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Abstract
Gastroesophageal reflux disease (GERD) is a growing 
problem in the pediatric population and recent advanc-
es in diagnostics and therapeutics have improved their 
management, particularly the use of esophago-gastro-
duodenoscopy (EGD). Most of the current knowledge 
is derived from studies in adults; however there are 
distinct features between infant onset and adult onset 
GERD. Children are not just little adults and attention 
must be given to the stages of growth and develop-
ment and how these stages impact the disease man-
agement. Although there is a lack of a gold standard 
test to diagnose GERD in children, EGD with biopsy 
is essential to assess the type and severity of tissue 
damage. To date, the role of endoscopy in adults and 
children has been to assess the extent of esophagitis 
and detect metaplastic changes complicating GERD; 
however the current knowledge points another role for 
the EGD with biopsy that is to rule out other potential 
causes of esophagitis in patients with GERD symptoms 
such as eosinophilic esophagitis. This review highlights 

special considerations about the role of EGD in the 
management of children with GERD.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) has a global 
impact on health and impairs the health related quality of  
life of  a substantial proportion of  the population world-
wide. GERD is also prevalent in infants and adolescents 
suggesting that the disease process can begin early in 
life[1]. The disease phenotype in the pediatric population 
has changed over the last decades. For example, some 
complications such as esophageal strictures have de-
creased in prevalence and other complications such as ex-
tra-esophageal manifestations have been increasing. This 
might be in part explained by the great impact of  new 
pharmacological therapies for GERD, but the most trou-
bling complications of  reflux disease in adults-esophageal 
adenocarcinoma-continues to increase at an alarming rate 
in some countries[2]. Therefore, the natural history of  the 
disease needs more clarification.

GERD is a growing problem in pediatric popula-
tion[1]. A database study involving children with GERD 
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in the United Kingdom between the years of  2000 and 
2005 showed an incidence of  GERD 0.84 per 1000 per-
son-years[3]. The incidence decreased from 1-year age to 
12-year age and further to that, it increased again reach-
ing a maximum prevalence at age 16-17 (2.26 per 1000 
person-years for girls and 1.75 per 1000 person-years for 
boys). Hiatus hernia, congenital esophageal abnormalities 
and neurologic impairment were risk factors. Although 
large prospective population-based studies are lacked, it 
has been suggested that many children who had GERD 
diagnosis continue to have symptoms in adolescence and 
as young adults[4]. 

The main difference between gastroesophageal reflux 
(GER) in the pediatric population and the adults is that 
spitting up, the most visible symptom of  regurgitation 
in infants, occurs at least once per day in about 50% of  
the healthy 3- to 4-mo-old infants[5,6] and this leads up to 
20% of  caregivers in the United States seek medical help 
for this common behavior[5]. Regurgitation ameliorates 
spontaneously in most healthy infants by 12 mo to 18 mo 
of  age[5-10]. When regurgitation occurs in an otherwise 
healthy infant with normal growth and development, this 
is the so called “physiologic GER” and lifestyle changes 
only are recommended to manage it[11] whereas GERD 
is defined when the reflux of  gastric contents causes 
troublesome symptoms and/or complications[12]. 

Recently a consensus statement based on an exten-
sive review of  literature has been proposed by the North 
American and European Societies for Pediatric Gastroen-
terology, Hepatology, and Nutrition (NASPGHAN and 
ESPGHAN) to provide pediatricians for the evaluation 
and management of  patients with physiologic GER and 
GERD[11]. Therefore, the management of  children with 
GERD is the focus of  this review, particularly addressing 
the role of  endoscopy.

DIAGNOSIS OF GERD
The diagnosis of  GERD is often made clinically based 
on the symptoms or signs that may be associated with 
GER. In contrast with the adults, who can describe 
heartburn and/or regurgitation as typical GERD symp-
toms[13], subjective symptom description lacks reliability 
in infants and children younger than 8 to 12 years of  age 
and consequently many of  GERD symptoms in infants 
and children are nonspecific[11]. 

The main role of  the medical history and physical 
examination in the evaluation of  a child with GER is 
to rule out other worrisome disorders that present with 
vomiting (red flags-bilious vomiting, gastrointestinal 
bleeding, hematemesis, hematochezia, consistently force-
ful vomiting, onset of  vomiting after 6 mo of  life, failure 
to thrive, diarrhea, constipation, fever, lethargy, hepato-
splenomegaly, bulging fontanelle, macro/microcephaly, 
seizures, abdominal distension) and to identify complica-
tions of  GERD[11]. 

Although many tests have been used to diagnose 
GERD, the lack of  a gold standard has hampered the as-

sessment of  the accuracy of  various approaches to the 
diagnosis of  GERD[14]. In addition, it is not known if  
a test can predict an individual patient’s outcome. Nev-
ertheless, tests are useful to detect pathologic reflux or 
its complications, to establish a causal relation between 
reflux and symptoms, to evaluate therapy, and to exclude 
other conditions. Because there is no test able to assess all 
those issues altogether, tests should be carefully selected 
according to the information sought, and the limitations 
of  each test must be considered. 

The tests more commonly available for the diagnosis 
of  GERD in children are as follows[11]: (1) esophageal 
barium contrast radiography-not useful for the diagnosis 
of  GERD but is useful to confirm or rule out anatomic 
abnormalities of  the upper gastrointestinal tract, i.e., 
hiatal hernia; (2) esophageal pH monitoring-valid quan-
titative measure of  esophageal acid exposure, useful to 
evaluate efficacy of  anti- secretory therapy, but clinical 
utility of  pH monitoring for diagnosis of  extra-esopha-
geal complications of  GER are not well established; (3) 
esophageal combined multiple intraluminal impedance 
and pH monitoring-superior to pH monitoring alone for 
evaluation of  the temporal relation between symptoms 
and GER, but clinical utility has yet to be determined; 
(4) esophageal manometry-may be useful to diagnose a 
motility disorder, i.e., achalasia or other esophageal mo-
tor abnormality that may mimic GERD; (5) esophago-
gastroduodenoscopy (EGD) and biopsy-endoscopically 
visible breaks in the distal esophageal mucosa are the 
most reliable evidence of  reflux esophagitis; endoscopic 
biopsy is important to identify or rule out other causes 
of  esophagitis, and to diagnose and monitor Barrett 
esophagus (BE); (6) esophago-gastric ultrasonography 
and nuclear scintigraphy-not recommended for the rou-
tine evaluation of  GERD in children; and (7) empiric 
trial of  acid suppression as a diagnostic test-a trial of  pre-
endoscopy proton pump inhibitors (PPIs) up to 4 wk 
may be helpful in an older child or adolescent with typical 
symptoms suggesting GERD. Specific multiple question-
naires have been developed in both adults and children to 
improve the accuracy of  diagnosing GER[15,16]; however, 
many have limitations therefore they are not indicated for 
routine use[17,18].

EGD AND BIOPSY IN GERD
EGD allows direct visual examination of  the esophageal 
mucosa and mucosal biopsies enable evaluation of  the 
microscopic anatomy[19]. Endoscopic findings in patients 
with GERD include esophagitis, erosions, exudates, 
ulcers, strictures, hiatus hernia, and areas of  possible 
esophageal metaplasia. A continuously patent gastro-
esophageal junction (GEJ) seems to be helpful to predict 
esophagitis in biopsies[20].

Recent global consensus guidelines define reflux 
esophagitis as the presence of  endoscopically visible 
breaks in the esophageal mucosa at or immediately above 
the GEJ[12,13,21]. The identification of  esophagitis with 
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EGD has specificity 90%-95% for GERD[22], but has a 
poor sensitivity of  around 50%[23]. About 50% of  adult 
patients with GERD symptoms (i.e., heartburn and/or 
regurgitation) showed normal endoscopy in referral 
centers[24], but studies from community practice demon-
strated that 53% to 70% of  the patients had non erosive 
reflux disease (NERD)[25-29]. Erosive esophagitis (EE) 
does not seem to be as common as previously suggested 
in adults[30]. In regard of  the pediatric population, a re-
cent multicenter survey in 7188 children aged 0-17 years 
that underwent EGD showed 12.4% prevalence of  EE[31] 
whereas a previous single center had showed 34.6% prev-
alence in 402 children[32]. The criticism for the studies in 
children is that patients who had EGD were not patients 
with GERD symptoms only, therefore the prevalence of  
EE in pediatric patients might be underestimated.

Acid suppression before EGD may significantly limit 
the sensitivity of  endoscopy as a diagnostic tool. A recent 
study has shown that PPI use contributes significantly 
to the classification of  GERD patients into the NERD-
phenotype. NERD adults on PPI therapy demonstrate 
some features that are significantly different from PPI-
naïve patients, but similar to EE patients. This observa-
tion supports the notion that some PPI-NERD patients 
are actually healed EE patients, and that an overlap does 
exist between the GERD phenotypes[33].

Evidence from adult studies indicates that visible 
breaks in the esophageal mucosa are the endoscopic signs 
of  greatest interobserver reliability[34,35]. Operator experi-
ence is an important component of  interobserver reli-
ability[36,37]. Mucosal erythema or an irregular Z-line is not 
a reliable sign of  reflux esophagitis[34,35]. Grading the se-
verity of  esophagitis, using a recognized endoscopic clas-
sification system, is useful for evaluation of  the severity 
of  esophagitis and response to treatment. Nevertheless, 
a recent study randomized patients with uncomplicated 
GERD to either empiric PPI therapy or endoscopy fol-
lowed by treatment based on mucosal findings[38] and the 
result was that empiric therapy was more cost-effective. 
Although endoscopic determination of  the grade of  
esophagitis can predict the expected healing response to 

antisecretory agents and the need for effective mainte-
nance regimens[39], GERD treatment is typically guided by 
symptoms in adults, and thus determination of  the grade 
of  esophagitis for most clinical situations is not neces-
sary[40]. 

The endoscopic classification criteria for GERD more 
frequently used in the pediatric setting are Hetzel-Dent[41] 
and Savary-Miller[42] classification (Table 1). Both have 
been used in several studies in children[43-49] whereas the 
Los Angeles classification[21] is generally used for adults, 
but it can be used also in children (Figure 1). Los Angeles 
and Hetzel-Dent scoring systems were reproducible in a 
study that evaluated intra- and inter-observer variability in 
the endoscopic scoring of  esophagitis in adults[36]. How-
ever, a recent meta-analysis found significant difference 
in interpretation and comparison of  healing rates for 
esophagitis among the three classification criteria (Hetzel-
Dent, Savary-Miller, and Los Angeles)[50]. Therefore, in 
order to standardize the interpretation criteria, particular-
ly focusing the healing criteria for a specific acid suppres-
sant therapy, the Los Angeles criteria have been proposed 
as common criteria in adults and children[11,21]. 

The presence of  endoscopically normal esopha-
geal mucosa does not exclude a diagnosis of  NERD or 
esophagitis of  other etiologies[51-54]. Acid reflux episodes, 
volume, and acid clearance are important factors in the 
pathogenesis of  reflux-induced lesions. Nonacid reflux 
is involved in the development of  reflux symptoms in 
both NERD and EE patients[55]. The diagnostic yield 
of  endoscopy is generally greater if  multiple samples 
of  good size and orientation are obtained from biopsy 
sites that are identified relative to major esophageal land 
marks[19,56,57]. 

There is insufficient evidence to support the use of  
histology to diagnose or exclude GERD[11]. Several vari-
ables have an impact on the validity of  histology as a 
diagnostic tool for reflux esophagitis[54,58]. These include 
sampling error because of  the patchy distribution of  
inflammatory changes and a lack in standardization of  
biopsy location, tissue processing, and interpretation of  
morphometric parameters. Histologic findings of  elonga-
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Table 1  Classification criteria and grading system of esophago-gastroduodenoscopy findings

Classification criteria Grades Findings

Hetzel-Dent[41] 0 Indicates no mucosal abnormalities
1 Erythema, hyperemia, or mucosal friability  without macroscopic erosions
2 Superficial erosions involving less than 10% of the surface of the distal 5 cm of squamous epithelium
3 Erosions or ulcerations involve 10%–50% of the mucosal surface of the distal 5 cm of squamous epithelium
4 Deep ulceration anywhere in the esophagus or confluent erosion involving more than 50% of the mucosal 

surface of the distal 5 cm of squamous epithelium
Savary-Miller[42] Ⅰ One or more supravestibular, nonconfluent reddish spots with or without exudates

Ⅱ Erosive and exudative lesions in the distal esophagus that may be confluent, but not circumferential
Ⅲ Circumferential erosions in the distal esophagus, covered by hemorrhagic and pseudomembranous exudates
Ⅳ Presence of chronic complications such as deep ulcers, stenosis, or scarring with Barrett’s metaplasia

Los Angeles[21] A One or more mucosal breaks, each ≤ 5 mm in length
B At least one mucosal break > 5 mm long, but not continuous between the tops of adjacent mucosal folds
C At least one mucosal break that is continuous between the tops of adjacent mucosal folds, but which is not 

circumferential (< 75% of luminal circumference)
D Mucosal break that involves at least 75% of the luminal circumference
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tion of  papillae and basal hyperplasia are nonspecific re-
active changes that may be found in esophagitis of  other 
causes or in healthy volunteers[53,54,58-60]. 

The primary role for esophageal histology is to rule 
out other conditions in the differential diagnosis, such as 
eosinophilic esophagitis (EoE), Crohn disease, BE, and 
infection[12,53]. EoE may have typical endoscopic features 
such as speckled exudates, trachealization of  the esopha-
gus, or linear furrowing; however in up to 30% of  cases 
the esophageal mucosal appearance may be normal[51]. 
Two to 4 mucosal biopsy specimens of  the proximal and 
distal esophagus should be obtained aiming diagnosis of  
EoE[52]. The number of  eosinophils more than 15/phf  
is the major histological criterion of  EoE[51,52]; however 
eosinophils have been found in a lower number in the 
esophageal mucosa of  asymptomatic infants younger 
than 1 year of  age[61], and in symptomatic infants with 
cow’s milk-protein allergy[62]. 

Electron microscopy of  esophageal biopsies sug-
gested that dilated intercellular spaces might be an early 
marker of  mucosal damage in GERD, which occurs in 
NERD patients irrespective of  esophageal acid expo-
sure[63,64]. These observations are important but remain 
research tools. 

Finally, endoscopically visible breaks in the distal 
esophageal mucosa are the most reliable evidence of  re-
flux esophagitis. Mucosal erythema, pallor, and increased 
or decreased vascular pattern are highly subjective and 

nonspecific findings that are variations of  normal. Histo-
logic findings of  eosinophilia, elongated papillae, basilar 
hyperplasia, and dilated intercellular spaces, alone or in 
combination, are insufficiently sensitive or specific to 
diagnose reflux esophagitis. Conversely, absence of  these 
histologic changes does not rule out GERD. Endoscopic 
biopsy is important to identify or rule out other causes 
of  esophagitis, and to diagnose and monitor BE and its 
complications.

EGD IN THE MANAGEMENT OF 
PEDIATRIC PATIENT WITH SUSPECTED 
GERD 
Because the clinical presentation of  GERD in infants 
is not restricted to typical symptoms (heartburn and/or 
regurgitation) as in older children, adolescents and adults, 
the several common signs or symptoms in whom an 
EGD is potentially helpful[11] are as follows.

Heartburn
A management approach to heartburn in older children 
and adolescents similar to that used in adults may be indi-
cated[11,12]. If  GERD is suspected as the most likely cause 
of  symptoms, lifestyle changes, avoidance of  precipitat-
ing factors, and a 2- to 4-wk trial of  PPI are recommend-
ed[13]. If  symptoms recur when therapy is discontinued, 
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Figure 1  Endoscopy findings. A: Endoscopy of a child with esophagitis Los Angeles grade A showing one mucosal break < 5 mm in length; B: Another child with 
Los Angeles grade B showing 3 mucosal breaks > 5 mm long not continuous between the tops of adjacent mucosal folds; C: Endoscopy of a child with esophagitis 
Los Angeles grade D with mucosal break that involves at least 75% of the luminal circumference; D: Another 14-year-old patient with Barrett esophagus showing an 
area of endoscopically suspected esophageal metaplasia.

