, EUS-FNA should be done under deep 
sedation with the assistance of  an anesthesiologist. The 
FNA technique includes several phases: (1) Targeting 
of  the lesion: The best position to perform EUS-FNA 
is with the target lesion in the center of  the US image, 
adjacent to the transducer. Minimization of  the distance 
between the target lesion and the tip of  the EUS scope 
is made by using the up-down wheel of  the scope. Color 
Doppler imaging should be then used to exclude the 
presence of  interposing vessels; (2) Preparation of  the 
needle: The needle-catheter assembly is passed through 
the working channel of  the echoendoscope until the 
system handle locks in at the end of  the biopsy channel. 
When necessary, the sheath is put forward in the working 
channel until its tip becomes visible on the ultrasound 
screen. The needle stop on the system handle is then un-
locked to be ready to perform FNA; (3) Puncturing: Be-
fore advancing the needle, for some of  the commercially 
available 19- and 25- gauge needles the stylet needs to be 
pulled out. When targeting lymph nodes important for 
staging of  esophageal, gastric, and rectal cancers, atten-
tion should also be paid not to pass through an affected 
area of  the wall of  the GI tract under evaluation to avoid 
false positive results. The needle is then advanced under 
real-time EUS guidance into the middle part of  the tar-
get lesion by using a quick, strong thrust of  the handle. 
If  the stylet has been pulled out as described above, it 
is necessary to push it all the way back to remove debris 
eventually collected. The stylet is then completely with-
drawn and a 10-20 mL syringe attached to the end of  the 
needle device; (4) Sample collection: Once inside the le-
sion, after applying negative pressure suction by opening 
the lock device of  the syringe, the needle is moved back 
and forth 10 to 20 times under EUS guidance. The suc-
tion syringe is then released, the needle withdrawn into 

Tharian B et al . EUS FNA: Applications in clinical practice

533 December 16, 2012|Volume 4|Issue 12|WJGE|www.wjgnet.com

Table 1  Endoscopic ultrasound-guided fine needle aspiration 
needles

Manufacturer, model Needle diameter (gauge) Intended sample

Cook
   Echo-tip ultra 25, 22, 19G1 Aspirated cells
   Quick-core 19G Core biopsy
   Procore 22, 19G Core biopsy
Mediglobe
   Sonotip Ⅱ 25, 22, 19G Aspirated cells
Olympus2

   Power-shot3 22G Aspirated cells
   EZ-shot 22G Aspirated cells

119G needle have been used to acquire core biopsy samples; 2Compatible 
only with Olympus scopes; 3Reusable. G: Gauge.



the catheter, and the whole system removed from the 
echoendoscope; and (5) Specimen handling: The mate-
rial in the FNA needle is obtained by pushing air from a 
syringe and it is placed on pre-labeled glass slides or into 
a container with CytolitTM (Hologic-Cytyc Co, Marlbor-
ough, United States) to perform liquid-based cytology or 
a container with formalin for histological analysis or cell-
block preparation. The use of  one or the other technique 
varies from center to center. 

The choice of  the needle to be used depends on the 
type and site of  the lesion to be sampled, whether the 
lesion is solid or cystic, and whether the access to the le-
sion can be difficult because of  the angle or bend of  the 
needle required to reach the target. Studies comparing 
22- and 25-gauge needles have mainly been performed 
in patients with pancreatic masses with controversial re-
sults[5-8]. Most of  these studies, however, were based on 
a small sample size, while the only one with a prospec-
tive, randomized design on a large patient population has 
found no significant difference between the two needles 
with respect to cellular yield and ability to obtain a diag-
nosis[7].

The use of  the tru cut biopsy needle (TCB) may over-
come some of  the limitations of  EUS-FNA permitting 
histological analysis and performance of  immunostain-
ing[9]. Studies with this device conducted on different 
patient populations have reported a diagnostic accuracy 
ranging from 61% to 84%[10-17]. No clear advantages of  
EUS-TCB over EUS-FNA have been demonstrated, even 
in patients with possible lymphomas and GI subepithelial 
tumors that have been considered a class IIa indication 
for the use of  EUS-TCB[9], without definitive evidence of  
superiority[10,15,16,18-22]. Overall, EUS TCB may be useful as 
adjunctive technique used in tandem or as a rescue proce-
dure after negative FNA. A new needle (ProCore needle, 
Cook Medical Inc., Bloomington, IN) to acquire histo-
logical samples has recently become available. Results 
from the first feasibility multicentric study have shown a 
very promising diagnostic accuracy with only one single 
needle pass performed. 

Alternatively to EUS-TCB and the ProCore needle, 
a standard 19-gauge needle can be used to acquire tis-
sue samples for histological examination as described 
by Yasuda et al[23], who investigated this technique in 
104 patients with mediastinal and/or intra-abdominal 
lymphadenopathy of  unknown origin. They found an 
overall diagnostic accuracy of  98% with an 88% chance 
of  correct subtyping of  lymphomas based on the World 
Health Organization classification. In a more recent 
study including patients in whom histology was deemed 
to be more appropriate than cytology to reach a definitive 
diagnosis, Larghi et al[24], reported a diagnostic accuracy 
of  93.2% by using a modification of  the technique first 
described by Yasuda et al[23]. The technique was referred 
to as EUS-guided fine needle tissue acquisition (EUS-
FNTA) to distinguish it from EUS-FNA.

The usefulness of  suctioning while doing needle pass-
es has been evaluated by Wallace et al[25] during EUS-FNA 

of  lymph nodes and by Puri et al[26], during EUS-FNA 
of  solid masses. In lymph nodes the use of  suction was 
associated with an increase in the cellularity of  the speci-
men with, however, worse quality because of  excessive 
bloodiness, without improvement in the likelihood of  
obtaining a correct diagnosis[25]. On the contrary in solid 
masses, suction yielded a significantly higher sensitivity 
and negative predictive values despite the proportion of  
target cells was relatively similar between the suction and 
non-suction sampling techniques[26]. 

Traditionally, the stylet is reinserted into the needle 
before each pass to prevent sample contamination while 
traversing the digestive wall. Recent studies, however, 
have found no differences in sample quality, contamina-
tion rate, and in sensitivity for cancer detection regardless 
of  whether the stylet was reinserted or not[27,28].

Higher accuracy rates are achieved with on-site cyto-
pathology examination to assess specimen adequacy that, 
however, is not available in all centers and may increase 
the cost of  the procedure[29,30]. In case the procedure is 
performed without the assistance of  on-site cytopathol-
ogy examination, the minimum number of  needle passes 
that are recommended to achieve a good diagnostic ac-
curacy are 5 to 7 for pancreatic solid masses and 3 for 
lymph nodes, liver and miscellaneous lesions[25,31-33]. 

CLINICAL APPLICATION OF EUS-FNA
The potential clinical role of  EUS-FNA is evolving with 
various medical advances in oncology and molecular ge-
netics. These help us not only in staging of  tumors but 
also in the treatment and prognostication of  the same, 
taking us to newer frontiers. 

The foremost indications of  EUS-FNA are in taking 
biopsies from N1/M1 nodes in esophageal malignancy, 
mediastinal lymphnodes (suspected lung tumor N2/3) 
and masses, pancreatic tumor, pancreatic cyst assessment, 
perirectal and retroperitoneal nodes/masses, left adrenal, 
left lobe of  the liver and subepithelial lesions, just to 
elaborate a few instances[1,2]. The main ones are discussed 
at length in this review.

EUS-FNA is not done in situations when it is unlikely 
to alter the management of  a cancer. In addition to the 
usual contraindications for any endoscopic procedure in-
cluding severe bleeding diathesis and thrombocytopenia, 
EUS-FNA is not advocated when good views of  the le-
sion are not obtained or when there is a blood vessel or 
tumor on the way to the target and or high risk of  tumor 
seeding[1,2,9]. The various pitfalls of  EUS-FNA include un-
derdiagnosis of  pancreatic malignancy in a background of  
chronic pancreatitis or in cystic lesions, misinterpretation 
of  bowel wall smooth muscle cells as gastrointestinal stro-
mal tumor (GIST) and overinterpretation of  metastasis in 
contamination by normal gastrointestinal epithelium. 

Overall complication rate of  EUS-FNA is 0.5% to 
3%[2,4]. Most of  these can be avoided and rectified by 
careful sampling by the endoscopist with an on-site cy-
topathologist if  available and immunocytochemistry in 
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addition to close clinical correlation and follow up. 

Esophageal cancer staging
In esophageal cancer, once distant metastases to other or-
gans have been ruled out by CT and/or FDG-pancreatic 
neuroendocrine tumor (PET), the choice between im-
mediate surgery, neoadjuvant therapy followed by surgery 
or palliative treatment is mainly based on loco-regional 
staging. EUS-FNA may affect patient management by 
providing cytopathological confirmation of  metastasis 
to regional and non-regional lymph nodes (mostly celiac) 
or to distant sites (Figure 1). The adjunct of  EUS-FNA 
significantly improves EUS accuracy for lymph nodes 
staging as reported by a landmark study from the Mayo 
Clinic, in which a total of  125 patients with esophageal 
carcinoma were evaluated[34]. EUS-FNA proved to be 
more accurate than CT (87% vs 51%, P < 0.001) or EUS 
alone (87% vs 74%, P = 0.012) and to be able to signifi-
cantly modify tumor stage determined by helical CT in 
38% of  patients (mostly towards a worse stage)[34]. This 
more accurate staging resulted in an increased rate of  
neoadjuvant treatments rather than direct surgery. This 
study, however, did not directly assess the impact of  
EUS-FNA on the overall patient management. The same 
group has subsequently proposed the possibility that the 
addition of  more criteria to the standard four criteria to 
define malignant lymph nodes by EUS could result in a 
more selective use of  FNA[35]. In particular, the use of  six 
criteria permitted to avoid EUS-FNA in 42% of  evalu-
ated patients, a result that needs further confirmation 
before becoming standard practice. 

Other studies have evaluated the clinical impact of  
EUS-FNA on patient management. EUS-FNA dem-
onstration of  distant lymph node metastases have been 
found to change the management strategy in 7% and 
12% in one prospective and one retrospective study that 
involved an overall of  307 patients[36,37]. Moreover, small 
hepatic metastases and small metastatic pleural fluid col-
lections undetected at previously performed CT have 
been discovered by EUS-FNA in 3% to 5% of  patients 
with esophageal cancer[36,38]. Importantly, EUS-FNA can 

also be used to select the surgical approach to be used 
in patients with a resectable distal esophageal carcinoma 
and mediastinal LN visualized on EUS. EUS-FNA dem-
onstration of  positive mediastinal lymph nodes changed 
the management in 23% of  the evaluated patients who 
underwent transthoracic esophagectomy, while those 
without proven involvement of  the mediastinum under-
went transhiatal resection that offers limited capability of  
lymph nodes removal[39]. 

The role of  EUS-FNA after neoadjuvant chemoradio-
therapy appears more limited in view of  the significantly 
lower accuracy than that of  integrated FDG-PET/CT 
(78% vs 93%; P = 0.04), which is also superior in predict-
ing complete pathologic response[40]. 

Gastric cancer staging
Treatment options for gastric cancer strongly depend 
on tumor staging. It is well established that patients with 
early localized and those with metastatic disease should 
undergo surgery and palliation, respectively. On the other 
hand, in patients with a locally advanced cancer who can-
not be resected for cure and in those who are potentially 
amenable to curative resection, neoadjuvant chemo-
therapy has proved to significantly improve prognosis[41]. 
Based on these new treatment paradigms, besides the 
degree of  tumor infiltration, the exclusion of  distant me-
tastases and of  loco-regional lymph node involvement is 
of  paramount importance.

Data on the impact of  EUS-FNA in patients with 
gastric cancer are limited. In a study by Mortensen et al[36], 
on 62 patients, EUS-FNA was performed in 12 patients 
(19.3%) for staging purposes. Overall, EUS-FNA dem-
onstrated the presence of  M1 disease in 8 patients and 
correctly excluded malignant ascites in another one, with 
an overall clinical impact in 14% of  the studied cohort. 
The same group published two subsequent papers on 
134 and 273 patients with gastric cancer, respectively, in 
whom staging was performed by combining endoscopic 
and laparoscopic ultrasound[42,43]. EUS-FNA was per-
formed during the procedure if  a positive (malignant) 
biopsy would have changed the patient’s management. 
Unfortunately, data on the impact of  EUS-FNA are not 
presented and cannot be extrapolated.

Recently, Hassan et al[44] studied the impact of  EUS-
FNA on the management of  gastric cancer in 234 con-
secutive patients. EUS-FNA was performed in 81 patients 
(35%) in whom 99 lesions suspected for distant metastases 
were biopsied (78 were mediastinal lymph nodes). Overall 
61 of  these lesions in a total of  38 patients, mainly with 
tumor in the cardia, were found to be malignant. Exclud-
ing 4 patients in whom liver metastases were suspected 
but not verified by CT-guided FNA, in the remaining 34 
patients these metastases were not seen or suspected by 
CT or other imaging modalities performed. As judged by 
the board of  surgeons EUS-FNA changed the manage-
ment in 34 of  the 234 patients (15%) undergoing EUS for 
staging, avoiding unnecessary surgery[44]. 
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Figure 1  Endoscopic ultrasound-guided fine needle aspiration performed 
using the forward-viewing endoscopic ultrasound scope of a large per-
irectal lesion suspicious for rectal cancer recurrence. 
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Rectal cancer staging and diagnosis of extraluminal 
recurrence
EUS-FNA for rectal cancer has been evaluated for both 
lymph nodes staging and for detection of  extraluminal re-
currence. In the preoperative staging of  rectal cancer, two 
studies have evaluated the clinical impact of  EUS-FNA, 
with very similar results[45,46]. Both studies reported that 
EUS-FNA did not alter significantly the management as 
compared with EUS alone. In particular, Harewood et al[45] 
studied 80 patients and found that the addition of  EUS-
FNA did not change in all but one patient, what the 
surgeons would have done based on the results of  EUS 
alone. Forty-one patients of  the entire cohort underwent 
EUS-FNA of  non-juxtatumoral lymph nodes detected 
during EUS examination and found that specificity and 
diagnostic accuracy of  N staging by EUS alone or EUS-
FNA were similar, with indeed a lower sensitivity of  
EUS-FNA (52% vs 74%). Shami et al[46] studied 60 pa-
tients of  whom 48 underwent both CT and EUS. The 
authors found that EUS changed management in 38% 
of  patients, while 16 patients identified as having non-
juxtatumoral lymph nodes underwent EUS-FNA and the 
additional information obtained changed therapy in three 
(19%) of  these patients, but only in 6% of  the entire 
cohort[46]. It is possible that the lack of  clinical impact of  
EUS-FNA in rectal cancer staging might be related to the 
close correlation between the T and N stages and to the 
fact that most perirectal lymph nodes detected at EUS 
during rectal cancer staging are malignant. 

Differently, in patients evaluated for perirectal lesions 
suspicious for tumor recurrence (Figure 1), EUS-FNA 
has a strong clinical impact as demonstrated by the high 
diagnostic accuracy reported in 2 published studies[47,48]. 
In both series, EUS-FNA was significantly more accurate 
than EUS alone to diagnose malignant recurrence. More-
over, in the study with the largest patient population, 
EUS-FNA had a considerable impact on patient manage-
ment in 26% of  the cases.

Subepithelial lesions
The term subepithelial incorporates a variety of  lesions 
including non-neoplastic lesions, as well as benign, pre-

malignant, and overtly malignant neoplasms that are 
all located in the digestive wall beneath the epithelial 
layer. In this clinical setting, EUS-FNA has been used to 
overcome the limitation of  the pure endosonographic 
inspection of  these lesions, that can be useful to iden-
tify the layer of  origin and formulate a differential di-
agnosis, but cannot differentiate benign and malignant 
conditions (Figure 2)[49]. Most of  the studies have been 
performed on gastric lesions, which are represented pre-
dominantly by GISTs. EUS-FNA is able to gather repre-
sentative material for cytopathological analysis in about 
70%-84%[50-52], but often the material is insufficient to 
perform immunostaining, which are needed to distin-
guish GIST from other mesenchymal tumors. Moreover, 
the mitotic index that expresses the malignant potential 
of  GISTs, cannot be reliably assessed on cytological 
specimens and even on tissue specimens acquired with 
the use of  the tru cut needle[20,21]. 

This limits the usefulness of  EUS-FNA and EUS-
TCB for lesions in which the knowledge of  the mitotic 
index is needed to guide further management (i.e., inci-
dentally discovered asymptomatic lesions between 2 and 
3 cm). On the other hand, in patients with a presumptive 
diagnosis of  unresectable GIST in whom primary treat-
ment with tyrosine kinase inhibitors is considered EUS-
FNA or EUS-TCB confirmation of  the diagnosis is 
required and they are likely to impact the management of  
these patients[53]. 

Pancreatic masses diagnosis and staging
Tissue diagnosis of  pancreatic masses is one of  the most 
important indications for EUS-FNA. Overall, EUS-
FNA of  pancreatic masses is safe[54], has a mean accuracy 
of  about 85%[55], which can be increased with on-site 
cytopathology examination to assess specimen adequa-
cy[29,30]. Two clinical scenarios need to be distinguished: (1) 
masses that are clearly unresectable on previous cross-
sectional imaging studies from (2) masses that appear 
resectable. In the first case scenario a definitive diagnosis 
to guide further treatment is mandatory and should be 
obtained, when available, by EUS-FNA that is preferred 
to percutaneous image-guided tissue sampling (Figure 
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Figure 2  Subepithelial lesions. A: Endoscopic ultrasound-fine needle tissue acquisition of a subepithelial lesion using a 19 gauge needle; B, C: Histological exami-
nation showed large fragments of neoplastic tissue with solid structure, composed of regular, fused cells with mild atypia, which were intensively immunoreactivity for 
c-Kit, consistent with gastrointestinal stromal tumor. 
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3)[56]. A recent single center, prospective, randomized, 
cross-over study has demonstrated EUS-FNA to be 
superior to US or CT-guided biopsy to determine the 
nature of  pancreatic solid lesions[57]. EUS-FNA has also 
been found to be the most cost effective test for pancre-
atic adenocarcinoma when compared with CT-guided 
FNA and surgical diagnosis[58]. In addition, EUS-FNA 
can provide additional staging information, by sampling: 
(1) lymph node metastases in the celiac, lumboaortic, 
retroduodenopancreatic and superior mesenteric regions; 
(2) small hepatic lesions missed on CT[59]; and (3) small 
pocket of  previously undetected ascites[60], all sites that 
when positive for malignancy indicate a poor prognosis 
for the patient[61]. Another important advantage of  EUS-
FNA over the percutaneous route is the lower risk of  
tumor seeding[62], and the potential to sample smaller le-
sions. On the other hand, the percutaneous route may be 
indicated in patients who are at risk for sedation-related 
complications and in those with surgically altered upper 
GI anatomy. When other biopsy techniques have failed, 
or in cases of  previously done negative or inconclusive 
EUS-FNA, the use or the repetition of  EUS-FNA is 
highly advised[63,64]. 

