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Abstract
Endoscopy plays an important role in the diagnosis 
and management of gastrointestinal (GI) tract disor-
ders. Chromoendoscopy has proven to be superior to 
white light endoscopy for early detection of various GI 
lesions. This has however been fraught with problems. 
The use of color stains, time taken to achieve an effect 
and the learning curve associated with the technique 
has been some of the pitfalls. Narrow band imaging 
(NBI) particularly in combination with magnifying en-
doscopy may allow the endoscopist to accomplish a 
fairly accurate diagnosis with good histological correla-
tion similar to results achieved with chromoendoscopy. 
Such enhanced detection of pre-malignant and early 
neoplastic lesions in the gastrointestinal tract should 
allow better targeting of biopsies and could ultimately 
prove to be cost effective. Various studies have been 
done demonstrating the utility of this novel technology. 
This article will review the impact of NBI in the diagno-
sis of upper gastrointestinal tract disorders.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Narrow band imaging; Magnifying endos-

copy; Upper gastrointestinal tract

Core tip: Narrow band imaging with magnifying en
doscopy has shown promising results in improving de-
tection and characterization of gastrointestinal lesions. 
This may allow better targeting of biopsies, improved 
prediction of histology, appropriate treatment and 
better patient outcomes. Most studies have been con-
ducted in expert centers and carried out only by one or 
a few observers. Large-scale prospective multi center 
randomized trials are needed to duplicate the results 
achieved in these institutions. 

Singh R, Hussain A, Loong CK. Narrow band imaging with 
magnification for the diagnosis of lesions in the upper gastrointestinal 
tract. World J Gastrointest Endosc 2013; 5(12): 584-589  Available 
from: URL: http://www.wjgnet.com/1948-5190/full/v5/i12/584.htm  
DOI: http://dx.doi.org/10.4253/wjge.v5.i12.584

INTRODUCTION
Recent advances in endoscopic imaging technologies 
have enabled endoscopists to improve the capability of  
detecting and characterizing lesions in gastrointestinal 
tract (GIT). Amongst some of  these novel technolo-
gies, narrow band imaging (NBI) appears to be the most 
promising. Current available data on the utility of  NBI 
with magnification (NBI-ME) has been encouraging for 
Barrett’s esophagus, early Oropharyngeal, esophageal 
and gastric cancers and to a lesser extent reflux disease 
and gastritis. It also has a role in aiding endoscopic 
resection where margin assessment is essential. This re-
view will focus on the role of  NBI-ME in the diagnosis 
of  lesions in upper gastrointestinal tract.

ESOPHAGEAL SQUAMOUS CELL CARCI-
NOMA
NBI enables detailed observation of  the microvascu-
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lature in the esophageal mucosa, described as intraepi-
thelial papillary capillary loops (IPCL’s). The NBI-ME 
findings of  early squamous cell carcinoma (SCC) include 
a well-demarcated brownish area, elevated margins, 
loss of  visible branching vessels and a type Ⅳ or type 
V intraepithelial papillary capillary loops pattern[1,2]. 
Inoue originally described intraepithelial papillary capil-
lary loops into 4 distinct entities: dilation, meandering, 
caliber changes and difference in shapes[3,4]. Type Ⅳ 
intraepithelial papillary capillary loops shows 2 or 3 of  
the four patterns, whilst Type Ⅴ intraepithelial papillary 
capillary loops demonstrates all 4 characteristic changes. 
Type Ⅲ intraepithelial papillary capillary loops (minimal 
proliferation or meandering in a brownish area) is con-
sidered borderline or low grade intra-epithelial neoplasia. 
Thus, a follow up endoscopy is generally recommended 
for these patients. However, type Ⅱ intraepithelial papil-
lary capillary loops (enlarged but linear and regular ves-
sels) indicates regenerative tissue or inflamed mucosa. 
Type Ⅰ intraepithelial papillary capillary loops, are gener-
ally normal vessels with smooth, slender, regular caliber 
with a smaller diameter (10 mm).

Muto et al[5] conducted a multicentre randomised con-
trolled trial on 320 patients with a history of  Squamous 
Cell CA (SCC), comparing white light endoscopy (WLE) 
with NBI in the detection of  Squamous Cell CA in pa-
tients with a history of  head and neck Squamous Cell 
CA or previous esophageal Squamous Cell CA. The sen-
sitivity of  NBI for a diagnosis of  superficial cancer was 
100% for the oropharynx and 97.2% for the esophagus. 
The diagnostic accuracy was 90% when two endoscopic 
criteria, namely, a well demarcated brownish area and an 
irregular micro vascular pattern, were used.

Goda et al[6] conducted a non-randomized compara-
tive study of  101 lesions of  esophageal Squamous Cell 
CA, which gauged the sensitivity and specificity of  WLE, 
NBI and endoscopic ultrasound (EUS) in predicting the 
depth of  superficial esophageal Squamous Cell CA. The 
authors concluded that all 3 modalities did not differ 
significantly. Kuraoka et al[7] conducted a study compar-
ing endoscopy with iodine staining to NBI. Endoscopy 
assisted with NBI was more useful in the detection of  
early esophageal Squamous Cell CA than that obtained 
with iodine. Another study assessed the efficacy of  1204 
high-resolution esophagoscopies with NBI using a novel 
“Endo View” Program. Color segmentation of  narrow 
band images apparently increased the chances of  diag-
nosing even the smallest abnormality in the esophagus. 
NBI endoscopy also allowed specifying premalignant le-
sions in esophageal mucosa in both low grade and high-
grade dysplasia (HGD)[8].

A consensus of  expert endoscopists from the Asia-
Pacific region put all of  this together and reported a 
strong agreement on importance of  interpretation of  
both vascular architecture and surface structure of  the 
superficial mucosa in the esophagus. NBI was useful for 
detection of  esophageal Squamous Cell CA (100% con-
sensus achieved), distinguishing neoplastic from non-
neoplastic lesions (89% consensus), determining the ex-

tent of  the neoplasia (78% consensus) and depth of  the 
tumor (100% consensus). However, the panel of  experts 
agreed that chromo endoscopy is still superior to de-
lineate the extent of  the tumor[9]. They also agreed that 
there was no significant difference in terms of  sensitivity 
and specificity for the assessment of  the depth of  tumor 
invasion by NBI when compared to EUS.

BARRETT’S ESOPHAGUS
Singh et al[10] conducted a study on 109 patients with 
more than 1000 corresponding biopsies, which not only 
validated a simplified classification of  the various mor-
phologic patterns visualized in Barrett’s Esophagus (BE) 
and corresponding histology with high predictive values, 
but also confirmed its reproducibility and repeatability 
when the grading system was used by both endoscopists 
experienced in the use of  NBI and those unfamiliar with 
it. On the basis of  the 1021 areas visualized, NBI-ME al-
lowed correct prediction of  99% of  the areas harboring 
intestinal metaplasia (IM) and 96% of  the areas demon-
strating high grade dysplasia (HGD). However intestinal 
metaplasia was not clearly differentiated from low grade 
dysplastic lesions. Mannath et al[11] in a large meta analy-
sis found a very high sensitivity and specificity of  NBI in 
diagnosing in high grade dysplasia patients with Barrett’s 
Esophagus.

GASTRO-ESOPHAGEAL REFLUX DISEASE 
AND NON-EROSIVE REFLUX DISEASE
Approximately 60% of  patients with gastro-esophageal 
reflux disease (GERD) have normal standard endoscopy 
and are labeled as suffering from non-erosive reflux 
disease (NERD)[12]. NBI-ME can detect microvascular 
changes and also enhance the contrast between esopha-
geal and gastric mucosa[13]. Microvascular changes of  
non-erosive reflux disease on NBI include increased 
number and dilatation of  intraepithelial papillary capil-
lary giving an inverted fir tree appearance, punctate ery-
thema, loss of  vascular palisade pattern and triangular 
indentation of  squamo-columnar junction above the Z 
line[14]. Changes below the Z line include islands of  squa-
mous epithelium and increased vascular markings[15,16]. 
Some of  these features were tested in a study comparing 
ten control subjects and eleven patients with non-erosive 
reflux disease confirmed by a validated questionnaire, 
standard endoscopy and 24-h pH-metry[17]. The inves-
tigators proposed and explored seven different distal 
esophageal mucosal appearances that can be observed 
with a high-resolution endoscope (triangular lesions, api-
cal mucosal breaks, palisade vessels, pin point vessels, 
branching vessels, villiform mucosa and serrated squa-
mo-columnar junction). However none of  these changes 
proved to be sufficiently sensitive and specific to justify 
their use as a diagnostic criterion for non-erosive reflux 
disease. A study conducted by Fock et al[18] concluded 
that NBI detected a significantly higher prevalence of  
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micro-erosions (gastro-esophageal reflux disease 100%, 
non-erosive reflux disease 52.8% and controls 23%) and 
increased vascularity (gastro-esophageal reflux disease 
95%, non-erosive reflux disease 91.7% and controls 
36.7%) but a lower prevalence of  round pit patterns 
(gastro-esophageal reflux disease 4.9%, non-erosive re-
flux disease 5.6% and controls 70%).

Tseng et al[15] studied 82 patients where 20 were de-
tected as having gastro-esophageal reflux disease by 
WLE. Out of  the remaining 62 patients declared normal 
by WLE, NBI detected an additional 44 patients having 
erosions. They also demonstrated that the changes which 
visualized on NBI could predict a therapeutic response 
in patients with gastro-esophageal reflux disease. Shar-
ma et al[14] compared NBI with WLE in a prospective 
study of  101 patients. Patients with and without gastro-
esophageal reflux disease symptoms were examined by 
standard WLE followed by NBI. The features seen only 
by NBI were compared between gastro-esophageal re-
flux disease patients and controls. A significantly higher 
proportion of  patients with gastro-esophageal reflux 
disease had increased number (OR = 12.6), dilatation (OR 
= 20), tortuosity of  intraepithelial papillary capillary (OR 
= 6.9) and increased vascularity at the squamo-columnar 
junction (OR = 9.3) compared with controls.