DC

BA

Goldani HAS et al . Endoscopy and GERD in children



EGD with biopsy may be helpful to diagnose esophagitis 
and rule out other causes, i.e., EoE that may present with 
heartburn[11].

Reflux esophagitis 
Once reflux esophagitis is diagnosed, initial treatment for 
2-3 mo with PPI is recommended. Patients who require 
higher PPI dose to control symptoms are those with 
conditions that predispose to severe-chronic GERD and 
those with higher grades of  esophagitis or BE. In most 
cases, efficacy of  therapy can be monitored by extent 
of  symptom relief  without routine endoscopic follow-
up. Endoscopic monitoring of  treatment efficacy may be 
useful in patients with atypical signs and symptoms, who 
have persistent symptoms despite adequate acid-suppres-
sive therapy, or who had severe esophagitis at presenta-
tion[11].

BE 
Esophageal metaplasia of  the intestinal type occurs as a 
function of  time and severity of  reflux, which explains 
why it has not been described under 5 years of  age and 
largely occurs over age 10 years[57]. Endoscopically sus-
pected BE was rare (< 0.25%) in children and adolescents 
who underwent EGD[57], and older age and the pres-
ence of  hypogonadotrophic hypogonadism (HH) were 
possible risk factors for BE[65]. BE occurs with greatest 
frequency in children with underlying conditions putting 
them at high risk for GERD. The groups of  patients at 
high risk of  chronic GERD are those with neurologic 
impairment, obesity, HH, esophageal atresia, and chronic 
respiratory disorders. In a group of  selected children with 
severe-chronic GERD, columnar metaplasia was found in 
5% and columnar metaplasia with goblet-cell metaplasia 
was present in another 5%[57]. The diagnosis of  BE is 
both overlooked and overcalled in children[56,57] therefore 
it is important to accurately diagnose BE, especially in 
light of  the proposed new criteria for the diagnosis of  
BE in children and adults[12,13]. This is of  particular im-
portance in children with severe esophagitis, in whom 
landmarks at endoscopy may be obscured by bleeding or 
exudate, or when landmarks are displaced by anatomic 
abnormalities or HH[19,56,57]. In these circumstances, a 
course of  high-dose PPIs for at least 12 wk is advised 
to better visualize the landmarks in a following endos-
copy[56]. When biopsies from ESEM show columnar epi-
thelium, the term BE should be applied and the presence 
or absence of  intestinal metaplasia specified[12,13,66]. 

EoE
EoE is a clinicopathological entity isolated to the esopha-
gus characterized by a set of  symptoms similar to GERD 
and eosinophilic infiltration of  the esophageal epithelium. 
EoE represents a chronic, immune/antigen-mediated 
esophageal disease characterized clinically by symptoms 
related to esophageal dysfunction and histologically by 
eosinophil-predominant inflammation. Infants and tod-
dlers often present with feeding difficulties, whereas 

school-aged children and are more likely to present with 
vomiting or pain, and adolescents with dysphagia. EoE in 
children is most often present in association with other 
manifestations of  atopic diathesis (food allergy, asthma, 
eczema, chronic rhinitis, and environmental allergies). 
The disease is isolated to the esophagus, and other causes 
of  esophageal eosinophilia should be excluded. A sub-
group of  patients with EoE has been increasingly recog-
nized as having PPI-responsive esophageal eosinophilia. 
These patients usually have typical EoE symptoms and 
GERD diagnostically excluded, but with clinicopatholog-
ic response to PPIs. It is important to establish the differ-
ential diagnosis among GERD, EoE and PPI-responsive 
esophageal eosinophilia as it implies distinct treatments. 
EGD with biopsy is currently the only reliable diagnostic 
test for EoE[52]. 

Dysphagia and food refusal 
In the infant with feeding refusal, acid suppression with-
out earlier diagnostic evaluation is not recommended. An 
upper gastrointestinal (GI) contrast study is useful but 
not required for the infant with feeding refusal or diffi-
culty or the older child reporting dysphagia. Its major use 
is to identify a non-GERD disorder such as achalasia or 
foreign body or to identify esophageal narrowing from a 
stricture. In children and adolescents who report dyspha-
gia or odynophagia EGD with biopsy is useful to distin-
guish among causes of  esophagitis, p.e. EoE[11]. 

Child aged more than 18 mo with chronic regurgitation 
or vomiting 
According to the natural history of  GER, vomiting and 
regurgitation are less common in children older than 
18 mo of  age as these symptoms ameliorate after this age 
in the vast majority. Although these symptoms are not 
unique to GERD, evaluation to diagnose possible GERD 
and to rule out alternative diagnosis is recommended. 
Testing may include EGD, and/or esophageal pH/im-
pedance monitoring, and/or barium upper GI series[11].

Infants with unexplained crying/distressed behavior 
Few studies addressed the appropriate management of  
infants with irritability and reflux symptoms[67,68] and 
there is a lack of  evidence to support an empiric trial of  
acid suppression therapy in infants with unexplained cry-
ing, irritability, or sleep disturbance. On the other hand, 
irritable infants may benefit from an empiric trial with 
hypoallergenic diet following diagnostic evaluations to 
rule out other conditions causing irritability[11,69,70]. How-
ever, if  irritability persists with no explanation other than 
suspected GERD, additional investigations to assess the 
relationship between reflux episodes and symptoms or 
to diagnose reflux or other causes of  esophagitis may be 
indicated. In such cases EGD, pH monitoring or imped-
ance monitoring may be helpful[11].

EGD may be a useful tool to assess GER in children 
with other signs and symptoms suggestive of  GERD 
such as apnea or apparent life threatening event; reac-
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tive airways disease; recurrent pneumonia; upper airway 
symptoms; dental erosions; Sandifer syndrome. In all cas-
es, a rational decision should be taken considering all the 
available tests other than endoscopy that could be helpful 
to the better management of  a child with GERD.

NOVEL EGD TECHNOLOGIES
The role of  newer endoscopic technologies-including 
narrow band imaging to enhance the contrast between 
esophageal and gastric mucosa, endoscopic functional lu-
minal imaging probe to assess the esophagogastric junc-
tion compliance; videotelemetry capsule endoscopy, and 
ultra-thin unsedated transnasal endoscopy-for the diagno-
sis of  GERD is controversial, primarily because of  a lack 
of  comparison with other validated tests[71,72]. No studies 
regarding these new techniques have been performed in 
children.

ENDOLUMINAL THERAPY OF GERD
Over the last decade, various endoluminal innovative 
techniques aiming to reduce reflux and GERD symptoms 
were enthusiastically developed. Endoluminal procedures 
have emerged as a new therapeutic option for GERD 
treatment: radiofrequency ablation to create submuco-
sal thermal lesions in the smooth muscles of  the lower 
esophageal sphincter (LES), injection of  biopolymer 
substances into the muscular layer of  the LES, and trans-
mural plication and suturing devices to create pleats in 
the GEJ. The procedure devices were removed from the 
market by the manufacturers due to a variety of  prob-
lems, including serious adverse events such as esophageal 
perforation and lack of  efficacy[73-75]. Two techniques are 
currently being evaluated: radiofrequency (Stretta)[76] and 
full thickness plication or endoluminal fundoplication. 
Durability still needs to be determined for the sole tech-
nique that remains available (EsophyX)[77]. 

Regarding the pediatric population, few studies of  
endoluminal treatment for GERD have been performed 
in this group population. Endoluminal plication (En-
doCinch) was performed in 17 patients aged 6-15 years. 
A sustained improvement in symptoms was seen at 3-year 
but not at 5-year follow up[78]. The endoluminal antireflux 
procedure (Stretta) was described in another series of  pa-
tients aged 11-16 years[79], however long-term results are 
needed.

In conclusion, EGD has contributed greatly to the 
understanding and management of  GERD and will 
continue to play an important role. New technology and 
better use of  available resources such as more extensive 
and well informed use of  histopathology is likely to yield 
better clinical results. 
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Abstract
Eosinophilic esophagitis (EoE) is a clinicopathological 
entity characterized by a set of symptoms similar to 
gastroesophageal reflux disease and eosinophilic infil-
tration of the esophageal epithelium. EoE is an emerg-
ing worldwide disease as documented in many coun-
tries. Recent reports indicate that EoE is increasingly 
diagnosed in both pediatric and adult patients although 
the epidemiology of this new disease entity remains 
unclear. It is unclear whether EoE is a new disease 
or a new classification of an old esophageal disorder. 
Esophagogastroduodenoscopy (EGD) and biopsies with 
histological examination of esophageal mucosa are re-
quired to establish the diagnosis of EoE, verify response 
to therapy, assess disease remission, document and 
dilate strictures and evaluate symptom recurrence of 
EoE. Repeated endoscopies with biopsies are necessary 
for monitoring of disease progression and treatment 
efficacy. EGD has a fundamental role in the diagnosis 
and management of EoE, forming an essential part of 
the investigation and follow-up of this condition. EoE 
is now considered a systemic disorder and not only a 
local condition with an important immunological back-

ground. One of the aims of research in EoE is to study 
non-invasive markers, such as immune indicators found 
in plasma, that correlate with local presence of EoE in 
esophageal tissues. Studies over the next few years will 
provide new information about diagnosis, pathogen-
esis, endoscopic/histologic criteria, non-invasive mark-
ers, novel and more efficacious treatments, as well as 
establishing natural history. Randomized clinical trials 
are urgently called for to inform non-invasive diagnos-
tic tests, hallmarks of natural history and more effica-
cious treatment approaches for patients with EoE. The 
collaboration between pediatric and adult clinical and 
experimental studies will be paramount in the under-
standing and management of this disease.

© 2012 Baishideng. All rights reserved.

Key words: Eosinophilic; Esophagitis; Atopy; Endos-
copy; Pediatrics

Peer reviewers: Kaushal Kishor Prasad, Associate Professor, 
Chief, MD, PDCC, Division of GE Histopathology, Department 
of Superspeciality for Gastroenterology, Postgraduate Institute of 
Medical Education and Research, Sector-12, Chandigarh 160012, 
India; Luis Rodrigo, Professor, Gastroenterology Service, Hospi-
tal Universitario Central de Asturias, c/ Celestino Villamil s. nº, 
Oviedo 33-006, Spain; Hoon Jai Chun, Professor, Korea Univer-
sity College of Medicine,126-1, 5-ga Anam-dong, Seongbuk-gu, 
Seoul 136-705, South Korea

Ferreira CT, Goldani HAS. Contribution of endoscopy in the 
management of eosinophilic esophagitis. World J Gastrointest 
Endosc 2012; 4(8): 347-355  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v4/i8/347.htm  DOI: http://dx.doi.
org/10.4253/wjge.v4.i8.347

INTRODUCTION
Eosinophilic gastrointestinal disorders are increasingly 
described diseases that are characterized by eosinophilic 
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infiltration and inflammation of  the gastrointestinal 
tract in the absence of  others identified causes of  eo-
sinophilia. These disorders include eosinophilic esopha-
gitis (EoE), eosinophilicgastroenteritis, and eosinophilic 
colitis[1].

EoE is a clinical entity characterized by a set of  symp-
toms similar to gastroesophageal reflux disease (GERD) 
with eosinophilic infiltration of  the esophageal epithe-
lium[2]. EoE is an emerging worldwide disease as docu-
mented in many countries[3-9]. During the last decade, pe-
diatric and adult specialists including gastroenterologists, 
allergists and pathologists have published a multidisci-
plinary body of  literature solidifying the position of  EoE 
as a distinct clinicopathological entity[10].

With the accumulating data providing evidence that 
EoE appears to be an antigen-driven immunologic pro-
cess with multiple pathogenic pathways, a new conceptual 
definition is proposed to highlight that EoE represents a 
chronic, immune/antigen-mediated disease characterized 
clinically by symptoms related to esophageal dysfunction 
and histologically by eosinophil-inflammation[11].

The primary symptoms of  EoE are also observed in 
patients with chronic esophagitis. However, in contrast 
to GERD, EoE is typically associated with normal pH 
probe results, occurs more frequently in males (75% to 
80%), and appears to have a common familial incidence 
and a high rate of  association with atopic diseases[1-3].

EoE affects all age groups but it was first described 
in children because routine biopsies are common practice 
in pediatric gastroenterology[12,13]. Recent reports indicate 
that EoE is increasingly diagnosed in both pediatric and 
adult patients although the epidemiology of  this new dis-
ease entity remains unclear[14].

Epidemiological data indicate that EoE is now the 
second leading cause of  chronic esophagitis, after GERD, 
and is a frequent cause of  dysphagia[15]. A potential genet-
ic component is suggested not only by the male predomi-
nance, but also by the increased number of  white people 
affected and the augmented incidence in familial cases[16]. 
Familial clusters of  EoE have been described, although 
the exact susceptibility loci for familial and sporadic dis-
ease require further clarification[17].

The prevalence of  EoE seems to be rising, although 
increased detection is likely to have contributed to a 
change in prevalence statistics. According to a recent 
review the number of  new patients has increased on an 
annual basis[16]. The authors suggested that although the 
background to this rise of  EoE remains unclear, it is 
probably similar to the increase seen in other atopic dis-
eases such as asthma and atopic dermatitis[16,18].

A recent electronic survey demonstrated that EoE is 
diagnosed more often in northeastern American states 
and urban areas than in rural settings[19]. Another recent 
systematic review of  published literature stated the preva-
lence of  EoE in adult populations varies considerably. 
It is high in dysphagia patients, quite low in population-
based studies and intermediate among unselected endos-
copy patients[7].

DeBrosse et al[20] have recently demonstrated a dra-

matic increase of  incidence of  new cases of  esophageal 
eosinophilia over a 17-year period in their institution, but 
when corrected for the large increase in the number of  
esophagogastroduodenoscopy (EGD) performed, there 
was a stable proportion of  esophageal eosinophilia per 
EGD. They suggest that EoE is not a new disease but 
instead is a new classification of  a persistent esophageal 
disorder[20].

According to guidelines, EoE can only be diagnosed 
by endoscopy and biopsy with the finding of  15 or more 
eosinophils per high-power field (hpf) of  esophageal tis-
sue after aggressive treatment for gastroesophageal reflux 
medications[1,2]. An updated consensus report noted im-
portant additions since the 2007-consensus including a 
new potential disease phenotype, proton pump inhibitor-
responsive esophageal eosinophilia, and genetic modifi-
cations that included EoE susceptibility caused by poly-
morphisms in the thymic stromal lymphopoietin protein 
gene[11].

Endoscopic findings coupled to histology have been 
used to support a diagnosis of  EoE, and to assess re-
sponse to therapy. Some patients may need endoscopic 
dilations in the case of  eosinophilic strictures.

The treatment of  EoE in the majority of  children 
relies on elemental diets or elimination of  one or several 
food allergens. In older children and adults, treatment 
usually involves a topical corticosteroid or short courses 
of  systemic steroids. Monitoring of  treatment response 
requires repeated esophagogastroscopic examinations 
and esophageal biopsies[1,2,11].

There have been few randomized controlled trials 
investigating optimal EoE management, and currently 
there is a paucity of  reliable prognostic data regarding 
the long-term outcome of  untreated patients. Among the 
different therapeutic approaches suggested for EoE none 
has absolute advantages[18,19]. Options should therefore be 
chosen on a patient-by-patient basis given their character-
istics, their sensitivity to various allergens and treatment 
responses. This multidisciplinary approach to EoE is 
fundamental because of  the frequent association of  EoE 
and atopical manifestations. Coordination of  the work of  
gastroenterologists and allergologists is essential, and it is 
also very important to involve nutritional experts in cases 
of  significant food restriction.

The dramatic increase in prevalence of  EoE over 
the last decade provides clinicians with new explanations 
for previously unexplained food impaction, dysphagia, 
heartburn, chest pain, vomiting and abdominal pain in 
children and in adults. Clinicians are faced with complex 
issues regarding the diagnosis and optimal management 
of  these often difficult-to-treat patients. This review 
highlights some important aspects of  EoE and special 
considerations in the contribution of  endoscopy in the 
management of  the condition.