In potentially resectable pancreatic lesions, the argu-
ment for a definitive diagnosis before undergoing surgery 
is still debated[65]. Arguments made for EUS-FNA in po-
tentially resectable lesions include an established protocol 
of  preoperative neoadjuvant therapy, a demand by the 
patient for a conclusive diagnosis of  cancer before con-
senting to surgery, and lastly to exclude unusual histology 
(lymphoma, acinar cell carcinoma, solid pseudopapillary 
tumor and pancreatic metastases) that can be found in up 
to 5% of  individuals with pancreatic masses, who would 
not benefit from surgery[61,66]. The main argument against 
EUS-FNA in resectable lesions is that the performance 
of  the procedure would not significantly affect further 
management, because a negative result cannot exclude 
the presence of  malignancy due to its low negative pre-
dictive value[65]. Thus, the utility of  EUS-FNA in this set-
ting should be balanced with the potential risk of  tumor 
seeding and varies among different centers. 

A very important clinical challenge is the differentia-
tion of  pancreatic cancer from inflammatory masses 
due to focal chronic pancreatitis or autoimmune pan-
creatitis. A review of  the performance of  EUS-FNA 
for the differentiation of  benign and malignant pancre-
atic masses, which included 25 studies with an overall 
of  4224 patients, found a median sensitivity of  83% 
(range 54%-95%), a median specificity of  100% (range 
71%-100%), a median negative predictive value of  72% 
(range 16%-92%), and a median diagnostic accuracy of  
88% (range 65%-96%)[65]. Definitions used to classify 
diagnostic cytology and the exclusion of  non-diagnostic 
specimens in some studies may account for the wide 
ranges reported above. New techniques including con-
trast-enhanced EUS and elastosonoendosonography[67,68], 
DNA analysis[69], and K-ras mutation determination on 
FNA aspirates[70,71], have been tested to increase the pos-
sibility of  differentiating cancer from focal chronic pan-
creatitis. If  there is a high index of  suspicion of  autoim-
mune pancreatitis, tru cut biopsy needle may improve the 
diagnostic yield and can be used as a rescue procedure 
if  conventional EUS-FNA has failed (100% vs 36%, P = 
0.0006)[72]. When a pancreatic lymphoma is suspected by 
the clinical presentation, the use of  flow cytometry sig-
nificantly increases the diagnostic accuracy from 30.8% 
to 84.6% (P = 0.01)[73]. 

High sensitivity and diagnostic accuracy of  EUS-
FNA with immunocytochemical studies for PETs have 
been reported in two recent large retrospective cohorts 
of  patients, including both functional and non-functional 
PETs (Figure 4)[74,75]. EUS-FNA helped to assess the 
malignant behavior of  PETs and was able to predict 
5-year survival after diagnosis[76]. Determination of  Ki-67 
expression on cytological specimens has still not gained 
widespread use due to the difficulty to obtain reproduc-
ible results and the availability of  tissue biopsy specimens 
has been advocated[77,78]. 

Besides tissue diagnosis, studies aimed at directly 
assessing the clinical impact of  EUS-FNA by demon-
strating metastatic disease that would change the man-
agement of  patients with pancreatic cancer are lacking. 
Mortensen et al[36] have performed the only study specifi-
cally designed to assess the impact of  EUS-FNA in pa-
tients with pancreatic cancer. In 12 of  99 (12%) patients 
evaluated, EUS-FNA disclosed metastatic lymph nodes 
(6), liver lesions (4), malignant ascites (1), and retroperi-
toneal infiltration (1) that affected treatment decisions. 

In the study by Spier et al[79] in Wisconsin on the pre-
dictors of  pancreatic malignancy, they recommended 
close clinical follow up of  patients suspected to have 
pancreatic cancer, with negative EUS-FNA, for at least 
6 mo, since the FNA was not 100% reliable in ruling it 
out. This was more so in those individuals with vascular 
invasion or lymphadenopathy. Further they went on to 
say that further surveillance is not needed beyond 6 mo 
if  there was no clinical or radiologic feature suggestive of  
malignancy[79]. 

537 December 16, 2012|Volume 4|Issue 12|WJGE|www.wjgnet.com

Figure 3  Endoscopic ultrasound-guided fine needle aspiration of a pan-
creatic mass of the uncinate process invading the superior mesenteric 
artery. 
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Pancreatic cysts diagnosis
Pancreatic cysts encompass a wide spectrum of  histologi-
cal findings, including inflammatory pseudocysts, benign 
serous cystadenoma, and premalignant or malignant le-
sions, such as intraductal papillary mucinous neoplasms 
(IPMN), mucinous cystadenoma and cystadenocarci-
noma. Because EUS imaging features are not sufficiently 
accurate to differentiate between mucinous and non-mu-
cinous lesions and between benign and malignant IPMN, 
EUS-FNA has increasingly been used for the evaluation 
of  pancreatic cysts (Figure 5)[80]. Cystic contents collected 
with EUS-FNA should be analyzed at least for cytology, 
amylase and carcinoembryonic antigen (CEA) (Table 2). 
The poor cellularity of  the aspirated fluid limits the value 
of  the cytologic examination in the distinction between 
mucinous and non-mucinous cysts. For this distinction, 
cystic fluid concentration of  CEA has proved to be the 
most important test to identify mucinous lesions, despite 
considerable variation and overlapping in values[81]. CEA 
levels less than 5 ng/mL and greater than 800 ng/mL 
have been found in a pooled analysis of  the published 
studies to be highly diagnostic for serous cystadenomas 
and mucinous lesions, respectively[82]. Determination of  
cyst amylase concentrations may help to further narrow 
the differential diagnosis, with high levels more frequently 
found in cysts that communicate with the main pancre-
atic duct (pseudocyst or IPMN), while values below 250 
U/L virtually excludes a pancreatic pseudocyst[82]. The 

value of  all of  these analyses is limited by a relatively low 
sensitivity and by the fact that a minimum of  1 mL of  
liquid is required to perform the analysis, a task that is 
not feasible in lesions less than 1 cm in diameter.

A very high sensitivity and specificity of  fluid analysis 
has been reached by using a combination of  viscosity 
measurements, CEA and amylase levels[83]. Moreover, 
promising data on the use of  cystic fluid DNA analysis 
in combination with CEA levels have been recently pub-
lished[84,85], as well as the proteomic analysis of  cyst fluid 
that could provide reliable candidates for developing new 
biomarkers for the preoperative management of  pancre-
atic cysts[86]. Finally, the utilization of  the tru cut needle 
and the echo brush to respectively acquire histological 
and cytological sample directly from the cystic wall ap-
peared appealing, but their used is not widely accepted 
because of  the potential risk of  complications[87-89]. 

Bile duct tumors diagnosis and staging
Malignant bile duct tumors, cholangiocarcinomas, present 
as biliary strictures that need to be differentiated from 
strictures of  benign origin. EUS FNA has been used in 
some centers as the second diagnostic modality in case 
of  encoscopic retrograde cholangio-pancreatography 
failure[90-92]. In this clinical setting, EUS FNA has been 
found to have a sensitivity ranging from 43% to 86% for 
all biliary strictures and from 25% to 83% for those lim-
ited to the hilum[92]. Interestingly, preliminary results from 
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Figure 5  Endoscopic ultrasound-guided fine needle aspiration of a large 
pancreatic cystic lesion. 

CEA: Carcinoembryonic antigen; IPMN: Intraductal papillary mucinous 
neoplasms. 

B
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Figure 4  Pancreatic neuroendocrine tumors. A: Endoscopic ultrasound-
guided fine needle aspiration of a small, hypoechoic, rounded, and well demar-
cated pancreatic body lesion; B: Diagnosed to be a neuroendocrine tumor by 
positive immunostaining for synaptophysin (thin layer cytology, 1000 ×). 
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Table 2  Characteristics of pancreatic cystic lesions

Cytology Viscosity Cyst CEA 
levels 

Cyst amylase 
level

Serous cyst 
adenoma

Bland PAS+ Low Low Low

Mucinous cyst Mucinous Increased High Low
IPMN Mucinous High High High
Pseudocyst Pigmented 

histiocytes
Low Low High



an ongoing experience have used EUS FNA, performed 
with the newly developed forward viewing scope that 
seems to have some advantages over the conventional 
linear EUS scope for visualization of  the hilar region, as 
a first diagnostic modality to guide further management 
decision in patients with hilar strictures (Figure 6)[93]. Fi-
nally, in patients with hilar tumors who are suitable for a 
multidisciplinary therapeutic approach recently developed 
at the Mayo Clinic including chemo-and radiation-therapy 
in association with liver transplantation[94], EUS-FNA of  
regional lymph nodes has a tremendous clinical impact in 
the selection of  patients, avoiding unnecessary transplan-
tation in about 20% of  them[95]. 

Lung cancer diagnosis and staging
In patients with or suspected lung cancer established 
indications of  EUS-FNA, which is able to access the 
posterior mediastinum (Figure 7), the paraesophageal 
lymph nodes, the left adrenal gland (Figure 8), and the 
liver, are either to obtain a definitive diagnosis by sam-
pling centrally located lesions or mediastinal lymph nodes 
or to sample tissue from mediastinal lymph nodes and 
other locations in order to stage non-small cell lung can-
cer (NSCLC)[96]. Correct staging of  NSCLC is important 
for rational allocation of  patients to surgery, neoadjuvant 

or palliation therapy, whereas the current recommended 
treatment of  small cell lung cancer involves chemothera-
py and radiotherapy[97]. 

In patients with centrally located lesions after a previ-
ously non-diagnostic bronchoscopy, EUS-FNA has been 
found to have an extremely high diagnostic accuracy 
(97%) and may replace CT-guided biopsies and reduce 
the number of  exploratory thoracotomies[98]. In view of  
the high sensitivity and specificity of  EUS-FNA in the di-
agnosis of  mediastinal lymph node metastases, as shown 
in two recently published large meta-analyses, the pos-
sible role of  this technique as the first diagnostic test to 
be performed in patients with suspected lung cancer has 
also been evaluated[99]. Among 93 patients with a chest 
CT suspicious of  lung cancer, EUS-FNA was able to es-
tablish tissue diagnosis in 70% of  cases. Moreover, EUS-
FNA was significantly better than CT at detecting distant 
metastases (accuracies of  97% and 89%, respectively; P = 
0.02) and was able to detect small lymph node metastases 
(less than 1 cm) often missed by CT[99]. 

Several studies have clearly demonstrated the impact 
of  EUS-FNA for staging of  NSCLC. In patients with sus-
pected or proven lung cancer and enlarged (> 1 cm) medi-
astinal lymph nodes on chest CT, EUS-FNA significantly 
reduces futile thoracotomies and prevents 66% of  sched-
uled surgical procedures in these patients[100,101]. Regard-
ing CT negative patients[102], EUS-FNA is able to detect 
advanced disease in 11% to 25% of  cases, thus suggesting 
that it should be performed in all patients with NSCLC, 
irrespectively of  the size of  lymph nodes demonstrated by 
CT. EUS-FNA has also an important role in patients with 
a positive PET/CT to confirm or exclude the presence 
of  mediastinal involvement[103,104], and the two methods 
should be seen as complementary[105]. On the other hand, 
patients without enlarged lymph nodes and a PET-negative 
mediastinum should proceed directly to surgery[106]. In ad-
dition, EUS-FNA should also be performed to provide 
tissue proof  of  left adrenal metastases in patients with en-
larged or PET positive left adrenal gland[107].

EUS-FNA, however, cannot investigate the anterior 
mediastinum and cannot completely replace mediasti-
noscopy. Despite the fact that EUS-FNA can reduce 
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Figure 6  Endoscopic ultrasound-guided fine needle aspiration of a centi-
metric lesion causing a hilar biliary stricture performed using the forward 
viewing endoscopic ultrasound scope. 

Figure 7  Endoscopic ultrasound-guided fine needle aspiration of lymph 
nodes in the aortic-pulmonary window in a patient with lung cancer. 

Figure 8  Endoscopic ultrasound-guided fine needle aspiration of a left 
adrenal mass in a patient with lung cancer. 
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the need for surgical staging[108], the best results are ob-
tained when the two procedures are used together in 
a complimentary fashion with a significant reduction 
in the number of  futile thoracotomies than when used 
alone[109,110]. Moreover, the recent introduction of  the en-
dobronchial linear EUS, able to perform transbronchial 
FNA (EBUS-TBNA) of  the anterior mediastinum and 
to perform, in combination with EUS-FNA, a complete 
endoscopic mediastinoscopy has revolutionized the ap-
proach to the mediastinal staging of  NSCLC, which will 
become more and more an endoscopic than a surgical 
procedure[111,112]. 

Mediastinal lesions unrelated to lung or esophageal 
cancer
Posterior mediastinal lesions representing enlarged lymph 
nodes or masses can be caused by a variety of  benign and 
malignant diseases other than lung or esophageal can-
cer. Compared with alternative techniques available for 
sampling the mediastinum, EUS-FNA is safer and less 
invasive than CT-guided biopsies or surgical procedures. 
In cases of  suspected lymphoma or sarcoidosis, a core bi-
opsy sample can be more useful than a cytological speci-
men and can be obtained using the tru cut biopsy needle 
or a standard 19 gauge needle (Figure 9)[16,23,113]. On the 
other hand, studies have demonstrated that EUS-FNA 
with cytological examination has a very high yield to diag-

nose both lymph node metastases derived from cancers 
located outside the mediastinum and extra-pulmonary 
tuberculosis[114,115]. Overall, EUS-FNA has a major impact 
in the management of  73%-94% of  the patients with 
mediastinal lesions of  unknown origin, most frequently 
by guiding therapy and avoiding surgery[116-118]. 

Miscellaneous indications
EUS-FNA has been reported to be able to sample le-
sions of  the left and right adrenal glands[112,113,119,120], solid 
liver lesions[114,121] and more recently, lesions of  the left 
and right kidneys[115,122]. For all these indications, the diag-
nostic yield of  EUS-FNA has been reported to be quite 
high, with no evidence of  procedure related complica-
tions apart from one patient with an occluded biliary 
stent at the time of  EUS, who died of  cholangitis after 
EUS-FNA of  a liver lesion[114,121]. 

CONCLUSION
EUS-FNA has become an indispensable tool for the 
diagnosis and staging of  gastrointestinal and thoracic 
malignancies. In the era of  personalized medicine where 
cancer therapy is more frequently directed by molecular 
profiling[123], future efforts should be directed towards 
the development of  safe and very accurate methods for 
acquiring tissue samples that will allow for genetic analy-
sis to identify patients who can benefit from targeted 
therapies. The potential role of  EUS-FNA in molecular 
diagnostics coupled with the emerging potential of  EUS-
guided antitumor injection and tumor ablation proce-
dures, will further expand the diagnostic and therapeutic 
applications of  EUS-FNA in the future.
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showed non-necrotizing, non confluent granulomas, diagnostic for sarcoidosis 
(EE = hematoxylin and eosin x 100). 
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Abstract
Recently, image-enhanced endoscopy (IEE) has been 
used to diagnose gastrointestinal tumors. This method 
is a change from conventional white-light (WL) endos-
copy without dyeing solution, requiring only the push 
of a button. In IEE, there are many advantages in 
diagnosis of neoplastic tumors, evaluation of invasion 
depth for cancerous lesions, and detection of neoplastic 
lesions. In narrow band imaging (NBI) systems (Olym-
pus Medical Co., Tokyo, Japan), optical filters that allow 
narrow-band light to pass at wavelengths of 415 and 
540 nm are used. Mucosal surface blood vessels are 
seen most clearly at 415 nm, which is the wavelength 
that corresponds to the hemoglobin absorption band, 
while vessels in the deep layer of the mucosa can be 
detected at 540 nm. Thus, NBI also can detect pit-like 
structures named surface pattern. The flexible spectral 
imaging color enhancement (FICE) system (Fujifilm 
Medical Co., Tokyo, Japan) is also an IEE but different 
to NBI. FICE depends on the use of spectral-estimation 
technology to reconstruct images at different wave-

lengths based on WL images. FICE can enhance vascu-
lar and surface patterns. The autofluorescence imaging 
(AFI) video endoscope system (Olympus Medical Co., 
Tokyo, Japan) is a new illumination method that uses 
the difference in intensity of autofluorescence between 
the normal area and neoplastic lesions. AFI light com-
prises a blue light for emitting and a green light for 
hemoglobin absorption. The aim of this review is to 
highlight the efficacy of IEE for diagnosis of colorectal 
tumors for endoscopic treatment.
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INTRODUCTION
Colorectal cancer is a common gastrointestinal malig-
nancy in United States, Europe and Japan. Most colorec-
tal cancers are thought to arise from preexisting adeno-
mas based on the concept of  the adenoma-carcinoma 
sequence[1]. Therefore, adenomatous polyps should be 
resected using endoscopic techniques such as endoscopic 
mucosal resection (EMR) and endoscopic submucosal 
dissection (ESD)[2-4]. Colonoscopy is considered an effec-
tive examination for the detection of  colorectal neoplastic 
lesions. However, the diagnostic capability of  white-light 
(WL) endoscopy for the differentiation of  neoplastic and 
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non-neoplastic polyps has demonstrated low sensitivity 
(38%-76%) and variable specificity (66%-97%)[5-7]. On 
the other hand, chromoendoscopy, using Kudo and Tsu-
ruta’s pit pattern classification, is a powerful tool for dif-
ferential diagnosis of  colorectal polyps[7-9]. The diagnostic 
capability of  chromoendoscopy for the differentiation of  
neoplastic and non-neoplastic polyps has demonstrated 
high sensitivity (96.3%-97.0%) and high specificity 
(93.5%-100%)[10,11]. However, the operation of  chromo-
endoscopy is relatively cumbersome, time-consuming and 
costly, not conducive to observe the vascular structure. 
Recently, image-enhanced endoscopy (IEE) has been car-
ried out to diagnose gastrointestinal tumors. This method 
is a change from conventional WL without the need for 
a dyeing solution, requiring only the push of  a button. 
In IEE, including narrow-band imaging (NBI), flexible 
spectral imaging color enhancement (FICE) and auto-
fluorescence imaging (AFI), there are many advantages 
in diagnosis of  neoplastic tumors, evaluation of  invasion 
depth for cancerous lesions, and detection of  neoplastic 
lesions. The aim of  this review is to support the efficacy 
of  IEE for diagnosis of  colorectal tumors with a view to 
endoscopic treatment.