GASTRITIS AND HELICOBACTER PYLORI
Helicobacter pylori (H. pylori) is the commonest cause of  
chronic gastritis[19]. This can lead to intestinal metaplasia 
and dysplasia; conditions which may progress onto gastric 
carcinoma[20]. On NBI-ME, the normal gastric corpus 
and fundus have small round pits, sub-epithelial capillar-
ies networks (SECN) in a honeycomb pattern and stel-
late shaped collecting venules (CV) arranged at regular 
intervals in deeper mucosa[21,22]. These patterns have a 
100% predictive value for normal corporal mucosa[23]. 
The normal gastric antrum has a reticular pattern of  
circular pits and coiled elongated sub-epithelial capil-
laries networks. The collecting venules are situated too 
deep to be visible[21,24]. H. pylori gastritis visualized by 
NBI shows a loss of  collecting venules due to associated 
inflammation and this pattern has 100% sensitivity, 92% 
specificity and a positive predictive value (PPV) of  100% 
for H. pylori gastritis. H. pylori related atrophic gastritis is 
patchy starting from Incisura and progressively involves 
the Antrum, body and corpus. NBI findings suggestive 
of  atrophy are loss of  pits and sub-epithelial capillaries 
networks. The sensitivity and specificity of  these find-
ings for atrophic gastritis have been suggested to be up 
to 90% or above[23]. 

Dalal et al[25] conducted a pilot study in the stomach 
that concluded that when compared to WLE, abnormal 
findings on NBI had a sensitivity of  100% and a speci-
ficity of  90.6%; whereas WLE has a sensitivity of  only 
42.9% and specificity of  75%. Negative predictive value 
(NPV) of  NBI was 100%, whereas WLE has Negative 
predictive value of  85.7%. However, with a small-sized 

study of  25 patients, further refinement and validation 
of  the NBI grading criteria was suggested. Banerjee and 
colleagues also compared NBI with WLE on 74 patients 
and showed that high resolution endoscopy with NBI 
could be a potential tool for the instantaneous real time 
diagnosis of  H. pylori infection. The sensitivity, specific-
ity, positive predictive value and negative predictive value 
for absence of  infection were 85%, 93%, 96% and 77% 
respectively[26].

SUPERFICIAL GASTRIC CANCER
As with all cancers, an early diagnosis is crucial for a 
good prognosis in gastric carcinoma, which is the second 
leading cause of  cancer related deaths worldwide[27-31]. 
Atrophy, metaplasia, dysplasia followed by neoplasia 
are the usual sequence of  events[32,33] in some of  these 
patients. NBI may assist in identifying premalignant le-
sions and hence enable appropriate therapy. Amorphous 
pit pattern, irregular size and/or arrangement of  pits 
or complete loss of  pits along with abnormal micro-
vascular pattern are associated with neoplastic lesions. 
Regular, round, slit or villous like pits indicate non-neo-
plastic lesions[34-36]. These changes are however not always 
straightforward as findings can be altered by many con-
ditions such as chronic inflammation, ulceration, atrophy 
or metaplasia and H. pylori infection[37-39]. Superficial but 
elevated lesions make the visibility of  micro-vascular 
pattern difficult[35,40,41].

A consensus of  expert endoscopists in the Asia-
Pacific region agreed that NBI is not useful for detection 
of  gastric carcinoma at an early stage. They however 
concurred that NBI increases sensitivity and accuracy of  
differential diagnosis of  early gastric carcinoma (EGC) in 
elevated, flat and depressed lesions. NBI may also distin-
guish tumor margins from the surrounding normal mu-
cosa. They also agreed that NBI has no significant role 
in detecting tumor depths as the narrow band of  light 
is speculated to penetrate to only 200-250 mm into the 
superficial mucosa[9]. Approximately 40% of  early gastric 
carcinoma are of  the undifferentiated type according to 
Japanese literature[42,43]. This type of  early gastric carci-
noma can extend subepithelially and may be covered by 
non-neoplastic foveolar epithelium. In undifferentiated 
early gastric carcinoma, it is recommended that biopsies 
are obtained from the surrounding mucosa to diagnose 
the undetectable tumor extent[44].

Light blue crest (LBC) is a fine, blue-white line on the 
crest of  the epithelial surface/gyri. An JK conducted a 
study on 42 patients and concluded that the Light blue 
crest sign (LBC) observed in the gastric mucosa with mag-
nifying NBI endoscopy are highly accurate indicators of  
the presence of  Intestinal Metaplasia (IM) and Light blue 
crest also correlates with progression to severe Intestinal 
Metaplasia. For the diagnosis of  Intestinal Metaplasia, 
Light blue crest had a sensitivity, specificity, and accuracy 
of  72.1%, 96.0%, and 84.9%[45]. Uedo et al[46] tested NBI-
ME on 34 patients with atrophic gastritis and demon-
strated that the appearance of  Light blue crest correlated 
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with histological evidence of  Intestinal Metaplasia, with 
a sensitivity of  89% (95%CI: 83-96), a specificity of  93% 
(95%CI: 88-97), a positive predictive value of  91% (95%CI: 
85-96), a negative predictive value of  92% (95%CI: 87-97) 
and an accuracy of  91% (95%CI: 88-95). Yao et al[47] re-
ported that the hallmark of  a white opaque substance (WOS) 
is the presence of  lipid droplets (LDs) that accumulate in 
the superficial part of  the epithelial neoplasia within the 
stomach. The authors also reported that the white opaque 
substance in adenomas was regular and homogeneous, 
whereas the white opaque substance in adenocarcinomas 
was irregular and speckled. Ueyama et al[48] suggested that 
the white opaque substance-positive epithelium corre-
sponded to the dysplasia in this lesion. The presence of  
a white opaque substance in a gastric hyperplasia may be 
considered an endoscopic finding that is predictive of  
the neoplastic transformation of  a gastric hyperplasia. 
Therefore, in gastric hyperplasia, white opaque substance 
positivity may be considered an endoscopic finding that 
indicates endoscopic resection[48].

CELIAC DISEASE
Normal duodenal mucosa exhibits regularly arranged fin-
ger like villi and a regular network of  capillaries on high 
resolution magnifying WLE[49]. Reduced duodenal folds, 
scalloping of  fold margins, mosaic pattern of  mucosa 
and grooves in the mucosa are usual conventional en-
doscopic signs for celiac disease[50-54]. However these 
findings are not reliable in patchy[55,56] or milder cases of  
subtotal atrophy[57]. Overall, the sensitivity, specificity, 
positive predictive value and negative predictive value for 
villous atrophy on NBI are 100%, 91%, 83% and 100% 
respectively[58]. 

Banerjee et al[59] mentioned earlier in 2008 that NBI 
may be a useful yet simple adjunctive tool for the direct 
visualization of  villous architecture and guide to tis-
sue sampling. This may improve the diagnostic yield as 
well as reduce the number of  biopsy specimens that 
need to be taken. Singh et al[60] conducted a study using 
NBI-ME to detect villous atrophy in patients present-
ing with suspected celiac disease using forty-one videos 
obtained from 21 patients (3 celiac disease, 18 normal). 
The overall sensitivity and specificity in correctly distin-
guishing the presence or absence of  villi were 93% and 
98% respectively, with inter-observer and intra-observer 
agreement (kappa, K) at 0.82 and 0.86 respectively. The 
sensitivity and specificity in differentiating partial from 
total villous atrophy were 83.3% and 100% respectively, 
with K at 0.73 and 0.68 respectively. 

CONCLUSION
Narrow band imaging is a promising endoscopic tech-
nology which may improve the diagnostic accuracy of  
detecting and characterizing premalignant and neoplastic 
lesions in the upper gastrointestinal tract. Most stud-
ies have been conducted in expert centers and carried 
out by one or a few observers. Large-scale prospective 

multicenter randomized trials are needed to duplicate 
the results achieved in these institutions. Standardization 
of  endoscopic criteria and amalgamation of  the various 
classifications cannot be overemphasized. Once this is 
achieved, teaching and learning modules for more wide-
spread dissemination to the community will be crucial. 
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Abstract
AIM: To report the prevalence of Subsquamous intes-
tinal metaplasia (SSIM) in patients undergoing endo-
scopic mucosal resection (EMR) for staging of Barrett’s 
esophagus (BE).

METHODS: Thirty-three patients with BE associated 
neoplasia underwent EMR at our institution between 
September 2009 and September 2011; 22 of these 
patients met study inclusion criteria. EMR was targeted 
at focal abnormalities within the BE segment. EMR was 
performed in standardized fashion using a cap-assisted 
band ligation technique, and resection specimens were 
assessed for the presence of SSIM. Demographic and 
clinical data were analyzed to determine predictors of 
SSIM. 

RESULTS: SSIM was detected in 59% of patients. 
SSIM was detected in 73% of patients with short seg-
ment (< 3 cm) BE, and in 45% of patients with long-
segment (≥ 3 cm) BE (P  = NS). There was no asso-
ciation between presence/absence of SSIM and age, 
gender, or stage of BE-associated neoplasia. 

CONCLUSION: EMR detects SSIM in a majority of 
patients with BE-associated neoplasia. While the long-
term clinical significance of SSIM remains uncertain, 
these results highlight the importance of EMR as an 
optimal diagnostic tool for staging of BE and detection 
of SSIM, and should further limit concerns that SSIM is 
purely a post-ablation phenomenon.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Subsquamous intestinal metaplasia (SSIM) 
is the term used to describe glandular Barrett’s tissue 
which is buried beneath overlying squamous mucosa 
and not visible endoscopically. Esophageal forceps 
which fail to contain lamina propria are of insufficient 
depth to assess for the presence of SSIM. This study 
of patients with Barrett’s esophagus (BE) undergoing 
endoscopic mucosal resection, previously naïve to en-
doscopic therapy, detected SSIM in 59% of patients. 
These findings demonstrate that SSIM is a common 
occurrence in the natural history of BE, and should 
limit concerns that SSIM is purely a post-ablation phe-
nonomenon. 
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INTRODUCTION
Barrett’s esophagus (BE) is defined as intestinal metaplasia 
of  the esophageal mucosa, and is recognized as the ma-
jor known risk factor for esophageal adenocarcinoma[1]. 
Criteria for the diagnosis of  BE have typically included 
the presence of  endoscopically visible mucosal changes 
proximal to the gastroesophageal junction, with histopa-
thology demonstrating columnar epithelium with goblet 
cells. The concept of  subsquamous intestinal metaplasia 
(SSIM), often referred to as “buried Barrett’s”, challenges 
these criteria by implying that metaplastic, glandular BE 
tissue beneath intact surface squamous mucosa may not 
be endoscopically apparent, and may be detectable only 
by histopathologic analysis of  mucosal tissue specimens 
containing lamina propria. A theoretical concern is that 
SSIM may harbor neoplastic tissue which eludes standard 
endoscopic surveillance.