DIAGNOSIS OF EoE
According to the American Gastroenterological Associa-
tion and the First International Gastrointestinal Eosino-
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phil Research Symposium (FIGERS), as recommended 
by the consensus report, EoE is a clinicopathological en-
tity and its diagnosis is dependent on the demonstration 
of  high eosinophilic counts in esophageal biopsies from 
a patient with symptoms of  esophageal dysfunction and 
the exclusion of  GERD[1,2]. An increasing body of  infor-
mation describes a subset of  patients whose symptoms 
and histological findings are responsive to proton pump-
inhibitor (PPI) treatment and who might or might not 
have GERD[11]. The new guideline continues to define 
EoE as an isolated chronic disorder of  the esophagus 
diagnosed by both clinical and pathological features but 
also describe a new disease phenotype, i.e., proton pump 
inhibitor-responsive esophageal eosinophilia[11].

The leading symptom of  EoE in adolescents and 
adults is dysphagia for solids with the imminent risk 
of  prolonged food impaction. Furthermore, patients 
frequently report retrosternal pain that is unrelated to 
swallowing activity. For this reason, esophageal biopsies 
should be taken to look for histological evidence of  EoE 
in adult patients with unexplained dysphagia, even if  
results of  endoscopy appear normal or identify other po-
tential cause of  dysphagia[11].

Clinical manifestations of  EoE in infants and children 
are nonspecific and vary by age but are predominantly 
feeding difficulties[11]. The diagnostic guidelines regarding 
this disorder are evolving continuously as more is learned 
from ongoing research. However, diagnosis based on 
symptoms alone is not feasible. The clinical and histo-
pathologic distinctions between EoE and GERD remain 
controversial and are based on limited data[20].

The number of  eosinophils used to define EoE has 
varied widely in different publications and there are limit-
ed numbers of  studies comparing patients with EoE and 
GERD[21]. Recent data report a substantial number of  
patients (30%) previously diagnosed with reflux esopha-
gitis between 1982 and 1999 with histological evidence 
of  EoE[20]. These patients were predominantly male and 
distinguished from patients with chronic esophagitis by 
a chief  complaint of  dysphagia[20]. Another important 
feature in the diagnosis is the absence of  eosinophilia in 
others parts of  gastrointestinal with mainly normal gas-
tric and duodenal biopsies.

The diagnostic criteria have varied considerably not 
only in terms of  eosinophil counts (5 to 30 eosinophils/
hpf) but also in the definition of  hpf, and the method of  
counting eosinophils[22].

Intraepithelial eosinophilia is considered the cardinal 
histopathological feature, although it is not limited to 
EoE, and may be seen in a variety of  other conditions 
including GERD, drug-related esophagitis, infections, 
Crohn’s disease, eosinophilic gastroenteritis[22]. Other 
characteristics including eosinophilic micro abscesses and 
involvement of  the long esophageal segment, albeit in 
a patchy distribution, have been observed to be associ-
ated with EoE[22] (Figure 1). Reactive mucosal changes 
such as basal cell hyperplasia and papillary elongation 
are other important features that can also be associated 
with GERD but may be more pronounced in EoE[21,22]. 
Aceves et al[23] have found pan-esophageal eosinophilia 
associated with pan-esophageal basal zone hyperplasia. 
They showed in children that biopsy specimens with less 
than 5 eosinophils per hpf  never demonstrated basal 
zone hyperplasia. Studies have documented submucosal 
fibrosis and subepithelial sclerosis as important features 
of  EoE[22,24,25].

Recently Lee et al[22], comparing 23 cases of  EoE com-
pared to 20 cases of  GERD in an adult cohort, found that 
EoE patients had significantly higher eosinophils counts 
in proximal (39.4 vs 0.6 eosinophils/hpf) and distal biop-
sies (35.6 eosinophils/hpf  vs 1.9 eosinophils/hpf) with 
high eosinophils counts (> 15/hpf) in proximal biopsies 
being an exclusive feature of  EoE (83% vs 0%).

It is recognized that EoE tends to involve the esopha-
gus more proximally than GERD[22,26]. Another major 
EoE diagnostic finding in that study was subepithelial 
sclerosis[22]. While intense eosinophilic infiltration most 
probably represents EoE, the diagnostic dilemma lies in 
those patients with biopsies that show intermediate num-
bers of  eosinophils (5-15/hpf). In these cases additional 
pathological diagnostic features are necessary[27].

The diagnosis of  EoE remains the responsibility 
of  the gastrointestinal endoscopist and the pathologist 
because confirmatory endoscopic biopsies from esopha-
geal mucosa are still the only means of  establishing 
the diagnosis and assessing the effectiveness of  treat-
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Figure 1  Eosinophilic microabscess in the esophageal superficial layer.
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ment. Because the range of  eosinophil numbers in EoE 
and GERD varies considerably, the potential exists for 
esophagitis with more than 15 eosinophils/hpf  in the 
esophageal mucosa to respond completely to antireflux 
therapy[11,22,27-29]. In that setting, the clinical diagnosis 
could therefore be ‘‘GERD with reflux esophagitis,’’ 
despite the histological diagnosis of  EoE, or according 
to the new guidelines it could be the phenotype “PPI-
responsive esophageal eosinophilia”. The number of  
eosinophils in reflux esophagitis is typically fewer than 
7/hpf[27]. However, recent reports of  children and adults 
who have large numbers of  eosinophils consistent with 
EoE that responded to antireflux therapy lead us to be 
careful in assigning a clinical diagnosis[28,29]. This should 
be done only when additional information supports the 
diagnosis. Without clinical and pathologic follow-up EoE 
might well be overestimated[29]. Until more is known re-
garding this subgroup of  patients, they should be given 
diagnoses of  PPI-responsive esophageal eosinophilia[11]. 
Clinical judgment, as well as information derived from 
therapeutic response to PPI, impedance-pH monitoring, 
or both, should be taken into consideration to differenti-
ate carefully between GERD-esophagitis and EoE[11].

PPI responsiveness or diagnostic testing (pH moni-
toring) might not adequately distinguish between GERD 
and EoE[11]. Future studies could help to determine 
whether PPIs may have a potential anti-inflammatory 
property or a barrier-healing role that helps to decrease 
an immune-antigen-driven response[11].

ENDOSCOPY FINDINGS IN EoE
EGD and biopsies with histological examination of  
esophageal mucosa are required to establish the diagnosis 
of  EoE, verify response to therapy, assess disease remis-
sion, document and dilate strictures and evaluate symp-
tom recurrence of  EoE. EGD is an essential part of  the 
investigation and follow-up of  EoE[1].

In contrast to the variable history and characteristic 
histology, endoscopic abnormalities can be very sug-
gestive of  EoE, but can often be unremarkable or mis-
leading[19,21]. EoE presents a variety of  signs, evoking an 
endoscopic pattern that is neither disease specific nor 

consistent in a range of  examinations[30]. In general, find-
ings of  endoscopic mucosal abnormalities are used to 
support or refute a diagnosis of  EoE and they are very 
important in assessing the response to treatment[31].

Repeated EGDs are often required to assess the ef-
ficacy of  any therapeutic intervention for EoE. In addi-
tion, endoscopy potentially allows dilatation of  esopha-
geal strictures. 

Characteristic upper endoscopic features in EoE in-
clude mucosal friability, erythema and loss of  vascularity, 
linear furrowing, white plaques or exudates, concentric 
rings (esophageal “trachealization”), delicate mucosa 
(crepe-paper mucosa) prone to tearing and diffuse lumi-
nal narrowing or strictures. Another important finding of  
EoE is eosinophilic infiltrates in endoscopically normal 
esophagus. Significant intraepithelial eosinophilia can be 
found in about one third of  patients with grossly unre-
markable mucosa[3,32].

White mucosal plaques are a common feature, re-
flecting fibrinous exudates due to epithelial eosinophilic 
inflammation (Figure 2). Although the exact etiology is 
not known, the plaques are thought to represent eosino-
philic abscesses on the surface of  the esophageal mucosa. 
They may be mistaken for esophageal candidiasis and 
esophageal biopsies (culture) are, therefore, necessary to 
differentiate these disorders. While not pathognomonic, 
rings, linear furrows, or white plaques on endoscopy 
are very suggestive of  EoE (Figure 3). The presence or 
absence of  these endoscopic findings is used by most 
gastroenterologists, in making a diagnosis of  EoE, to 
guide biopsy decisions, and to assess a patient’s response 
to therapy. It is still unclear whether endoscopists can 
reliably and accurately identify these findings. While the 
exact cause of  the furrowing and ring-like formation is 
unknown, they are thought to represent tissue edema, 
inflammation and possible fibrosis. Chronic inflamma-
tion is of  concern as it may cause progressive scarring, 
strictures, and potentially result in permanent narrowing 
of  the esophagus[29,32]. Liacouras et al[3] reported retro-
spectively on a total of  381 pediatric patients (66% male, 
age 9.1 ± 3.1 years) who were diagnosed with EoE; 312 
presented with symptoms of  gastroesophageal reflux and 
69 with dysphagia. Endoscopically, 68% of  patients had a 
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Figure 2  White specks in the mucosa of the esophagus.
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visually abnormal esophagus: 41% had vertical lines, 12% 
had concentric rings, and 15% had white specks. Among 
those patients, 32% had a normal-appearing esophagus 
despite severe histological esophageal eosinophilia. The 
average numbers of  esophageal eosinophils (per 400 × 
hpf) proximally and distally were 23.3 ± 10.5 and 38.7 ± 
13.3, respectively[3].

In a retrospective study of  29 patients from southern 
Brazil with a median age of  7 years (76% male) we have 
found 24% with a normal-appearing esophagus, 48% 
with vertical furrowing, 41% with white mucosal plaques, 
and only 7% with concentric rings[6]. Several patients pre-
sented more than one feature as white specks and linear 
furrowing (Figures 4 and 5).

The FIGERS consensus guideline recommend tak-
ing several biopsies from different levels along the length 
of  the esophagus, regardless of  its macroscopic appear-
ance[1]. Lower esophageal eosinophilia is common in 
GERD, and further counting of  eosinophils in the proxi-
malmucosa is needed to differentiate between GERD 
and EoE.

The patchy eosinophilic infiltration in proximal and 
distal esophageal mucosa is very important in the differ-
ential diagnosis with GERD. Therefore biopsies should 
be taken from several esophageal levels. Biopsies from 
stomach and duodenum should also be obtained to al-
low differentiation between EoE and a more widespread 
eosinophilic gastroenteritis[1,2]. It is noteworthy that a 
normal esophageal appearance does not rule out EoE[1-3].

A remaining unresolved question is which endoscopic 
signs reflect acute inflammation, and are therefore poten-
tially reversible, and which signs persist despite successful 
treatment of  the inflammation and are thus a possible 
manifestation of  esophageal remodeling[15]. EoE may also 
be ascertained incidentally in patients undergoing endos-
copy for other reasons. 

One recent study was conducted to assess inter- and 
intraobserver reliability of  endoscopic findings with 
white-light endoscopy and further adding narrow band 
imaging (NBI)[21]. Gastroenterologists identified rings 
and furrows with fair to good reliability, but did not reli-
ably identify plaques or normal images. Intraobserver 
agreement varied and NBI did not improve endoscopic 

recognition. The conclusion was that endoscopic findings 
might not be reliable for supporting a diagnosis of  EoE 
or for making treatment decisions[21]. Another report as-
sessing the value of  confocal laser endomicroscopy with 
video for the in vivo diagnosis of  EoE has indicated the 
potential of  this technique for the diagnosis of  this new 
entity[33].

In terms of  histology, the counting of  eosinophils 
can be problematic because they often lie just under 
the luminal surface of  the esophagus in EoE, and their 
number may be underestimated from a poorly oriented 
section in which the immediate subluminal area is outside 
the sample. The eosinophilia in EoE can be remarkably 
patchy, particularly during treatment. It is not unusual 
to have an abnormal biopsy specimen taken millimeters 
from another specimen that is completely normal. 

Studies in adults with EoE have established that six 
biopsies taken from the esophagus are enough for diag-
nosis. Fewer biopsies can miss the diagnosis because of  
sampling errors[25,34]. By using 15 eosinophils/hpf  as a 
threshold for diagnosis, one study identified that the sen-
sitivity of  a single biopsy was 73% and increased to 84%, 
97% and 100% when taking 2, 3 and 6 biopsies, respec-
tively[35]. According to the latest guidelines, 2 to 4 mucosal 
biopsies specimens of  the proximal and distal esophageal 
mucosa should be obtained[11]. Long-standing disease 
tends to create a ringed appearance, more common in the 
adult population with EoE. In addition, strictures, diffuse 
narrowing (so-called ‘‘small-caliber esophagus’’), and fri-
ability of  the epithelium, such that it longitudinally tears 
with passage of  the scope (tissue paper mucosa), can be 
features of  more long duration EoE.

Repeat endoscopy at appropriate intervals is needed 
to determine whether the inflammation has completely 
abated, irrespective of  the therapy initiated. Symptoms 
can resolve in 2 to 4 wk, regardless of  the type of  treat-
ment, but this is an unreliable measure of  inflammation 
because the absence of  symptoms does not assure the 
absence of  inflammation. Histological response to topi-
cal steroids is generally complete in 4 to 12 wk. Histologi-
cal response to dietary antigen elimination can be seen in 
4 to 8 wk but is remarkably variable, having taken more 
than 4 mo in some individuals[27].

Evidence-based guidelines on the frequency of  fol-
low-up endoscopy have not been published, and frequen-
cy varies in clinical practice. In some practices the endos-
copy is repeated 12 wk after diet or medication change, 
allowing sufficient time for a response to develop[27]. 
Incomplete responses are difficult to interpret and often 
require extension of  the trial and repeated endoscopy to 
access the impact of  therapy before changing the proto-
col[27]. Successful therapy results in complete resolution 
of  the inflammation. When partial responses occur they 
must be evaluated for the necessity of  more aggressive or 
alternative therapy, depending on the degree of  remain-
ing inflammation.

Chronic and active EoE is associated with tissue re-
modeling, manifest as deposition of  dense collagen in 
the lamina propria. There is risk for the development of  
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Figure 3  Rings in esophageal mucosa in eosinophilic esophagitis.
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small-caliber esophagus and strictures, both of  which have 
been observed as consequences of  EoE in children and 
adults[30]. Assuring that esophageal histology has returned 
to normal seems to be an essential part of  the manage-
ment of  each patient, to prevent further injury to the 
esophagus. Endoscopic re-evaluation after diet or medica-
tion changes determines whether a specific therapy has 
achieved a complete histological response and forms the 
basis for future management, with the goal of  maintain-
ing clinical and histological remission to avoid long-term 
complications such as esophageal stricture formation[27].

Some subjects with more severe disease present with 
severe structuring, furrowing, and ortrachealization, or 
food impaction which may need mechanical dilation of  
the esophagus. Endoscopic dilation should only be con-
sidered in cases with persistent symptoms and reduction 
in the caliber of  the esophagus that have failed to re-
spond to medical therapies. After instrumentation, tearing 
of  the esophagus may occur in patients with moderate 
to severe inflammation. The mucosa may be extremely 
friable and may tear simply with the introduction of  an 
endoscope during a routine diagnostic study because of  
the underlying edema and fibrosis. More significant tears 
have been reported in patients with small caliber esopha-
gus or in patients undergoing esophageal dilatation.

EoE has been associated with an increased risk of  
esophageal mucosal tears induced by vomiting to dis-
lodge impacted food. However, Boerhaave’s syndrome 

or transmural perforation of  the organ resulting from 
vomiting induced to dislodge impacted food has rarely 
been reported[36]. This rare complication of  EoE has been 
documented in 13 reports, predominantly affecting young 
men in whom EoE had not been previously diagnosed, 
despite the majority having esophageal symptoms and a 
history of  atopy[36]. There are only two published cases of  
esophageal perforation in children, and these were man-
aged conservatively. Esophageal perforation caused by 
vomiting is a potentially severe complication of  EoE that 
is being increasingly described in literature. Therefore, 
patients with non-traumatic Boerhaave’s syndrome should 
be assessed for EoE, especially if  they are young men 
who have a prior history of  dysphagia and allergic mani-
festations[36].