PRINCIPLE OF IEE: NBI, FICE AND AFI
In the NBI systems (Olympus Medical Co., Tokyo, Ja-
pan), optical filters that allow narrow-band light to pass 
at wavelengths of  415 and 540 nm are mechanically in-
serted between a xenon arc lamp and a red/green/blue 
rotatable filter[12-16]. Narrow mucosal surface blood ves-
sels are seen most clearly at 415 nm, which is the wave-
length that corresponds to the hemoglobin absorption 
band, while thick vessels in the deep layer of  the mucosa 
can be detected at 540 nm. Thus, NBI with or without 
magnification, can enhance vascular patterns. More-
over, NBI also can detect the pit-like structures, which 
were named surface patterns in the Japanese consensus 
symposium[17]. On the other hand, the FICE system 
(Fujifilm Medical Co., Tokyo, Japan) is also an IEE but 
is unlike NBI. Previously, FICE was defined as “Fuji In-
telligent Color Endoscopy”, but this definition has been 
changed recently. FICE depends on the use of  spectral-
estimation technology to reconstruct images at differ-
ent wavelengths based on WL images[18]. The suitable 
RGB wavelength settings and each wavelength contrast 
level for FICE to evaluate colorectal polyp were 540 (1), 
460 (4), and 460 (4) nm, respectively[19]. FICE with or 
without magnification can enhance vascular and surface 
patterns[6,7,19-22]. The AFI system (Olympus Medical Co., 
Tokyo, Japan) is a new illumination method that uses the 
difference in intensity of  autofluorescence between nor-
mal areas and neoplastic lesions[23-25]. AFI light comprises 
a blue light for emitting and a green light for hemoglo-
bin absorption. Neoplastic areas involve a thickening 
of  the mucosal layer and increased hemoglobin so such 
areas emit weaker autofluorescence compared to non-
neoplastic areas. Recently, the AFI system has been used 

to enhance detection of  early lesions in the esophagus, 
stomach, and colon. 

IEE WITHOUT MAGNIFICATION
Magnifying endoscopy is less common in United States, 
and Europe. Therefore, accurate diagnosis of  colorec-
tal polyps using endoscopy without magnification is 
required. In NBI, high-definition colonoscopy, without 
magnification, is reported to be able to predict whether 
a colorectal polyp is neoplastic or non-neoplastic[26,27]. 
Various studies about NBI without magnification dem-
onstrated accuracy of  89.0%-92.7%, sensitivity of  
87.9%-95.7% and specificity of  87.0%-90.5% (Table 
1)[26-29]. On the other hand, FICE without magnification 
is also reported to be useful for differentiation between a 
neoplastic polyp and non-neoplastic polyp. Various stud-
ies about FICE without magnification, demonstrated ac-
curacy of  84.4%-89.4%, sensitivity of  89.4%-93.2% and 
specificity of  81.2%-88.0% almost similar to the data of  
the NBI studies (Table 1)[7,19,30]. 

A meshed capillary network is one of  the important 
endoscopic features of  neoplastic polyps in NBI without 
magnification, as defined by Sano et al[14](Figure 1). Other 
reports using NBI without magnification also point to 
meshed capillary vessels as being characteristic of  neo-
plastic polyps[27]. Rex[28] adopted surface patterns includ-
ing pit and vascular patterns for neoplastic endoscopic 
features in NBI. Rastogi et al[5] used 5 different surface 
patterns (including mucosal, pit and vascular patterns) to 
differentiate neoplastic polyps from non-neoplastic pol-
yps. In FICE, the detection of  surface patterns is a reli-
able method to determine whether a polyp is neoplastic 
or non-neoplastic though one study demonstrated evalu-
ation of  vascular patterns (Figure 2). The reason was that 
FICE without magnification could not detect detail vas-
cular patterns clearly compared to NBI[19]. 

In a report about NBI without magnification, when 
polyp size was considered, the accuracy in polyps 6-9 mm 
in diameter (accuracy: 96.0%) were better than those for 
polyps 5 mm or less in diameter (accuracy: 90.0%)[27]. In 
FICE without magnification, the accuracy, sensitivity, and 
specificity in polyps 6 mm or greater in diameter (97.1%, 
95.2%, 90.0%) were better than for polyps 5 mm or less 
in diameter (82.7%, 78.0%, 87.5%)[19,31]. Diagnosis of  
small polyps is important for the prevention of  colorectal 
cancer. A procedural decision to avoid resection of  non-
neoplastic polyps would spare patients the cost and risk 
of  a polypectomy. The DISCARD trial reported by Ig-
njatovic et al[32] demonstrates that for polyps less than 10 
mm in size, in-vivo optical diagnosis including NBI with-
out magnification seems to be an acceptable strategy to 
differentiate adenomatous polyp from hyperplastic polyp 
(sensitivity: 94%, specificity 89%).

Recently, an international cooperative group was 
formed and consists of  members from Japan, United 
States and Europe, named the Colon Tumor NBI Inter-
est Group. This group has developed NBI international 
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colorectal endoscopic (NICE) classification, which classi-
fies colorectal tumors into types 1-3 by closely observing 
colorectal tumors without magnification[17]. Now, NICE 
classification of  the capability of  differential diagnosis 
between non-neoplastic polyp, adenoma, and cancer in 
United States, Europe and Japan has been validated.

AFI has been reported to have an advantage in pro
viding better visualization of  polyps than WL and, there-
fore, may be able to improve the capability of  differ-
ential diagnosis between neoplastic and non-neoplastic 
polyps and the detection of  adenomas[33]. Some reports 
demonstrated that AFI may be more effective for the 
characterization of  colorectal adenomas because of  
better visualization of  such lesions compared to NBI 

(Table1, Figure 3)[33,34].

NBI AND FICE WITH MAGNIFICATION 
FOR THE DIFFERENTIATION OF 
NEOPLASTIC OR NON-NEOPLASTIC AND 
DIAGNOSIS OF CANCER DEPTH
There have been many studies on NBI and FICE with 
magnification[12-14,35-37]. In the differentiation of  neoplas-
tic or non-neoplastic polyps, these studies reported an 
accuracy of  93.4%-98.9%, sensitivity of  90.9%-100.0%, 
specificity of  75.0%-98.9%, positive predictive value 
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Table 1  Reports about image-enhanced endoscopy without magnification for differentiation 
between neoplastic polyps and non-neoplastic polyps (%)

Ref. System No. of cases Accuracy Sensitivity Specificity PPV NPV 

Henry et al[27] NBI 126 90.0 93.0 88.0 93.0 91.0
Su et al[29] NBI 110 92.7 95.7 87.5 93.0 92.1
Tischendorf et al[26] NBI 100 89.0 87.9 90.5 92.7 84.4
Rex[28] NBI 451 89.0 92.0 87.0 88.0 91.0
Lonqcroft-Wheaton GR FICE 232 88.0 - - - -
Pohl et al[61] FICE 321 84.4 93.2 61.2 88.0 76.4
Yoshida et al[22] FICE 151 89.4 89.4 88.0 93.4 83.3
Sato et al[34] AFI 358 91.9 92.7 92.9 - -

NBI: Narrow-band imaging; FICE: Flexible spectral imaging color enhancement; PPV: Positive predictive value; 
NPV: Negative predictive value; AFI: Autofluorescence imaging. 

DC

BA

Figure 1  Narrow band imaging without magnification. A: Ⅰa polyp 3 mm in diameter. White-light (WI) endoscopy figure; B: Meshed capillary pattern and oval sur-
face pattern were detected with narrow band imaging (NBI) without magnification. The polyp was diagnosed as a neoplastic polyp; C: Ⅱa polyp 16 mm in diameter. 
WI endoscopy figure; D: Meshed capillary pattern was not detected with NBI without magnification, but a round surface pattern was detected. The polyp was diag-
nosed as a non-neoplastic polyp. 
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(PPV) of  91.2%-97.3%, and negative predictive value 
(NPV) of  90.0%-100.0% (Table 2). There are four pub-
lished classifications of  NBI with magnification such as 
the Sano classification, Hiroshima classification, Showa 
classification, Jikei classification and one published FICE 
classification[14,16,21,35,38]. In brief, the Sano classification, 
Showa classification and Jikei classification classify using 
only vascular pattern. On the other hand, the Hiroshima 
classification and FICE classification use surface and 
vascular patterns. The efficacy of  surface pattern detec-
tion in NBI and FICE magnification has been reported 
previously[16,21]. We have reported on the detectability of  
NBI and FICE with magnification and the difference 
between them[21]. In that, in magnifying endoscopy NBI 
could detect thinner vessels than FICE could (Figure 

4). The avascular area detected in deeply submucosal 
invasive cancer by NBI is observed frequently in FICE. 
So, massively submucosal invasive cancer cannot be di-
agnosed only by the avascular area in FICE[21]. Thus, ob-
servation with FICE requires both vascular pattern and 
surface pattern and thus FICE classification was defined, 
modifying the Hiroshima classification of  NBI[21].

The accuracy, sensitivity, and specificity of  each NBI 
and FICE classification for massively submucosal in-
vasive cancer are described in Table 3[14,16,21,35,39]. These 
studies reported accuracy of  87.7%-98.3%, sensitivity 
of  77.7%-100.0%, specificity of  88.7%-100.0%, PPV 
of  71.8%-100.0%, and NPV of  90.0%-96.2%. There-
fore, NBI and FICE magnification were thought to be 
useful for determining therapeutic strategies, including 
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Table 2  Reports about image-enhanced endoscopy with magnification for differentiation between 
neoplastic polyps and non-neoplastic polyps (%)

Ref. System No. of cases Accuracy Sensitivity Specificity PPV NPV 

Machida et al[12] NBI   43 93.4 100.0 75.0 91.2 100.0
Sano et al[14] NBI 150 95.3   96.4 92.3 97.3   90.0
Wada et al[35] NBI 617 96.7   90.9 97.1 - -
Tanaka et al[17] NBI 289 98.9 100.0 98.9 - -
Togashi et al[6] FICE 107 87.0   93.0 70.0 90.0   76.0
dos Santos et al[20] FICE 111 92.8   97.8 79.3 93.0   92.0

NBI: Narrow-band imaging; FICE: Flexible spectral imaging color enhancement; PPV: Positive predictive value; NPV: 
Negative predictive value. 

DC

BA

Figure 2  Flexible spectral imaging color enhancement without magnification. A: Ⅰa polyp 5 mm in diameter. White-light (WI) endoscopy figure; B: Flexible 
spectral imaging color enhancement (FICE) without magnification. FICE settings were RGB wavelengths 550, 500 and 470 nm. Round pits were identified as non-
neoplastic surface patterns; C: Ⅱa polyp 16 mm in diameter. WI endoscopy figure; D: Meshed capillary pattern was not detected with FICE without magnification, but 
round surface pattern was detected. The polyp was diagnosed as a non-neoplastic polyp. 
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endoscopic resection by EMR, ESD, or surgical op-
eration of  colorectal tumors. However, the sensitivity 
(77.7%-100.0%) and the specificity (88.7%-100.0%) were 
not sufficient. Chromoendoscopy using pit pattern classi-
fication should be performed in a case which is suspected 
as cancerous with NBI and FICE or which is diagnosed 
by NBI and FICE with low confidence. 

Recent studies have reported outcomes of  training in 
NBI with magnification for the differentiation of  neo-
plastic or non-neoplastic polyps. These studies revealed 
that a 20-60 min training lecture could increase the differ-
ential diagnostic skills of  operators inexperienced in NBI 
with magnification to expert levels[40,41]. 

Sano classification
Based on the surface characteristics of  the meshed 
capillaries (Figure 5)[14], capillary pattern (CP) type Ⅰ is 
defined as invisible meshed capillary pattern, detected in 
hyperplastic polyps (Figure 5A). CP type Ⅱ is the regular 
small-caliber capillaries observed in adenomatous polyps 
(Figure 5B). CP type Ⅲ is defined as demonstrating ir-
regular and unarranged patterns in a mesh-like microvas-
cular architecture, exhibiting at least one of  the following: 
irregular size, complicated branching, disrupted irregular 
winding. Moreover, CP type Ⅲ lesions are further clas-
sified into two groups: types ⅢA or ⅢB according to 

microvascular architecture and high microvessel density 
with lack of  uniformity, blind ending, branching and cur-
tailed irregularly (Figure 5 C-E). CP type ⅢA is observed 
mainly in adenoma, intramucosal cancer and slightly in-
vaded submucosal cancer. CP type ⅢB is observed 28% 
in intramucosal cancer and 72% in massively invaded 
submucosal cancer (Figure 6).

Hiroshima classification
Hiroshima classification classifies according to vascular 
pattern and surface pattern such as type A, type B, or 
type C[16]. NBI magnification findings are considered: 
type A when microvessels are not observed or are ex-
tremely opaque; type B when fine microvessels are ob-
served around the surface patterns and clear surface pat-
terns can be observed via the nest of  microvessels; and 
type C when the microvessels are irregular and the vessel 
diameter or distribution is heterogeneous (Figure 5). Type 
A is observed in hyperplastic polyps and type B is ob-
served mainly in adenoma and intramucosal cancer. Type 
C is divided into 3 subtypes (C1, C2 and C3) according 
to: surface patterns visibility, vessel diameter, irregularity, 
and distribution. In type C1, microvessels comprise an 
irregular network, surface patterns observed via the mi-
crovessels are slightly non distinct and vessel diameter or 
distribution is homogeneous (Figure 5C). In the previous 
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Figure 3  Autofluorescence imaging. A: Ⅱa polyp 14 mm in diameter (White-light endoscopy figure); B: In autofluorescence imaging, the normal mucosa was de-
tected by green color and the neoplastic polyp was detected by magenta color. 

BA

BA

Figure 4  The surface and vascular patterns as seen by flexible spectral imaging color enhancement magnification and narrow band imaging magnification 
are shown. A: Flexible spectral imaging color enhancement; B: Narrow band imaging. 
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report, type C1 is observed 46.7% in adenoma, 42.2% 
in intramucosal cancer, and 11.1% in massively invaded 
submucosal cancer[16]. In type C2, microvessels form an 
irregular network, surface patterns observed via the mi-
crovessels are irregular, and vessel diameter or distribu-
tion is heterogeneous (Figure 5D). Type C2 is observed 
45.5% in intramucosal cancer and 54.5% in massively in-
vaded submucosal cancer (Figure 6). In type C3, surface 
patterns via the microvessels are invisible, irregular vessel 
diameter is thick, or the vessel distribution is heteroge-
neous, and avascular areas are observed (Figure 5E). Type 
C3 is mainly observed in massively invaded submucosal 
cancer (Figure 6). 

Showa classification
Showa classification has been divided into six groups ac-
cording to endoscopical vascular features: normal, faint, 
network, dense, irregular and sparse. Most hyperplastic 

polyps show a faint pattern. The vascular patterns of  ad-
enomas are mainly network or dense ones. The predomi-
nant vascular patterns of  cancer are irregular and sparse. 
Indeed, irregular pattern has found to be characteristic 
for protruded or flat-elevated cancer, whereas sparse pat-
tern is unique to depressed cancer. Irregular or sparse 
pattern is observed in intramucosal cancer and adenoma 
(37%), and massively invaded submucosal cancer (63%) 
(Figure 6)[35].

Papillary and tubular patterns with in the vascular 
pattern
Variations are seen within the vascular pattern in neo-
plastic lesions. The two most important two vascular 
patterns, the papillary and the tubular pattern are shown. 
The papillary pattern shows thicker and more widening 
than the tubular pattern (Figure 7A). The tubular pat-
tern shows a honeycomb-like network (Figure 7B). The 
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Figure 5  Narrow band imaging classification. A: Capillary pattern (CP) type Ⅰ in Sano classification. Type A in Hiroshima classification; B: CP type Ⅱ in Sano clas-
sification. Type B in Hiroshima classification; C: CP type ⅢA in Sano classification. Type C1 in Hiroshima classification; D: CP type ⅢB in Sano classification. Type 
C2 in Hiroshima classification; E: CP type ⅢB in Sano classification. Type C3 in Hiroshima classification. 