SSIM has been reported in BE patients who have re-
ceived long-term pharmacologic acid suppression ther-
apy[2], and both before and after endoscopic therapy in 
cohorts across a range of  endoscopic ablation modalities 
including photodynamic therapy (PDT)[3] and radiofre-
quency ablation (RFA)[4,5]. Estimates of  the prevalence of  
SSIM have varied widely across studies, with a recent sys-
tematic review indicating a prevalence ranging between 
0 and 28%[6]. This variability may in part reflect inconsis-
tencies in biopsy technique and depth across studies. 

The majority of  prior studies reporting the prevalence 
of  SSIM have been based on mucosal specimens ob-
tained by forceps biopsy, with the high-end estimate (28%) 
originating from a study of  endoscopic mucosal resec-
tion (EMR). EMR, frequently employed for staging of  
BE-associated neoplasia, offers both a greater depth and 
surface area of  tissue acquisition when compared with 
forceps biopsies, and therefore may have a higher yield 
for detection of  SSIM. Our hypothesis was that prior re-
ports have underestimated the prevalence of  SSIM, and 
the aim of  this study was to determine the prevalence of  
SSIM in patients undergoing EMR for staging of  BE.

MATERIALS AND METHODS
Approval to conduct this retrospective study was granted 
by the Vanderbilt University Institutional Review Board. 
A database query was performed to identify patients with 
BE who had undergone EMR between September 2009 
and September 2011. Clinical and endoscopic data were 
extracted from the electronic medical record.  

Endoscopic evaluations were performed by a single 
endoscopist (PY). Candidates for EMR included patients 
referred for staging of  BE-associated neoplasia, with 
prior biopsies documenting the presence of  low-grade 
dysplasia (LGD), high-grade dysplasia (HGD), and/or 
adenocarcinoma within the BE segment. EMR is per-

formed as previously described[7]. EMR are performed 
with a cap-assisted device (Duette Multi-Band Muco-
sectomy, Cook Medical, Limerick, Ireland). Resections 
are completed using a snare at a blended current setting 
(ERBE VIO 200-S electrosurgical unit, set to snare hot 
biopsy mode with coag effect 1 and maximum Watts 20). 
If  necessary, piecemeal EMR is repeated until the target 
area has been resected.

The pathology laboratory is notified of  specimen 
submission, and specimens are sectioned in order to 
preserve tissue orientation and architecture. Formalin-
fixed and paraffin-embedded specimens are reviewed by 
two expert gastrointestinal pathologists (CS and MKW) 
as previously described[7]. In cases of  dysplasia, dysplasia 
is graded as LGD or HGD. For adenocarcinoma, a local 
stage is assigned (pT1a, pT1b, etc.) according to American 
Joint Committee on Cancer 7th edition staging manual. 

For the purposes of  this study, the presence of  SSIM 
was assessed in each EMR specimen. SSIM was defined 
as glandular intestinal metaplasia within the lamina pro-
pria and without apparent continuity with surface BE. 
Two morphologic subtypes were identified: (1) SSIM 
with no direct extension to the mucosa (Figure 1A); and 
(2) SSIM with glands penetrating through the overlying 
squamous epithelium and onto the luminal surface, sur-
rounded completely by squamous epithelium (Figure 1B). 

Exclusion criteria were: (1) prior endoscopic or surgi-
cal therapy for BE; (2) the presence of  invasive carcinoma 
detected by histopathologic analysis of  the EMR speci-
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Figure 1  Esophageal endoscopic mucosal resection specimens demon-
strating two morphologic subtypes of subsquamous intestinal metaplasia. 
A: Subsquamous intestinal metaplasia (SSIM) with no direct extension to the 
mucosa; B: SSIM penetrating through the overlying squamous epithelium and 
onto the luminal surface. 



men; and (3) the absence of  squamous mucosa in the 
EMR specimen. With respect to the last exclusion criteria, 
by definition squamous mucosa must be present in the re-
sected in specimen in order to assess for SSIM. Therefore, 
only EMR specimens obtained in proximity to the endo-
scopically visible squamocolumnar junction and including 
squamous tissue were eligible for analysis. EMR specimens 
obtained entirely from within a BE segment and not con-
taining squamous mucosa were therefore not included. 

Descriptive and univariate statistical analysis was per-
formed using the R statistics program. A two-sided P < 
0.05 was considered significant.

RESULTS
Thirty-three patients underwent EMR during the study 
time period. One patient who had undergone radiofre-
quency ablation prior to EMR and one patient who had 
undergone prior surgical esophagectomy were excluded. 
Five patients were excluded due to the absence of  squa-
mous tissue in the EMR specimen. An additional four pa-
tients were found to have invasive cancer (T1b or greater) 
and were excluded on this basis. Therefore, the final 
cohort consisted of  22 subjects. These 22 patients under-
went a total of  26 EMR sessions (mean sessions 1.2 per 
patient, range 1-2). Eighty-two percent of  subjects were 
male, and the mean age of  subjects was 64 (range 41-80) 
years. Mean maximum BE length among the subjects was 
3.8 (range 0-12) cm. Pre-EMR histopathologic diagnosis, 
based on forceps biopsies, was LGD in 5% (1/22), HGD 
in 41% (9/22), intramucosal (T1a) adenocarcinoma in 
36% (8/22), and invasive adenocarcinoma in 18% (4/22) 
of  subjects, respectively.

SSIM was detected in EMR specimens in 59% (13/22) 
of  patients. SSIM was detected in 73% (8/11) of  patients 
with short segment (< 3 cm length) BE and 45% (5/11) 
of  patients with long segment (≥ 3 cm length) BE (P = 
NS). There was no association between presence/absence 
of  SSIM and age or gender. There was no association be-
tween presence/absence of  SSIM and stage of  neoplasia.

Of  the 13 cases with SSIM, 3 (23%) contained high-
grade dysplasia in SSIM (Figure 2). Four patients under-
went two EMR sessions separated in each case by 2-3 mo 

intervals, and SSIM was present in the index EMR speci-
men in each of  these patients. Adverse events of  EMR 
were limited to esophageal stricture requiring endoscopic 
dilation in 5% (1/22) of  patients; bleeding requiring 
endoscopic therapy, hospital admission and packed red 
blood cell transfusion in one patient; delayed bleeding re-
quiring endoscopic evaluation but no endoscopic therapy 
and no transfusion in one patient; and aspiration requir-
ing hospital admission in one patient.

DISCUSSION
This study demonstrates that SSIM is present in the ma-
jority of  patients undergoing EMR for staging of  BE-
associated neoplasia. The prevalence of  SSIM in this 
cohort (59%) is considerably higher than previously 
reported from tissue-based analysis. Prior studies have re-
ported prevalence of  SSIM ranging between 0 and 28%[6]. 
The majority of  these studies were based on results of  
forceps biopsies, which may underestimate prevalence of  
SSIM due to inadequate sampling of  the lamina propria. 
A 28% prevalence rate of  SSIM, often detected at or just 
proximal to the squamocolumnar junction, was reported 
in a prior study with EMR as the tissue sampling meth-
od[8]. Our findings approach the high SSIM prevalence 
rate (73%) detected by optical coherence tomography 
imaging in a recently reported study[9]. 

Our protocol consisted of  focal EMR targeted at 
specific lesions within the BE segment. Single-session 
resection is confined to less than 50% of  the mural 
circumference, in order to limit the risk of  post-EMR 
stricture. These focal EMRs do not resect the entirety of  
the squamocolumnar junction, as might be achieved with 
a widefield EMR or endoscopic submucosal dissection 
technique-therefore, it is likely that our study underesti-
mates the true prevalence of  SSIM in the cohort. 

This study features a systematic, regimented approach 
to the staging of  BE-associated neoplasia, which includes 
close collaboration between an endoscopist trained in 
BE endotherapy and expert gastrointestinal pathologists, 
and which we believe facilitates detection of  SSIM. EMR 
specimens were obtained and evaluated according to set 
protocol, which included use of  specific electrocautery 
settings. Electrocautery settings for esophageal EMR are 
not standardized across practices, and may vary by en-
doscopist and institution, including use of  “cut” versus 
“coag” application for resection and variations in this 
regard may influence the degree of  thermal injury and 
artifact at lateral resection margins including squamous 
mucosa, potentially influencing the ability to detect SSIM 
in proximity to these margins.

This study is limited by its small size and retrospec-
tive nature, which limits the ability to assess predictors of  
SSIM. Details of  prior duration of  exposure to pharma-
cologic gastric acid suppression and extent of  prior en-
doscopic biopsy surveillance of  BE, both factors which 
can promote ingrowth of  squamous islands within BE, 
are not available. The study also does not include control 
groups, for instance to assess the prevalence of  SSIM in 
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Figure 2  Esophageal endoscopic mucosal resection specimens demon-
strating subsquamous intestinal metaplasia with high-grade dysplasia. 
HGD: High-grade dysplasia. 

Yachimski P et al . Buried Barrett’s detected by EMR



reported no SSIM in EMR specimens from 14 patients fol-
lowing RFA or combined EMR/RFA therapy for BE[17]. 

Yet EMR is not likely to be acceptable for routine 
post-treatment surveillance of  BE. As the current study 
demonstrates, although EMR is well-tolerated by the ma-
jority of  patients, there is a limited but real risk of  adverse 
events including bleeding and esophageal stricture forma-
tion. The potential need for improved means of  detection 
and surveillance of  SSIM may present an opportunity for 
endoscopic imaging modalities currently in development 
and capable of  detailed intraluminal imaging of  subsur-
face esophageal structures, including optical coherence 
tomography or optical frequency domain imaging[9,18-20]. 
Ultimately, a full understanding of  the clinical importance 
of  SSIM will be achievable only through future study 
of  SSIM in tissue specimens obtained from BE patients 
longitudinally at multiple time points during the course of  
disease[21].

In summary, this study demonstrates that EMR detects 
SSIM in a majority of  patients with BE-associated neo-
plasia. This finding should further dampen concerns that 
SSIM is a post-ablation phenomenon, and may fundamen-
tally alter our understanding of  the natural history of  BE. 
As EMR becomes an increasingly important and widely 
utilized tool in the staging and therapy of  BE, further at-
tention to the detection and reporting of  SSIM is necessary 
in order to define the clinical significance of  this variant of  
intestinal metaplasia. 