The long-term consequences of  esophageal eosino-
philic infiltration, fibrous remodeling or possible modifi-
cation using different therapies are controversial. For these 
reasons, it is difficult to recommend common guidelines 
for all patients although EoE should be considered a 
chronic disease with intermittent symptoms, persistent 
histological inflammation which affects patients quality-
of-life[30]. Current guidelines suggest repeated biopsies for 
monitoring of  disease progress and treatment efficacy. 
Since repeated endoscopy with biopsy entails risks to pa-
tients and costs to the medical system, the current aim is 
to study immune markers in plasma that correlate with a 
local presence in esophageal tissues in EoE subjects.
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Figure 4  Linear furrowing in the esophageal mucosa.

Figure 5  White specks and linear furrowing in the esophageal mucosa.
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CLINICAL AND PATHOLOGICAL 
FEATURES DISTINGUISHING EOE FROM 
GERD
Because EoE and GERD cannot be differentiated on 
the basis of  eosinophil counts alone, it can be a chal-
lenge to distinguish these disorders[21]. GERD and EoE 
need to be distinguished as they do not respond, in most 
of  patients, to the same treatment[34]. Patients with EoE 
present with symptoms similar to those of  GERD along 
with dense esophageal eosinophilia (with normal gastric 
and duodenal biopsies)[1,2]. Acid-induced esophagitis as a 
manifestation of  GERD is the most frequent confound-
ing diagnosis because reflux esophagitis may coexist with 
clinical EoE or mimic it histologically on hematoxylin- 
and eosin-stained sections. Few mast cells are present in 
reflux esophagitis, which may help in discriminating it 
from EoE at presentation provided special stains are ap-
plied to identify them, as they are not distinguishable on 
hematoxylin- and eosin-stained sections[37,38]. Some studies 
have identified increased numbers of  mast cells in EoE 
patients in comparison to patients with GERD[39]. In the 
same way, EoE shows degranulating and active eosino-
phils in esophageal epithelium and molecular studies show 
specific up-regulated genes. Microarray analysis reveals 
signature panels which are distinct between patients with 
GERD and EoE[37,38].

Given to the coexistence of  GERD in many cases of  
EoE and the effect shown by acid secretion inhibitors in 
controlling symptoms, in cases of  suspected EoE, it is ap-
propriate to carry out a therapeutic test using high dose 
PPIs over a period of  8 wk before repeating the endoscopy 
and taking further biopsies. This measure could correctly 
characterize those patients in whom EoE and GERD 
coexist and, in addition, would be better than monitoring 
the esophageal pH for ruling out GERD as the cause of  
eosinophilia[34,40]. It is only be possible to propose specific 
treatment for EoE when the persistence of  the eosinophil-
ic inflammatory infiltrate and the symptoms deriving from 
it continue in spite of  previous acid blockade[41].

In the latest guidelines the inclusion of  the new phe-
notype “PPI-responsive esophageal eosinophilia” chal-
lenges these concepts because therapeutic and basic stud-
ies as well as clinical experience have identified a potential 
anti-inflammatory or barrier-healing role for proton pump 
inhibition in patients with esophageal eosinophilia[11]. 
Potential explanations include healing of  a disrupted epi-
thelial barrier to prevent further immune activation, de-
creased eosinophil longevity, inherent anti-inflammatory 
proprieties of  PPIs, or unreliable diagnostic testing[11]. 
According to current guidelines, responsiveness to PPI 
therapy rules out EoE. However, this statement is being 
questioned, since recent reports have indicated in vitro an-
ti-inflammatory effects of  PPIs, independent of  acid sup-
pression[29]. Cortes et al[42] demonstrated that omeprazole 
improved murine asthma by down-regulating interleukin 
(IL)-4, IL-13 and signal transducer and activator of  tran-

scription factor 6. Zhang et al[43] have demonstrated that 
PPIs suppress IL-13-induced eotaxin-3 expression by the 
acid-independent mechanism.

Currently, neither histopathology nor distribution of  
inflammatory changes in esophageal biopsies predicts re-
sponse to PPI treatment[11]. Eosinophilic microabscesses 
and superficial layering of  eosinophils are more typical of  
findings associated with EoE than GERD[11].

Features of  GERD can coexist with EoE. Because 
of  this, separating the 2 disorders into distinct diseases 
may be very difficult. Several theories regarding this 
interaction have been proposed: GERD causes esopha-
geal injury with subsequent development of  esophageal 
eosinophilic infiltration; GERD and EoE coexist but 
are unrelated; because of  esophageal inflammation, EoE 
causes or contributes to the development of  secondary 
GERD (poor motility); GERD causes mucosal disrup-
tion contributing to the development of  EoE[44]. 

The high frequency of  GERD described in adult 
populations with EoE suggests that there may be more 
than a chance association between the two conditions[44]. 
A trial of  PPIs, even when diagnosis of  EoE is clear-cut, 
is recommended[44]. However, on some occasions PPI 
responsiveness as well as diagnostic testing might not be 
helpful in distinguish between GERD and EoE[11].

Dellon et al[45] performed the largest retrospective clini-
cal, endoscopic, and histological case-control study on 
data collected from 2000 to 2007 to differentiate between 
GERD and EoE. Data from 151 patients with EoE and 
226 with GERD were analyzed. Features that indepen-
dently predicted EoE included younger age, symptoms 
of  dysphagia, documented food allergies, observations of  
esophageal rings, linear furrows, white plaques, or exu-
dates and an absence of  a hiatal hernia by upper endos-
copy. In biopsy specimens, a higher maximum eosinophil 
count and the presence of  eosinophil degranulation were 
observed[45].

The identification of  histological features of  EoE 
in nearly 30% of  patients previously given diagnoses of  
reflux esophagitis suggests that EoE might have been 
under-diagnosed in the 1980s and 1990s[20]. On the other 
hand, Molina-Infante et al[29] demonstrated 75% of  un-
selected patients and 50% with an EoE phenotype re-
sponding to PPI therapy. They stated that patients with 
PPI-responsive eosinophilic infiltration are phenotypi-
cally indistinguishable from EoE patients, thereby over-
estimating EoE[29]. Dohil et al[46] have recently suggested 
that patients with PPI-responsive esophageal eosinophilia 
should have ongoing monitoring for EoE during PPI 
monotherapy because this is a transient phenomenon. 
A database search revealed children who had an initial 
histological response to PPI monotherapy but had recur-
rence of  esophageal eosinophilia and symptoms despite 
continued PPI therapy.

Additional follow-up studies are needed to better 
delineate EoE and GERD. In the pediatric EoE popula-
tion is important to define disease behavior and to assess 
whether pediatric and adult EoE represent a continuum.
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CONCLUSION AND FUTURE 
RECOMMENDATIONS 
The endoscopic data concerning EoE represent a distinc-
tive pattern of  nonerosive inflammatory disease that can 
involve superficial or deep esophageal layers and present 
with a variety of  clinical symptoms. Early recognition of  
these findings and their variability may lead to improved 
care of  patients who have EoE. Upper endoscopy with 
biopsies is essential for the diagnosis, and for assessing 
the follow up of  these patients. It is therefore crucial for 
the endoscopist to become familiar with the clinical and 
endoscopic EoE findings to ensure correct diagnosis and 
treatment. 

Emerging data has increased our knowledge of  EoE 
but important questions remain unanswered. Over the 
last decade pediatric and adult clinicians have published 
a multidisciplinary body of  information confirming EoE 
as a distinct clinicopathological entity. Significant diag-
nostic, therapeutic and prognostic uncertainties are still 
associated with EoE, because it is a relatively recently 
discovered medical condition[11].

Basic science has in recent years unraveled some of  
the underlying pathological mechanisms of  EoE, which 
lead to eosinophil recruitment, infiltration and activation 
as well as lesions in the esophagus. However, it is not yet 
clear which patient characteristics are associated with an 
increased risk of  stricturing disease and whether lower 
degrees of  symptoms or eosinophilic infiltration deserve 
treatment at all. Controversy remains as to whether his-
tology and endoscopic findings should aim for complete 
mucosal remission, eosinophilic clearance or merely for 
symptomatic control, There are many remaining issues 
which cannot be resolved based on current published 
knowledge. These include the definition of  EoE phe-
notypes allowing clear differentiation between EoE and 
GERD.

Subjects with EoE have different immune indicator 
profiles in blood plasma, peripheral blood mononuclear 
cells, and local esophageal tissue from subjects with 
GERD, ulcerative colitis, Crohn’s disease, and healthy 
controls. This suggests that EoE is not only a local con-
dition but also a systemic disorder that may be detected 
through analysis of  plasma samples[47]. These indicators 
could serve in the near future as surrogate non-invasive 
markers that could be a useful substitute for endoscopy 
and biopsies[47]. Some authors, for example, have recently 
demonstrated that fibroblast growth factors may play an 
important role in the pathophysiology of  EoE and may 
be part of  a set of  immune indicators that could, without 
biopsy, differentiate EoE subjects from subjects with 
other clinically similar symptoms such as GERD[47].

Future studies will provide new information about 
diagnosis, pathogenesis, endoscopic /histological criteria, 
non-invasive markers and novel and more efficacious 
treatments, as well as establishing natural history. Ran-
domized clinical trials are urgently needed to inform non-
invasive diagnostic tests, hallmarks of  natural history and 

more efficacious treatment approaches for patients with 
EoE[12]. The collaboration between pediatric and adult 
clinical and experimental studies will be paramount in the 
understanding and management of  this disease.
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Abstract
The demarcation line between the cancerous lesion 
and the surrounding area could be easily recognized 
with flexible spectral imaging color enhancement (FICE) 
system compared with conventional white light images. 
The characteristic finding of depressed-type early gas-
tric cancer (EGC) in most cases was revealed as reddish 
lesions distinct from the surrounding yellowish non-
cancerous area without magnification. Conventional 
endoscopic images provide little information regarding 
depressed lesions located in the tangential line, but 
FICE produces higher color contrast of such cancers. 
Histological findings in depressed area with reddish col-
or changes show a high density of glandular structure 
and an apparently irregular microvessel in intervening 
parts between crypts, resulting in the higher color con-
trast of FICE image between cancer and surrounding 
area. Some depressed cancers are shown as whitish 
lesion by conventional endoscopy. FICE also can pro-
duce higher color contrast between whitish cancerous 
lesions and surrounding atrophic mucosa. For nearly 
flat cancer, FICE can produce an irregular structural 

pattern of cancer distinct from that of the surrounding 
mucosa, leading to a clear demarcation. Most elevated-
type EGCs are detected easily as yellowish lesions with 
clearly contrasting demarcation. In some cases, a par-
tially reddish change is accompanied on the tumor sur-
face similar to depressed type cancer. In addition, the 
FICE system is quite useful for the detection of minute 
gastric cancer, even without magnification. These new 
contrasting images with the FICE system may have the 
potential to increase the rate of detection of gastric 
cancers and screen for them more effectively as well as 
to determine the extent of EGC.

© 2012 Baishideng. All rights reserved.

Key words: Early gastric cancer; Flexible spectral imag-
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INTRODUCTION
Modest changes in morphology and color of  the mu-
cosa are important factors for the diagnosis of  early 
gastric cancer (EGC). The morphological characteristics 
of  EGC include mild elevation and shallow depression 
of  the mucosa, as well as discontinuity with surround-
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ing mucosa and areas of  uneven surface. For changes in 
color, pale redness or fading is important. However, these 
endoscopic features have not been sufficient to achieve 
an accurate diagnosis for EGC. The flexible spectral im-
aging color enhancement (FICE) system was developed 
as a selection system of  the narrow band image and 
introduced in 2005 as a novel image-processing tool for 
video endoscopy[1-4]. FICE enhances the contrast of  mu-
cosal surface without the use of  dyes. Additionally, FICE 
provides optimal band image with the same light intensity 
as conventional endoscope, implying that the FICE sys-
tem can display clear images even without magnification. 
Indeed, FICE can facilitate detection of  changes in EGC 
without magnification and confirm accurately the diagno-
sis of  cancer with low or half  magnification[5-7]. 

Endoscopic submucosal dissection (ESD) was de-
veloped in the past 10 years as a more reliable method 
of  endoscopic resection than endoscopic mucosal resec-
tion (EMR)[8-10]. In Japan, ESD has now been officially 
approved as an endoscopic treatment for EGC, and the 
mainstream of  therapy for EGC has shifted from EMR 
to ESD. However, the accurate diagnosis of  extent of  
gastric cancer is needed to achieve complete resection 
by ESD. FICE is very useful for the diagnosis of  extent 
without or with magnification.

In this report, advance in endoscopic diagnosis for 
the extent of  EGCs will be reviewed particularly focusing 
on FICE images.

FICE SYSTEM AS ENDOSCOPIC 
DIAGNOSTIC TOOL
Instrument
FICE was developed with the aim of  enhancing the cap-
illary pattern and the pit patterns in endoscopic images. 
FICE technology is based on the selection of  spectral 
transmittance with a dedicated wavelength. In contrast 
to narrow band imaging, in which the bandwidth of  
the spectral transmittance is narrowed by optical filters, 
FICE is based on a new spectral estimation technique 
that eliminates the need for optical filters. FICE takes an 
ordinary endoscopic image from a video processor and 
arithmetically processes the reflected photons to reconsti-
tute virtual images for a choice of  different wavelengths. 
Because the spectra of  pixels are known, it is possible 
to perform imaging on a single wavelength. Such single-
wavelength images are randomly selected, and assigned 
to red (R), green (G), and blue (B) to build and display an 
FICE-enhanced color image. 

Instrument specifications and selection of a set of 
wavelengths
Endoscopes used with FICE system include EG-590ZW 
for routine and magnifying observation, EG-590WR 
for routine observation and EG-530 NW for transnasal 
observation, all of  which are developed by Fujifilm Cor-
poration (Kanagawa, Japan) for the upper gastrointestinal 
tract and need an electronic endoscope system (FTS4400 

and 4450, Fujifilm). The EG-590ZW scope can magnify 
endoscopic images optically up to 135-fold[5-7] through 
the use of  a zoom attachment. It is easy to change wave-
lengths in each endoscopic procedure, because the sys-
tem allows selection of  a setting from up to ten possible 
settings. Osawa et al[5] and Yoshizawa et al[6,7] at the Jichi 
Medical University in Japan selected the best setting that 
enhances the demarcation lines more strongly between 
cancerous lesions and surrounding areas in the case of  
EGC without magnification. For most cases of  gastric 
cancer, the best images were obtained with use of  a spe-
cific combination of  the following three wavelengths: 
470 nm for blue (B), 500 nm for green (G), and 550 nm 
for red (R) that also produces a brighter image of  vari-
ous types of  gastric cancers, that is, depressed, flat and 
elevated type.

DETERMINATION OF EXTENT OF EGC 
WITH NONMAGNIFIED FICE IMAGES
Chromoendoscopy is often carried out by spraying dyes 
such as indigo carmine after thoroughly washing out the 
mucus and is useful to determine the extent of  the tu-
mor by clearer detection of  the morphological feature of  
depressed or protruded cancerous margin. By contrast, 
FICE is often carried out not only by such detection of  
morphological feature but also higher color contrast be-
tween cancer and surrounding atrophic mucosa. There-
fore, tumor margin may be easily identified in FICE im-
ages even without magnification.

The characteristic finding of  depressed-type EGC in 
most cases was revealed as reddish lesions distinct from 
the surrounding yellowish non-cancerous area without 
magnification. Compared with conventional white light 
images, the demarcation line between the cancerous le-
sion and the surrounding area could be easily recognized 
with FICE system (Figure 1). Conventional endoscopic 
images provide little information regarding depressed le-
sions located in the tangential line, but FICE produces 
higher color contrast of  such cancers, even with the small 
caliber-size scope for transnasal route[11] (EG 530NW) 
(Figure 1A and B). Histological findings in depressed 
area with reddish color changes show a high density of  
glandular structure and an apparently irregular microves-
sel in intervening parts between crypts. Such histological 
features differ from those of  surrounding mucosa and 
may cause higher color contrast of  FICE images between 
them.