Table 3  Reports about image-enhanced endoscopy with magnification for differentiation of massively 
submocosal invasive cancer (%)

Ref. System No. of cases Accuracy Sensitivity Specificity PPV NPV 

Fukuzawa et al[39] NBI 112 92.9   81.4 100.0 100.0 90.0
Wada  et al[35] NBI 584 96.1 100.0   95.8 - -
Tanaka et al[17] NBI   97 94.1   63.8 100.0 - -
Ikematsu et al[58] NBI 130 87.7   84.8   88.7   71.8 94.5
Yoshida et al[22] FICE 124 98.3   77.7 100.0 100.0 98.2

NBI: Narrow-band imaging; FICE: Flexible spectral imaging color enhancement; PPV: Positive predictive value; NPV: Negative predic-
tive value.
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irregularity of  the papillary pattern seems to be greater 
than that of  tubular pattern. However, the surface pat-
terns of  these lesions shows a regular pattern according 
to the Hiroshima classification. The pits of  the lesions 
with these patterns showed adenoma characteristics (Fig-
ure 7C, D). In addition, the histopathological diagnosis 
of  these two patterns indicates tubular adenoma. Lesions 
with the papillary pattern have to be diagnosed carefully 
taking into account their surface pattern. 

Adenoma detection rate 
Colonoscopy is considered to be the standard examina-
tion against which the sensitivity of  other colorectal can-
cer screening tests is compared[42,43]

. However, polyp miss 

rates during colonoscopy have been evaluated in several 
studies[44-46]. A meta-analysis of  six studies revealed that 
the miss rate for polyps of  any size was 22%[44]. This 
study also demonstrated that the adenoma miss rate was 
2%, 13%, and 26% for polyp sizes of  10 mm and higher, 
5-10 mm and 1-5 mm respectively[44]. Another study 
showed that sessile or flat polyps were significantly asso-
ciated with a higher miss rate[45]. The reasons for missing 
polyps were considered to be the quality of  bowel prepa-
ration, lesion characteristics (location, number, morphol-
ogy and size), the endoscopist’s experience, the endosco-
pist’s insertion and the withdrawal technique[45-48]. Many 
clinical studies including randomized controlled studies 
into the effect of  NBI on improvement of  miss rate in 
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Figure 6  The various narrow band imaging classifications and histopathological diagnoses. Classification of suspect histopathological diagnoses and therapy 
according to the pattern diagnosed. 

Histopathological diagnosis Hyperplastic polyp Adenoma 
Intramucosal cancer
Slightly submucosal invasive cancer

Massively invaded submucosal 
cancer

Therapy No therapy Endoscopic resection Surgical operation
Sano classification Type Ⅰ Type Ⅱ 

Type ⅢA
Type ⅢB

Hiroshima classification Type A Type B 
Type C1

               Type C3 
Type C2

Showa classification Faint pattern Dense pattern 
Network pattern

Sparse pattern 
Irregular pattern

Figure 7  Papillary pattern and tubular pattern in vascular pattern. A: Papillary type. Papillary pattern is thicker and more winding than the tubular pattern. The 
surface pattern shows a regular pattern like the Ⅳ pit structure according to Hiroshima classification. The pattern was diagnosed type B in Sano classification, type B 
in Hiroshima classification, Network in Showa classification; B: Tubular type. Tubular pattern shows a regular honeycomb-like network. The surface pattern shows a 
regular pattern according to Hiroshima classification. The pattern was diagnosed type B in Sano classification, type B in Hiroshima classification, Network in Showa 
classification; C: The pit pattern classification using crystal violet showed Ⅳ pit. The histopathological diagnosis of these two patterns shows tubular adenoma; D: The 
pit pattern classification using crystal violet showed ⅢL pit mainly and Ⅳ pit partially. The histopathological diagnosis of these two patterns indicated tubular adenoma. 
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colonoscopy have been reported[48-57]. In conclusion, the 
efficacy of  NBI has been mainly unsatisfactory. One 
positive study by Inoue et al[56] demonstrated that there 
was a significantly higher number of  adenomas detected 
with pancolonic NBI (22%) vs WL (14%), including 
higher number of  diminutive (< 5 mm) adenomas. More-
over, the one controlled randomized study, performed in 
selected patients undergoing colonoscopy for colorectal 
screening, suggested that NBI seems to improve the de-
tection of  flat adenoma[57].

On the other hand, one negative study for NBI by Rex 
et al[51] showed that there were no differences between the 
NBI and WL groups in either the prevalence of  adenomas 
or the total number of  adenomas detected. Ikematsu et 
al[58] reported a Japanese multicenter prospective trial about 
adenoma detection rates of  NBI (42.3%) and WL (42.5%) 
in right colon endoscopy screening. They concluded that 
NBI did not improve the adenoma detection rate. How-
ever, they also showed that the adenoma miss rate was 
significantly less with NBI (31.3%) than WL (27.8%) (P 
< 0.05). Analysis of  flat and depressed lesions was per-
formed in this study and detection rates of  these lesions 
were not significantly different between NBI and WL. 

A recent meta-analysis revealed that there was no 
statistically significant difference in the rates of  adenoma 
detection rate between NBI and WL[59]. Moreover, one 
systemic review including 8 randomized controlled 
studies showed that NBI did not improve detection of  
colorectal polyps when compared to WL[60]. However, 

withdrawal time is associated with these studies. Some 
studies showed longer withdrawal time in NBI observa-
tion because the NBI image was dark at some distance 
from the polyps. If  the withdrawal time is similar, the WL 
group might have a better adenoma detection rate dur-
ing the withdrawal phase compared to that of  the NBI 
group[60]. This may have led to the finding of  significantly 
greater number of  polyps in the WL group. In addition, 
poor bowel preparation made performance of  the NBI 
visualization poorer[60]. Moreover, the use of  a variety 
of  endoscopic systems, such as the LUCERA series and 
EXERA-Ⅱ, may have had some impact on NBI findings. 
Uraoka et al[55] demonstrated that there are significant 
differences in the detection of  adenomas between the se-
quential LUCERA series used in Japan and the simultane-
ous EXERA-Ⅱ series produced in Europe and America. 

Three studies on FICE in the detection of  neoplastic 
polyps have been reported[61-63]. One study showed that 
the detection of  polyps was not significantly different be-
tween FICE and chromoendoscopy 7[61]. Two RCTs also 
showed that any objective improvement of  FICE was not 
correlated with the adenoma detection rate[62,63]. On the 
other hand, FICE systems have been improved recently 
and the combination of  recent systems with endoscopy 
allow high resolution, providing better contrast for vas-
cular and surface patterns in magnifying endoscopy than 
previous FICE systems offered. Further multicenter RCT 
should be expected to evaluate the capability of  adenoma 
detection in FICE.
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Figure 8  Blue laser imaging. A: Blue laser imaging (BLI) mode. Clear vascular patterns and the surface pattern can be seen; B: BLI mode. Clear vascular patterns 
and the surface pattern can be seen; C: BLI mode is slightly dark; D: BLI-bright mode is brighter than BLI mode. 
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NOVEL IEE
A new endoscope system, “EXERA Ⅲ” has been de-
veloped by Olympus. The NBI in this system delivers 
significantly increased brightness and contrast. This im-
proved brightness may open new possibilities for polyp 
detection. Moreover, it allows “dual focus”, a unique 
system based upon an innovative two-stage optical 
system enabling the user to switch between two focus 
settings. “Near mode” features ground breaking resolu-
tion power for close mucosal observation and “Normal 
mode” allows normal observation. On the other hand, 
a new endoscope system, “LASEREO”, developed by 
Fujifilm, uses a semiconductor laser as a light source. The 
LASEREO system has two lasers, with wavelengths of  
415 nm and 450 nm. The “blue laser image (BLI)”, which 
functions as a narrow-band light and is consisted of  the 
combination of  two lasers and fluorescent light, is use-
ful for acquiring mucosal surface information including 
surface blood vessel and structure patterns (Figure 8A, 
B). By controlling the power of  the two lasers, a BLI-
bright mode is set by an appropriate combination of  WL 
and BLI light. This mode is brighter than the BLI mode 
alone, and it can be useful for tumor detection and obser-
vation of  whole tumors (Figure 8C, D).
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Abstract
AIM: To prospectively assess the hemostatic efficacy 
of the endoscopic topical use of ankaferd blood stopper 
(ABS) in active non-variceal upper gastrointestinal sys-
tem (GIS) bleeding.

METHODS: Endoscopy was performed on 220 patients 
under suspiciency of GIS bleeding. Patients with active 
non-variceal upper gastrointestinal bleeding (NVUGIB) 
with a spurting or oozing type were included. Firstly, 
8-10 cc of isotonic saline was sprayed to bleeding le-
sions. Then, 8 cc of ABS was applied on lesions in 
which bleeding continued after isotonic saline applica-
tion. The other endoscopic therapeutic methods were 
applied on the lesions in which the bleeding did not 
stop after ABS.

RESULTS: Twenty-seven patients had an active NVU-
GIB with a spurting or oozing type and 193 patients 
were excluded from the study since they did not have 

non-variceal active bleeding. 8 cc of ABS was sprayed 
on to the lesions of 26 patients whose bleeding con-
tinued after isotonic saline and in 19 of them, bleeding 
stopped after ABS. Other endoscopic treatment meth-
ods were applied to the remaining patients and the 
bleeding was stopped with these interventions in 6 of 7 
patients.

CONCLUSION: ABS is an effective method on NVU-
GIB, particularly on young patients with no coagulopa-
thy. ABS may be considered as part of a combination 
treatment with other endoscopic methods.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Upper gastrointestinal system (GIS) bleeding is a fre-
quently seen emergent situation with a mortality of  about 
7%-10%[1]. This rate may increase with concomitant co-
morbid diseases. 

Endoscopy is the gold-standard technique in the diag-
nosis of  gastrointestinal bleeding. It provides important 
information about the bleeding point, its localization, 
the amount of  bleeding and risk for re-bleeding. Active 
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bleeding may be stopped with therapeutic applications 
and the risk of  re-bleeding may be reduced. Endoscopic 
treatment methods are indicated in lesions with active 
bleeding and with a visible vessel[2]. Endoscopic treat-
ment may be disputable for lesions with a blood clot; 
however, the data of  recent years demonstrate that it 
may be effective to apply endoscopic treatment for these 
lesions rather than to observe them[3]. Endoscopic treat-
ment is not necessary for a clean-based ulcer since the 
re-bleeding risk is minimal[2]. Injection treatments, cauter-
ization methods and mechanical therapies are the major 
endoscopic treatment modalities[4]. 

In recent years, it was reported that ankaferd blood 
stopper (ABS), of  which each 100 milliliter of  folkloric 
liquid product contains a standard mixture of  5 mg of  
Thymus Vulgaris (thyme-dried herbal extract), 9 mg of  
Glycyrrhiza Glabra (licorice-dried leaf  extract), 8 mg of  
Vitis Vinifera (grape-dried leaf  extract), 7 mg of  Alpinia 
Officinarum (lesser galangal-dried leaf  extract) and 6 mg 
of  Urtica Dioica (stinging nettle-dried root extract), forms 
a system by precipitating fibrinogen and forming a protein 
network which acts as an anchor for vital physiological 
erythrocyte aggregation, covering the classical cascade 
model of  the clotting system, independently acting on co-
agulation factors and platelets in blood and serum. It was 
also reported that it provides this effect in milliseconds in 
in vitro conditions and seconds in in vivo conditions. The 
topical use of  ABS has been approved by the Turkish 
Ministry of  Health for the management of  dermal, exter-
nal post-surgical and post-dental surgery bleeding[5]. 

It was reported that ABS was applied on bleeding 
lesions of  GIS malignancies[6,7], peptic ulcers[8], fundal 
varices[9], dieulafoy lesions[10,11], radiation colitis[12], rectal 
ulcers[13] and non-variceal upper gastrointestinal bleeding 
(NVUGIB)[14]. Most of  the bleeding lesions were con-
trolled in all patient groups. However, controlled trials are 
not available about this topic. 

We researched the efficacy of  ABS application with a 
spray catheter on active NVUGIB lesions. 

MATERIALS AND METHODS
Endoscopy was performed on 220 patients under sus-
piciency of  GIS bleeding within 12 h of  admission to 
Selcuk University, Meram Faculty of  Medicine, between 
April 2009 and August 2010, after approval of  the local 
ethics committee. All volunteers gave written informed 
consent. Twenty-seven patients with active spurting or 
oozing type NVUGIB were included in the study and 
193 patients without these conditions were excluded. 
Firstly, 8-10 cc of  isotonic saline was sprayed on to the 
bleeding lesions. 8 cc of  ABS was applied with a Medi-
Globe® spray catheter on lesions in which bleeding con-
tinued after isotonic saline application. Air was applied 
with an injector to the catheter after ABS application and 
the product was completely discharged from the catheter. 
The other endoscopic hemostatic methods (injection 
treatment, hemoclip, electro-coagulation, heater probe, 

Argon Plasma Coagulation) were applied on the lesions 
in which the bleeding did not stop within one minute 
after ABS application. They were then observed for re-
bleeding. The control endoscopy was performed approxi-
mately 48 h after the first endoscopy. Also, we treated all 
patients during admission and at the time of  discharge 
with specific medical therapies (such as proton pump 
inhibitors, transfusion, intravenous hydration, other co-
mobidity drugs).

RESULTS
Characteristics of patients
Endoscopy was performed on 220 patients with sus-
piciency of  NVUGIB. Twenty-seven of  these patients 
had NVUGIB with a spurting or oozing type. 193 pa-
tients were excluded from the study since they did not 
have non-variceal active bleeding. In most of  these 193 
patients, in endoscopy, bleeding was stopped or there was 
hematinized blood in the stomach, visible vessel or blood 
clot stuck on their lesions. Ten patients (37%) were wom-
en, 17 (63%) men and the mean age was 59.1% ± 17%. 
70% of  all patients (19 patients) had co-morbid diseases. 
Two patients had chronic obstructive lung diseases, 2 a 
mitral valve replacement, 2 chronic renal failure, 2 ma-
lignancy, 1 liver cirrhosis, 1 atrial fibrillation, 1 coronary 
artery disease and 4 patients had a history of  gastric sur-
gery. Twelve patients had a GIS bleeding history. It was 
observed that 46% of  patients complained of  melena, 
38.4% hematemesis and melena, 7.7% hematemesis and 
7.4% malaise, anemia and other complaints. 

Results of endoscopic applications 
Firstly, 8 cc isotonic saline was sprayed on to bleeding 
lesions. The bleeding was stopped in one patient after 
isotonic saline application but re-bleeding was observed 
during the follow up. 

8 cc of  ABS was sprayed to the lesions of  26 patients 
whose bleeding continued after isotonic saline and bleed-
ing was stopped in 19 of  these 26 patients after ABS. Im-
ages of  endoscopic ABS application are shown in Figures 
1 and 2.

The other endoscopic methods could not be applied 
to 1 of  7 patients whose bleeding continued after ABS 
since the bleeding was a widespread mucosal oozing type. 
The other endoscopic treatment methods in addition 
to ABS were applied to the remaining 6 patients (argon 
plasma coagulation, injection sclerotherapy, hemoclip) 
and it was observed that the bleeding stopped with these 
interventions on all patients. 

It is not ethical to form only one placebo group of  
active bleeding patients. It was statistically significant that 
ABS only and ABS + other methods are superior to stop 
the bleeding when isotonic saline application is consid-
ered as an ineffective placebo (McNemar test, for each P 
= 0.001) and no statistically significant difference was ob-
served between ABS only and ABS + classical methods.

The rate of  re-bleeding was 15.8% in patients whose 
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bleeding was controlled with ABS only, 33.3% in patients 
whose bleeding was brought under control by applying 
ABS + classical methods and 20% in all patients.  Results 
of  endoscopic treatments are shown Table 1.

The effect of age and gender on bleeding control with 
ABS
No statistically significant difference was found in pa-
tients whose bleeding was stopped by applying ABS only 
in terms of  age and gender.

The mean age of  19 patients whose bleeding was 
stopped by applying ABS was 55 and 68 in the 7 patients 
whose bleeding could not be stopped by applying ABS. 
Although this is not a statistically significant difference 
(Mann Whitney U test, P = 0.95), the mean age was high-
er in patients whose bleeding could not be stopped.

The effect of endoscopic diagnosis on bleeding control 
with ABS
Peptic ulcer was the most common bleeding lesion and 
this is compatible with the literature. The endoscopic di-
agnosis and results of  ABS application are given in Table 
2. 

The effect of bleeding type on bleeding control with ABS 
Patients in whom only ABS was applied were evaluated 
according to the bleeding type. 15.3% of  them had a 
spurting type and 84.7% an oozing type. Bleeding con-
trol was provided with ABS on 3 of  4 patients (75%) 
with bleeding of  a spurting type and 16 of  22 patients 
(72%) with bleeding of  an oozing type. There was no 
statistically significant difference between spurting and 
oozing types of  lesions for bleeding control with ABS 
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Figure 1  Ankaferd blood stopper application on an oozing type bleeding lesion. A: Oozing type bleeding; B: Ankaferd blood stopper (ABS) is being sprayed; C: 
ABS after ankaferd blood stopper application. 

Figure 2  Ankaferd blood stopper application on a pulsatile bleeding lesion. A: Pulsatile bleeding; B: After ankaferd blood stopper application; C: Control of the 
lesion after 2 d. 

CBA

Table 1  Results of endoscopic treatments

Group

Endoscopic treatment Stopped (n) Not stopped (n) Re-bleeding, n  (%) Transfusion (unit) Hospitalization (d)

Isotonic saline   1 26 1 (3.8) 3 1
ABS only 19   7   3 (15.8)    2.4 6
ABS + Other Methods   2 (33.3)    4.4      6.75
   ABS + Adrenaline   4   0
   ABS + Adrenaline + Hemoclip   1   0
   ABS + Adrenaline + Polidocanol   1   0

ABS: Ankaferd blood stopper. 
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(Fisher’s Exact test, P = 1.0). 

The effect of coagulation parameters on bleeding 
control with ABS
The mean thrombocyte count was 229.771/mm3 of  the 
19 patients whose bleeding was stopped by applying 
ABS and 132.232/mm3 of  the 7 patients whose bleeding 
could not be stopped by applying ABS. This difference 
was statistically significant (independent sample test, P 
= 0.005). However, the mean INR value of  19 patients 
whose bleeding was controlled was 1.33 and activa partial 
thromboplastin time (aPTT) was 27.5 s, while the mean 
INR value of  7 patients whose bleeding could not be 
controlled was 3.07 and aPTT was 39.1 s. 

