
Introduction
Gastric cancer is the third leading cause of cancer-related death
worldwide [1]. The well-known precancerous stage of gastric
cancer is gastric intestinal metaplasia (GIM) [2]. The progres-

sion of GIM to gastric cancer over 5 years ranges from 0.25% to
42%, depending on risk factors [3, 4]. One of the major risk fac-
tors for gastric cancer development is extensive GIM involve-
ment, defined as GIM involving the corpus of stomach [5].
When compared to GIM at the antrum only, the gastric cancer
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ABSTRACT

Background and study aims According to a recent

guideline, patients with gastric intestinal metaplasia (GIM)

should have at least five biopsies performed under the Syd-

ney protocol to evaluate for risk of extensive GIM. However,

only narrow-band imaging (NBI)-targeted biopsy may be

adequate to diagnose extensive GIM.

Patients and methods A cross-sectional study was con-

ducted between November 2019 and October 2020. Pa-

tients with histology-proven GIM were enrolled. All patients

underwent standard esophagogastroduodenoscopy per-

formed by a gastroenterology trainee. The performing

endoscopists took biopsies from either a suspected GIM

area (NBI-targeted biopsy) or randomly (if negative for GIM

read by NBI) to complete five areas of the stomach as per

the Sydney protocol. The gold standard for GIM diagnosis

was pathology read by two gastrointestinal pathologists

with unanimous agreement.

Results A total of 95 patients with GIM were enrolled and

50 (52.6%) were men with a mean age of 64 years. Exten-

sive GIM was diagnosed in 43 patients (45.3%). The sensitiv-

ity, specificity, positive predictive value, negative predictive

value, and accuracy of NBI-targeted biopsy vs. the Sydney

protocol were 88.4% vs.100 %, 90.3% vs. 90.3%, 88.4% vs.

89.6%, 90.3% vs. 100%, and 89.5% vs. 94.7%, respectively.

The number of specimens from NBI-targeted biopsy was

significantly lower than that from Sydney protocol

(311vs.475, P <0.001).

Conclusions Both NBI-targeted biopsy and Sydney proto-

col by a gastroenterologist who was not an expert in NBI

and who has experience with diagnosis of at least 60 cases

of GIM provided an NPV higher than 90%. Thus, targeted

biopsy alone with NBI, which requires fewer specimens, is

an alternative option for extensive GIM diagnosis.
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risk is doubled, from 5.3% to 9.8%, in patients with extensive
GIM during 5-year follow-up [6, 7]. Thus, extensive GIM re-
quires more frequent surveillance endoscopy [5].

Diagnosis of GIM needs close attention from an endoscopist
for subtle mucosal changes, which can be easily overlooked [8].
Because white light endoscopy (WLE) alone is not sufficient to
diagnose these changes, various techniques have been devel-
oped to enhance the sensitivity of detection, such as image-en-
hanced endoscopy (IEE) with or without magnification [9–11],
otherwise an additional random biopsy (Sydney protocol) to
cover the potential missing lesions is recommended for imple-
mentation [12]. In 2019, British Society of Gastroenterology
guidelines recommended the use of IEE, e.g. narrow band ima-
ging (NBI) plus five more biopsies under the Sydney protocol
(two areas at antrum, two areas at body, and one at incisura)
to ensure complete GIM evaluation [5]. However, previous
studies [9] reported that the sensitivity, specificity, and nega-
tive predictive value (NPV) of GIM diagnosis by experts per-
forming targeted biopsy under NBI was excellent at 92%, 94%,
and 94%, respectively. According to the Preservation and Incor-
poration of Valuable endoscopic Innovations (PIVI), the accept-
able screening protocol threshold should exceed 90% of NPV
[13]. This may imply that NBI-targeted biopsy alone may be
adequate to diagnose extensive GIM.

To date, there has been no direct comparison of the per-
formance status of targeted biopsy with NBI and NBI-targeted
biopsy plus random biopsies under the Sydney protocol in pa-
tients with GIM. Moreover, all previous studies related to the
benefit of targeted biopsy involved experts in NBI [9–11].
Therefore, this study aimed to compare the performance status
of these two strategies for diagnosis of extensive GIM, per-
formed gastroenterologists who were not expert at NBI.

Patients and methods
We conducted a cross-sectional single-center study at tertiary
care hospital, King Chulalongkorn Memorial Hospital (KCMH),
Bangkok, Thailand between November 2019 and October
2020. Eligible participants were patients with at least one his-
tology-proven GIM regardless of GIM extension, aged 18 years
or older between 2010 and 2019.