Some depressed cancers are shown as whitish lesion by 
conventional endoscopy (Figure 2). FICE also can produce 
higher color contrast between whitish cancerous lesions 
and surrounding atrophic mucosa. For nearly flat cancer, 
FICE can produce an irregular structural pattern of  cancer 
distinct from that of  the surrounding mucosa, leading to 
a clear demarcation (Figure 3). On the other hand, most 
elevated-type EGCs are detected easily as yellowish lesions 
with clearly contrasting demarcation (Figure 4). In some 
cases, a partially reddish change is accompanied on the 
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Figure 1  Image findings and specimen, A: Conventional image with small caliber endoscope (EG530-NW) reveals a slightly reddish mucosal change in the lesser 
curvature of the upper body; B: Flexible spectral imaging color enhancement (FICE) image with small caliber endoscope enhances a reddish cancerous lesion and 
can determine with precision a clear line of demarcation between cancer and the yellowish surrounding mucosa; C: FICE image with low magnification (EG590-ZW) 
also detects much clearer demarcation line; D: Specimen after endoscopic submucosal dissection shows a high density of glandular structure and an apparently ir-
regular microvessel in intervening parts between crypts, which may cause a reddish mucosal change in depressed area.
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Figure 2  Some depressed cancers are shown as whitish lesion by conventional endoscopy. A: Conventional image (EG590-ZW) reveals a slightly whitish 
mucosal change in the anterior wall of antrum; B: Flexible spectral imaging color enhancement (FICE) image enhances a whitish cancerous lesion and can determine 
a line of demarcation between cancer and surrounding mucosa; C: FICE image in a close-up view (EG590-WR) detects with precision a clearer demarcation line; D: 
FICE image with half magnification (EG590-ZW) reveals a finer microstructural pattern on mucosal surface of cancer and higher contrasting mucosa between cancer 
and the surrounding area, leading a clearer demarcation line.
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tumor surface similar to depressed type cancer (Figure 5)[5]. 
In addition, the FICE system is quite useful for the detec-
tion of  minute gastric cancer, even without magnification. 
These new contrasting images with the FICE system may 
have the potential to increase the rate of  detection of  gas-
tric cancers and screen for them more effectively as well as 
to determine the extent of  EGC.

DETERMINATION OF THE EXTENT OF 
EGC WITH MAGNIFIED FICE IMAGES
Magnified FICE images are quite useful for an accu-
rate diagnosis for EGC and determination of  extent of  
EGC[5-7]. The irregular microstructural or nonstructural 

pattern is clearly identified on the tumor surface with 
magnification, despite the morphological types of  EGC 
(Figures 1-4 and 6). Such patterns were found in none 
of  the surrounding mucosa, resulting in the accurate de-
marcation line[5-7]. In addition, the irregular microvascular 
pattern of  lesions is clearly visualized with half  magni-
fication (Figure 6). These findings were also helpful to 
confirm a definitely endoscopic diagnosis for EGC and 
are quite useful for marking in the noncancerous mu-
cosa around the tumor after the determination of  tumor 
margin, even in lesions with a blurred tumor margin by 
conventional images. Thus, en-bloc specimens with free 
lateral margins can be obtained by ESD. Low or half  
magnification in the FICE system allows endoscopists 
to more easily maintain the proper distance between the 
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Figure 3  Conventional image and Flexible spectral imaging color enhancement image findings. A: Conventional image (EG590-ZW) reveals a slightly enriched 
vascular structure of gastric mucosa in the lesser curvature of the lower body; B: Flexible spectral imaging color enhancement (FICE) image enhances such a struc-
ture and shows reddish lesions in its anal side near angle; C: Conventional image near angle in a close-up view shows slightly reddish changes on the flat mucosa; 
D: FICE image near angle in a close-up view shows an irregular structural pattern distinct from the surrounding area, leading to a clearer demarcation line; E: Con-
ventional image (EG590-WR) reveals a slightly enriched vascular structure in nearly flat mucosa in the antrum in a close-up view; F: FICE image enhances such a 
structure accompanied by a clear margin of cancer distinct from the surrounding mucosa. It is noted that these images can be obtained without magnification.
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tip of  endoscope and the gastric mucosa and to observe 
broad areas that include both cancerous and surrounding 
noncancerous portions simultaneously on the same en-
doscopic images.

Histological types of  gastric cancer do not influence 
the diagnosis of  its extent and therefore an extremely 
high accuracy of  demarcation line is maintained in most 
cases. However, an unclear demarcation line is evident in 
a few cases of  EGC. The extent of  gastric cancer with 
more than 20 mm in diameter may be misdiagnosed in 

a few cases even by an experienced endoscopists using 
FICE. Also, it is difficult to diagnose the extent of  can-
cers with similar structural pattern to the surrounding 
area or accompanied by flat invasion, even though such 
lesions are observed with magnification.

CONCLUSION
In summary, even though targeted areas of  the mucosa 
can be removed precisely by ESD, a complete resec-
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Figure 4  Most elevated-type early gastric cancers are detected easily as yellowish lesions with clearly contrasting demarcation. A: Conventional image 
(EG590-ZW) in a distant view reveals a slightly elevated lesion similar to the mucosal color of surrounding area in the anterior wall of lower body; B: Flexible spectral 
imaging color enhancement (FICE) image shows an uneven surface on the elevated tumor; C: A close-up FICE image without magnification exhibits an irregular 
microstructural pattern on uneven tumor surface distinct from the surrounding mucosa; D: FICE image with low magnification distinguishes an apparently irregular 
microstructural pattern of cancer from a normal microstructural pattern of the surrounding mucosa. 
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Figure 5  In some cases, a partially reddish change is accompanied on the tumor surface similar to depressed type cancer. A: Conventional image (EG590-
ZW) in a distant view reveals an elevated lesion with slightly reddish portion in the posterior wall of antrum; B: Flexible spectral imaging color enhancement image 
enhances a reddish portion on tumor surface with more contrasting demarcation line. In addition, tumor margin of flat area in the right side of this figure can be more 
clearly visualized than conventional image.
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tion cannot be expected without determining the extent 
of  EGCs. The diagnostic accuracy of  extent of  gastric 
cancer using FICE is superior to that using conventional 
white light image. It is noted that endoscopic diagnosis 
of  EGC with FICE system can be performed even with 
non-magnified images and half  magnified images. FICE 
can yield higher color contrast between cancerous lesion 
and the surrounding area and reveal an irregular structur-
al pattern in cancerous lesions without magnification. In 
addition, FICE can also produce a microvascular patterns 
with magnification. These findings contribute to the pre-
cise determination of  extent of  EGC.
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Abstract
AIM: To investigate whether magnifying endoscopy 
with narrow band imaging (ME-NBI) is useful for evalu-
ating the area of superficial, depressed- or flat-type dif-
ferentiated adenocarcinoma of the stomach.

METHODS: This procedure was performed in Saitama 
Medical University International Medical Center, Japa-
nese Red Cross Kumamoto Hospital and Kitakyushu 
Municipal Medical Center. The subjects were 31 patients 
in whom biopsy findings, from superficial, depressed- 
or flat-type gastric lesion, suggested differentiated 
adenocarcinoma in the above 3 hospitals between 

January and December 2009. Biopsy was performed on 
the lesion and non-lesion sides of a boundary (imagi-
nary boundary) visualized on ME-NBI. The results were 
pathologically investigated. We evaluated the accuracy 
of estimating a demarcation line (DL) on ME-NBI in 
comparison with biopsy findings as a gold standard.

RESULTS: The DL that could be recognized at 2 points 
on the orifice and anal sides of each lesion during ME-
NBI was consistent with the pathological findings in 22 
patients with 0-Ⅱc lesions, 7 with 0-Ⅱb lesions, and 
2 with 0-Ⅱb + Ⅱc lesions, showing an accuracy of 
100%.

CONCLUSION: The results suggest the usefulness 
of ME-NBI for evaluating the area of superficial, de-
pressed- and flat-type differentiated adenocarcinoma of 
the stomach. 

© 2012 Baishideng. All rights reserved.

Key words: Narrow band imaging; Magnifying endos-
copy; Endoscopic submucosal dissection; Gastric carci-
noma

Peer reviewers: Carlos Robles-Medranda, MD, Head of the En-
doscopy Division, Ecuadorian Institute of Digestive Disease, San 
Antonio Clinic, Av. Reales Tamarindo y Tennis Club, Portoviejo-
Manabi-Ecuador, Casilla 13-01-266, Ecuadorian; Shuhei Yoshi-
da, MD, PhD, Division of Gastroenterology, Beth Israel Deacon-
ess Medical Center, Harvard Medical School, 330 Brookline Ave, 
Boston, MA 02215, United State

Nonaka K, Namoto M, Kitada H, Shimizu M, Ochiai Y, Togawa 
O, Nakao M, Nishimura M, Ishikawa K, Arai S, Kita H. Useful-
ness of the DL in ME with NBI for determining the expanded 
area of early-stage differentiated gastric carcinoma. World J 
Gastrointest Endosc 2012; 4(8): 362-367  Available from: URL: 
http://www.wjgnet.com/1948-5190/full/v4/i8/362.htm  DOI: 
http://dx.doi.org/10.4253/wjge.v4.i8.362

BRIEF ARTICLE 

362 August 16, 2012|Volume 4|Issue 8|WJGE|www.wjgnet.com



Nonaka K et al . NBI of gastric cancer

INTRODUCTION
Narrow band imaging (NBI) is a new endoscopic tech-
nique developed by Olympus Co., Ltd., which facili-
tates the visualization of  microvascular features on the 
mucosal surface and their fine structure with high-level 
contrast employing two types of  ray (central wavelengths: 
415 and 540 nm, respectively)[1]. The endoscopic diagno-
sis of  intramucosal gastric carcinoma of  the superficial 
depressed type or flat type with nonmagnified instru-
ment is often difficult because such carcinoma, so-called 
“gastritis-like cancer”, are manifest as only subtle changes 
in color and shape. Yao et al[2] have reported that magni-
fied observation without NBI of  the microvascular archi-
tecture of  intramucosal gastric carcinoma may be useful 
for characterizing flat carcinoma that exhibit only subtle 
changes in color and shape at standard endoscopy, and 
also be useful for determining the extent of  intramucosal 
spread of  differentiated carcinomas that have an irregular 
margin. 

Yao et al[3] reported that a regular subepithelial capil-
lary network (SECN) pattern was present in the mucosa 
around gastric carcinoma, but the pattern was lost in 
the microvascular architecture of  differentiated gastric 
carcinoma, in which microvascular growth with an ir-
regular morphology and distribution was noted, and a 
clear demarcation line (DL) was formed at the boundary 
between the cancerous and non-cancerous regions due 
to differences in the microvascular architecture between 
the regular SECN pattern and irregular microvascular 
pattern. However, they employed magnifying endoscopy 
(ME) without NBI. 

Recent studies have reported that the use of  NBI, 
which facilitates the visualization of  microvascular and 
fine mucosal architectures, contributes to the detection 
of  small, superficial, depressed- or flat-type adenocarci-
noma of  the stomach and improvement in the diagnostic 
capacity[4-9]. However, to date, few studies have reported 
the usefulness of  determining of  the DL of  gastric 
cancer by ME with NBI (ME-NBI)[7,8,10,11]. In addition, 
according to recent studies, it is impossible to examine 
vascular features using this procedure in some patients 
with differentiated adenocarcinoma of  the stomach[12,13]. 
When evaluating the extent of  differentiated adenocar-
cinoma using NBI, not only differences in the microvas-
cular architecture but also those in the fine structure of  
mucosa between cancerous and non-cancerous regions 
must be considered. Furthermore, the usefulness of  ME-
NBI for establishing/marking the extent of  resection has 
been discussed. However, it is controversial to evaluate 
whether diagnosis of  the extent of  cancer using ME-NBI 
is accurate in a resected specimen involving a mark drawn 
in an area lateral to the DL visualized on ME-NBI. 

Unlike the previously reported evaluation of  its use-
fulness in endoscopic submucosal dissection (ESD) speci-
mens[7,9-11], the present study investigated the usefulness of  
a new method of  gastric biopsy performed during ME-
NBI.

MATERIALS AND METHODS
We used magnifying endoscope (GIF-Q240Z, Olympus 
Optical Co., Ltd., Tokyo, Japan) combined with NBI sys-
tem, consisting of  an image processor (CV-260SL, Olym-
pus), a light source (CLV-260SL, Olympus) in this study. 
Before the examination, a hood was mounted on the tip 
of  the endoscope to enable the endoscopist to fix the fo-
cal distance at 2 mm between the tip of  the instrument 
and the mucosal surface.

Thirty-one patients with superficial, differentiated 
carcinoma of  the stomach who underwent ME-NBI in 
3 hospitals (our hospital, Kitakyushu Municipal Medical 
Center, and Japanese Red Cross Kumamoto Hospital) 
between January and December 2009 were enrolled in this 
prospective, uncontrolled study. Examinations were car-
ried out by 3 endoscopists specializing in NBI (1 per hos-
pital). In all patients, the differentiated adenocarcinoma 
had been diagnosed previously at conventional endoscopy 
including biopsies with histopathologic confirmation. 

Macroscopic type of  the carcinoma was classified ac-
cording to the classification for early stage gastric cancer of  
the Japanese Research Society of  Gastric Cancer (Type Ⅰ, 
protruded; Type Ⅱa, superficial elevated; Type Ⅱb, flat; 
Type Ⅱc, superficial depressed; and Type Ⅲ, excavated). 
Carcinoma of  the superficial depressed or flat types as 
determined at standard endoscopy were included in this 
study. Protruded and superficial elevated types were ex-
cluded as these are easily identified by standard endoscopy 
alone. Patients were excluded if  the endoscopic findings 
using conventional endoscopy or endoscopic ultrasonog-
raphy clearly suggested ulceration within the lesion, or 
obvious submucosal invasion, because both of  these find-
ings may influence the microvascular architecture of  the 
lesion. In addition, we excluded patients in whom biopsy 
findings suggested the coexistence of  undifferentiated 
with differentiated carcinoma.

ME-NBI was applied for 31 flat-type and superficial 
depressed-type lesions with unclear boundaries diagnosed 
as differentiated gastric carcinoma based on conventional 
observation and biopsy. The presence or absence of  
DL was judged on the oral and anal sides of  the lesions. 
The nearest part of  the lesion from the esophagogastric 
junction was determined by endoscopic observation and 
defined as oral side of  the lesions. The nearest part of  
the lesion from the pyloric ring was also determined by 
endoscopic observation and defined as anal side of  the 
lesions. Lesions with and without DL identification were 
presented as DL (+) and (-), respectively. Biopsy was per-
formed, assuming regions sandwiching the DL as cancer-
ous and non-cancerous mucosa (Figures 1 and 2).

For biopsy, we employed biopsy forceps measuring 
1.8 mm in tip diameter (FB-21K-1, Olympus Tokyo). 
To measure the distance from the DL as objectively and 
accurately as possible, biopsy forceps were used as an 
indicator. The study used 1.8 mm biopsy forceps, the 
smallest commercially available, to avoid taking too much 
tissue and minimize the distance between two biopsy 
sites sandwiching the DL.
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Establishing a distance of  approximately 1.8 mm 
from the boundary (DL) estimated on NBI observation, 
two regions sandwiching it were assumed as cancerous 
and non-cancerous. As described above, biopsy was per-
formed on the orifice and anal sides of  each lesion. Based 
on the diagnostic criteria, the assistant doctor recorded 
the presence or absence of  DL during the procedure to 
ensure the objectivity of  the examination. The rate of  
consistency of  the boundary between the cancerous and 
non-cancerous mucosa on magnified NBI and that iden-
tified in the biopsied specimen was investigated. A total 
of  4 biopsy specimens per lesion were collected. There-
fore, 124 biopsy specimens were collected in 31 patients.