If  one or more of  the abnormal results of  throm-
bocyte count, PT-INR or aPTT levels were defined as 
coagulopathy, it was abnormal in patients whose bleeding 
could not be stopped with ABS application and it was 
statistically significant (F-test, P = 0.006).

The effect of drug use on bleeding control with ABS
The drug usage and results of  the only ABS group are 
given in Table 3. It was observed that the bleeding of  3 
of  6 patients who were taking ASA and 1 of  2 patients 
who were taking ASA + warfarin did not stop with ap-
plying ABS. These results demonstrated that the bleeding 
control with ABS was more difficult for patients who 
were taking ASA and/or warfarin. 

DISCUSSION
There is insufficient literature that demonstrates the ef-
ficacy of  ABS on gastrointestinal bleeding and the avail-
able data are mostly case reports or case series. This study 
is the first prospective study in which ABS is applied on 
non-variceal gastrointestinal system bleeding and the ef-
fects of  many factors on bleeding control analyzed. 

According to these results, the rate of  bleeding con-
trol was 73% with ABS only, 100% with ABS in combina-
tion with classical methods and 96% with ABS only and 
ABS + classical methods. When isotonic saline applica-
tion is considered an ineffective placebo, it was observed 
that ABS only and ABS + other methods are superior to 

placebo and statistically significant. The advanced age of  
patients made it difficult to control bleeding with ABS. 

When the study is evaluated in terms of  re-bleeding, 
re-bleeding was observed in 15.8% of  patients whose he-
mostasis was provided with ABS only, 33.3% with ABS 
+ classical methods and 20% with ABS only and ABS + 
classical methods. According to the literature, the rate of  
re-bleeding is about 100%[4] in spurting or oozing type 
bleedings if  no endoscopic treatment is applied, 20% in 
adrenaline injection, 15%-20% in ablative treatment and 
5%-15% in combination treatment. In this study, the rate 
of  re-bleeding of  patients with ABS only and provided 
hemostasis was similar to the other endoscopic meth-
ods[15-17] mentioned in the literature. 

The results of  this study also demonstrate that ABS 
application with a spray catheter may have a limited effect 
on bleeding control of  patients with coagulopathy or us-
ing ASA and/or warfarin. In such situations, more ABS 
and a mechanical compress may be applied on lesions 
as an alternative technique or ABS may be applied on 
patients with other endoscopic methods, such as a com-
bination treatment, as a different approach.

The application of  ABS on lesions with a spray 
catheter may provide a more homogenous and effective 
contact with lesions compared to the application with a 
nasogastric catheter or tools like tubes. In addition, the 
contact time of  ABS applied to the bleeding point may 
have an important role in stopping the bleeding. The 
methods which provide a longer contact time of  ABS to 
the bleeding point (balloon or compression tools like a 
funnel) may be more useful. 

In summary, these results demonstrate that the ap-
plication of  ABS with topical spraying for bleeding con-
trol on non-variceal upper GIS bleeding, particularly on 
young patients without coagulopathy, is effective. ABS 
may be considered as a part of  combination treatment 
for cases with a higher re-bleeding possibility (coagulopa-
thy, dieulafoy lesion, arterial bleeding, etc.)[10,11].

Randomized controlled studies are needed for the 
comparison of  ABS application alone and in combina-
tion with other endoscopic methods (e.g., thermo-coagu-
lation, clips or adrenaline injection).
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Table 2  Endoscopic diagnosis and results of all patients with 
ankaferd blood stopper applied

Group

Endoscopic finding Stopped (n) Not Stopped (n) Total (n )

Gastric ulcer   2 1   3
Duodenal ulcer   9 3 12
Erosive ulcer   0 2   2
Esophagitis   2 0   2
Anastomosis ulcer   2 0   2
Dieulafoy lesion   1 1   2
Post-polypectomy   2 0   2
Malignancy   1 0   1
Total 19 7 26

Table 3  Use of drugs and results of ankaferd blood stopper 
applied patients

Group

Drug Stopped (n) Not Stopped (n) Total (n )

Not taking a drug 10 2 12
ASA   3 3   6
Warfarin   1 1   2
ASA + NSAID   1 0   1
ASA + Warfarin   0 1   1
Steroid   1 0   1
Other   3 0   3
Total 19 7 26

ASA: Acetylsalicylic acid; NSAID: Non-steroidal anti-inflammatory drug. 
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COMMENTS
Background
Injection treatments, cauterization methods and mechanical therapies are the 
major endoscopic treatment modalities in active gastrointestinal bleeding. In 
recent years, it was reported that ankaferd blood stopper (ABS) forms a system 
by precipitating fibrinogen and forming a protein network which acts as an an-
chor for vital physiological erythrocyte aggregation, covering the classical cas-
cade model of the clotting system, independently acting on coagulation factors 
and platelets in blood and serum. The authors researched the efficacy of ABS 
application with a spray catheter on active non-variceal upper gastrointestinal 
bleeding (NVUGIB) lesions. 
Research frontiers
This study investigated the efficacy of a different technique in non-variceal gas-
trointestinal bleeding. 
Related publications
It was reported that ABS was applied on bleeding lesions of gastrointestinal 
system (GIS) malignancies, fundal varices, dieulafoy lesions, radiation colitis, 
rectal ulcers and NVUGIB. Most of the bleeding lesions were controlled in all 
patient groups. However, controlled trials are not available about this topic.
Innovations and breakthroughs
This study demonstrates that the application of ABS with topical spraying for 
bleeding control on non-variceal upper GIS bleeding, particularly on young pati-
ents without coagulopathy, is effective. 
Applications
The application of ABS on lesions with a spray catheter may provide a more 
homogenous and effective contact with lesions compared to the application with 
a nasogastric catheter or tools like tubes. In addition, the contact time of ABS 
applied to the bleeding point may have an important role in stopping the blee-
ding. The methods which provide a longer contact time of ABS to the bleeding 
point (balloon or compression tools like a funnel) may be more useful. 
Terminology
Ankafeld blood stopper contains a standard mixture of 5 mg of Thymus Vulgaris 
(thyme-dried herbal extract), 9 mg of Glycyrrhiza Glabra (licorice-dried leaf extra-
ct), 8 mg of Vitis Vinifera (grape-dried leaf extract), 7 mg of Alpinia Officinarum 
(lesser galangal-dried leaf extract) and 6 mg of Urtica Dioica (stinging nettle-dri-
ed root extract) in each 100 mL of liquid folkloric product effective in coagulation.
Peer review
The application of ABS on lesions with a spray catheter may be helpful in the 
control of gastrointestinal bleeding alone or in combination treatment with other 
endoscopic methods.
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Abstract
AIM: To clarify the relationship of human rectal aber-
rant crypt foci and formation of colorectal polyp.

METHODS: Eighty-nine subjects were recruited from 
the population of Japanese individuals who underwent 
polypectomy at Yokohama City University Hospital. All 
patients had baseline adenomas removed at year 0 
colonoscopy. Aberrant crypt foci (ACF) were defined as 
lesions in which the crypts were more darkly stained 

with methylene blue than normal crypts and had larger 
diameters, often with oval or slit-like lumens and a 
thicker epithelial lining.

RESULTS: A total of 366 ACFs were identified in 89 
patients; all had baseline adenomas removed at the 
first examination (year 0) colonoscopy and returned for 
the second (year 1). ACF in the lower rectum were as-
sessed at year 0 and study group were divided into two 
groups depend on ACF numbers, 0-3 or over 3. All par-
ticipants were examined in the number and maximum 
size of adenoma. There was no statistical difference in 
number and maximum size of ACF at year 0, however, 
maximum size of adenoma was larger in over 3 group 
than 0-3 group at year 1.

CONCLUSION: The number of ACF may be a predic-
tive factor of relatively large adenoma incidence in the 
pilot phase study.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) has high mortality and morbid-
ity rates, and its prevalence has been increasing[1,2]. The 
development from normal colonic epithelium to small 
adenomas is little understood. In experimental models 
of  colonic carcinogenesis, aberrant crypt foci (ACF) 
are the earliest detectable abnormality and precede 
adenomas. ACF was first discovered in mice treated 
with azoxymethane[3], have been clearly shown to be 
precursor lesions of  CRC, and are now established as a 
biomarker of  the risk of  CRC in azoxymethane-treated 
mice and rats[4]. In humans, ACF can be detected using 
magnifying colonoscopy[5]. Recent advances in magnifi-
cation chromoendoscopy now allow these lesions to be 
identified in vivo and their natural history ascertained. It 
would be very useful, to clarify the relationship of  ACF 
incidence to established risks for colorectal tumors. We 
have reported the relation between number of  ACF 
and visceral fat obesity[6]. In this study, human ACF in 
the lower rectum were assessed and subjects returned 1 
year later to evaluate the natural history of  the lesions. 
Herein, we wanted to determine the adenoma incidence 
over a 1-year period after polypectomy.

MATERIALS AND METHODS
Study population
We prospectively evaluated 89 subjects recruited from 
the population of  Japanese individuals who underwent 
polypectomy at Yokohama City University Hospital. All 
patients had baseline adenomas (over 5 mm) removed 
at year 0 colonoscopy. The exclusion criteria included: 
presence of  contraindications to colonoscopy; current 
or past non-steroidal anti-inflammatory drug use in-
cluding aspirin; or family history of  CRC; or history of  
carcinoma, familial adenomatous polyposis, inflamma-
tory bowel disease, radiation colitis and diabetes mellitus. 
Written informed consent was obtained from all the 
subjects prior to their participation. The study protocol 
was approved by the Yokohama City University Hospital 
Ethics Committee.  

Magnifying colonoscopy for identification of ACF
Participants’ bowel preparation for the colonoscopy was 
carried out using polyethylene glycol solution. A Fujinon 
EC-490ZW5/M colonoscope was used to perform the 
magnifying colonoscopy (Fujinon Toshiba ES Systems 
Co., Ltd, Tokyo, Japan). Total colonoscopy was performed 
before imaging of  lower rectal ACF. Subsequently, 0.25% 
methylene blue was applied to the mucosa with a spray 
catheter. Aberrant crypts were distinguished from nor-
mal crypts by their deeper staining, larger diameter, must 
be < 2 mm raised and the number of  ACF in the lower 
rectum was counted. This counting was conducted in 
the lower rectal region, extending from the middle rectal 
fold to the dentate line, based on the results of  a previ-
ous study[5]. ACF were defined as lesions in which the 
crypts were more darkly stained with methylene blue 

than normal crypts and had larger diameters, often with 
oval or slit-like lumens and a thicker epithelial lining[7-10]. 
All ACF were recorded photographically by one endos-
copist and evaluated by two independent observers who 
were unaware of  the subjects’ clinical histories.

Measurement of the visceral and subcutaneous fat areas
Body mass index (BMI) was calculated using the fol-
lowing equation: body weight (kg)/[height (m)2]. Intra-
abdominal adipose tissue was assessed, as previously 
described by measuring the visceral fat area (VFA), sub-
cutaneous fat area (SFA), total fat area (TFA) and waist 
circumference from computed tomography (CT) images 
at the level of  the umbilicus[6]. All CT scans were carried 
out with the subjects in the supine position. The borders 
of  the intra-abdominal cavity were outlined on the CT 
images, and the VFA was quantified using Fat Scan soft-
ware (N2 System Corporation, Kobe, Japan).

Statistical analysis
We examined the associations between clinical charac-
teristics and number of  ACF (0-3 vs over 3), because this 
criteria divided into almost same volume two groups. All 
data were expressed as mean ± SD, unless otherwise indi-
cated. Non-parametric tests were used to test differences. 
Statistical analyses were determined using the Stat View 
software (SAS Institute Inc., Cary, NC, United States). P 
< 0.05 were considered to denote statistical significance.

RESULTS
Patient characteristics
A total of  366 ACFs were identified in 89 patients; all 
had baseline adenomas (over 5 mm) removed at the first 
examination (year 0) colonoscopy and returned for the 
second examination (year 1). ACF in the lower rectum 
were assessed at year 0 and study group were divided into 
two groups depend on ACF numbers, 0-3 or over 3. Ta-
ble 1 summarizes the clinical characteristics of  study par-
ticipants of  the first examination. The mean age was 63.4 
years and 69% were male. A total of  8% had advanced 
adenoma, 61% had non advanced adenoma and 31% had 
no adenoma. There was no statistical difference between 
0-3 and over 3 numbers of  ACF, in waist circumference, 
BMI, total cholesterol, triglyceride, hemoglobin A1c, 
TFA, VFA and SFA. 

Natural history of ACF one year follows up after 
polypectomy
The mean number of  observed ACF was 4.1 ± 3.7 at 
year 0, 4.0 ± 4.6 at year 1. This result shows natural his-
tory of  ACF, and there was no statistical difference in 
number of  ACF. The typical magnifying colonoscopic 
features of  ACF at year 0 and 1 are shown in Figure 1.

Adenoma incidence and size one year after polypectomy
All participants were assigned two groups, 0-3 or over 3 
with number of  ACF, and examined in the number and 
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maximum size of  adenoma (Table 2). There was no sta-
tistical difference in number and maximum size of  ACF 
at year 0, however, maximum size of  adenoma was larger 
in over 3 group than 0-3 group at year 1.

DISCUSSION
Colorectal adenomas are considered to be a validated 
surrogate endpoint biomarker for sporadic CRC because 
removing adenomas by endoscopic polypectomy cor-
relates with a decrease in CRC incidence[11]. Therefore, 
the opportunity of  endoscopic polypectomy and needs 
of  predictive colorectal tumor marker are in increasing. 
ACF have emerged as the putative precursor to colorec-
tal adenomas. In numerous animal studies, ACF predict 
subsequent development of  CRC[12,13]. Cross-sectional 
studies have shown that there is a higher rate of  ACF in 
subjects with CRC and adenoma compared with those 
with normal colons[5,14,15]. Because of  the epidemiologic 
and genetic association of  ACF with colorectal neoplasia, 
ACF are a potential biomarker for CRC. Therefore, some 
chemopreventive studies were reported using ACF as a 
surrogate marker[16-24]. Natural history of  human ACF 
was reported, however there was no significant change in 
number of  ACF at one year observation[25]. ACF are small 
lesions and it is possible that the biopsy forceps missed 
or overwhelmed the lesion. More importantly, because 
of  issues in biopsy orientation and the small number of  
crypts affected in comparison with the biopsy sample, 
pathologic diagnosis may not be reliable. Assessment 
of  molecular abnormalities in histologically confirmed 

ACF and in endoscopically suspected ACF that are not 
pathologically confirmed will be an additional means of  
assessing the validity of  the endoscopic classification of  
an ACF. Some studies measuring ACF by magnification 
chromoendoscopy found a high degree of  association 
between the number of  rectal ACF and the presence of  
synchronous adenomas and adenocarcinomas[26]. In this 
study, we demonstrated a correlation between the num-
ber of  ACF 0-3 and over 3 in maximum size of  adenoma 
at year 1. The meaning of  the number of  ACF is not elu-
cidated, however the number of  ACF may be a predictive 
factor of  relatively large adenoma incidence in the pilot 
phase study.

COMMENTS
Background
Colorectal cancer (CRC) has high mortality and morbidity rates, and its preva-
lence has been increasing. The development from normal colonic epithelium 
to small adenomas is little understood. In experimental models of colonic car-
cinogenesis, aberrant crypt foci (ACF) are the earliest detectable abnormality 
and precede adenomas. In humans, ACF can be detected using magnifying 
colonoscopy.
Research frontiers
Recent advances in magnification chromoendoscopy now allow these lesions to 
be identified in vivo and their natural history ascertained. It would be very use-
ful, to clarify the relationship of ACF incidence to established risks for colorectal 
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Table 1  Clinical characteristics of study participants at year 0

Number of ACF P  value

Total 0-3 > 3

No. of subjects 89 41 48
Age (yr)   63.4 ± 11.1   62.6 ± 12.9 64.1 ± 9.5 0.52
Gender (male:female) 61:28:00 28:14:00 33:15:00
Waist Circumference (cm)   85.9 ± 11.5 84.7 ± 8.1   86.7 ± 13.6 0.57
BMI (kg/m2) 23.2 ± 3.1 22.6 ± 2.3 23.8 ± 3.6 0.09
Total cholesterol (mg/dL) 210.7 ± 34.9 208.7 ± 32.6 212.2 ± 36.9 0.69
Triglyceride (mg/dL) 146.2 ± 77.1 125.9 ± 64.1 161.5 ± 83.2 0.06
Hemoglobin A1c (%)   5.9 ± 1.3   5.6 ± 1.2   6.2 ± 1.4 0.13
TFA (cm2) 198.9 ± 95.2 177.0 ± 55.6   215.5 ± 115.2 0.19
VFA (cm2)   90.4 ± 53.5   75.6 ± 41.1 101.6 ± 59.7 0.11
SFA (cm2) 108.5 ± 58.1 101.4 ± 45.7 113.9 ± 66.4 0.49

Data are expressed as mean ± SD. ACF: Aberrant crypt foci; BMI: Body mass index; VFA: Visceral fat area; SFA: 
Subcutaneous fat area; TFA: Total fat area. 

Table 2  Endoscopic results of adenoma at year 0 and year 1

No. of aberrant crypt foci at year 0 0-3 > 3 0-3 vs  > 3

No. of subjects 41 48
No. of adenoma at year 0 1.4 ± 1.2 1.6 ± 1.8 0.71
Maximum size of adenoma at year 0 6.0 ± 4.6 6.3 ± 7.2 0.81
No. of adenoma at year 1 1.0 ± 1.0 1.5 ± 1.4 0.08
Maximum size of adenoma at year 1 3.5 ± 3.5 5.5 ± 5.8  0.031

Data are expressed as mean ± SD. 1P < 0.05.