Study patients were called back for surveillance esophago-
gastroduodenoscopy between November 2019 and October
2020 by a third-year gastrointestinal fellow. Patients were ex-
cluded from the study if they: 1) underwent upper gastrointes-
tinal surgery; 2) had uncontrolled bleeding tendencies, defined
by platelet count < 50,000 or international normalized ratio
> 2.5 after corrections; 3) could not stop takinganticoagulants
for at least 7 days before the procedure; or 4) were pregnant
at the time of enrollment. Baseline characteristics, gastrointes-
tinal symptoms, Helicobacter pylori infection status, and endo-
scopic findings were collected. Rapid urease test (Clo test, Len-
comm Trade International, Warschau, Poland) was performed
in every patient prior to application of the biopsy protocol for
GIM diagnosis. Verbal and written informed consent for proto-
col enrollment were obtained before the procedures.

Procedure

All patients underwent esophagogastroduodenoscopy (EGD)
by one endoscopist (third-year gastroenterology fellow), who
had performed EGD with WLE in more than 600 cases a year
but who had only performed NBI under supervision for GIM di-
agnosis in fewer than 20 cases during the 2-year training pro-
gram. There was no extra course for NBI training. In this study,
the assigned endoscopist was blinded to the previous EGD and
pathology results of all enrolled patients. Other endoscopists
were not allowed to come into the endoscopy suite during the
procedure. This study used the Olympus EVIS EXERA III GIF-
HQ190 (Olympus Medical System Corps, Tokyo, Japan) gastro-
scope with dual magnification in all procedures.

During the procedure, all patients were in the left lateral de-
cubitus position and received propofol with a 0.5- to 1-mg/kg
bolus, followed by 0.25- to 0.5-mg/kg/hr continuous infusion
until moderate sedation level was achieved. The endoscopist
(KT) performed standard WLE to inspect the entire upper gas-
trointestinal mucosa, as is standard procedure. After comple-
tion of the standard procedure, NBI mode with magnification
was used to enhance visualization of GIM in five areas according
to the Sydney protocol; 1) lesser curvature at 2 to 3 cm above
the pylorus; 2) greater curvature at 2 to 3 cm above the pylorus;
3) lesser curvature at 4 cm above from the incisura; 4) greater
curvature at 8 cm below the cardia; and 5) incisura. NBI with
magnification criteria for GIM diagnosis included: 1) large long
crest; 2) light blue crest; or 3) villous pattern [14]. Although ex-
tensive GIM in this study was defined as presentation of GIM in
the body of the stomach [5], the endoscopist performed five
biopsies in every patient to confirm the diagnosis of GIM be-
cause the previous study showed that approximately 30% of
patients with GIM regressed to chronic atrophic gastritis [15].
The endoscopist recorded the presence of GIM in each area
and performed a targeted biopsy of the suspected GIM under
NBI guidance (NBI-targeted biopsy). In areas in which GIM
could not be detected by NBI guidance, a random biopsy was
taken to complete five specimens (one each from five areas re-
commended by the Sydney protocol) [5]. The biopsy tissue
from each different area was placed in a separate container
and interpreted independently by two gastrointestinal patholo-
gists. In addition, the assigned endoscopist reported the confi-
dence (low or high) for extensive GIM diagnosis in each patient.
After completion of gastroscopy, patients were transferred to
the recovery room and monitored as a standard post-procedurE
protocol until discharge with assistance of their designated
caretaker.

Histopathological analysis

The gold standard for GIM diagnosis is current histopathology
under the Sydney protocol. Each biopsy specimen was sep-
arately preserved in a 10% formalin solution, and was subse-
quently processed with hematoxylin-eosin (H&E) staining. Two
experienced gastrointestinal pathologists (AS, NL) who were
blinded to the clinical, previous pathology and endoscopic find-
ings reviewed all biopsy specimens independently. World
Health Organization Classification [16] was referred to as the
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standard criteria for identifying presence of GIM and other find-
ings. Disagreement between the two gastrointestinal patholo-
gists was solved by the additional opinion of another senior gas-
trointestinal pathologist (NW). The presence of GIM, H. Pylori,
and other conditions was reported after reaching a consensus
among the three pathologists.

Study outcomes

The primary outcomes of this study were validity scores includ-
ing: sensitivity, specificity, positive predictive value (PPV), NPV,
positive likelihood ratio (PLR), negative likelihood ratio (NLR),
and accuracy of NBI-targeted endoscopic biopsy alone, com-
pared to the Sydney protocol for extensive GIM diagnosis. The
secondary outcomes were: 1) the learning curve for extensive
GIM diagnosis by using NBI; and 2) comparison of the number
of specimens for extensive GIM diagnosis between NBI-targe-
ted biopsy alone and Sydney protocol.