All patients gave their written informed consent. 
Patients who were receiving warfarin or any other anti-
coagulant treatment were excluded from this study. This 
study was approved by the Medical Ethics Committee 
of  Saitama Medical University International Medical 
Center, Japanese Red Cross Kumamoto Hospital and 
Kitakyushu Municipal Medical Center. The UMIN Clini-
cal Trials Registry identification number for this study is 
C000001769.

Statistical analysis
There is no statistical analysis. The calculations were 
performed by using SAS version 8.0 (SAS Institute Inc., 
Cary, NC). 

RESULTS
In the 31 patients, we investigated the age, gender, le-
sion site, maximum diameter, morphology, presence or 
absence of  DL at each 2 points on the orifice and anal 
sides, and proportion of  patients in whom NBI find-
ings were consistent with biopsy findings (Table 1). The 
number of  patients did not reach the initial target 60, but 
enrollment was discontinued because the 1-year enroll-
ment period had ended. The lesion size was measured us-
ing resected specimens. In untreated patients from whom 
no specimen had been resected, measuring forceps for 
routine observation were employed. The median age was 
71 years (57-87 years). The male-to-female ratio was 25:6. 
Lesions were localized in the upper, middle, and lower 
areas in 8, 15, and 8 patients, respectively.
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Table 1  Clinicopathologic characteristics of patients

Age (median, yr) 71
Sex (M:F) 25:6
Location (U:M:L) 8:15:8
Tumor size (median) (range) (mm) 22 (3-72)
Macroscopic type [Ⅱb:Ⅱc:(Ⅱb + Ⅱc)] 7:22:2

The area of the lesser and greater curvatures was divided into 3. The 
orifice side was regarded as upper (U), intermediate area as middle (M), 
and anal side as lower (L). IIb: Flat type; IIc: Superficial depressed type. 

DC

BA

Figure 1  Narrow band imaging findings. A: Ordinary [non magnifying endoscopy with narrow band imaging (ME-NBI)] endoscopic findings of intramucosal gastric 
carcinoma. A flare-like flat-type (0-Ⅱb) lesion measuring 25 mm in diameter, with an unclear border, was observed at the greater curvature of the inferior gastric body 
(arrows); B: NBI finding of the lesion (non-ME); C: Strongly-magnified NBI finding at the lesion center; D: Moderately-magnified NBI finding at the margin: a demarca-
tion line between the cancerous and non-cancerous regions could be recognized based on differences in the fine structure of mucosa and microvascular features 
(arrows). This was established as an imaginary boundary.
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Macroscopically, the morphology was evaluated as Ⅱb  
in 7 patients, Ⅱc in 22, and Ⅱb + Ⅱc in 2. The median 
lesion diameter was 22 mm, with an inter-quartile range of  
40 mm to 14 mm. On NBI observation, the DL could be 
recognized at all 62 points. As shown in Figures 1 and 2, 
biopsy was performed, assuming two regions sandwich-
ing the DL that could be recognized on NBI as cancerous 
and non-cancerous. In each 2 points in 31 patients, the 
imaginary boundary was consistent with a pathologically 
detected border between the cancerous and non-cancer-
ous regions as a gold standard (Figure 3).

DISCUSSION
An NBI endoscopic system with 415-nm and 540-nm 
rays has facilitated the visualization of  blood vessels in 
high-level contrast[1]. In this system, an incoming ray pen-
etrates the superficial layer of  translucent tissue below 
the mucosal epithelium, and is strongly absorbed by he-
moglobin. As a secondary action, the contrast of  vascular 
features makes it possible to evaluate the fine structure of  
mucosa, and an incoming ray may be strongly reflected 
from the mucosal surface, contributing to the visualiza-
tion of  its fine structure.

Based on this principle, the NBI system has common-
ly been employed for the diagnosis of  epithelial and non-

epithelial tumors of  the digestive tract[12,14-17]. Previous 
studies involving gastric cancer patients have reported a 
vascular pattern (fine network pattern) specific to differ-
entiated adenocarcinoma and a corkscrew pattern specific 
to undifferentiated carcinoma, employing NBI-combined 
magnified endoscopy. This procedure is routinely used in 
clinical practice. With respect to fine mucosal structures, 
Uedo et al[18] proposed a “light blue crest”, Yao et al[12] a 
“white opaque substance”. Diagnoses are made based on 
microvascular features and these mucosal structures. 

Despite the widespread use of  NBI, few studies to 
date have reported the usefulness of  ME-NBI for de-
termining the extent of  gastric cancer[7,9-11]. In Japan, the 
widespread use of  ESD has facilitated resection regardless 
of  the tumor size in patients with early gastric cancer[19,20]. 
Therefore, it is very important to evaluate the extention 
of  the lesions. Kiyotoki et al[11] compared ME-NBI and 
indigo carmine chromoendoscopy without magnification 
to determine the gastric tumor margin, and found that the 
diagnostic accuracy of  the former technique was signifi-
cantly higher, at 97.4%, than that of  the latter, at 77.8% (P 
= 0.009). Their study included 13 patients with adenoma, 
in only one of  whom the extent of  tumor invasion by 
ME-NBI was misdiagnosed. As we previously reported[21], 
gastric adenoma differs from gastric carcinoma in that, 
in many cases, microvessels cannot be visualized by NBI, 
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Figure 3  Pathological findings. A: HE staining of a biopsy specimen collected from the demarcation line (DL) (+) site of the patient presented in Figure 2; B: HE 
staining of a biopsy specimen collected from the DL (-) site of the patient presented in Figure 2.

BA
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Figure 2  Biopsy findings and standard observation biopsy. A: As shown in the photograph, biopsy was performed by measuring a distance of approximately 1.8 
mm using forceps (tip diameter: 1.8 mm), regarding two regions sandwiching the boundary estimated on NBI as cancerous and non-cancerous; B: Standard observa-
tion after biopsy.
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or only microvessels similar to those of  the surrounding 
mucosa can be observed and the mucosal microstructure 
is very difficult to distinguish from intestinal metaplasia 
in the surrounding gastric mucosa. Kiyotoki et al[11] con-
sidered that these features of  gastric adenoma led to the 
misdiagnosis of  the adenoma patient. However, the diag-
nostic accuracy of  ME-NBI in 38 gastric cancer patients 
was 100%, which was similar to our results.

In a study by Kadowaki et al[10], a group of  eight experts 
and a group of  eight non-experts compared the useful-
ness of  four different methods: conventional ME (CME), 
NE-MBI, enhanced-ME with acetic acid (EME), and ME 
with NBI and acetic acid (NBI-EME), for determining the 
extent of  gastric cancer using the original scoring system. 
Both groups found that ME-NBI and NBI-EME were 
more useful for the diagnosis of  the extent of  gastric can-
cer than CME, suggesting that NE-MBI is useful even for 
non-experts in the diagnosis of  gastric cancer invasion.

These two studies were problematic in that they did 
not include patients with 0-Ⅱb lesions, the extent of  
which is the most difficult to determine among gastric 
cancers, but included many with elevated lesions, the 
margins of  which are relatively easily recognizable during 
routine observation. Yao et al[2] considered that lesions in 
which it is difficult to determine their extent by routine 
observation were superficial depressed- (0-Ⅱc) and flat-
type (0-Ⅱb) gastric carcinomas (so-called “gastritis-like 
cancer”), performed magnified observation of  these le-
sions without NBI, and reported the results using the ex-
pression “demarcation line”. Based on this first report, we 
examined patients with 0-Ⅱc or 0-Ⅱb lesions. Although 
the present study was limited to patients with Ⅱb (flat-
type) or Ⅱc (superficial depressed-type) lesions, the diag-
nostic accuracy for determining the cancer extent was as 
high as 100%. 

Physicians must recognize the limitations of  determin-
ing the extent of  undifferentiated carcinoma, which may 
extend at the middle part of  the lamina propria, showing 
no abnormal findings in the superficial mucosal layer, as 
well as the absence of  evidence regarding the consistency 
between NBI-recognized and pathological boundaries in 
differentiated carcinoma patients who have undergone 
ESD involving a 2- or 3-mm marginal region via marking 
at points 2- or 3-mm lateral to the boundary estimated on 
NBI. In this study, to overcome these limitations, we ex-
amined the usefulness of  diagnosing the extent using NBI 
in reference to biopsy findings as a gold standard.

According to Yao et al[2], when employing novel ME 
without NBI, the DL can be recognized based on differ-
ences in microvascular features between the cancerous 
and non-cancerous regions in patients with differentiated 
adenocarcinoma of  the stomach. Araki et al[22] analyzed 
NBI-combined ME images of  differentiated adenocarci-
noma of  the stomach using a computer. There were no 
significant differences in the density or mean diameter of  
microvessels between the cancerous and non-cancerous 
regions. However, branching and fusion were significantly 
more marked in the cancerous region. Therefore, they re-

ported that ME-NBI was useful for evaluating the border 
between the cancerous and non-cancerous regions. How-
ever, actually, it is difficult to recognize microvascular 
features in some patients. Ezoe et al[13] indicated that there 
was no abnormal blood vessel in 17% of  patients with 
gastric small depressive cancer. In their study described 
above, patients in whom no abnormal blood vessel was 
visually detected were also excluded[22].

ME-NBI has facilitated the visualization of  micro-
vascular features and fine mucosal structures, making it 
possible to recognize a boundary based on differences 
in the fine structure of  mucosa between cancerous and 
non-cancerous regions. For diagnosis of  the extent using 
NBI, it is important to initially recognize marked vascular 
abnormalities or those in the fine structure of  mucosa at 
the lesion center and expand the extent of  observation 
toward the lateral side.

In this study, we reviewed serial cases over 1 year, 
and the results suggested the usefulness of  boundary 
diagnosis using NBI. However, the number of  patients 
was small, and the 3 endoscopists participating in this 
study were familiar with NBI diagnosis. In the future, a 
larger number of  patients should be investigated, and the 
results of  this procedure carried out by beginners must 
be reviewed. However, taken together with the report 
of  Kiyotoki et al[11], we can conclude that diagnosis of  
the extent using NBI is as useful as or more useful than 
conventional diagnosis based on standard observation. 
In hospitals in which 4-point biopsy has been performed 
to evaluate the extension of  the lesion, the introduction 
of  this method may eliminate unnecessary biopsy. In our 
series, biopsy led to a diagnosis of  cancer before DL as-
sessment. However, Yao et al[3] reported that 25.3% of  
patients with gastritis showed a DL on magnifying WLI. 
Ezoe et al[13] indicated DL presence on magnifying NBI in 
42% of  patients with non-cancerous gastric small depres-
sive lesions. Their findings must be considered. Briefly, 
ME-NBI may be very useful for evaluating the extent of  
differentiated adenocarcinoma, but may not become an 
absolute diagnostic criterion for cancer.

COMMENTS
Background
Recent studies have reported that the use of narrow band imaging (NBI), which 
facilitates the visualization of microvascular and fine mucosal architectures, 
contributes to the detection of small, superficial, depressed- or flat-type adeno-
carcinoma of the stomach and improvement in the diagnostic capacity. 
Research frontiers
There have been few studies reported the usefulness of determining of the 
demarcation line (DL) of gastric cancer by magnifying endoscopy with NBI (ME-
NBI).
Innovations and breakthroughs
Previous studies have shown the usefulness of ME-NBI for determination of the 
range of early gastric cancer. However, in each study, endoscopic submucosal 
dissection (ESD) specimens were used for evaluation. The authors consider it 
difficult to discuss the usefulness of this method using ESD specimens obtained 
by marking a few mm outside the line recognized as the lesion border and inci-
sion a few mm outside the marking. This problem could be overcome in the 
present study.
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Applications
In hospitals in which 4-point biopsy has been performed to evaluate the exten-
tion of the lesion, the introduction of this method may eliminate unnecessary 
biopsy.
Terminology
DL was formed at the boundary between the cancerous and non-cancerous re-
gions due to differences in the microvascular architecture between the regular 
subepithelial capillary network pattern and irregular microvascular pattern.
Peer review
The authors prospectively studied usefulness of ME-NBI on diagnosis of dif-
ferentiated early stage of gastric adenocarcinoma. This is a very interesting 
and novel topic. Information of this study is very important for future progress of 
gastrointestinal endoscopy field.
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Abstract
AIM: To determine the learning curves for antegrade 
double-balloon enteroscopy (aDBE) and retrograde DBE 
(rDBE) by analyzing the technical success rates.

METHODS: A retrospective analysis in a tertiary refer-
ral center. This study reviewed all cases from June 2006 
to April 2011 with a target lesion in the small-bowel 
identified by either capsule endoscopy or computed 
tomography scan posted for DBE examinations. Main 
outcome measurements were: (1) Technical success 
of aDBE defined by finding or excluding a target lesion 
after achieving sufficient length of small bowel intuba-
tion; and (2) Technical success for rDBE was defined by 
either finding the target lesion or achieving stable over-
tube placement in the ileum. 

RESULTS: Two hundred and eighty two procedures 
fulfilled the inclusion criteria and were analyzed. These 
procedures were analyzed by blocks of 30 cases. There 

was no distinct learning curve for aDBE. Technical 
success rates for rDBE continued to rise over time, al-
though on logistic regression analysis testing for trend, 
there was no significance (P = 0.09). The odds of suc-
cess increased by a factor of 1.73 (95% CI: 0.93-3.22) 
for rDBE. For these data, it was estimated that at least 
30-35 cases of rDBE under supervision were needed to 
achieve a good technical success of more than 75%.

CONCLUSION: There was no learning curve for aDBE. 
Technical success continued to increase over time for 
rDBE, although a learning curve could not be proven 
statistically. Approximately 30-35 cases of rDBE will be 
required for stable overtube intubation in ileum.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The American Society for Gastrointestinal Endoscopy 
has guidelines specifically addressing standards for train-
ing, assessing competence, and granting privileges to 
endoscopy[1]. Together with American College of  Gas-
troenterology, quality indicators for major endoscopic 
procedures like esophagogastroduodenoscopy (EGD)[2], 
colonoscopy[3], endoscopic retrograde cholangiopan-
creatography (ERCP)[4] and endoscopic ultrasonography 
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(EUS)[5] were formulated. Efforts from numerous groups 
of  researchers in the past in developing performance 
parameters contributed significantly in formulating end-
points that define high quality endoscopic services.

Since the introduction of  double-balloon enteros-
copy (DBE) by Yamamoto et al[6] in 2001, the technique 
has developed into a widely used intervention for small 
bowel diagnosis and therapy. However, performance pa-
rameters in DBE are lacking. Several recent papers[7,8] had 
addressed some questions regarding technical success. 
Gross et al[9] evaluated the improvement in clinical impact 
and noted that with experience, helpful clinical impact 
rose. We retrospectively studied all DBE cases performed 
in our institution and investigate the learning curves for 
both ante grade and retrograde approaches with a focus 
on technical end-points.

MATERIALS AND METHODS
Study protocol
This is a single-center retrospective study in a tertiary 
referral teaching hospital in Sydney, Australia. In our in-
stitution, one endoscopist (who is the senior author of  
this article) with experience in DBE and in therapeutic 
endoscopy performed all procedures, with trainees assist-
ing with the overtube. The endoscopist has an experience 
of  performing approximately 10 000 EGD, 7000 colonos-
copies, 4000 ERCPs and 2500 EUS. DBE was performed 
using the Fujinon enteroscope (Fujinon EN-450T5, Fu-
jinon Corporation, Saitama, Japan). DBE was performed 
via the antegrade (aDBE) or retrograde (rDBE) route, and 
the intention was to perform a targeted approach with the 
DBE. The approach was determined by the endoscopist, 
based on the position the lesion was suspected most often 
determined by the time a lesion was seen in relation to the 
total small-bowel transit time on a capsule endoscopy (CE) 
study. If  the lesion was within the proximal two thirds of  
the small-bowel, then an aDBE was used.