Figure 1  Typical features of aberrant crypt foci on magnifying colonos-
copy. 
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tumors.
Innovations and breakthroughs
The authors have reported the relation between number of ACF and visceral fat 
obesity, however the relation that human ACF and formation of colorectal polyp 
was unclear.
Applications
In this study, human ACF in the lower rectum were assessed and subjects 
returned 1 year later to evaluate the natural history of the lesions. Herein, the 
authors wanted to determine the adenoma incidence over a 1-year period after 
polypectomy.
Terminology
The meaning of human ACF is still unclear, however may be a surrogate mark-
er of colorectal carcinogenesis. Therefore it is hoped that human ACF will be a 
surrogate marker of chemopreventive trials.
Peer review
The authors described the relationship of ACF with adenoma. In this study, the 
authors found maximum size of adenoma was larger in over 3 group than 0-3 
group at year 1. It is a novel knowledge and nice to know for gastroenterologist. 
The authors reviewed their results by relevant high-integrity references. This 
report is a very interesting study and includes a novel finding. Furthermore, 
authors described and reviewed well. 
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Abstract
AIM: To investigate the feasibility and safety of the 
treatment of an upper gastrointestinal (GI) submucosal 
tumor with endoscopic submucosal dissection (ESD). 

METHODS: A total of 20 patients with esophageal and 
gastric submucosal tumors emerged from the muscular 
layer identified by endoscopic ultrasonography were 
collected from January 2009 to June 2010. Extramural 
or dumbbell-like lesions were excluded by an enhanced 
computerized tomography (CT) scan. All patients had 
intravenous anesthesia with propofol and then under-
went the ESD procedure to resect these submucosal 
tumors. The incision was closed by clips as much as 
possible to decrease complications, such as bleeding or 
perforation, after resection of the tumor. All the speci-
mens were collected and evaluated by hematoxylin, 
eosin and immunohistochemical staining, with antibod-
ies against CD117, CD34, desmin, α-smooth muscle 
actin and vimentin to identify the characteristics of the 

tumors. Fletch’s criteria was used to evaluate the risk 
of gastrointestinal stromal tumors (GISTs). All patients 
underwent a follow-up endoscopy at 3, 6 and 12 mo 
and CT scan at 6 and 12 mo.

RESULTS: The study group consisted of 5 men and 
15 women aged 45-73 years, with a mean age of 60.2 
years. Three tumors were located in the esophagus, 9 
in the gastric corpus, 4 in the gastric fundus, 3 lesions 
in the gastric antrum and 1 in the gastric angulus. 
Apart from the one case in the gastric angulus which 
was abandoned due to being deeply located in the 
serosa, 94.7% (18/19) achieved complete gross dissec-
tion by ESD with operation duration of 60.52 ± 30.32 
min. The average maximum diameter of tumor was 
14.8 ± 7.6 mm, with a range of 6 to 30 mm, and an-
other lesion was ligated by an endoscopic ligator after 
most of the lesion was dissected. After pathological and 
immunohistochemical analysis, 12 tumors were identi-
fied as a GI stromal tumor and 6 were leiomyoma. Mi-
totic count of all 12 GIST lesions was fewer than 5 per 
50 HPF and all lesions were at very low (9/12, 75.0%) 
or low risk (3/12, 25.0%) according to Fletch’s criteria. 
Procedure complications mainly included perforation 
and GI bleeding; perforation occurred in 1 patient and 
conservative treatment succeeded by a suturing clip 
and no post-operative GI bleeding occurred. All patients 
were followed up for 6.5 ± 1.8 mo (range, 3-12 mo) 
by endoscopy and abdominal CT. Local recurrence and 
metastasis did not occur in any patient.

CONCLUSION: ESD shows promise as a safe and fea-
sible technique to resect esophageal and gastric sub-
mucosal tumors and the incidence of complications was 
very low. Clinical studies with more subjects and longer 
follow-up are needed to confirm its treatment value. 
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INTRODUCTION
Gastrointestinal stromal tumors (GIST) are the most 
common submucosal tumor in the gastrointestinal (GI) 
tract, accounting for 80% of  GI mesenchymal neoplasms, 
although they are rare, representing only 0.1% to 3% of  
all GI malignancies[1,2]. It is estimated that there are about 
5000 new cases per year in the United States[3]. As more 
of  these lesions are found by virtue of  the greater avail-
ability of  endoscopy, a strategy to manage these lesions 
will need to be developed. 

GISTs show a wide variety of  clinical behavior, from 
benign to frankly malignant, and outcome in individual 
patients remains difficult to predict[4]. Important param-
eters of  malignancy and prognosis are thought to include 
tumor size, mitotic index, necrosis, cellularity and prolif-
erative index[5,6]. However, these parameters need en bloc 
specimens and limit their utility in screening and follow-
up. To date, total surgical resection still constitutes the 
only standard treatment for non-metastatic GISTs[7,8] and 
a wide surgical margin is not necessary for total resection 
as long as the premise of  negative margins is respected in 
comparison with that of  other GI malignant tumors[3].

With more and more submucosal tumors smaller than 
2 cm being found, the management of  these lesions is 
a dilemma in clinic practice as they comprise a range of  
diverse diagnoses (GIST, leiomyoma, ectopic pancreas, 
neuroendocrine tumor and lipoma)[9]. The diagnosis of  
a GIST must always be investigated since every GIST 
is potentially malignant[10,11]. The recent rapid advances 
in endoscopic intervention therapy provide a potential 
method for en bloc resection of  GISTs. 

The aim of  our study is to investigate the clinical out-
comes of  endoscopic dissection of  small stromal tumors 
in the upper GI and evaluate the feasibility and safety of  
endoscopic dissection of  the smaller, low risk submuco-
sal stromal tumors.

MATERIALS AND METHODS
Patient characteristics 
From January 2009 to June 2010, all 20 patients diag-

nosed with submucosal tumors emerged from the mus-
cular layer by endoscopic ultrasound (EUS) underwent 
endoscopic dissection. Extramural or dumbbell-like 
lesions were excluded by enhanced computerized tomog-
raphy (CT) scan. Blood routine and prothrombin time 
were both normal. Nonsteroidal anti-inflammatory drugs 
such as aspirin and clopidogrel were discontinued on the 
third preoperative day. All participants signed informed 
consent before endoscopic dissection. 

Endoscopic submucosal dissection procedure
Prior to an endoscopic dissection, all lesions were ex-
amined with EUS (GF-UC240P-AL5, Olympus). All 
patients had intravenous anesthesia with propofol. En-
doscopic submucosal dissection (ESD) procedures were 
performed with the following steps. The margins of  the 
lesion were marked with electrocautery (40W soft coagu-
lation) to determine the resection border. A salt solution 
containing 0.005 mg/mL epinephrine and 0.1% indigo 
carmine was injected into the submucosa. After suf-
ficient lifting, a hook knife (KD 620LR, Olympus) was 
used to create a circumferential incision around the lesion 
extending into the submucosa. After the circumferential 
incision, a submucosal dissection with IT knife-2 (KD 
611L, Olympus) was made carefully by using the endocut 
mode of  electrosurgical accessories (ICC300; Erbe Co). 
To avoid bleeding, small vessels were coagulated directly 
by knives; large vessels with high bleeding risk were co-
agulated with hemostatic forceps (Olympus). The body 
of  the tumor was gradually exposed and bulged out when 
the incision was wide enough and the submucosal tumor 
was snared or continued to be dissected by the IT knife 
after complete exposure of  the root of  the tumor. After 
resection of  the tumor, the incision was closed by clips 
as much as possible to decrease complications, such as 
bleeding or perforation, and then the specimen was col-
lected with three-claw forceps or a stone basket. 

Immunohistochemical analysis 
Immunohistochemical staining with antibodies against 
CD117, CD34, desmin, α-smooth muscle actin (α-SMA) 
and vimentin was used to identify the tumors. Fletch’s 
criteria[12] was used to evaluate the risk of  GISTs.

Definitions and follow-up
All the specimens were evaluated by hematoxylin and 
eosin stain and immunohistochemistry. Complete gross dis-
section was defined as the removal of  the lesion with the 
complete capsule, the so-called margin of  the lesion was un-
available in the ESD procedure. Patients underwent follow-
up endoscopy at 3, 6 and 12 mo and CT scan at 6 and 12 
mo.

RESULTS
Patient characteristics
The series consisted of  5 men and 15 women aged 45-73 
years, with a mean age of  60.2 years. 19 patients (95%) 
underwent endoscopy because of  epigastric discomfort 
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or other dyspeptic symptoms and 1 patient with a 3 cm 
submucosal lesion presented with upper GI bleeding.

Outcomes of endoscopic dissection 
Almost all of  the patients underwent successful endo-
scopic dissection, except for one case in the gastric an-
gulus which was abandoned due to being deeply located 
in serosa. Operation duration was 60.52 ± 30.32 min and 
the average blood loss was estimated to be less than 50 
mL during operation. Furthermore, complete gross dis-
section was achieved in 94.7% (18/19) of  patients with-
out tumor rupture occurring. One lesion located in the 
antrum, 2.5 × 2.0 cm in size, was ligated by an Olympus 
HX-20-1 endoscopic ligator with a detachable “endoloop” 
after most of  the lesion was dissected due to conglutina-
tion with the muscularis propria and the lesion was found 
to have completely disappeared in the follow-up after 1 
mo (Figure 1). Perforation occurred in one case; the inci-
sion was sutured by metal clips (HX-610-090, Olympus), 
the gastric tube was detained for 3 d and then the patient 
discharged after 3 d without any complications. All pa-
tients were followed up for 6.5 ± 1.8 mo (range, 3-12 
mo) by endoscopy and abdominal CT; local recurrence 
and metastasis did not occur in any patient. 

Tumors characteristics and pathological results 
Three tumors were located in the esophagus (Figure 2), 9 
in the gastric corpus, 4 in the gastric fundus (Figure 3), 3 
lesions in the gastric antrum and 1 in the gastric angulus. 
The average size of  tumors was 14.8 ± 7.5 mm, with a 
range of  6 to 30 mm. Pathological and immunostain-
ing results showed that the 12 submucosal tumors were 

GISTs and were all located in stomach. 6 lesions were 
leiomyoma, of  which 3 lesions were located in esophagus 
and the others in the gastric fundus. All the results are 
shown in Table 1. The mitotic count of  12 GIST lesions 
was all fewer than 5 per 50 HPF and all lesions were at 
very low (9/12, 75.0%) or low risk (3/12, 25.0%) ac-
cording to Fletch’s criteria. Among the CD117-positive 
lesions, CD34 staining was positive in 91.7% (11/12) le-
sions, vimentin was positive in all lesions and SMA coex-
isted in 25.0% (3/12) lesions.  

DISCUSSION
Generally, all GISTs are considered to be potentially 
malignant whatever their size, small or large[13,14], and 
surgery remains the primary treatment for patients with 
resectable, localized GIST > 2 cm in size. For submuco-
sal tumors smaller than 2 cm in the upper GI tract, the 
management of  these lesions is difficult to handle and 
the diagnosis of  GIST always needs to be identified[15]. 
Although there are prognostic factors that can stratify 
GISTs according to their biological behavior, reports ex-
ist about the development of  metastasis, even in low risk 
lesions (lesions between 2 cm and 5 cm with fewer than 
5 mitoses/50HPF)[16,17], and this means that, if  a GIST is 
suspected, the lesion needs to be resected completely so 
as to allow risk stratification and reduce the likelihood of  
metastasis or tumor growth, even when it is small lesion. 
So, patients with very low or low risk GISTs face two 
choices: follow-up and bear a heavy psychological burden 
for a lifetime or undergo surgery. Most patients decline 
the follow-up option if  they know that there is a mini-
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Figure 1  Endoscopic submucosal dissection for submucosal tumor in the antrum. A: Lesion located in the gastric antrum; B: Circumferential incision of the 
lesion after submucosal injection; C, D: Dissection and exposure of the submucosal lesion; E: Ligation of the root of the lesion with a detachable endoloop; F: Endo-
scopic follow-up after 1 mo; the lesion disappeared. 
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mally invasive technology such as endoscopic resection. 
As for the endoscopic approach, endoscopic treat-

ment of  GISTs has been little reported for a long time 
but the role of  endoscopy has remained controversial 
owing to the increased risk of  procedure-related compli-
cations, such as bleeding, perforation or incomplete re-
section. The modality of  endoscopic treatment includes 

band ligation[18], polypectomy snare[19] and submucosal 
dissection[20-23]. The main defect of  band ligation is that 
sloughed specimens are not available for pathological 
confirmation and risk evaluation and direct polypectomy 
snare for submucosal tumor face a high risk of  perfo-
ration and bleeding. In 2010, Bai et al[22] reported that 
submucosal dissection technology for small GISTs < 2 
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Figure 2  Endoscopic submucosal dissection process for esophageal submucosal tumor. A: Esophageal submucosal tumor located in the median esophagus; B: 
The lesion was found in the muscularis propria by endoscopic ultrasonography; C, D: The lesion was exposed by dissection of a hook knife and gradually resected by 
an IT knife-2; E: After the tumor fell off, the cut oozing was stopped using metal clips; F: The lesion (2.0 cm × 1.0 cm) was completely resected with an intact envelope; G: 
After 2 wk follow-up, the incision disappeared and the wound surface looked smooth. 

D

CBA

E F

Figure 3  Gastrointestinal stromal tumors in the fundus were dissected by endoscopy. A: Submucosal tumor located in the fundus; B: The lesion was shown 
in the muscularis propria by endoscopic ultrasonography (EUS); C: White lesion was clearly identified, two clips were used to arrest bleeding from small submucosal 
vessel; D: The wound surface after dissection of the lesion; E: The dissected tumor (3.0 cm × 2.0 cm) with intact envelope; F: Pathological image of the resected gas-
trointestinal stromal tumors and calcification in the center of the lesion in accordance with EUS image. 
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cm in stomach is feasible with a 28% perforation rate, 
obviously higher than an overall 4% perforation in ESD 
for early gastric cancer. Marshall et al[24] thought that the 
high perforation rate in small GISTs dissection cannot 
be accepted for a very benign condition and the best ap-
proach would still be follow-up for small, low risk GISTs 
unless safer endoscopic technology becomes available. 
As for full-thickness resection, Zhou et al[23] reported the 
complete resection rate was 100% in 26 patients with 
a submucosal tumor at a single endoscopy center; no 
bleeding, peritonitis, abdominal abscess occurred after 
full-thickness resection and so this technique brought a 
promising approach to deep, even extramural lesions, but 
its feasibility needs large scale clinical trials to confirm 
and resolution of  a full-thickness suture technique might 
be pivotal for its application. 

In our case series, the overall removal rate for a sub-
mucosal tumor is 95% (19/20) without incidence of  
serious complications. Sufficiently lifting submucosal tis-
sue around the lesions and prophylactic hemostasis for 
small vessels are the key technology and blunt dissection 
by negative pressure suction using a transparent cap is 
a very helpful skill for facilitating and speeding up the 
procedure. The difficulty of  the procedure is changed 
by the location of  lesions. Lesions located in the fundus, 
especially adjacent to the cardiac orifice, are much more 
difficult to resect and the other difficult places include 
the posterior and lesser curvature in the corpus, the 
posterior wall of  the antrum and the angular notch. To 
avoid delayed perforation, we selected an endoloop to 
ligate the lesion after most of  lesion was dissected. The 
main complication (5%, 1/20) is perforation which oc-
curred in only one patient. The incidence of  perforation 
in our series is similar to that of  ESD for early gastric 
cancer. If  perforation occurs, endoscopic suture with a 
clip is the first-line choice and the case of  perforation in 
our study was rehabilitated successfully without surgery. 
In addition, we suggested that the size of  lesions for 
ESD is better not to exceed 3 cm, as lesions > 3 cm are 
very difficult to be taken out of  the esophageal upper 

orifice.
In our study, GISTs consisted of  66.7% (12/18) of  

submucosal lesion confirmed by histopathology; the 
others were leiomyoma (33.3%, 6/18). Esophageal leio-
myoma is the most common benign mesenchymal tumor, 
accounting for two-thirds of  esophageal benign tumors; 
esophageal leiomyomas less than 5 cm in size generally 
cause no symptoms[25]. For those larger than 5 cm, sur-
gery or a thoracoscopic operation is always preferentially 
considered[26,27]. Here, we have successfully resected 3 
cases of  esophageal leiomyoma emerged from the mus-
cularis propria by endoscopy without any complications, 
in which the maximum diameter is 2 cm. In fact, most 
of  small esophageal leiomyomas < 1 cm were located in 
the submucosal layer and we snared directly or resected 
these lesions by endoscopic mucosal resection (data not 
shown).

Follow-up in our patients ranged from 3 to 12 mo 
(mean, 6.5 ± 1.8 mo), during which no recurrence was 
observed in any patient by endoscopy or EUS. However, 
judgment of  complete resection of  GISTs seems to be a 
little premature because of  the limited cases and relatively 
short follow-up duration. The superiority of  endoscopic 
dissection is en bloc removal of  entire tumors just like sur-
gical resection but surgery can provide a margin of  nor-
mal tissue to make a clear pathological diagnosis regard-
ing complete removal of  the lesion. Fortunately, a wide 
margin of  normal tissue is not needed in GIST resection, 
so we can perform endoscopic treatment on GISTs. Ac-
cording to suggested guidelines for accessing malignant 
potential of  GISTs, small GISTs ≤ 3 cm are considered 
to have a low risk of  malignant potential. We recommend 
that every patient should have close follow-up after endo-
scopic treatment and it is always beneficial for patients to 
understand the need for long-term follow-up. 

In conclusion, ESD for submucosal tumors shows 
promise as a relatively safe and feasible technique to treat 
small submucosal tumors ≤ 3 cm in the upper GI tract. 
In our pilot study, ESD allowed complete resection of  
lesions, definitive diagnosis and risk stratification for 
GISTs without serious procedure-related complications. 
However, further clinical trials involving many more sub-
jects and a longer period of  follow-up are needed. 