COMMENTS
Background
Barrett’s esophagus (BE) refers to intestinal metaplasia of the esophageal mu-
cosa, and is the principal risk factor for esophageal adenocarcinoma. BE has 
a characteristic salmon-colored appearance and is typically readily visible on 
endoscopic inspection. Subsquamous intestinal metaplasia (SSIM) is the term 
used to describe BE tissue which is buried beneath overlying squamous muco-
sa and not visible endoscopically. Esophageal neoplasia arising from SSIM has 
been reported. As the use of endoscopic ablation therapies for BE has grown, 
there are concerns that ablation will accelerate development of SSIM and lead 
to risk of neoplasia which is invisible or elusive to standard endoscopic surveil-
lance.
Research frontiers
There are limited data regarding the prevalence and natural history of SSIM, 
particularly among BE patients who have not previously undergone endoscopic 
treatment. Esophageal biopsies may underestimate the prevalence of SSIM 
due to limited depth of biopsy samples. The aim of this study was to assess the 
prevalence of BE among patients undergoing endoscopic mucosal resection, 
an endoscopic technique which allows for removal of a tissue sample of much 
greater surface area and depth compared to a forceps biopsy
Innovations and breakthroughs
This is the highest reported prevalence of SSIM in patients with BE naïve to 
endoscopic therapy. 
Applications
The finding of a high prevalence of SSIM among patients with BE may alter the 
authors’ understanding of the natural history of BE, and provide an opportunity 
for new technologies capable of imaging subepithelial structures to play a role 
in endoscopic surveillance of BE.
Terminology
Endoscopic mucosal resection (EMR), is an esophageal tissue resection tech-
nique which has important diagnostic and therapeutic value in the endoscopic 
management of Barrett’s esophagus neoplasia. Subsquamous intestinal meta-
plasia (SSIM), informally referred to as “buried Barrett’s”, is the term used to 
describe glandular esophageal epithelium which is buried beneath overlying 

patients with BE staged by forceps biopsy alone or the 
prevalence of  SSIM in BE patients without neoplasia. 
The results of  this study may not be generalizable to pa-
tients with BE without dysplasia or carcinoma.

The long-term clinical significance of  SSIM remains a 
topic of  uncertainty, particularly with respect to patients 
who have undergone endotherapy for BE. Cases of  dys-
plasia and adenocarcinoma arising from SSIM have been 
reported following treatment of  BE-associated neoplasia 
with PDT[10,11] and argon plasma coagulation[12]. A recent 
systematic review tallied a total of  34 reported cases of  
neoplasia (ranging from LGD to invasive adenocarcino-
ma) arising within SSIM following BE endotherapy[6]. In 
some cases when neoplasia is present and involving both 
surface and subsquamous structures, however, it may 
be difficult to precisely and definitively implicate a subs-
quamous origin of  neoplasia. In follow-up of  patients 
treated in a randomized study of  PDT, among patients 
with biopsies demonstrating recurrence of  neoplasia, the 
highest grade of  dysplasia/cancer was always present in 
surface epithelium and not contained solely in SSIM[3].

On the other hand, SSIM is phenotypically distinct 
from surface BE on a molecular level. For instance, SSIM 
following PDT has low Ki-67 crypt proliferation rates 
and lower rates of  aneuploidy when compared with pre-
treatment BE[13]. Additional alterations in biomarker ex-
pression in SSIM may be a consequence of  relative pro-
tection from exposure to mutagenic gastric and bile acid 
reflux[14]. In this regard, SSIM may in theory have a lower 
malignant potential than surface BE.

While the current study is not informative regard-
ing the long-term malignant potential of  SSIM, it does 
fundamentally alter estimates of  the native prevalence 
of  SSIM in an endotherapy-naïve cohort. This creates 
a critical context for the emerging role of  widespread 
endotherapy for BE, as we aim to understand how en-
dotherapy alters the prevalence and natural history of  
SSIM. Estimates of  SSIM prevalence following BE endo-
therapy have varied widely, both within and across abla-
tion modalities. Among a randomized study of  patients 
treated with PDT, the prevalence of  SSIM was reported 
to increase from 5.8% pre-treatment to 30% at 5-years 
post-treatment[3]. In the AIM-Dysplasia trial, a random-
ized study of  RFA plus proton pump inhibitor versus 
proton pump inhibitor alone, the prevalence of  SSIM in 
the RFA arm was 25.2% pre-treatment, 5.1% at 12 mo 
post-treatment, and 3.8% at 24 mo post-treatment[4,5]. A 
prospective study of  RFA for treatment of  nondysplastic 
BE, however, reported no SSIM in any of  1473 biopsy 
specimens from 50 subjects at 5 years post-treatment[15]. 

An important variable which may influence the ability 
to identify SSIM, detectable only in specimens containing 
lamina propria structures, is biopsy depth following BE 
endotherapy. A recent study reported that lamina propria is 
present in fewer than 40% of  biopsy specimens obtained 
from neosquamous esophageal epithelium following BE 
endotherapy[16]. Given this significant limitation, the optimal 
comparison would be comparison of  SSIM in EMR speci-
mens pre-therapy and EMR specimens of  neosquamous 
epithelium post-therapy. A high-volume European center 
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squamous mucosa and not visible endoscopically.
Peer review
In his study, Dr. Linsdell provides a review of the physiological, biophysical and 
pharmacological relevance of a class of inhibitors of the CFTR channel, i.e., the 
ones that directly block Cl movements across the open pore. The author has to 
be congratulated for this excellent work. The review is clear, well organised and 
written, and with effective figures. It will be an interesting reading also for non-
experts in the field.

REFERENCES
1	 Falk GW. Barrett’s esophagus. Gastroenterology 2002; 122: 

1569-1591 [PMID: 12016424 DOI: 10.1053/gast.2002.33427]
2	 Sharma P, Morales TG, Bhattacharyya A, Garewal HS, Sam-

pliner RE. Squamous islands in Barrett’s esophagus: what 
lies underneath? Am J Gastroenterol 1998; 93: 332-335 [PMID: 
9517634]

3	 Bronner MP, Overholt BF, Taylor SL, Haggitt RC, Wang KK, 
Burdick JS, Lightdale CJ, Kimmey M, Nava HR, Sivak MV, 
Nishioka N, Barr H, Canto MI, Marcon N, Pedrosa M, Grace 
M, Depot M. Squamous overgrowth is not a safety concern 
for photodynamic therapy for Barrett’s esophagus with high-
grade dysplasia. Gastroenterology 2009; 136: 56-64; quiz 351-2 
[PMID: 18996379 DOI: 10.1053/j.gastro.2008.10.012]

4	 Shaheen NJ, Sharma P, Overholt BF, Wolfsen HC, Sam-
pliner RE, Wang KK, Galanko JA, Bronner MP, Goldblum 
JR, Bennett AE, Jobe BA, Eisen GM, Fennerty MB, Hunter JG, 
Fleischer DE, Sharma VK, Hawes RH, Hoffman BJ, Rothstein 
RI, Gordon SR, Mashimo H, Chang KJ, Muthusamy VR, Ed-
mundowicz SA, Spechler SJ, Siddiqui AA, Souza RF, Infanto-
lino A, Falk GW, Kimmey MB, Madanick RD, Chak A, Light-
dale CJ. Radiofrequency ablation in Barrett’s esophagus with 
dysplasia. N Engl J Med 2009; 360: 2277-2288 [PMID: 19474425 
DOI: 10.1056/NEJMoa0808145]

5	 Shaheen NJ, Overholt BF, Sampliner RE, Wolfsen HC, 
Wang KK, Fleischer DE, Sharma VK, Eisen GM, Fennerty 
MB, Hunter JG, Bronner MP, Goldblum JR, Bennett AE, 
Mashimo H, Rothstein RI, Gordon SR, Edmundowicz SA, 
Madanick RD, Peery AF, Muthusamy VR, Chang KJ, Kim-
mey MB, Spechler SJ, Siddiqui AA, Souza RF, Infantolino 
A, Dumot JA, Falk GW, Galanko JA, Jobe BA, Hawes RH, 
Hoffman BJ, Sharma P, Chak A, Lightdale CJ. Durability of 
radiofrequency ablation in Barrett’s esophagus with dyspla-
sia. Gastroenterology 2011; 141: 460-468 [PMID: 21679712 DOI: 
10.1053/j.gastro.2011.04.061]

6	 Gray NA, Odze RD, Spechler SJ. Buried metaplasia after 
endoscopic ablation of Barrett’s esophagus: a systematic re-
view. Am J Gastroenterol 2011; 106: 1899-908; quiz 1909 [PMID: 
21826111 DOI: 10.1038/ajg.2011.255]

7	 Ayers K, Shi C, Washington K, Yachimski P. Expert pathol-
ogy review and endoscopic mucosal resection alters the di-
agnosis of patients referred to undergo therapy for Barrett’s 
esophagus. Surg Endosc 2013; 27: 2836-2840 [PMID: 23389078 
DOI: 10.1007/s00464-013-2830-x]

8	 Chennat J, Ross AS, Konda VJ, Lin S, Noffsinger A, Hart J, 
Waxman I. Advanced pathology under squamous epithelium 
on initial EMR specimens in patients with Barrett’s esopha-
gus and high-grade dysplasia or intramucosal carcinoma: 
implications for surveillance and endotherapy management. 
Gastrointest Endosc 2009; 70: 417-421 [PMID: 19555948 DOI: 
10.1016/j.gie.2009.01.047]

9	 Zhou C, Tsai TH, Lee HC, Kirtane T, Figueiredo M, Tao YK, 
Ahsen OO, Adler DC, Schmitt JM, Huang Q, Fujimoto JG, 

Mashimo H. Characterization of buried glands before and 
after radiofrequency ablation by using 3-dimensional optical 
coherence tomography (with videos). Gastrointest Endosc 2012; 
76: 32-40 [PMID: 22482920 DOI: 10.1016/j.gie.2012.02.003]

10	 Mino-Kenudson M, Ban S, Ohana M, Puricelli W, Desh-
pande V, Shimizu M, Nishioka NS, Lauwers GY. Buried dys-
plasia and early adenocarcinoma arising in barrett esophagus 
after porfimer-photodynamic therapy. Am J Surg Pathol 2007; 
31: 403-409 [PMID: 17325482]

11	 Overholt BF, Panjehpour M, Halberg DL. Photodynamic 
therapy for Barrett’s esophagus with dysplasia and/or early 
stage carcinoma: long-term results. Gastrointest Endosc 2003; 
58: 183-188 [PMID: 12872083]

12	 Van Laethem JL, Peny MO, Salmon I, Cremer M, Devière J. 
Intramucosal adenocarcinoma arising under squamous re-ep-
ithelialisation of Barrett’s oesophagus. Gut 2000; 46: 574-577 
[PMID: 10716690]