The DBE was performed with the patient under 
conscious or deep sedation with a combination of  intra-
venous midazolam (Pfizer, Bentley, Australia), fentanyl 
(Mayne Pharma Ltd., Mulgrave, Australia), and propofol 
(Fresofol 1%, Pharmatel Fresenius Kabi Pty Ltd., Horn-
by, Australia) administered by the assistant or attending 
anesthetist. The preparation for the procedures included 
a fasting period of  8 h before the oral procedure and a 
routine bowel preparation with a sodium picosulfate–
based (Picoprep, Pharmatel Fresenius Kabi Pty Ltd, 
Hornsby, Australia), or sodium phosphate-based prepara-
tions (Fleet, Ferring Pharmaceuticals, Gordon, Australia) 
with a clear fluid diet the day before the procedure for 
the anal approach. The technique of  DBE was previously 
described by the innovator Yamamoto et al[6].

Institutional Review Board approval was obtained be-
fore data collection. Information on DBE was extracted 
from the endoscopy unit database. Clinical records of  
these patients were traced from the Medical Record De-
partment. Information on patient demographics, indica-

tions, previous investigations (endoscopic and radiologic), 
findings and intervention with DBE, limitations of  inser-
tion, complication rates, and immediate follow-up after 
therapy were all retrieved.

Inclusion criteria
Inclusion criteria for this study were patients who had le-
sions suspected on CE or other imaging techniques such 
as computed tomography (CT), small-bowel barium meal 
follow-through performed prior to DBE. These lesions 
were used as target lesions for DBE.

Definitions of success
For aDBE: Success was defined by finding the target 
lesion seen on previous imaging or insertion of  entero-
scope beyond the suspected site of  lesion as estimated on 
prior imaging, in such a way that it sufficiently excluded 
the presence of  a lesion.

For rDBE: Success was defined by finding the target 
lesion or stable intubation into the ileum with overtube 
balloon securely placed beyond the ileocecal valve. This 
criterion was chosen since stable overtube placement in 
the ileum is fundamental to “anchor” the overtube above 
ileocecal valve and prevent frequent falling back into the 
cecum. This was perceived by the endoscopist by the dis-
appearance of  the resistance for advancement.

All cases included were discussed with the endosco-
pist, who is the senior author of  this paper, to decide on 
their success rate based on the above pre-defined criteria.

Statistical analysis
All statistical analyses were performed using the Statisti-
cal Package for Social Sciences version 14.0 (Chicago, IL, 
United States). The mean ± SD, and range were calcu-
lated for continuous data. Categorical data analysis was 
performed by using the Fisher exact test. The analysis 
was performed separately for aDBE and rDBE. In each 
group, data was analyzed by dividing them into blocks of  
approximately 30 cases each. These were plotted against 
time. Logistic regression analysis was used to test for a 
trend in the proportion of  successes in each block over 
time. Statistical analysis was also performed to evaluate 
the differences between the blocks of  procedures. A P < 
0.05 was considered to be statistically significant. 

RESULTS
Demographics
From June 2006 to April 2011, a total of  333 procedures 
(204 antegrade, 129 retrograde) were performed on 268 
patients. Fifty-one procedures were excluded because of  
no target lesions seen on previous investigations (n = 32), 
procedures performed for colonic indications (n = 10), 
poor bowel preparation (n = 4), sedation failure (n = 3) and 
technical/equipment failure (n = 2). Thus 282 cases were 
analyzed (184 antegrade, 98 retrograde). The mean ± SD 
age was 62 (18) years and 152 patients were female (53.9%).
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Target lesions
The target lesion was identified by either CE (95.4%) or 
CT scan (4.6%). The target lesions and their modalities 
of  investigations were summarized in Table 1. Angioec-
tasia was the most common target lesion and was the tar-
get lesion in 121 (42.9%) procedures, followed by small-
bowel polyps in 44 (15.6%) procedures.

Technical success
For aDBE: The overall technical success for the aDBE co-
hort was 89.7% (165/184). The technical success rates of  
aDBE were analyzed by 6 blocks of  30/30/30/30/30/34. 
The results are shown in Table 2 and Figure 1. The first 
30 cases demonstrated a success of  90.0% and remained 
consistent throughout. There is no statistically significant 
improvement with increasing experience as logistic regres-

sion analysis testing for trend over time was not significant 
(P = 0.73).

For rDBE: The overall technical success for the rDBE 
cohort was 78.6% (77/98). The technical success rates of  
aDBE were analyzed by 3 blocks of  33/33/32. Success 
according to increasing experience is shown in Table 3 
and Figure 2. The initial success on first block was 70% 
but increased to 78.8% and 87.5% in subsequent blocks. 
There was no statistical significance when the second and 
third blocks were compared to the first block (P = 0.40 
and 0.09). Logistic regression analysis testing for trend 
over time also did not show significance (P = 0.09).

Complication
One patient with ongoing small bowel bleeding from an 
angioectasia in the distal small bowel underwent a retro-
grade procedure with diathermy of  the lesion presented 
2 d later with a bowel perforation. He subsequently had 
a laparotomy and found a bowel perforation at the dia-
thermy site. Resection and re-anastomosis were done and 
patient recovered well.

DISCUSSION
Endoscopic procedures have evolved over the years 
with new emerging techniques designed to improve the 
quality of  imaging and interventions. Learning curves 
for various endoscopic procedures were defined in the 
past, leading to official recommendations of  threshold 
procedure numbers that should be carried out by train-
ees in order to obtain competence in endoscopy. The 
determination of  these numbers is important in order to 
guide the teachers and learners, allowing endoscopists to 
be credentialed accordingly. Available data suggest that at 
least 25-30 flexible sigmoidoscopies[1,10], 130 upper endos-
copies[1], 140 colonoscopies[1,11], and 180-300 ERCPs[1,12,13] 
are required for the usual trainee to achieve competence. 
However, there were concerns that an arbitrary number 
of  procedures do not guarantee competency[14-16] and 
different levels of  competency are required for different 
clinical endpoints desired. For example, pancreatobiliary 
EUS demands more experience than esophageal EUS[17], 
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Table 1  Target lesions from previous investigations prior to 
double-balloon enteroscopy

Modalities of investigation Target lesions n

Capsule endoscopy 
(total = 269)

Vascular lesions
   Angioectasia 100
   Red spots     9
Neoplastic lesions
   Mass lesions   36
   Polyps   35
Evidence of bleeding
   Blood   25
Other lesions
   Ulcers   23
   Erosions     6
   Mucosal abnormality     5
   Enteritis     4
   Strictures     4
Double pathology
   Angioectasia and polyps     9
   Angioectasia and ulcers     5
   Angioectasia and erosions     3
   Angioectasia and mass lesions     2
   Angioectasia and stricture     2
   Blood and mass lesion     1

CT scan (total = 13) Thickened small bowel     8
Mass lesions     5

CT: Computed tomography.
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Figure 1  Bar chart showing technical success rates in antegrade double-
balloon enteroscopy (184 cases analyzed in blocks of 30, 30, 30, 30, 30, 
34).
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Figure 2  Bar chart showing technical success rates in retrograde double-
balloon enteroscopy (98 cases analyzed in blocks of 33, 33, 32).
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while 40-50 cases may provide adequate preparation for 
the accurate evaluation of  submucosal lesions. 

In considering such recommendations, we must first 
define expert or experienced levels of  success to help de-
fine what should be the benchmark for others particularly 
in the accreditation of  training competency. Two aspects 
in defining the success of  any procedure are the identifi-
cation of  a performance standard and defining an accept-
able level of  success. For instance, in ERCP, cannulation 
and opacification of  desired duct can be considered the 
performance standard and 80% success rate is the mini-
mum measure of  competency[18]. 

To date, there is little evidence defining performance 
parameters and describing the benchmark success level 
for DBE. Mehdizadeh et al[7,8] analyzed initial experience 
in 6 United States centers with regards to the learning 
curve of  the procedure based on technical parameters 
like examination duration, depth of  insertion, findings 
and technical success. The same group concluded that 
there was a significant decline in overall procedural and 
fluoroscopy times after the initial 10 DBE cases[7]. Also, 
20 cases were taken as the minimum number for retro-
grade procedures to attain certain level of  competency[8]. 
The only other article addressing the learning curve of  
DBE studied the clinical impact of  DBE. In this case, 
Gross et al[9] demonstrated a rise of  clinically helpful pro-
cedures from 58% to 86% comparing the first and last 50 
procedures in a 200 DBE series.

The technical success of  a procedure is usually based 
upon attainment of  certain anatomical landmarks such 
as the cecum in colonoscopy. Due to little or no differ-

entiation in the proximal small-bowel, definition of  the 
technical success was not very useful for antegrade proce-
dures. For retrograde procedures, finding the target lesion 
and/or stable overtube intubation of  the ileum were cho-
sen to be the definition of  technical success in this study. 
Stable overtube intubation beyond ileocecal valve prevents 
retrograde movement of  the system into the cecum, a key 
point in allowing the advancement of  the enteroscope 
more proximally. This landmark was taken as the division 
between a successful and a failed procedure technically, a 
view previously acknowledged by Mehdizabeh et al[8]. In 
our series the overall technical success was 78.6% in the 
retrograde procedures, which is similar to Mehdizabeh’
s observation of  a failure to intubate small-bowel in 
21%-31%[7,8]. 

Our series indicates that an endoscopist experienced 
in standard endoscopy may be able to perform aDBE 
with limited training, a view shared by Gross et al[9]. With 
regards to retrograde procedures, there was a gradual 
improvement for better technical success over time, al-
though this was not statistically significant on trend analy-
sis. A minimum of  30-35 cases in our series were needed 
in order to achieve more than 75% technical success. 
With this we will have a suitable platform to measure 
acceptable levels of  success in DBE and provide mean-
ingful recommendations for future trainees. The current 
literature including our work touches on some of  these 
key issues and some patterns are developing but no clear 
recommendations can be made for training at this point. 
The study showed a trend towards technical success over 
time for rDBE as compared to aDBE. This could be due 
to the technical complexity of  the retrograde approach, 
as compared to rather featureless anatomical structure of  
upper small bowel. These differences translate to some 
sort of  learning curve as reflected by a trend towards 
technical success over time for rDBE.

We recognized several limitations with this study. Be-
ing a retrospective series, we are subject to reporting and 
interpretation bias. In addition, the endpoints measured 
are subject to interpretation and as confidence built dur-
ing our experience this could have led to the perceived 
increase in success. We acknowledged that the defini-
tion for technical success in antegrade procedures in this 
study may be subjective due to lack of  distinct anatomical 
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Table 2  Analysis of 184 cases of antegrade double-balloon enteroscopy with regards to technical success rate (divided into 6 
blocks of 30, 30, 30, 30, 30, 34 cases)

Block No. Details on outcome Cases classified as clinical 

success (a+b)

Success rate (%) P 1

Target lesions found (a) Target lesions excluded (b) Failed (c)

1 (n = 30) 18   9 3 27/30 90.0 0.73
2 (n = 30) 20   6 4 26/30 86.7
3 (n = 30) 18 10 2 28/30 93.3
4 (n = 30) 17 10 3 27/30 90.0
5 (n = 30) 17 12 1 29/30 96.7
6 (n = 34) 16 12 6 28/34 82.4

1Logistic regression analysis testing for trend over time. Overall success rate: 165/184 = 89.7%. 

Table 3  Analysis of 98 cases of retrograde double-balloon 
enteroscopy with regard to technical success rate (divided 
into 3 blocks of 33, 33, 32 cases)

Block No. Cases classified as technical success 
(finding the target lesion and/or 

stable overtube intubation in ileum)

Success rate 
(%)

P 1

1 (n = 33) 23/33 70.0 0.09
2 (n = 33) 26/33 78.8
3 (n = 32) 28/32 87.5

1Logistic regression analysis testing for trend over time. Overall success 
rate: 77/98 = 78.6%. 
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landmark in the upper small-bowel. In addition, a single 
operator/center experience limits our ability to widely ap-
ply these results.

In conclusion, there seems to be no learning curve 
for aDBE. However, a gradual increase of  successful 
retrograde procedures was noted with ongoing experi-
ence. Our study indicated a minimum of  30-35 cases of  
retrograde procedures were required to achieve stable 
ileal intubation and meaningful endoscopic success. Fur-
ther larger studies will be required to define technical and 
clinical endpoints and to measure acceptable levels of  
success in DBE.
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Abstract
Basaloid squamous carcinoma (BSC) of the esopha-
gus is a rare esophageal tumor. A 79-year-old man 
with a history of proximal gastrectomy for gastric 
adenocarcinoma in 2000 was followed-up by esopha-
gogastroduodenoscopy (EGD) annually. In June 2010, 
EGD revealed a new protruding lesion in the cervical 
esophagus. The small lesion was approximately 5 mm 
in size. A biopsy specimen showed poorly differenti-
ated squamous cell carcinoma. We performed endo-
scopic mucosal resection using a cap-fitted endoscope 
(EMRC). The histological diagnosis of the endoscopical-
ly resected specimen was BSC and the invasion depth 
was limited to the muscularis mucosae. Horizontal and 
vertical margins were negative. We report the case of 
superficial BSC in the cervical esophagus successfully 
resected by EMRC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Basaloid squamous carcinoma (BSC) of  the esophagus 
is a rare esophageal tumor[1]. It has been reported to 
have a poor prognosis because the incidences of  lymph 
node and distant metastases are high in comparison with 
esophageal squamous cell carcinomas (SCCs)[2-4]. There-
fore, surgical resection is generally performed for BSC. 
We report a case of  small BSC in the cervical esophagus 
treated by endoscopic mucosal resection (EMR) using a 
cap-fitted endoscope (EMRC).

CASE REPORT
The patient was a 79-year-old man with a history of  
proximal gastrectomy due to gastric adenocarcinoma in 
2000. He was annually followed-up by esophagogastro-
duodenoscopy (EGD). In June 2010, EGD revealed a 
new protruding lesion in the cervical esophagus. Patho-
logical examination of  an endoscopic biopsy specimen 
revealed poorly differentiated SCC, and he was referred 
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to our hospital for further examination and treatment. The 
lesion was so small that he had no symptoms such as dys-
phagia. Physical examination and laboratory data revealed 
no abnormalities with the exception of  an abdominal scar 
from laparotomy and mild anemia (Hb 111 g/L). Chest and 
abdominal computed tomography scanning and abdominal 
ultrasonography revealed no evidence of  either lymph node 
or distant metastasis. EGD showed a protruding lesion lo-
cated in the cervical esophagus (Figure 1A). The lesion was 
approximately 5 mm in size, and the surface was reddish 
and slightly rough. Magnifying endoscopy with narrow-
band imaging (ME-NBI) showed the smooth surface of  
the lesion, and an avascular area surrounded by irregularly 

branched vessels (Figure 1B). The microvascular pattern 
was diagnosed as type 4M of  Arima’s classification[5]. 
We diagnosed that the depth of  tumor invasion was 
limited to the muscularis mucosae (MM) and performed 
EMRC with a GIF-H260Z (Olympus Corporation, To-
kyo, Japan). Saline with indigocarmine was injected into 
the submucosa, and the lesion was lifted. The lesion 
was suctioned into the cap, and resected en bloc with the 
prelooped snare. There were no complications such as 
bleeding or perforation.

We show an image of  the resected specimen in Figure 
2A. The lesion was defined as 0-Ⅰ (protruding type) ac-
cording to endoscopic classification based on the Guide-
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Figure 1  Endoscopic images. A: An endoscopic image shows a protruding lesion located in the cervical esophagus; B: Magnifying endoscopy with narrow-band 
imaging shows microvessels of type 4 M of the Arima classification. 
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Figure 2  Resected specimen. A: In a fresh resected specimen, the lesion is defined as 0-Ⅰ and measures 7 mm × 6 mm; B: The histological diagnosis is basaloid 
squamous carcinoma (BSC), and tumor invasion depth is limited to the muscularis mucosae (HE, × 40); C: BSC is located in the lamina propria mucosae, and cov-
ered by normal squamous epithelium (HE, × 100); D: The tumor consists of oval cells like basal cells (HE, × 200).
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lines for Clinical and Pathologic Studies of  the Japanese 
Society for Esophageal Disease[6]. The size of  the lesion 
was 7 mm × 6 mm. The histological diagnosis was BSC 
and the invasion depth was limited to the MM (Figure 2B). 
The lesion was mainly located in the lamina propria muco-
sae (LPM) and covered with normal squamous epithelium 
(Figure 2C). The lesion consisted of  oval cells like basal 
cells (Figure 2D). Horizontal and vertical margins were 
negative for cancer cells, and neither lymphatic nor venous 
invasion was observed. We followed the patient up without 
recurrence in the 6 mo after EMRC.