COMMENTS
Background
Gastrointestinal stromal tumors (GISTs) are the most common submucosal 
tumors with potential malignancy in the upper gastrointestinal (GI) tract, no mat-
ter if their size is small or large, and it is difficult to predict their properties. Total 
surgical resection remains the mainstay of treatment for non-metastatic GISTs. 
The recent rapid advances in endoscopic techniques, such as endoscopic sub-
mucosal dissection (ESD), provide potential alternative therapeutical methods. 
However, the feasibility and safety of ESD for GISTs need further clinical evalu-
ation.
Research frontiers
The role of endoscopy for treatment of GISTs has remained controversial be-
cause of the risk of procedure-related complications and incomplete resection. 
However, as a wide negative margin is not needed for GISTs resection, endo-
scopic management for GISTs is still worth exploring, especially for GISTs no 
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Table 1  Characteristics of submucosal tumors in our case 
study  n (%)

Tumor size  
   < 1 cm 10 (50)
   1-2 cm   6 (30)
   2-3 cm   4 (20)
Tumor location  
   Esophagus   3 (15)
Stomach  
Fundus   4 (20)
Body   9 (45)
   Antrum   3 (15)
   Angulus   1 (5)
Pathological results  
   Leiomyoma   6 (33)
   GIST 12 (67)

GIST: Gastrointestinal stromal tumors. 
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more than 2 cm.
Innovations and breakthroughs
In the previous studies of ESD for submucosal tumors, a high perforation rate 
was unacceptable for a relative benign condition and the so-called initiative 
perforation full-thickness resection for GISTs needed further clinical evaluation 
unless a safer full-thickness suture was developed. The results showed that 
ESD for small submucosal tumors in the upper GI tract was a relatively safe 
and feasible optional treatment besides surgery, but endoscopic ultrasonog-
raphy should be carried out to evaluate the depth and origin of lesions before 
endoscopic treatment which would help to avoid unnecessary perforation.
Applications
The results suggest that the ESD technique for small submucosal tumors 
emerged from submucosal or muscularis propria layer in the upper GI tract is 
safe and has clinical benefits, such as diagnostic value and a decrease of psy-
chological burden for patients. 
Peer review
In this manuscript, the authors described how they obtained the complete re-
section of submucosal tumors under 3 cm in the upper GI tract and they provide 
a full account of what is necessary to resect the lesions.
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Case of obscure-overt gastrointestinal bleeding after 
pediatric liver transplantation explained by endoscopic 
ultrasound
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Abstract
Portal hypertension, which is a common finding in chil-
dren awaiting liver transplantation, is also found after 
transplantation. It’s reported the case of a 6-year-old 
girl, transplanted for biliary atresia, who had a severe 
obscure-overt bleeding presenting with melena. An 
esophagogastroduodenoscopy showed several duode-
nal small, bulging lesions, with some red signs. Near 
the lesions, a depressed area of 2 cm, covered with 
mixed hyperemic and white mucosa, was observed. To 
better evaluate these lesions, we performed an endo-
scopic ultrasonography (EUS) that showed multiple, 
round hypoechoic areas 0.5-5 mm in diameter, compat-
ible with duodenal varices, and several periduodenal 
anechoic lesions compatible with collaterals. A consecu-
tive computed tomography scan showed a stenosis of 

the portal vein anastomosis confirmed with a transhe-
patic portography, which was successfully treated with 
balloon angioplasty. No further episodes of bleeding 
were observed during the follow-up. This case report 
suggests that EUS is safe and feasible in young children 
when using echoendoscopes designed for use in adults. 
However further studies are needed to validate the 
employment of this technique in the management and 
follow-up of pediatric portal hypertension.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Biliary atresia (BA) is a common cause of  neonatal cho-
lestasis, with an approximate incidence of  1:10  000-15  000 
live births[1]. Liver transplantation (LT) has become an 
important option for providing excellent long-term 
survival for patients with BA[2]. However, after LT, vas-
cular[3] and biliary complications[4,5] can occur, and these 
are associated with increased morbidity and mortality. 
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Portal hypertension (PH)[6], which is a common finding 
in children awaiting liver transplantation, is also found 
after transplantation[7]. A diagnosis of  PH can routinely 
be made by upper gastrointestinal endoscopy. Moreover, 
in recent years, endoscopic ultrasonography (EUS) has 
become a complementary modality for the diagnosis and 
treatment of  this condition.

Very little data on PH in infants are available, especial-
ly for routine EUS applications in these young patients[8].

We report the case of  a 6-year-old girl, transplanted 
for BA, who had a severe obscure-overt bleeding, in 
which EUS allowed us to diagnosis severe portal hyper-
tension, with ectopic varices, and to plan the successive 
diagnostic steps and the adequate treatment.

CASE REPORT
In June 2010, a 6-year-old girl was admitted to our insti-
tute because of  an episode of  melena with severe ane-
mia. She had been affected with BA at the age of  1 mo. 
Although she underwent a Kasai procedure at the age of  
2 mo, she developed cirrhosis, and at 8 mo underwent 
a cadaveric liver transplant, using an ABO-compatible, 
split-liver graft (segment Ⅱ-Ⅲ). The post transplant 
clinical course was complicated by an episode of  acute 
rejection, successfully treated with steroids. An anasto-
motic biliary stricture occurred in February 2010. It was 
successfully treated with percutaneous biliary catheter 
placement, and subsequent sessions of  cholangioplasty. 
The patient had been free of  the biliary catheter since 
June 2010. Doppler ultrasound (US) performed at 
follow-up found no abnormalities in the hepatic artery, 
hepatic veins or portal vein. No other adverse events oc-
curred until her episode of  melena. On admission, she 
was in stable general condition, and asymptomatic. Her 
physical examination was unremarkable, with an arterial 
pressure of  110/60 mmHg. Laboratory data showed 
hemoglobin 6 gr/dL (NV: 12-16 gr/dL); PLT 193.000 
× 103/μL (150-400 × 103/μL); MCV 76.70 (78-102 fL); 
total bilirubin 0.31 (0.10-1.10 mg/dL); direct bilirubin 
0.11 (0-0.30 mg/dL); aspartate aminotransferase 133 
(15-37 U/L); alanine aminotransaminase 203 (30-65 
U/L); alkaline phosphatase 362 (50-136 U/L); and glu-
tamyltransferase 48 (5-85 U/L). Two units of  blood 
were transfused and, in order to check the cause of  the 
anthemization, an esophagogastroduodenoscopy (EGD) 
was planned. Under deep sedation, the patient was 
monitored continuously with electrocardiography, pulse 
oximetry and automatic recording of  blood pressure and 
pulse. After introducing the scope into the esophagus, 
small varices, with no red signs, were seen in the lower 
third. The stomach was normal. There were no signs 
of  active bleeding. In the duodenum, at the bulb apex, 
several small, bulging lesions, with some red signs, were 
seen. Near the lesions, a depressed area of  2 cm, covered 
with mixed hyperemic and white mucosa, was observed 
(Figure 1A). To evaluate the nature of  these lesions, and 
using the same sedation, a 20 MHz miniprobe (Olympus 

Medical System Corp.) was inserted into the operative 
channel of  the endoscope. After filling the duodenal lu-
men with water, multiple, round hypoechoic areas 0.5-5 
mm in diameter, compatible with varices, were seen in 
correspondence to the endoscopically viewed lesions 
(Figure 1B).

In addition, the EUS showed several periduodenal 
anechoic lesions (Figure 1C), compatible with collaterals, 
and confirmed small varices in the esophagus. Because 
the EUS showed a picture of  portal hypertension with 
ectopic duodenal varices, despite the normal Doppler 
US findings, a computed tomography scan was done, 
and showed a stenosis of  the portal vein anastomosis. 
The false-negative finding of  the Doppler US was likely 
related to the deep position of  the anastomosis, which 
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Figure 1  Lesions in the duodenum. A: Depressed area of 2 cm, covered with 
mixed hyperemic and white mucosa, seen at EGDS; B: Round hypo-anechoic 
areas of 5 mm in diameter, compatible with vascular structures (varices), in the 
duodenal mucosa; C: Periduodenal anechoic lesions compatible with collater-
als.



was covered by bowel loops. A transhepatic portography 
was done the day after, showing multiple periduodenal 
varices and confirming the anastomotic stricture, which 
was successfully treated with balloon angioplasty (Figure 
2). Over the following days, the patient remained hemo-
dynamically stable, with no further episodes of  bleeding. 
Two weeks later, at EGD and EUS control, no duodenal 
varices were found (Figure 3A and B).

DISCUSSION
Endoscopic ultrasonography has recently emerged as 
an accurate, non-invasive and reproducible technique, 
and is more sensitive than endoscopy in the diagnosis of  
gastric varices[9]. Dilated venous abnormalities outside 
the gastroesophageal lumen, which cannot be diagnosed 
by endoscopy, are readily visible with endoscopic ultra-
sonography or miniature probes. However, this method 
has yet to become a routine examination among the di-
agnostic and therapeutic examinations in the setting of  
portal hypertension[10]. As for the application of  EUS in 
pediatric patients[11], several reports have been published, 
though with few indications regarding the use of  radial 
endoscopic probes in pancreatobiliary disorders, gastro-
intestinal tumors and portal hypertension[12]. As a result, 
there are few data on the use of  ultrasonographic mini-
probes for studying vascular abnormalities in pediatric 
portal hypertension. In our case, the patient developed 
varices 4 years after liver transplant, and we were able to 
confirm the presence of  ectopic duodenal varices, which 
can account for up to 5% of  variceal hemorrhages[8]. We 
used a 20 MHz miniprobe, which was introduced into the 
operative channel of  the endoscope. The ultrasonogra-
phy procedure with miniprobes is safe, non-invasive and 
does not require preparation. In addition, we can do both 
gastroscopy and endoscopic ultrasonography using the 
same sedation and without changing the instrument. The 
easiness and the quickness of  this combined approach 
allowed us to identify severe portal hypertension despite 
the endoscopic appearance, and also to plan the succes-
sive diagnostic and therapeutic steps. Unfortunately, de-
spite the advantages of  EUS, its use in pediatric patients 

is very limited because of  the presumptive limitations in-
herent in the size of  EUS equipment and accessories, the 
need for an anesthesiologist in the endoscopic room, and 
the lack of  highly trained and experienced endosonogra-
phers for pediatric patients[13]. This case report suggests 
that EUS is safe and feasible in young children when us-
ing echoendoscopes designed for use in adults. Further 
studies are needed to validate the employment of  this 
technique in the management and follow-up of  pediatric 
portal hypertension.
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Figure 2  Transhepatic portography showing a severe anastomotic steno-
sis (arrow), and filling of multiple periduodenal varices (arrow head). 
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Figure 3  Normal endoscopic appearance of the bulb (A) and normal 
stratification of the duodenal layers (B).
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Abstract
Whipple’s disease is a rare chronic systemic infection 
determined by the Gram-positive bacillus Tropheryma 
whipplei . The infection usually mainly involves the small 
bowel, but sometimes other organs are affected as well. 
Since the current standard clinical and biological tests 
are nonspecific, diagnosis is very difficult and relies on 
histopathology. Here we present the case of a 52-year-
old man with chronic diarrhea and weight loss whose 
symptoms had been evolving for 2 years and whose 
diagnosis came unexpectedly after capsule examination. 
Diagnosis was confirmed by the histopathologic exami-
nation of endoscopic biopsy samples, and treatment 
with co-trimoxazole resulted in remission of symptoms. 
We present the first images of Whipple’s disease ob-
tained with the Pillcam Colon 2 video capsule system.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Whipple’s disease is a rare chronic systemic infection deter-
mined by the Gram-positive bacillus Tropheryma whipplei. 
The infection usually mainly involves the small bowel, 
but sometimes other organs are affected as well. Since 
the current standard clinical and biological tests are non-
specific, diagnosis is very difficult and relies on histopa-
thology.

CASE REPORT
A 52-year-old man presented in our department with 
chronic diarrhea: 6-10 watery stools/d without mucus 
or blood, low fever (37-38  ℃), and progressive asthenia. 
Stools were exclusively diurnal, described as “sticky”, 
with no visible blood.

 Symptoms started 2 years before, but since then the 
patient had lost 15 kg, despite his appetite being preserved. 
He denied drinking alcohol or smoking and didn’t have 
a significant personal or familial medical history. The 
patient was repeatedly evaluated in infectious diseases 
departments, but all the stool cultures (Shigella, Salmonella, 
enteropathogenic or enterotoxigenic Escherichia coli, and 
Campylobacter jejuni) were negative. Since the stools were 
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found several times to be positive for Giardia lamblia, the 
patient underwent several rounds of  metronidazole, but 
to no clinical improvement. Hyperthyroidism and celiac 
disease were excluded. Multiple gastroscopies found no le-
sions, except some diffuse white small deposits in D2 (but 
no anomalies on histopathology). The patient underwent 
3 subtotal colonoscopies, which were described as normal.

In addition to antiparasitic drugs, he received antidi-
arrheals and spasmolytics, with partial, albeit temporary, 
symptom alleviation. Clinical examination showed the pa-
tient to be in a poor state: he was pale, underweight (body 
mass index 20.1), had a body temperature of  37.5  ℃, and 
suffered diffuse pain and increased bowel sounds at ab-
dominal palpation; discrete peripheral edema, and pulmo-
nary and cardiovascular examinations were normal. No 
enlarged lymph nodes, skin lesions, or signs of  articular 
involvement were noticed.

The only laboratory anomalies found at this time were 
a mild hyposideremic anemia (hemoglobin 9.12 g/dL, 
hematocrit 29%, serum iron 10 µg/dL), with hypoalbu-
minemia (2.9 g/dL), and an inflammatory syndrome [(C-
reactive protein (CRP) 84.7 mg/L], suggesting a lesion of  
the absorptive epithelium. 

Because the patient refused a new colonoscopy, we 
used the new Pillcam Colon 2 video capsule from given 
imaging. There were no anomalies in the esophagus, stom-

ach, or first part of  the duodenum, but a “salt and pepper” 
aspect of  the entire small bowel, ending at the ileocecal 
valve, was noticed. This aspect was due to a myriad of  1-2 
mm white deposits (suggesting small intraepithelial ab-
scesses) covering the mucosa (Figure 1). An upper endos-
copy and ileocolonoscopy were performed, and multiple 
biopsies were taken from the small bowel mucosa.

In the pathology lab, after paraffin embedding, the 
tissue samples were sectioned in 3 µm slices. The slides 
were then stained with hematoxylin and eosin (HE) and 
Periodic Acid Schiff  (PAS). The HE stain showed: small 
intestinal mucosa with flattened villi, expanded by a dense 
infiltrate of  foamy macrophages with finely granular eo-
sinophilic cytoplasm, and moderate neutrophilic infiltrate 
in the lamina propria (Figures 2, 3 and 4). PAS coloration: 
showed foamy macrophages with frequent PAS-positive 
bacilli in the cytoplasm, which was suggestive for Tro-
pheryma whipplei (Figure 5).

Given the lack of  signs of  neurologic involvement, 
we started oral co-trimoxazole (800/160 mg/d). Ten 
days later, the patient’s general condition improved, with 
an increase in appetite, and a slight reduction in bowel 
movements (4-5/d) and in CRP (51 mg/L). The patient 
was re-examined every 2 wk. His appetite continued to 
increase and, by the end of  the second month of  therapy, 
he had gained 7 kg in weight. The number of  stools 
decreased to 2-3/d, the CRP fell to 19 mg/dL and his 
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Figure 1  Video capsule examination showing small, white, diffuse deposits, covering all the small bowel mucosa (A and B). The villi are present and edema-
tous.

BA

Figure 2  Whipple’s disease, small intestine with flattened villi, expanded 
by a dense infiltrate of foamy macrophages (hematoxylin and eosin, 4 x). 
Mall bowel mucosa; the villi are present and edematous.

Figure 3  Whipple’ disease-small intestine with polymorphonuclear and 
foamy macrophages (hematoxylin and eosin, 20 x). 



temperature returned to normal; we chose not to admin-
ister martial therapy for fear of  an iron-induced change 
in bowel transit, and to allow a spontaneous increase in 
hemoglobin as a sign of  recovering intestinal absorptive 
functions; indeed there was a 1.1 g/dL increase in hemo-
globin at 2 mo. We plan to continue the same treatment 
and to recheck the endoscopic aspect in 6 mo. 

DISCUSSION
Whipple described for the first time[1] in 1907 this chron-
ic, systemic infection, caused by a Gram-positive bacillus. 
Although the existence of  an infectious organism was 
postulated by Whipple himself, it took 85 years to com-
pletely characterize the bacteria by amplification of  the 
genetic material[2], and another 5 years to isolate it[3]. It 
was named Tropheryma whipplei (T. whippelii) and included 
in the same order (Actinomycetales) as the Actinomyces 
genus. The analysis of  its genome and the lack of  some 
essential biosynthetic equipment[4] suggest an intracellular 
parasite.

 Whipple’s disease is very rare; according to a recent 
review[5], only about 1000 cases have been documented 
worldwide, mostly in middle-age Caucasian farmers or in 
those working with soil. The bacillus is present in sewage 
water and in the soil[6], and the majority of  infected hu-
mans are healthy carriers who do not develop the disease, 
pointing toward an underlying genetic predisposition. A 
particular human leukocyte antigen profile and defects 
in the cell-mediated immune response predispose to the 
classical form of  the disease, manifesting as diarrhea, 
malabsorption, weight loss, arthritis or arthralgia, fever, 
lymphadenopathy, abdominal pain, and neurological 
signs. The central nervous system (CNS) involvement is 
the most serious manifestation of  the disease, and occurs 
in up to 43% of  cases[7]: headache, cognitive dysfunctions, 
and disturbances of  the ocular movement, in particular 
progressive supranuclear ophthalmoplegia in conjunction 
with oculomasticatory myorhythmia, which are consid-
ered pathognomonic[8]. Rarely, focal signs may be present 
or the CNS[9] or joint involvement may be the sole sign 
of  disease. Recently, other clinical entities caused by this 
bacterium have been recognized; acute self-limited diar-

rhea or the isolated endocarditis. 
The rarity of  the disease and the lack of  specificity of  

the clinico-biologic picture make diagnosis very difficult. 
Confirmation is obtained by finding PAS-positive material 
(phagocytized bacilli) inside the macrophages from muco-
sal biopsies by immunohistochemistry, by the identifica-
tion of  T. whipplei in electronic microscopy or through the 
identification of  bacterial DNA with polymerase chain 
reaction; all tests have a similar sensitivity. We are awaiting 
novel diagnostic methods; serologic diagnosis is hampered 
by the reduced reactivity in patients with Whipple’s disease 
compared with asymptomatic carriers[10]. 