13	 Hornick JL, Mino-Kenudson M, Lauwers GY, Liu W, Goyal 
R, Odze RD. Buried Barrett’s epithelium following photo-
dynamic therapy shows reduced crypt proliferation and ab-
sence of DNA content abnormalities. Am J Gastroenterol 2008; 
103: 38-47 [PMID: 18076737]

14	 Odze RD, Lauwers GY. Histopathology of Barrett’s esopha-
gus after ablation and endoscopic mucosal resection therapy. 
Endoscopy 2008; 40: 1008-1015 [PMID: 19065484 DOI: 10.1055/
s-0028-1103416]

15	 Fleischer DE, Overholt BF, Sharma VK, Reymunde A, Kim-
mey MB, Chuttani R, Chang KJ, Muthasamy R, Lightdale CJ, 
Santiago N, Pleskow DK, Dean PJ, Wang KK. Endoscopic 
radiofrequency ablation for Barrett’s esophagus: 5-year out-
comes from a prospective multicenter trial. Endoscopy 2010; 
42: 781-789 [PMID: 20857372]

16	 Gupta N, Mathur SC, Dumot JA, Singh V, Gaddam S, Wani 
SB, Bansal A, Rastogi A, Goldblum JR, Sharma P. Adequacy 
of esophageal squamous mucosa specimens obtained during 
endoscopy: are standard biopsies sufficient for postablation 
surveillance in Barrett’s esophagus? Gastrointest Endosc 2012; 
75: 11-18 [PMID: 21907985 DOI: 10.1016/j.gie.2011.06.040]

17	 Pouw RE, Gondrie JJ, Rygiel AM, Sondermeijer CM, ten Kate 
FJ, Odze RD, Vieth M, Krishnadath KK, Bergman JJ. Proper-
ties of the neosquamous epithelium after radiofrequency 
ablation of Barrett’s esophagus containing neoplasia. Am 
J Gastroenterol 2009; 104: 1366-1373 [PMID: 19491850 DOI: 
10.1038/ajg.2009.88]

18	 Mori Y, Itoh Y, Tajima N. Angiotensin II receptor blockers 
downsize adipocytes in spontaneously type 2 diabetic rats 
with visceral fat obesity. Am J Hypertens 2007; 20: 431-436 
[PMID: 17386352]

19	 Suter MJ, Vakoc BJ, Yachimski PS, Shishkov M, Lauwers 
GY, Mino-Kenudson M, Bouma BE, Nishioka NS, Tearney 
GJ. Comprehensive microscopy of the esophagus in human 
patients with optical frequency domain imaging. Gastrointest 
Endosc 2008; 68: 745-753 [PMID: 18926183 DOI: 10.1016/
j.gie.2008.05.014]

20	 Adler DC, Zhou C, Tsai TH, Lee HC, Becker L, Schmitt JM, 
Huang Q, Fujimoto JG, Mashimo H. Three-dimensional opti-
cal coherence tomography of Barrett’s esophagus and buried 
glands beneath neosquamous epithelium following radiofre-
quency ablation. Endoscopy 2009; 41: 773-776 [PMID: 19746317 
DOI: 10.1055/s-0029-1215045]

21	 Yachimski P, Falk GW. Subsquamous intestinal metapla-
sia: implications for endoscopic management of Barrett’s 
esophagus. Clin Gastroenterol Hepatol 2012; 10: 220-224 [PMID: 
22020059 DOI: 10.1016/j.cgh.2011.10.009]

P- Reviewers: Bago J, Marks J    S- Editor: Qi Y    L- Editor: A    
E- Editor: Zhang DN

594 December 16, 2013|Volume 5|Issue 12|WJGE|www.wjgnet.com

Yachimski P et al . Buried Barrett’s detected by EMR



 BRIEF ARTICLE

Finding the solution for incomplete small bowel capsule 
endoscopy

José Cotter, Francisca Dias de Castro, Joana Magalhães, Maria João Moreira, Bruno Rosa

José Cotter, Francisca Dias de Castro, Joana Magalhães, 
Maria João Moreira, Bruno Rosa, Gastroenterology Depart-
ment, Centro Hospitalar do Alto Ave, 4835-044 Guimarães, 
Portugal
José Cotter, Life and Health Sciences Research Institute (ICVS), 
School of Health Sciences, University of Minho, 4710-057 Bra-
ga/Guimarães, Portugal
José Cotter, ICVS/3B’s, PT Government Associate Laboratory, 
4710-057 Braga/Guimarães, Portugal
Author contributions: Cotter J developed and coordinated 
the study, drafted and critically revised the manuscript and ap-
proved the final version to be submitted; Dias de Castro F re-
viewed the capsule endoscopy videos, performed data analysis 
and literature research and drafted the manuscript; Magalhães 
J participated in the design of the study and statistical analysis; 
Moreira MJ and Rosa B revised the manuscript and reviewed 
the capsule endoscopy videos; all the authors read and approved 
the final manuscript.
Correspondence to: José Cotter, MD, Gastroenterology De-
partment, Centro Hospitalar do Alto Ave, Rua dos Cutileiros, 
4835-044 Guimarães, Portugal. jcotter@chaa.min-saude.pt
Telephone: +351-253-540330   Fax: +351-253-421308
Received: September 14, 2013  Revised: November 1, 2013
Accepted: November 15, 2013
Published online: December 16, 2013 

Abstract
AIM: To evaluate whether the use of real time viewer 
(RTV) and administration of domperidone to patients 
with delayed gastric passage of the capsule could 
reduce the rate of incomplete examinations (IE) and 
improve the diagnostic yield of small bowel capsule 
endoscopy (SBCE). 

METHODS: Prospective single center interventional 
study, from June 2012 to February 2013. Capsule lo-
cation was systematically checked one hour after in-
gestion using RTV. If it remained in the stomach, the 
patient received 10 mg domperidone per os and the 
location of the capsule was rechecked after 30 min. If 
the capsule remained in the stomach a second dose of 

10 mg of domperidone was administered orally. After 
another 30 min the position was rechecked and if the 
capsule remained in the stomach, it was passed into 
the duodenum by upper gastrointestinal (GI) endos-
copy. The rate of IE and diagnostic yield of SBCE were 
compared with those of examinations performed be-
fore the use of RTV or domperidone in our Department 
(control group, January 2009 - May 2012).

RESULTS: Both groups were similar regarding age, 
sex, indication, inpatient status and surgical history. 
The control group included 307 patients, with 48 
(15.6%) IE. The RTV group included 82 patients, with 
3 (3.7%) IE, P  =  0.003. In the control group, average 
gastric time was significantly longer in patients with 
IE than in patients with complete examination of the 
small bowel (77 min vs  26 min, P  =  0.003). In the RTV 
group, the capsule remained in the stomach one hour 
after ingestion in 14/82 patients (17.0%) vs  48/307 
(15.6%) in the control group, P  =  0.736. Domperidone 
did not significantly affect small bowel transit time (260 
min vs  297 min, P  =  0.229). The capsule detected pos-
itive findings in 39% of patients in the control group 
and 49% in the RTV group (P  =  0.081). 

CONCLUSION: The use of RTV and selective adminis-
tration of domperidone to patients with delayed gastric 
passage of the capsule significantly reduces incomplete 
examinations, with no effect on small bowel transit 
time or diagnostic yield.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Small bowel capsule endoscopy; Prokinetic 
drugs; Domperidone; Incomplete examination 

Core tip: Incomplete small bowel capsule endoscopy 
(SBCE) is an important limitation of the technique and 
may occur in up to 20% of patients. Delayed gastric 
passage of the capsule is a major factor leading to 
incomplete SBCE. Selective administration of oral dom-
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peridone to patients with delayed gastric passage of 
the capsule assessed with the real time viewer (RTV) 
effectively reduces the rate of incomplete SBCE. The 
administration of domperidone does not influence small 
bowel transit time of the capsule. There is an overall 
trend towards higher diagnostic yield of SBCE when 
domperidone is selectively administered. The use of the 
RTV should be adopted systematically in patients un-
dergoing small bowel capsule endoscopy.

Cotter J, Dias de Castro F, Magalhães J, Moreira MJ, Rosa 
B. Finding the solution for incomplete small bowel capsule 
endoscopy. World J Gastrointest Endosc 2013; 5(12): 595-599  
Available from: URL: http://www.wjgnet.com/1948-5190/full/
v5/i12/595.htm  DOI: http://dx.doi.org/10.4253/wjge.v5.i12.595

INTRODUCTION
Small bowel capsule endoscopy (SBCE) was introduced 
in clinical practice in 2001, and it proved to be a valuable 
non-invasive technique to examine the small-bowel[1]. 
SBCE may be useful in a wide range of  clinical set-
tings, such as obscure gastrointestinal (GI) bleeding[2], 
suspected and known Crohn’s disease (CD)[3-5], celiac 
disease[6] and polyposis syndromes[7], with a higher diag-
nostic yield when compared to conventional diagnostic 
techniques[2,4,8-11]. An important limitation of  SBCE is 
the possibility of  incomplete examination of  the small-
bowel, which occurs when the capsule does not reach 
the cecum within the recording time of  approximately 9 
h. The rate of  IE is approximately 20% to 30% in most 
studies[12,13]. In such cases, the value of  SBCE is limited 
by the fact that it may miss lesions located in the distal 
segments of  the small bowel, eventually leading to the 
need for further examinations and increased costs[14]. 
Retrospective studies identified some factors that may 
be associated with incomplete small-bowel SBCE exami-
nation, such as inpatient status[14], previous abdominal 
surgery[14] and prolonged gastric transit time (GTT)[14,15], 
while the effect of  age or medical conditions such as di-
abetes mellitus remains controversial[16]. Currently, there 
is no consensus regarding the use of  prokinetic drugs in 
SBCE to reduce the rate of  IE with SBCE[17]. In theory, 
prokinetics might be useful by improving gastric empty-
ing, but their routine use in patients submitted to SBCE 
is not widely established[17]. Randomized prospective 
studies failed to demonstrate an improvement in SBCE 
completion rates with the use of  metoclopramide, ad-
ministered before the procedure[18,19]. One of  the recent 
advances in the field of  SBCE is the availability of  a 
portable external viewer for direct monitoring of  the 
images received during the procedure. The new Given®  
Data Recorder (DR3) with the real time viewer (RTV) 
enables real-time viewing during SBCE procedure (Figure 
1). The European Society of  Gastrointestinal Endos-
copy (ESGE) recommended that patients at increased 

risk for IE might benefit from the use of  the RTV peri-
procedurally, with subsequent endoscopic placement of  
the capsule in the duodenum when indicated[20]. The aim 
of  our study was to assess whether the prokinetic agent 
domperidone, in association with the RTV, could re-
duce the rate of  IE and improve the diagnostic yield of  
SBCE.