DISCUSSION
BSC of  the esophagus is a rare tumor. It is reported in 
0.068% of  esophagectomy cases and 0.4% of  autopsied 
cases[7]. BSC is derived from basal cells in the deepest epi-
thelial layer and rapidly invades the LPM or deeper. Most 
BSC lesions reported previously in the literature invaded 
the muscularis propria or deeper[2-4]. In these cases, BSC 
was reported to have a worse prognosis than SCC of  the 
esophagus because of  the higher rates of  lymph node 
and distant metastases[8].

Recently, it has been reported that superficial BSCs 
limited to within mucosal or submucosal layers have in-
creased. Mori et al[9] reviewed 68 esophageal BSCs and 
found that the rates of  lymph node metastasis were 0% 
(0/4) in mucosal BSCs and 21.8% (14/64) in the sub-
mucosal lesions. These results indicated that the rate of  
lymph node metastases of  superficial BSCs did not differ 
from ordinary SCC of  the esophagus. Thus, it might be 
possible for mucosal BSCs to be indicated for endoscopic 
therapy.

The rate of  BSC located in the cervical esophagus is 
low and about 60% of  lesions are in the middle esopha-
gus[10]. Although EMRC for lesions in the cervical esoph-
agus is generally difficult, we successfully resected the le-
sion en bloc while achieving a sufficient margin. Complete 
histological evaluation of  the en bloc specimen is necessary 
to decide further clinical management. EMRC might be a 
better method than standard EMR for resection of  BSCs 
because Farrell et al[11] reported that EMRC resulted in 
deeper histological resection than standard EMR.

Some investigators reported that superficial BSCs 
form small submucosal tumors. This finding might be a 
feature of  the early stage of  BSCs because they develop 
in the basal mucosal layer and invade the LPM and grew 
expansively. Our lesion was covered with normal squa-
mous cells on the surface and the invasion depth was lim-
ited to the MM. BSC would grow upward, whereas BSCs 
invade deeper layers such as the submucosal or muscular 
layers.

It is reported that the microvascular pattern detected 
by ME-NBI is useful to diagnose the depth of  tumor 
invasion of  esophageal SCC[5,12]. As the cancer invades 

deeper into the mucosa, the intrapapillary capillary loops 
(IPCLs) become more dilated and elongated. When tu-
mors invade the MM, the regular arrangement of  IPCLs 
collapses and an avascular area surrounded by tumor ves-
sels emerges. Arima et al[13] reported that these findings 
by ME-NBI could be employed for BSC as well. In this 
case, we diagnosed that the depth of  tumor invasion was 
limited to within the MM and the histopathological find-
ings for the resected specimen were identical. BSC limited 
to the MM in the cervical esophagus can be successfully 
resected en bloc by EMRC. Careful follow-up is necessary, 
though the rate of  lymph node metastasis seems to be 
very low.
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Abstract
A 28-year-old woman with untreated autoimmune dis-
order, demonstrated skin rash and fever after taking 
Amoxicillin-clavulanate and developed progressive jaun-
dice. A bone marrow aspiration indicated an increased 
number of macrophages with hemophagocytosis and 
liver biopsy showed pure centrilobular cholestasis with 
necrosis and some absence of portal bile ducts. Fur-
thermore, a serological test for Epstein-Barr virus was 
positive. Under treatment by liver dialysis and admin-
istration of steroids led to rapidly defervescence and 
clinical improvement. However, liver enzymes were still 
markedly elevated with persistent anemia, even after 
immunosuppressive treatment. The patient is currently 
waiting for liver transplantation. This is the first descrip-
tion of vanishing bile duct syndrome combined with 
hemophagocytic lymphohistiocytosis, with underlying 
causes including infection, drug-induced factors and 
untreated autoimmune disorder.
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INTRODUCTION
Hemophagocytic lymphohistiocytosis (HLH) is a group 
of  disorders of  the mononuclear phagocyte system that 
are characterized by histiocyte proliferation and hemo-
phagocytosis, resulting in fever, hepatosplenomegaly, 
lymphadenopathy, pancytopenia, liver dysfunction, and 
coagulopathy. Vanishing bile duct syndrome (VBDS) is 
another severe cholestatic disease characterized by pro-
gressive loss of  small intrahepatic ducts, caused by a vari-
ety of  diseases and leading to chronic cholestasis, cirrho-
sis, and premature death from liver failure. Multiple similar 
etiologies of  these two types of  disease have been de-
scribed including neoplastic, infectious, autoimmune, and 
medication/toxin mediated routes. However, concurrent 
diagnoses of  HLH and VBDS have not previously been 
reported. Here, we describe a case of  HLH combined 
with VBDS, with underlying causes including infection, 
drug-induced factor and untreated autoimmune disorder.

CASE REPORT
A 28-year-old Chinese woman was transferred to our 

CASE REPORT

376 August 16, 2012|Volume 4|Issue 8|WJGE|www.wjgnet.com



Li H et al . Drug associated VBDS combined with HLH

hospital with persistent fever and progressive jaundice. 
The presentations were preceded by mild upper respira-
tory tract infection 2 wk earlier. She took a single dose 
of  Amoxicillin-clavulanate for the upper respiratory tract 
infection, after which a skin rash developed on her back, 
arms and thighs and jaundice appeared gradually. After 
admission to hospital, the patient suddenly developed 
high fever, marked by remittent fever up to 40.5 ℃, as 
well as progressive obstructive jaundice. Physical exami-
nation showed no signs of  infection or hematological dis-
ease, and was only notable for hepatosplenomegaly. Labo-
ratory studies showed normal white blood cell levels, but 
progressive decline of  hemoglobin and platelets; elevated 
liver enzymes (alanine aminotransferase 408 U/L, normal 
0-37 U/L; aspartate aminotransferase 608 U/L, normal 
0-40 U/L); elevated bilirubin (839 µmol/L, normal 0- 
22.6 µmol/L); elevated ferritin level (> 40 000 µg/L, nor-
mal 16-313 ug/L); hypertriglyceridemia (4.58 mmol/L,  
normal 0.33-1.77 mmol/L); prolonged prothrombin 
time and activated partial thromboplastin time; normal 
complement level; ANA > 1:5120; Anti-dsDNA anti-
body, ENA, anti-SSA antibody, ribonuclear protein anti-
body and Epstein-Barr virus (EBV)-IgG were positive. 
Serology for human immunodeficiency virus, hepatitis 
A, B, and C, tubercle bacillus, and hemococcidium were 
negative. Computed tomography (CT) scan and magnetic 
resonance cholangiopancreatography of  the upper abdo-
men revealed a normal extrahepatic biliary tree. Skin bi-
opsies were non-specific and immunohistochemical stain-
ing was negative. Liver biopsy showed pure centrilobular 
cholestasis with necrosis and some absence of  portal bile 
ducts. Repeat bone marrow aspirations revealed hemo-
phagocytosis by macrophages, without any evidence of  
hematologic malignancy. Positron emission tomography-
CT indicated non-cancerous proliferative. The patient 
had a 2-year history of  ANA 1:1280, without any clinic 
manifestation and a history of  immunodeficiency, and 
denied allergies to previously used medications including 
antibiotics.

The patient’s combination of  clinical features (fever, 
hepatosplenomegaly) and laboratory evaluation (cytopenia 
in peripheral blood, hypertriglyceridemia, elevated fer-
ritin, and hemophagocytosis in bone marrow without any 
obvious evidence of  malignancy) fulfilled the diagnosis 
criteria for HLH. A diagnosis of  VBDS, combined with 
drug-associated HLH was made. She was treated with 
pulsed methylprednisolone (1000 mg/d for 3 d), intrave-
nous immunoglobulins (0.4 g/kg per day for 3 d), urso-
deoxycholic acid and immediate blood transfusion. In ad-
dition, although methylprednisolone was followed by oral 
prednisolone 50 mg/d, the fever and symptoms still per-
sisted. Considering the patient’s desire for fertility, further 
immunosuppressive treatment was not administered im-
mediately. Later, the patient was put on the artificial liver 
support system treatment and given 3 rounds of  immu-
noadsorption therapy, after which she rapidly defervesced 
and improved clinically. However, bilirubin levels were 
elevated soon after liver dialysis and the patient therefore 
agreed to immunosuppressive therapy. In addition to 
methylprednisolone, the combination therapy of  cyclo-

phosphamide (400 mg once weekly) and mycophenolate 
mofetil (1.5 g/d) were continued for approximately 6 wk, 
with the addition of  closporine A. This was eventually 
suspended because of  repeated gastrointestinal bleeding. 
Thereafter, 6 mo after presentation, liver enzymes were 
still markedly elevated with persistent anemia. The patient 
is currently waiting for liver transplantation.

DISCUSSION
HLH is a life threatening clinic and pathologic disorder, 
in which impaired or ineffective T cells and natural killer 
lymphocyte cells are activated. This results in hypercyto-
kinemia leading to uncontrolled activation of  benign scav-
enger macrophages and development of  hemophagocyto-
sis in the reticuloendothelial system[1]. In most cases, HLH 
is not a single disease but is frequently associated with 
infections, malignancies or rheumatological disorders[2]. 
HLH has been associated with various infections, of  
which EBV appears to be the most commonly associated 
triggering infection[3-5]. Associated rheumatic disorders 
have included rheumatoid arthritis, systemic lupus ery-
thematosus, Sjogren syndrome, mixed connective tissue 
disease[4-6]. Drug induced hypersensitivity reaction may in-
clude hemophagocytic syndromes, with or without reacti-
vation of  EBV[7-9]. Regardless of  the etiology, the cardinal 
clinical signs are prolonged fever, which is unresponsive 
to antibiotics, and hepatosplenomegaly. A third of  the 
patients’ neurological signs, such as irritability, altered 
consciousness, seizures, and signs of  increased intracranial 
pressure, can be present[10,11]. On histological examination, 
erythrophagocytosis in HLH is commonly present in lym-
phoid tissues (liver, spleen, and bone marrow), but rarely 
evident in skin biopsy specimens. However, phagocytic ac-
tivity in liver, spleen and marrow biopsy specimens is not 
universally present. Only one third of  initial bone marrow 
biopsy specimens demonstrate hemophagocytosis[12].

In 1991, the International Histiocyte Society estab-
lished diagnostic guidelines in an effort to facilitate early 
diagnosis and management[13]. According to the updated 
guideline, the diagnosis of  HLH is definitive[14,15]. On the 
other hand, in contrast to the complex origins of  HLH, 
drug-induced cholestasis has its definite inducing agent. 
Cholestasis can occur with nearly all classes of  drugs 
although antibiotics seem to be responsible more often 
than other groups. The most often reported culprits are 
erythromycin and amoxycillin-clavulanate[16]. The most 
severe form of  cholestatic injury is VBDS. This condi-
tion is characterized by progressive ductopenia with portal 
tract fibrosis that leads to secondary liver cirrhosis with a 
complete absence of  small bile ducts. Drug induced duc-
topenia has been described to continue long after the of-
fending drug is withdrawn[17]. The syndrome is extremely 
rare, representing 0.5% of  small bile duct disease[18].

Results of  the international consensus protocol spon-
sored by the Histiocyte Society for treatment of  patients 
newly diagnosed with HLH (HLH-94) were published in 
2005. The goals of  the trial were to achieve clinical remis-
sion of  the life-threatening inflammation and to provide 
potentially curative therapy through allogenic hematopoe-
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itic cell transplantation. HLH can be rapidly fatal in the 
absence of  specific intervention bleeding; infection and 
progressive cerebral damage are the usual causes of  death. 
Therefore, it is recommended that treatment should be 
started when there is a high degree of  clinical suspicion, 
even when results of  diagnostic studies are still pending[19]. 
Today, effective initial therapy of  HLH consists of  com-
binations of  proapoptotic chemotherapy and immuno-
suppressive drugs targeting the hyperactivated T cells and 
histiocytes[20]. The recommended treatment consists of  a 
combination of  etoposide and dexamethasone (for central 
nervous system penetration), with or without intrathecal 
methotrexate, followed by maintenance therapy with the 
addition of  closporine A. Projected survival rates, 5 years 
from diagnosis, range from 50% to 70%[21].

By comparison, therapy of  toxin or drug-induced bile 
duct injury has remained largely ineffective and is mainly 
limited to the treatment of  symptoms and the conse-
quences of  prolonged cholestasis. Corticosteroids have 
been invariably ineffective. The role of  ursodeoxycholic 
acid remains controversial[22]. Although ursodeoxycholic 
acid has also been shown to be effective in other cases of  
VBDS related to drugs, it remains ineffective in cases of  
bile duct damage related to amoxicillin-clavulanate, as in 
the current case[23,24]. Liver transplantation is obviously the 
only alternative in patients who develop secondary biliary 
cirrhosis and liver failure.

In conclusion, immune-mediated destruction triggered 
by drugs is the underlying mechanism common to both 
HLH and VBDS, and antibiotics have been linked to both 
of  these conditions. The initial episode seems to be the 
result of  a direct hypersensitivity disorder. This is the first 
description of  a diagnosis of  VBDS combined with HLH. 
This case illustrates the importance of  considering all pos-
sible underlying causes in a patient, including an infectious 
etiology, a drug-induced factor and an underlying immu-
nologically mediated reaction. The co-existence of  VBDS 
and HLH suggests that common pathogenic mechanisms 
are involved, with excessive activation of  T lymphocytes 
or cytokine storm[24,25].
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San Francisco, CA 94103, 
United States

January 20-21, 2012
American Gastroenterological 
Association Clinical Congress of 
Gastroenterology and Hepatology
Miami Beach, FL 33141, 
United States 

February 2-4, 2012
14th Dusseldorf International 
Endoscopy Symposium 2012
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

August 16, 2012|Volume 4|Issue 8|ⅠWJGE|www.wjgnet.com

World J Gastrointest Endosc  2012 August 16; 4(8): I
ISSN 1948-5190 (online)

© 2012 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/esps/
wjge@wjgnet.com
www.wjgnet.com

MEETING



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.

Name of journal
World Journal of  Gastrointestinal Endoscopy

ISSN
ISSN 1948-5190 (online)

Editor-in-chief
Nadeem Ahmad Afzal, MD, MBBS, MRCP, MRCPCH, 
Consultant Paediatric Gastroenterologist and Honorary Senior 
Clinical Lecturer, Room EG244D, Mailpoint 44, Floor G, 
Southampton General Hospital, Tremona Road, Southampton, 
Hampshire SO16 6YD, United Kingdom

Spiros D Ladas, MD, Professor of  Medicine and Gastroenterology, 
Medical School, University of  Athens, Chairman, 1st Department 
of  Internal Medicine-Propaedeutic, Director, Medical Section, 
“Laiko” General Hospital of  Athens, 17 Agiou Thoma Street, 
11527 Athens, Greece
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Juan Manuel-Herrerías, MD, PhD, AGAF, Professor, Gastroenter-
ology Service, Hospital Universitario Virgen Macarena, Aparato 
Digestivo, Avda. Dr. Fedriani, s/n, 41071 Sevilla, Spain

Till Wehrmann, MD, PhD, Professor, FB Gastroenterologie 
Gastro-enterologie, Deutsche Klinik fuer Diagnostik, Aukammallee 
33, 65191 Wiesbaden, Germany

Editorial Office
World Journal of Gastrointestinal Endoscopy
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
E-mail: wjge@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-85381892
Fax: +86-10-8538-1893

Indexed and Abstracted in
PubMed Central, PubMed, Digital Object Identifier, and Directory 
of  Open Access Journals. 

Published by
Baishideng Publishing Group Co., Limited

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

Biostatistical editing
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.
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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 
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