Colon capsule endoscopy (CCE) represents a nonin-
vasive technology that allows visualization of  the colon 
without requiring sedation and air insufflation. CCE may 
be a means to overcome the low adherence to colonos-
copy in colorectal cancer screening[11].

 A second-generation CCE system (PillCam Colon 2; 
CCE-2) was developed to increase sensitivity for colorec-
tal polyp detection compared with the first-generation 
system. The PillCam Colon 2 (31 mm × 11 mm) has 
some new features: the angle of  view has been widened 
from 154° to 172° for each camera, thus offering a pan-
oramic view, and the data recorder was revolutionized (it 
recognize the location of  the capsule and its speed, and 
permits an adaptive frame rate of  4-35 images/s). The 
rapid software was upgraded substantially.

 In a French study on 128 patients, CCE seemed to be 
effective in detecting clinically significant colonic findings 
in patients with an indication of  colonoscopy with a high 
negative predictive value and an excellent tolerance[12].

 The results were confirmed in a European multi-
center study where CCE-2 appeared to have a high sen-
sitivity for the detection of  clinically relevant polypoid 
lesions. The authors concluded that CCE might be con-
sidered an adequate tool for colorectal imaging[13].

 In 2010 our team won the ESGE given grant at the 
United European Gastroenterology Week, with a project 
on the use of  Pillcam Colon 2 for the patients at risk of  
colorectal cancer (CRC) unwilling or unable to perform 
colonoscopy[14].

 Our patient had three incomplete colonoscopies in 
other units before, with failures due to technical difficul-
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Figure 4  Whipple’s disease-intestinal villi with foamy macrophages (he-
matoxylin and eosin, 40 x). 

Figure 5  Whipple’s disease-foamy macrophages with Periodic Acid Schiff 
positive bacilli in the cytoplasm (10 x). 
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ties and low tolerance of  the examination. He refused any 
new endoscopic examinations, but when we decided to 
propose the use of  Pillcam Colon 2 the patient agreed. 
The aspect of  1-2 mm white deposits (suggesting small 
intraepithelial abscesses) covering the mucosa confirmed 
our suspicion of  a small bowel disease, and convinced the 
patient to perform the more “aggressive” investigations, 
and thus allowed the biopsies and the histologic confirma-
tion of  Whipple’s disease. This is a fine example of  the 
increasing compliance to an examination using CCE. It 
acceptability is growing globally, not only in CRC screen-
ing, but also in many uncommon diseases, as it is patient-
friendly. Its use in the pediatric population is well ac-
cepted. Previous descriptions of  Whipple’s disease using 
SB were made by different team’s capsules[15,16]. Capsule 
endoscopy was also used as a monitoring tool to observe 
mucosal healing after antibiotic therapy[17], but this is the 
first description, to our knowledge, of  Whipple’s disease 
using the new Pillcam Colon 2 video capsule system. 

Before the antibiotic era, Whipple’s disease was al-
ways lethal, most frequently due to severe malabsorption. 
Tetracycline, a preferred drug, like many other antibiotics 
active against T. whipplei, does not cross the blood-brain 
barrier, and was associated with a high rate of  relapse 
inside the central nervous system; that is why today it is 
recommended to use an antibiotic with good penetration 
into the brain (e.g., co-trimoxazole; in fact only the sulfa-
methoxazole component is active). A recent randomized 
trial[18] found the superiority of  an induction treatment 
with intravenous ceftriaxone or meropenem associated 
with oral co-trimoxazole for 12 mo over the classical 12 
mo of  oral co-trimoxazole alone. Oral therapy alone has 
been advocated for those cases without proof  of  neuro-
logic involvement[19]. However, other trials searching for 
the best regimen are in progress. Recovery is usually com-
plete, but sometimes the neurologic lesions are irrevers-
ible. Relapses should be treated with an alternative regi-
men, always including antibiotics with good penetration 
into the brain (e.g., penicillin G, chloramphenicol, and 
carbapenems). Proof  of  cure is based on clinical grounds 
(usually the diarrhea and malabsorption improve in 
weeks), with polymerase chain reaction (which is quickly 
negated after efficient therapy), and on repeat endoscopy 
with biopsies (with the endoscopic changes disappearing 
in weeks, although the histological aspect may persist for 
several years[18]). 

In conclusion, Whipple’s disease is a rare bacterial in-
fectious disease affecting the gasterointestinal tract which 
has previously been diagnosed by capsule endoscopy. This 
may be the first published report with Pillcam Colon 2, 
which is a new and exciting noninvasive diagnostic tech-
nique. 
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Dusseldorf, Germany

February 24-27, 2012
Canadian Digestive Diseases Week 
2012
Montreal, Canada

March 1-3, 2012
International Conference on 
Nutrition and Growth 2012
Paris, France

March 7-10, 2012
Society of American Gastrointestinal 
and Endoscopic Surgeons Annual 

Meeting 
San Diego, CA 92121, United States

March 12-14, 2012
World Congress on 
Gastroenterology and Urology
Omaha, NE 68197, United States

March 30-April 2, 2012
Mayo Clinic Gastroenterology and 
Hepatology 
San Antonio, TX 78249, 
United States

March 31-April 1, 2012
5th Annual Endoscopy Directors 
Meeting Endoscopy Unit 
Management in the 21st Century: 
Issues, Solutions, and Plans for the 
Future 
Washington, DC 20057, United 
States

April 8-10, 2012
9th International Symposium on 
Functional GI Disorders
Milwaukee, WI 53202, United States

April 15-17, 2012
European Multidisciplinary 
Colorectal Cancer Congress 2012
Prague, Czech

April 19-21, 2012 
Internal Medicine 2012 
New Orleans, LA 70166, 
United States 

April 20-22, 2012
Diffuse Small Bowel and Liver 

Diseases
Melbourne, Australia

April 22-24, 2012
EUROSON 2012 EFSUMB Annual 
Meeting
Madrid, Spain

April 28, 2012 
Issues in Pediatric Oncology
Kiev, Ukraine 

May 3-5, 2012
9th Congress of The Jordanian 
Society of Gastroenterology
Amman, Jordan

May 7-10, 2012
Digestive Diseases Week 
Chicago, IL 60601, United States

May 17-21, 2012
2012 ASCRS Annual Meeting-
American Society of Colon and 
Rectal Surgeons 
Hollywood, FL 1300, United States

May 18-23, 2012
SGNA: Society of Gastroenterology 
Nurses and Associates Annual 
Course 
Phoenix, AZ 85001, United States 

May 19-22, 2012
2012-Digestive Disease Week
San Diego, CA 92121, United States

June 18-21, 2012
Pancreatic Cancer: Progress and 
Challenges 

Lake Tahoe, NV 89101, United States

September 8-9, 2012
New Advances in Inflammatory 
Bowel Disease 
La Jolla, CA 92093, United States 

September 8-9, 2012
Florida Gastroenterologic Society 
2012 Annual Meeting 
Boca Raton, FL 33498, United States

September 15-16, 2012 
Current Problems of 
Gastroenterology and Abdominal 
Surgery
Kiev, Ukraine 

October 4-6, 2012
EURO-NOTES 2012: NOTES and 
Advanced Interventional Endoscopy 
Prague, Czech Republic

October 19-24, 2012
American College of 
Gastroenterology 77th Annual 
Scientific Meeting and Postgraduate 
Course 
Las Vegas, NV 89085, United States

November 3-4, 2012
Modern Technologies in 
Diagnosis and Treatment of 
Gastroenterological Patients
Dnepropetrovsk, Ukraine

December 1-4, 2012
Advances in Inflammatory Bowel 
Diseases
Hollywood, FL 33028, United States
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GENERAL INFORMATION
World Journal of  Gastrointestinal Endoscopy (World J Gastrointest Endosc, 
WJGE, online ISSN 1948-5190, DOI: 10.4253), is a monthly, 
open-access (OA), peer-reviewed online journal supported by an 
editorial board of  400 experts in gastrointestinal endoscopy from 
45 countries.

The biggest advantage of  the OA model is that it provides free, 
full-text articles in PDF and other formats for experts and the public 
without registration, which eliminates the obstacle that traditional 
journals possess and usually delays the speed of  the propagation and 
communication of  scientific research results. 

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  a 
country, a university, a center, a department, and even a scientist, and 
build an important bridge for communication between scientists and 
the public. As we all know, the significance of  the publication of  
scientific articles lies not only in disseminating and communicating 
innovative scientific achievements and academic views, as well as 
promoting the application of  scientific achievements, but also in 
formally recognizing the “priority” and “copyright” of  innovative 
achievements published, as well as evaluating research performance 
and academic levels. So, to realize these desired attributes of  WJGE 
and create a well-recognized journal, the following four types of  
personal benefits should be maximized. The maximization of  perso­
nal benefits refers to the pursuit of  the maximum personal benefits 
in a well-considered optimal manner without violation of  the laws, 
ethical rules and the benefits of  others. (1) Maximization of  the 
benefits of  editorial board members: The primary task of  editorial 
board members is to give a peer review of  an unpublished scientific 
article via online office system to evaluate its innovativeness, scien­
tific and practical values and determine whether it should be publi­
shed or not. During peer review, editorial board members can also 
obtain cutting-edge information in that field at first hand. As leaders 
in their field, they have priority to be invited to write articles and 
publish commentary articles. We will put peer reviewers’ names 
and affiliations along with the article they reviewed in the journal to 
acknowledge their contribution; (2) Maximization of  the benefits 
of  authors: Since WJGE is an OA journal, readers around the world 
can immediately download and read, free of  charge, high-quality, 
peer-reviewed articles from WJGE official website, thereby realizing 
the goals and significance of  the communication between authors 
and peers as well as public reading; (3) Maximization of  the benefits 
of  readers: Readers can read or use, free of  charge, high-quality 
peer-reviewed articles without any limits, and cite the arguments, 
viewpoints, concepts, theories, methods, results, conclusion or facts 
and data of  pertinent literature so as to validate the innovativeness, 
scientific and practical values of  their own research achievements, 
thus ensuring that their articles have novel arguments or viewpoints, 
solid evidence and correct conclusion; and (4) Maximization of  the 
benefits of  employees: It is an iron law that a first-class journal is 
unable to exist without first-class editors, and only first-class editors 
can create a first-class academic journal. We insist on strengthening 
our team cultivation and construction so that every employee, in 
an open, fair and transparent environment, could contribute their 
wisdom to edit and publish high-quality articles, thereby realizing the 
maximization of  the personal benefits of  editorial board members, 
authors and readers, and yielding the greatest social and economic 
benefits.

Aims and scope
The major task of  WJGE is to report rapidly the most recent re
sults in basic and clinical research on gastrointestinal endoscopy 
including: gastroscopy, intestinal endoscopy, colonoscopy, capsule 
endoscopy, laparoscopy, interventional diagnosis and therapy, as 
well as advances in technology. Emphasis is placed on the clini
cal practice of  treating gastrointestinal diseases with or under 
endoscopy. Papers on advances and application of  endoscopy-asso
ciated techniques, such as endoscopic ultrasonography, endoscopic 
retrograde cholangiopancreatography, endoscopic submucosal 
dissection and endoscopic balloon dilation are also welcome.

Columns
The columns in the issues of  WJGE will include: (1) Editorial: To 
introduce and comment on major advances and developments 
in the field; (2) Frontier: To review representative achievements, 
comment on the state of  current research, and propose directions 
for future research; (3) Topic Highlight: This column consists of  
three formats, including (A) 10 invited review articles on a hot 
topic, (B) a commentary on common issues of  this hot topic, and 
(C) a commentary on the 10 individual articles; (4) Observation: 
To update the development of  old and new questions, highlight 
unsolved problems, and provide strategies on how to solve the 
questions; (5) Guidelines for Basic Research: To provide guidelines 
for basic research; (6) Guidelines for Clinical Practice: To provide 
guidelines for clinical diagnosis and treatment; (7) Review: To 
review systemically progress and unresolved problems in the field, 
comment on the state of  current research, and make suggestions 
for future work; (8) Original Article: To report innovative and 
original findings in gastrointestinal endoscopy; (9) Brief  Article: To 
briefly report the novel and innovative findings in gastrointestinal 
endoscopy; (10) Case Report: To report a rare or typical case; 
(11) Letters to the Editor: To discuss and make reply to the con
tributions published in WJGE, or to introduce and comment on 
a controversial issue of  general interest; (12) Book Reviews: To 
introduce and comment on quality monographs of  gastrointestinal 
endoscopy; and (13) Guidelines: To introduce consensuses and 
guidelines reached by international and national academic authorities 
worldwide on basic research and clinical practice in gastrointestinal 
endoscopy.
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Beijing 100025, China
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of  Open Access Journals. 

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

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

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any 
potential bias, WJGE requires authors of  all papers to declare any 
competing commercial, personal, political, intellectual, or religious 
interests in relation to the submitted work. Referees are also asked to 
indicate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for 
serving as a speaker, a consultant and an advisory board member for 
[names of  organizations], and has received research funding from 
[names of  organization]. [Name of  individual] is an employee of  
[name of  organization]. [Name of  individual] owns stocks and shares 
in [name of  organization]. [Name of  individual] owns patent [patent 
identification and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 

informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, 
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should 
follow the highest standards and the trial should comform to Good 
Clinical Practice (for example, US Food and Drug Administration 
Good Clinical Practice in FDA-Regulated Clinical Trials; UK 
Medicines Research Council Guidelines for Good Clinical Practice 
in Clinical Trials) and/or the World Medical Association Declaration 
of  Helsinki. Generally, we suggest authors follow the lead 
investigator’s national standard. If  doubt exists whether the research 
was conducted in accordance with the above standards, the authors 
must explain the rationale for their approach and demonstrate 
that the institutional review body explicitly approved the doubtful 
aspects of  the study. 

Before submitting, authors should make their study approved 
by the relevant research ethics committee or institutional review 
board. If  human participants were involved, manuscripts must be 
accompanied by a statement that the experiments were undertaken 
with the understanding and appropriate informed consent of  each. 
Any personal item or information will not be published without 
explicit consents from the involved patients. If  experimental animals 
were used, the materials and methods (experimental procedures) 
section must clearly indicate that appropriate measures were taken to 
minimize pain or discomfort, and details of  animal care should be 
provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab 
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Le
gends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting 
of  clinical trials, we endorse the policy of  the International Com
mittee of  Medical Journal Editors to refuse to publish papers on 
clinical trial results if  the trial was not recorded in a publicly-acces 
sible registry at its outset. The only register now available, to our 
knowledge, is http://www. clinicaltrials.gov sponsored by the Uni 
ted States National Library of  Medicine and we encourage all po
tential contributors to register with it. However, in the case that 
other registers become available you will be duly notified. A letter 
of  recommendation from each author’s organization should be 
provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the 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: wjge@wjgnet.com. Authors are highly recommended 
to consult the ONLINE INSTRUCTIONS TO AUTHORS 
(http://www.wjgnet.com/1948-5190/g_info_20100316080002.
htm) before attempting to submit online. For assistance, authors 
encountering problems with the Online Submission System may 
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send an email describing the problem to http://www.wjgnet.com/
esps/, or by telephone: +86-10-59080038. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; 
(2) drafting the article or revising it critically for important intel
lectual content; and (3) final approval of  the version to be pub­
lished. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com
plete name of  institution, city, province and postcode. For exam
ple, Xu-Chen Zhang, Li-Xin Mei, Department of  Pathology, 
Chengde Medical College, Chengde 067000, Hebei Province, 
China. One author may be represented from two institutions, for 
example, George Sgourakis, Department of  General, Visceral, and 
Transplantation Surgery, Essen 45122, Germany; George Sgourakis, 
2nd Surgical Department, Korgialenio-Benakio Red Cross Hospital, 
Athens 15451, Greece

Author contributions: The format of  this section should be: Au
thor contributions: Wang CL and Liang L contributed equally to 
this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu XM 
designed the research; Wang CL, Zou CC, Hong F and Wu XM 
performed the research; Xue JZ and Lu JR contributed new rea
gents/analytic tools; Wang CL, Liang L and Fu JF analyzed the data; 
and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-59080039  Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJGE, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 

accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan 
University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P values 
where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communica
tion and case reports, the main text should be structured into the 
following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main 
text format of  these sections, editorial, topic highlight, case 
report, letters to the editors, can be found at: http://www.wjgnet.
com/1948-5190/g_info_20100316080002.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than  
magnification factors, with the length of  the bar defined in the 
legend rather than on the bar itself. File names should identify 
the figure and panel. Avoid layering type directly over shaded or 
textured areas. Please use uniform legends for the same subjects. 
For example: Figure 1 Pathological changes in atrophic gastritis 
after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is 
our principle to publish high resolution-figures for the printed and 
E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
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0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine 
contributions to the manuscript and who endorse the data and 
conclusions should be included. Authors are responsible for ob
taining written permission to use any copyrighted text and/or 
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REFERENCES
Coding system
The author should number the references in Arabic numerals accor
ding to the citation order in the text. Put reference numbers in 
square brackets in superscript at the end of  citation content or after 
the cited author’s name. For citation content which is part of  the 
narration, the coding number and square brackets should be typeset 
normally. For example, “Crohn’s disease (CD) is associated with 
increased intestinal permeability[1,2]”. If  references are cited directly 
in the text, they should be put together within the text, for example, 
“From references[19,22-24], we know that...”

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and also 
ensure the spelling accuracy of  the first author’s name. Do not list 
the same citation twice. 

PMID and DOI
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E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed with 
the initial letter capitalized, followed by their abbreviated first 
and middle initials. (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). The title of  the cited article 
and italicized journal title (journal title should be in its abbreviated 
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Style for book references
Authors: the name of  the first author should be typed in bold-faced 
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letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
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place: Publication press, Year: start page and end page.
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Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]
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