MATERIALS AND METHODS
We conducted a single center prospective interventional 
study, comparing the use of  domperidone in association 
with RTV in consecutive patients undergoing SBCE 
from June 2012 to February 2013 (RTV group) vs a con-
trol group of  patients who had been submitted to SBCE 
following the standard procedure with no use of  RTV 
or domperidone, from January 2009 to May 2012, in our 
Department. The RTV images were viewed by gastro-
enterologists with a large experience in SBCE to check 
the capsule position during the procedure. The RTV was 
used to confirm the passage of  the capsule to the small-
bowel one hour after ingestion. If  the capsule remained 
in the stomach, 10 mg of  domperidone were adminis-
tered per os and the location of  the capsule was rechecked 
after 30 min. If  it still remained in the stomach, an addi-
tional dose of  10 mg of  domperidone was administered 
orally and after another 30 min the location of  the capsule 
was rechecked; then if  still in the stomach the capsule was 
placed directly in the duodenum by upper endoscopy us-
ing a basket. All patients followed a 24 h clear liquid diet 
and 12 h fasting prior to SBCE (PillCam® SB2, Given® 

Imaging Ltd. Yoqneam, Israel), and were advised not to 
eat for 4 h after swallowing the capsule. No oral purge 
was administered. Patients with obstructive symptoms, 
known small bowel strictures and/or in whom some 
bowel purge or prokinetics were used did not enter the 
study. One experienced gastroenterologist, with more 
than 100 SBCE procedures, reviewed SBCE images us-
ing RAPID Reader® (Given® Diagnostic Imaging Sys-
tem, Given® Imaging). The completion rate was defined 
as the frequency of  SBCE reaching the cecum within 
the battery life (approximately 9 h). Gastric transit time 
(GTT) was recorded from the first gastric image to the 
first duodenum image, and small-bowel transit time 
(SBTT) was recorded from the first duodenum image 
to the first cecal image, or alternatively the last image of  
the small bowel if  the capsule did not reach the cecum 
within recording time. 

Statistical analysis
Continuous variables were expressed as mean ± SD and 
analyzed with the unpaired t-test. Fisher’s exact test was 
used to compare incomplete examinations rate and di-
agnostic yield between the two groups. A P-value of  less 
than 0.05 was considered statistically significant. Statisti-
cal analysis was performed using SPSS® (version 17.0 for 
Windows®, SPSS inc®, Chicago, IL, USA). All patients 
gave their informed consent prior to their inclusion in 
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the study.

RESULTS
A total of  84 consecutive SBCE were performed after 
the introduction of  RTV in our Department. Two pro-
cedures were excluded because the capsule was ad initium 
passed into the duodenum under endoscopic assistance 
using the AdvanCE® delivery system. In the control 
group, a total of  359 SBCE were retrospectively re-
viewed. Forty procedures were excluded because patients 
had received bowel preparation with polyethylene glycol 
prior to SBCE in the setting of  a clinical trial[21], and 
another 12 patients were excluded because the capsule 
was immediately passed into the duodenum under en-
doscopic assistance using the AdvanCE® system, due to 
swallowing disorders or previous gastric surgery. Thus, 
a total of  82 patients using the RTV and 307 matched 
controls were included in the study analysis. The baseline 
clinical characteristics and indications for SBCE in both 
groups are summarized in Table 1. Variables such as 
age, gender, previous abdominal surgery, inpatient status 
and indication for SBCE were not significantly different 
between the two groups. The rate of  IE was 15.6% (n 
= 48) in the control group vs 3.7% (n = 3) in the RTV 
group (P = 0.003). In the RTV group, domperidone 
was administered in 14/82 patients (17.0%), in whom 
the capsule remained in the stomach 1 h after ingestion, 
while in the control group the proportion of  patients 
with the capsule remaining in the stomach 1 h after in-
gestion was 48/307 (15.6%), P = 0.736. In the control 
group, average gastric time was significantly longer in 
patients with IE than in patients with complete examina-

tion of  the small bowel (77 min vs 26 min, P = 0.003). 
In the RTV group, no differences were observed in the 
SBTT among patients who received or did not receive 
domperidone (260 min vs 297 min, P = 0.229). In one 
patient (7.0%) out of  the 14 patients in the RTV group 
in whom domperidone was administered, the capsule re-
mained in the stomach two hours after ingestion, and an 
upper endoscopy was performed to deliver the capsule 
to the duodenum using a basket. SBCE positive find-
ings were observed in 39% of  the control group vs 49% 
of  the RTV group (P = 0.081). None of  the 14 patients 
who received domperidone had any side effect related to 
the drug.

DISCUSSION
SBCE emerged as a valuable non-invasive diagnostic 
technique to investigate the entire small-bowel. However, 
a major drawback is the rate of  incomplete examina-
tions, reaching up to 20% to 30%[12,13]. Some conditions 
have been associated with incomplete small bowel exam-
ination, such as inpatient status[14] or previous abdominal 
surgery[14], while the effect of  age or medical conditions 
such as diabetes mellitus remain controversial[16]. Im-
portantly, delayed GTT has been consistently reported 
as a leading cause of  incomplete small bowel examina-
tion[14,15]. Our study supports the hypothesis that the 
systematic use of  the RTV included in the new Given® 
Data Recorder (DR3), in association with domperidone 
to overcome delayed gastric transit in selected cases, en-
hancesthe completion rate of  SBCE. Domperidone is a 
type Ⅱ dopamine antagonist similar to metoclopramide, 
with similar effects on gastric emptying but with lower 
central side effects[22]. Domperidone is not approved by 
the FDA for use in the United States but is widely used 
in Europe. To our knowledge, none of  the published 
studies in this area used domperidone as a prokinetic to 
improve cecal intubation rates. A recent randomized con-
trolled trial which used intramuscular metoclopramide 
15 min before capsule ingestion, reported a decrease in 
GTT with no change in SBTT or complete examina-
tion rate[23], reinforcing that it may also be influenced by 
other variables. In our study, domperidone significantly 
contributed to reduce the rate of  IE. The drug was only 
administered in patients with delayed gastric passage 
of  the capsule, documented with the RTV. Moreover, 
there was no significant difference in SBTT among 
patients who received or did not receive domperidone. 
The fact that the SBTT was similar in patients receiving 
or not domperidone (260 min vs 297 min, respectively, 
P = NS) is relevant, because it supports the hypothesis 
that delayed gastric emptying may be a more determi-
nant factor leading to incomplete SBCE than delayed 
transit of  the capsule in the small bowel; the fact that 
the transit time of  the capsule in the small bowel is not 
significantly reduced by the prokinetic is also important, 
because a faster passage of  the capsule through the small 
bowel has been associated with lower diagnostic yield 
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Figure 1  Real time viewer detecting the capsule inside the stomach more 
than one hour after ingestion.
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of  SBCE[24]. Indeed, Westerhof  et al[24] found a positive 
correlation between the diagnostic yield of  SBCE and 
longer small bowel transit time, irrespective of  whether 
the capsule reached the cecum within recording time. In 
our series, despite the reduction of  IE, we did not find 
a significantly higher diagnostic yield in the RTV group 
(49% vs 39% in the control group). Recently, Gao et al[20] 
showed that delivering the capsule to the duodenum by 
upper endoscopy using a basket in patients with delayed 
gastric transit, identified with RTV, improved the rate of  
complete small-bowel examinations, resulting in higher 
diagnostic yield of  SBCE. We could speculate whether it 
would be useful to routinely place the capsule in the du-
odenum with the AdvanCE® from the beginning of  the 
examination. However, this strategy would be both inva-
sive and add costs to a procedure that is already expen-
sive. Moreover, it is not possible to accurately predict to 
which patients it would be helpful, making it unsuitable 
to implement as a routine procedure in clinical practice. 
In our study, only one patient in the RTV group required 
endoscopic-assisted placement of  the capsule into the 
duodenum. Our results support that to overcome de-
layed gastric transit time identified by the RTV, non-
invasive procedures such as selective administration of  
oral domperidone to patients with delayed gastric pas-
sage of  the capsule documented with the RTV, should 
be the method of  choice. This strategy has the merit of  
strictly selecting the patients to undergo pharmacological 
and/or flexible endoscopic intervention. Further studies 
are needed to support the association between complete 
examination and higher diagnostic yield of  SBCE[25]. 
Although this was not a prospective randomized clinical 
trial, both groups were homogeneous regarding the most 
common conditions associated with incomplete SBCE. 
In conclusion, our results support that the use of  RTV 
to monitor the position of  the capsule during SBCE and 
administration of  domperidone in the case of  delayed 
gastric passage, significantly enhances the completion 
rate of  SBCE. Whether such strategy could contribute 

to improve the diagnostic yield of  SBCE will require 
further investigation. 
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Abstract
AIM: To clarify the safety and efficacy of repeat endo-
scopic submucosal dissection (re-ESD) for locally recur-
rent gastric cancers after ESD.

METHODS: A retrospective evaluation was performed 
of the therapeutic efficacy, complications and follow-
up results from ESD treatment for early gastric cancers 
in 521 consecutive patients with 616 lesions at St. 
Luke`s International Hospital between April 2004 and 
November 2012. In addition, tumor size, the size of 
resected specimens and the operation time were com-
pared between re-ESD and initial ESD procedures. A 
flex knife was used as the primary surgical device and 
a hook knife was used in cases with severe fibrosis in 
the submucosal layer. Continuous variables were ana-
lyzed using the non-parametric Mann-Whitney U  test 
and are expressed as medians (range). Categorical 

variables were analyzed using a Fisher’s exact test and 
are reported as proportions. Statistical significance was 
defined as a P -value less than 0.05.

RESULTS: The number of cases in the re-ESD group 
and the initial ESD group were 5 and 611, respectively. 
The median time interval from the initial ESD to re-ESD 
was 14 (range, 4-44 mo). En bloc  resection with free 
lateral and vertical margins was successfully performed 
in all re-ESD cases without any complications. No local 
or distant recurrence was observed during the median 
follow-up period of 48 (range, 11-56 mo). Tumor size 
was not significantly different between the re-ESD 
group and the initial ESD group (median 22 mm vs  11 
mm, P  = 0.09), although the size of resected speci-
mens was significantly larger in the re-ESD group (me-
dian 47 mm vs  34 mm, P  < 0.05). There was a non-
significant increase observed in re-ESD operation time 
compared to initial ESD (median 202 min vs  67 min, 
respectively, P  = 0.06).

CONCLUSION: Despite the low patient number and 
short follow-up, the results suggest that re-ESD is a 
safe and effective endoscopic treatment for recurrent 
gastric cancer after ESD.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Endoscopic submucosal dissection; Recur-
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Core tip: Although endoscopic submucosal dissection 
(ESD) is widely accepted as one of the standard treat-
ments for early gastric cancers, there are few reports 
on re-ESD in the literature. This study clarifies that re-
ESD is a safe and effective endoscopic treatment for 
locally recurrent gastric cancers after ESD.
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INTRODUCTION
Early gastrointestinal neoplasms have a low frequency of  
lymph node and distant metastases, which enables less in-
vasive treatments using therapeutic endoscopy[1-4]. Endo-
scopic mucosal resection (EMR) is an accepted minimally 
invasive treatment for early gastrointestinal neoplasms[5-9]. 
Endoscopic submucosal dissection (ESD) is a safe and 
effective endoscopic treatment technique that directly 
dissects the submucosal layer allowing en bloc resection of  
early gastric cancers (EGCs). It improves the quality of  
life compared with surgical treatment and has an impor-
tant role in the treatment of  EGCs[10-13]. Although ESD 
yields histologically complete resections, cases of  locally 
recurrent gastric tumors after initial ESD still occur[14-16]. 

There is currently no established standard treatment 
for these recurrent lesions, and there are few reports on 
repeated ESD (re-ESD) procedures. Therefore, the aim 
of  the present study was to clarify the safety and efficacy 
of  re-ESD for locally recurrent gastric cancers.

MATERIALS AND METHODS
Study populations
The clinical database of  all patients who underwent ESD 
for EGCs at St. Luke’s International Hospital, Tokyo was 
retrospectively reviewed. Gastric ESD was performed in 
a total of  521 consecutive patients with 616 lesions and 
re-ESD was performed in five locally recurrent gastric 
cancers between April 2004 and November 2012. Gastric 
cancer treatment guidelines were applied to all re-ESD 
cases including those issued in 2004 and 2010 by the Jap-
anese Gastric Cancer Association as well as the proposed 
extended criteria of  Gotoda et al[17,18].

Re-ESD methods
Re-ESD was performed with a conventional single-acces-
sory-channel endoscope (GIF-Q260J; Olympus Medical 
Systems, Tokyo, Japan). Marking dots for the incision 
were made 3-5 mm outside of  lesion margins with a flex 
knife[19-21] (Flex KnifeTM, KD-630L; Olympus Medical 
Systems, Tokyo, Japan) (Figure 1A and B). A solution 
of  0.4%-0.5% sodium hyaluronate was injected into the 
submucosal layer beneath the lesion, and circumferential 
incisions were made around the marking dots with a flex 
knife. In cases where severe fibrosis prevented injection 
of  the sodium hyaluronate solution, a hook knife (Hook 
Knife, KD-620LR; Olympus Medical Systems) was used 
for the dissection of  the fibrotic layer[22-24] (Figure 1C). 
Hemostatic forceps (SDB2422; Pentax Co, Tokyo, Japan) 

were used during the procedure to control bleeding while 
the re-ESD was completed (Figures 2 and 3).

Pathological assessment
Perpendicular sections at 2 mm intervals of  re-ESD 
specimens were evaluated. Treatment was considered cu-
rative if  specimens did not indicate invasion deeper than 
the submucosal or lymphovascular layer or show lateral 
and vertical margin involvement. En bloc resection was 
defined as resection of  the entire lesion in one piece. All 
resections were categorized according to the National 
Comprehensive Cancer Network (NCCN) as follows: 
negative resection margin (R0), microscopic tumor infil-
tration (R1), and macroscopic residual tumor (R2). En-
doscopic examinations and computed tomography (CT) 
were performed at 6 mo after re-ESD to check for local 
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Figure 1  Conventional endoscopic view. A: Showing locally recurrent gastric 
cancer located in the lesser curvature of the gastric angulus; B: Marking dots 
for the incision delineating the outside margin of the lesion; C: Severe submu-
cosal fibrosis was observed through a small-caliber transparent hood (arrow).



recurrence as well as lymph node and distant metastases.

Statistical analysis
Continuous variables were analyzed using the non-
parametric Mann-Whitney U test and are expressed as 
median (range). Categorical variables were analyzed us-
ing a Fisher’s exact test and are reported as proportion. 
Statistical significance was defined as a P-value less than 
0.05.

RESULTS
The characteristics of  the initial ESD for 5 cases are sum-
marized in Table 1. One patient was considered R1 with 
positive horizontal margins, but others were considered 
R0 with complete resection. Of  the initial ESD proce-

dures evaluated, 97.6% (601/616) were en bloc resections, 
1.3% (8/616) required additional surgical intervention 
due to an incomplete resection (such as deep invasion of  
the tumor or lymph vascular invasion), 1.3% (8/616) re-
sulted in postoperative bleeding, and 1.8% (11/616) had 
perforation. Pathological evaluation resulted in categori-
zation of  95.3% (587/616) of  resections as R0, with the 
remaining 4.7% (29/616) as R1 resections.

Five of  the 616 cases developed locally recurrent tu-
mors and were treated by re-ESD (Table 2). The median 
time interval from the initial ESD to re-ESD was 14 
(range, 4-44 mo). En bloc resections with free lateral and 
vertical margins were successfully performed without any 
complications in all re-ESD cases. Furthermore, there 
were no local or distant recurrences observed during the 
follow-up period, at a median of  48 (range, 11-56 mo). 
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Figure 2  View of the post-endoscopic submucosal dissection ulcer. Figure 3  En bloc resection of the tumor without any complications.

Table 1  Characteristics of 5 initial endoscopic submucosal dissection cases

Patient No. Sex Age, 
yr

Tumor 
location

Macroscopic 
type

Tumor size, 
mm

Specimen size, 
mm

Operation time, 
min

Histological
type

Resection margin 
category

1 Male 78 LB LC Ⅰ + Ⅱa 23 40   69 Tub2 R0
2 Male 67 LB PW Ⅱc   8 37   70 Tub1 R0
3 Male 64 Ant PW Ⅱa + Ⅱc 14 36   47 Tub1 R0
4 Male 76 Ang PW Ⅱc 65 70 442 Tub2 R1
5 Male 51 Ang LC Ⅱc 40 45   44 Tub2 R0
Median 67 23 40   69

Ang: Angulus; Ant: Antrum; LB: Lower body; LC: Lesser curvature; PW: Posterior wall; R0: Negative resection margin; R1: Microscopic tumor infiltration; 
Tub1: Well differentiated adenocarcinoma; Tub2: Moderately differentiated adenocarcinoma; I: Elevated lesion; IIa: Slightly elevated lesion; IIc: Slightly 
depressed lesion. 

Table 2  Characteristics of re-endoscopic submucosal dissection in 5 cases

Patient No. Time after initial 
ESD, mo

Macroscopic 
type

Tumor size, 
mm

Specimen size, 
mm

Operation 
time, min

Histological 
type

Resection margin 
category

Complication

1 44 IIa 22 47 210 Tub2 R0 None
2   9 IIc   8 45   82 Tub1 R0 None
3 14 IIc 11 32   43 Tub1 R0 None
4 12 IIc 27 59 353 Tub1 R0 None
5   4 IIc 42 77 202 Por R0 None
Median 14 22 47 202

R0: Negative resection margin; Tub1: Well differentiated adenocarcinoma; Tub2: Moderately differentiated adenocarcinoma; Por: Poorly differentiated ad-
enocarcinoma; IIa: Slightly elevated lesion; IIc: Slightly depressed lesion; ESD: Endoscopic submucosal dissection. 
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rate depends on the technical proficiency of  the endosco-
pists and the condition of  the lesion. Although structural 
differences may result in variations in technical difficulty, 
this study did not establish whether the location of  the 
lesion or macroscopic type affects the difficulty of  the 
procedure.

In conclusion, this study demonstrates that re-ESD is 
a safe and effective endoscopic treatment for locally re-
current gastric cancer after ESD. As a result of  the limited 
case number, further studies evaluating larger sample sizes 
and longer follow-ups are needed to assess the use of  this 
procedure as a standard treatment for recurrent gastric 
tumors.

COMMENTS
Background
Endoscopic resection has been accepted as a minimally invasive treatment for 
early gastrointestinal neoplasms. Endoscopic submucosal dissection (ESD) 
allows for the dissection of the submucosa with resection of lesions en bloc. 
Although complete resection is expected in this procedure, incidences of local 
recurrence after the initial ESD are not fully eliminated. There is currently no 
standard treatment for these locally recurrent gastric cancers.
Research frontiers
There are few reports on repeat endoscopic submucosal dissection (re-ESD) 
for locally recurrent gastric cancers, and the safety and efficacy of this proce-
dure have not been unequivocally addressed. In this study, the authors encoun-
tered 5 cases of recurrent gastric cancers, which were successfully treated with 
re-ESD procedures.
Innovations and breakthroughs
Repeat ESD for locally recurrent gastric tumors is not yet considered a stan-
dard treatment. This study demonstrates the safety and efficacy of the re-ESD 
technique. Furthermore, comparisons were made of tumor size, resected speci-
men size, and operation time between initial ESD and re-ESD procedures.
Applications
By demonstrating that re-ESD is a safe and effective therapy, this study pres-
ents a strategy for the treatment of patients with recurrent gastric tumors.
Terminology
ESD is a minimally invasive endoscopic technique for the treatment of early 
gastrointestinal neoplasms allowing direct dissection of the submucosal layer of 
the lesion with en bloc resection. Re-ESD is an endoscopic treatment technique 
for gastric tumors that locally recur after an initial ESD.
Peer review
The authors describe the treatment of recurrent early gastric cancers with re-
ESD in a retrospective study. Five cases of recurrent tumors that were encoun-
tered following ESD treatment of early gastric cancer are described and ana-
lyzed. The employment of re-ESD procedures resulted in successful treatments 
with no observed complications, which may facilitate the establishment of this 
method as a standard treatment for recurrent gastric lesions.
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Table 3  Comparisons between re-endoscopic submucosal 
dissection and initial endoscopic submucosal dissection cases

Re-ESD (n  = 5) Initial ESD (n  = 606) P  value

Tumor size   22 mm 11 mm 0.09
Median (range) (8-42 mm)   (1.5-65 mm)
Specimen size   47 mm 34 mm 0.02
Median (range)  (32-77 mm) (13-92 mm)
Operation time 202 min 67 min 0.06
Median (range)    (43-353 min)   (10-510 min)

ESD: Endoscopic submucosal dissection. 
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Abstract
A gastric neuroendocrine tumor (NET) is generated 
from deep within the tissue mucosal layers. In many 
cases, NETs are discovered as submucosal tumor 
(SMT)-like structures by forming a tumor mass. This 
case has a clear mucosal demarcation line and devel-
oped like a polyp. A dilated blood vessel was found on 
the surface. The mass lacked the yellow color char-
acteristic of NETs, and a SMT-like form was evident. 
Therefore, a nonspecific epithelial lesion was suspected 
and we performed endoscopy with magnifying narrow-
band imaging (M-NBI). However, this approach did not 
lead to the diagnosis, as we diagnosed the lesion as a 
NET by biopsy examination. The lesion was excised by 
endoscopic submucosal dissection. The histopathologi-
cal examination proved that the lesion was a polypoid 
lesion although it was also a NET because the tumor 

cells extended upward through the normal gland ducts 
scatteredly. To our knowledge, there is no previous 
report of NET G1 with such unique histopathological 
growth progress and macroscopic appearance shown 
by detailed examination using endoscopy with M-NBI. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: neuroendocrine tumor G1; demarcation 
line; polypoid growth; magnifying narrow-band imag-
ing; Submucosal tumor

Core tip: neuroendocrine tumors which infiltrate into 
the mucosa may develop a polypoid appearance mim-
icking a primary epithelial process.
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INTRODUCTION
Gastric neuroendocrine tumors (NETs) are relatively 
rare lesions representing approximately 7% of  all neuro-
endocrine tumors and less than 1% of  all stomach neo-
plasms[1]. Most gastric NETs are found incidentally during 
upper gastrointestinal (GI) endoscopy[2-6]. Gastric NETs 
usually have the endoscopic appearance of  a submucosal 
tumor because they grow from deep within the mucosal 
layers and the tumor mass is yellow. The yellow submu-
cosal tumor (SMT) can be detected by white light and the 
dilated blood vessel on the surface, which is considered 
to be a secondary change. Gastric NETs comprise 7% 
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of  all gastrointestinal NETs and 2% of  all excised gastric 
polyps[7,8]. Randi et al[9] classified gastric NETs into three 
subtypes. Type Ⅰ NETs typically arise from enterochro-
maffin-like cell (ECL) hyperplasia, which is stimulated by 
hypergastrinemia on a background of  atrophic gastritis, 
especially type A gastritis. Type Ⅱ lesions are associated 
with gastrinomas resulting in Zollinger-Ellison syndrome 
(ZES). Type Ⅲ lesions are a sporadic disease associated 
with normal gastrin levels. In type Ⅰ and Ⅱ diseases, sev-
eral polyps are often seen in clusters. However, type Ⅲ 
lesions are usually solitary. The surrounding mucosa may 
be macroscopically normal, especially in type Ⅲ lesions. 

Additionally, there may be evidence of  atrophy (type I) 
or associated peptic ulcer (type Ⅱ). Here, we report a 
case of  a type Ⅰ gastric NET without submucosal tumor 
shape that extended through the normal gland ducts and 
developed with polypoid growth.

CASE REPORT
A 61-year-old man presented to his primary care physi-
cian with the complaint of  mild epigastralgia. An upper 
GI endoscopy revealed an 8-mm, well-demarcated, pro-
truding lesion on the anterior wall of  the stomach body. 
Therefore, the patient was referred to our hospital. The 
lesion did not have the reddened appearance of  strong 
inflammation and erosion on the surface like a hyper-
plastic polyp. The surrounding mucosa was not atrophic. 
In addition, the lesion was solitary (Figure 1A, B), which 
contrasts fundic gland polyps that develop as multiple 
small polyps. Therefore, we performed an endoscopy 
with magnifying narrow-band imaging (M-NBI) for fur-
ther evaluation. There were dilated vessels on the surface 
of  the lesion, but there were neither irregular microvessel 
patterns nor irregular microsurface patterns that indicated 
neoplastic change under M-NBI (Figure 1C, D). How-
ever, the lesion was considered an epithelial neoplasm be-
cause the demarcation line was distinct. The pathological 
evaluation of  the biopsy specimen showed the mass was 
a NET. Endoscopic ultrasonography showed a protrud-
ing lesion in the mucosal layer that did not affect the sub-
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Figure 1  An 8-mm protruded lesion was shown at upper endoscopy. A: Upper endoscopy revealed an 8-mm protruded lesion on the anterior wall of the stomach 
body. The lesion is the same color as background mucosa and it is not yellow; B: Indigo carmine dye permitted the lesion’s demarcation line to become more distinct; C, 
D: There were dilated vessels on the surface, but neither irregular microvessel patterns nor irregular microsurface patterns were observed by magnifying narrow-band 
imaging.

Figure 2  Endoscopic ultrasonography. Endoscopic ultrasonography showed 
a protruding lesion 8 mm in diameter in the mucosal layer that did not affect the 
submucosal layer. 



mucosal layer (Figure 2). 
The laboratory tests revealed normal serum pepsino

gen Ⅰ and serotonin levels, but a markedly increased 
serum gastrin level (1400 pg/ml; normal range, < 170) 
and parietal cell antibody level (× 20; normal range, < × 
9). The test for anti-Helicobacter pylori IgG was negative. 
Whole body imaging procedures (CT-scan and abdominal 
ultrasonography) did not reveal metastatic involvement of  
any other organ.

We determined the lesion was an atypical gastric 
NET and conducted endoscopic submucosal dissection. 
The histopathologic findings of  the resected lesion led 
to the diagnosis of  a neuroendocrine tumor of  8 mm 
× 9 mm. The tumor cells extended through the normal 
gland ducts scatteredly and infiltrated the submucosal 
and mucosal layers (Figure 3). Analysis by immunohisto-
chemistry showed positivity for chromogranin A, synap-
tophysin, and CD56. The Ki-67 proliferation index was 
1% (Figure 4). There were numerous ECL hyperplasias 
and micronests observed under the protruded lesion and 
in the normal mucosa around the lesion (Figure 3B, yel-
low arrow). According to the updated Sydney System, 
intestinal metaplasia was absent. Activity (granulocytic 
infiltration), inflammation (lymphocytic and mononuclear 
cell infiltration) and atrophy were moderate at the fornix 
mucosa and body of  the stomach.

As a result of  our analysis, we diagnosed the case as 
a type Ⅰ neuroendocrine tumor G1 with a very atypical 
morphological and pathological growth that developed in 

the background of  type A gastritis.

DISCUSSION
Type Ⅰ NET is the most common lesion type and compris-
es approximately 70% to 80% of  all gastric carcinoids[5,10-12]. 
According to the World Health Organization’s histological 
classification of  gastrointestinal endocrine tumors, a well-
differentiated endocrine tumor (synonymous with carci-
noid) is defined as an epithelial tumor of  usually mono-
morphous endocrine cells. These tumors have mild or 
no atypia, grow in the form of  solid nests, trabeculae, or 
pseudoglandular tumors, and are restricted to the mucosa 
or submucosa[13]. Due to these features, most gastrointes-
tinal NETs have the appearance of  submucosal tumors 
and are visibly yellow by endoscopic examination. How-
ever, in the present case, the tumor extended through the 
normal gland duct scatteredly and did not present a sub-
mucosal tumor shape. The result was a well-demarcated 
polypoid growth presenting like an epithelial neoplasm by 
endoscopy. The lesion was not yellow and did not pres-
ent as a tumor except for the mass. Moreover, the lesion 
did not have the appearance of  a hyperplastic polyp and 
fundic gland polyp.

The percentage of  gastric carcinoids amongst all 
gastric malignancies has increased from 0.3% to 1.77% 
since the 1950s. The proportion of  gastric carcinoids 
among all gastrointestinal carcinoids has increased from 
2.4% to 8.7%[7]. One reason for the increased detection 
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Figure 3  Histological examination of the resected specimen. A: Microscopic examination of the completely resected specimen revealed a neuroendocrine tumor 
presenting in both the mucosal layer and submucosal layer (hematoxylin and eosin staining); B: Immunohistochemistry for synaptophysin showed that the tumor ex-
tended through the normal gland ducts randomly. enterochromaffin-like cell micro-nests were observed below the normal mucosa (arrow). 
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COMMENTS
Case characteristics
A 61-year-old man with the complaint of mild epigastralgia.
Clinical diagnosis
An 8-mm, solitary, well-demarcated, protruding lesion was observed on the an-
terior wall of the stomach body.
Differential diagnosis
Fundic gland polyp, hyperplastic polyp, adenocarcinoma.
Laboratory diagnosis
A markedly increased serum gastrin level (1400 pg/ml; normal range, < 170) 
and parietal cell antibody level (× 20; normal range, < × 9); other laboratory 
tests were within the normal limits.
Imaging diagnosis
Endoscopic ultrasonography showed a protruding lesion in the mucosal layer 
that did not affect the submucosal layer. 
Pathological diagnosis
The biopsy specimen showed the mass was not an epithelial tumor but a neu-
roendocrine tumors (NETs).
Treatment
The tumor was resected by endoscopic submucosal dissection.
Experiences and lessons
NETs sometimes lack submucosal tumor-like form and mimic epithelial neo-
plasms if the tumor cells extended through the normal gland ducts scatteredly.
Peer review
NETs which infiltrate into the mucosa may develop a polypoid appearance mim-
icking a primary epithelial process.
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cation of  immunohistochemical methods have increased 
detection rates[14]. The increased detection rate has been 
accompanied by the detection of  morphologically and 
histopathologically untypical lesions. In this report, we 
present a gastric NET with the unique histopathological 
growth progress. The lesion did not present as a submu-
cosal tumor but mimicked the endoscopic appearance of  
epithelial neoplasms. 

In the present case, diagnosis by the endoscopic ap-
pearance under white light and M-NBI was very difficult. 
We could not reach a diagnosis until the histopathologic 
findings of  the excised lesion were available. Current 
methods using M-NBI for the diagnosis of  lesions with 
the endoscopic appearance of  typical differentiated 
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pathological growth progress, including an examination 
the pathological findings of  the excised lesion and the 
endoscopic appearance under magnifying NBI in detail.
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Figure 4  Histological examination of the resected specimen. A: Hematoxylin and eosin staining of the lesion; B: Immunohistochemistry revealed positivity for 
chromogranin A; C: Only a few positive stained cells were found for Ki-67 and a proliferation index of 1% was evident by immunohistochemistry; D: Immunohistochem-
istry showed positivity for synaptophysin.
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