Statistical analysis

Based on data from a previous study, the sensitivity of NBI-
guided biopsy was 92% [9]. The prevalence of extensive GIM in
our population was 30% and the sample size was calculated to
be 95 participants by using α-error of 0.08 with a 95% level of
confidence. Categorical variables were expressed as frequen-
cies and percentages. Continuous variables were expressed as
means and standard deviations. Data between the two groups
were compared using Chi-squared test and unpaired t-test
where appropriate. The validity of diagnosis of GIM was
expressed in terms of sensitivity, specificity, PPV, NPV, PLR,
NLR, and accuracy. The sensitivity and specificity were dis-
played as a receiver operating characteristic curve (ROC). The
area under curve of the two biopsy techniques was compared
using binomial confidence interval for the area under the ROC
(AUROC). A two-sided P<0.05 was considered statistically sig-
nificant. Analyses were performed using SPSS version 22.0
(SPSS, Chicago, Illinois, United States).

The protocol was approved by the Chulalongkorn Medical In-
stitutional Review Board (IRB No. 644/62) and registered in
ClinicalTrials.gov, NCT04331951.

Results
A total of 95 patients (50 men and 45 women) with mean age of
64.7±10.8 years were enrolled in the study. Current smoking
was noted in 19 patients (20%). Antiplatelet therapy and use of
proton-pump inhibitors (PPIs) were noted in 10 (10.5%) and 15
patients (15.8%), respectively. The majority of included pa-
tients had mild dyspeptic and/or gastroesophageal reflux
symptoms (78 of 95; 82.1%). The remaining patients (17 of 95;
17.9%) had no gastrointestinal symptoms and came in for sur-
veillance. A current H. pylori infection was diagnosed in 13 pa-
tients (13.7%) patients (▶Table 1).

Among 95 patients, 43 (45.3%) had histologically proven
GIM at the corpus of the stomach and were diagnosed with ex-
tensive GIM, while 52 patients (54.7%) were diagnosed with
non-extensive GIM. Baseline characteristics in terms of gender,
smoking, use of antiplatelet and PPI medications, and H. pylori

status did not differ between groups. However, in the extensive
GIM group, fewer patients had no gastrointestinal symptoms
(dyspepsia and/or gastroesophageal reflux disease) than in the
non-extensive GIM group (4 (9.3%) vs 13 (25%), P=0.04) (▶Ta-
ble2), The technical success rate was 100 % with no complica-
tions.

When compared to the gold standard, NBI-targeted biopsy
alone demonstrated a sensitivity of 88.4%, specificity of 90.3%,
PPV of 88.4%, and NPV of 90.3%. These were calculated as PLR
of 9.1, NLR of 0.09, and accuracy of 89.5% (▶Table3), On the
other hand, NBI-targeted biopsy plus random biopsy with the
Sydney protocol provided sensitivity of 100%, specificity of
90.3%, PPV of 89.6%, NPV of 100%, and an accuracy of 94.7%.
These also were calculated as PLR of 10.3 (▶Table3). NBI-tar-
geted biopsy alone missed extensive GIM in five of 95 patients
(5.2%).

The AUROC curve of the NBI-targeted biopsy alone was
0.882, which was significantly lower than that of the Sydney
protocol (0.882 vs. 0.952, P<0.001) (▶Fig. 1), The two gastro-
intestinal pathologists (NT and AS) provided 100% agreement
on the GIM diagnosis; therefore, none required the third pa-
thologist (NW).

The assigned endoscopist reported high confidence in 50
from 95 cases (52.6%) and low confidence in 45 from 95 cases
(47.4%) for extensive GIM diagnosis. Importantly, all last 35
cases were diagnosed extensive GIM with high confidence. So,
she needed only 60 cases of GIM to achieve competency of
> 90 % NPV for extensive GIM diagnosis by using NBI with high

▶Table 1 Baseline characteristics of all included patients.

Characteristics Total

(n=95)

Patient demographics

▪ Male, n (%) 50 (52.6)

▪ Age, years (SD) 64.7 (10.8)

▪ Smoking, n (%) 19 (20.0)

▪ Antiplatelet use, n (%) 10 (10.5)

▪ PPI use, n (%) 15 (15.8)

Symptom

▪ Dyspepsia, n (%) 58 (61.1)

▪ Gastroesophageal reflux symptom, n (%) 10 (10.5)

▪ Dyspepsia and gastroesophageal reflux
symptom, n (%)

10 (10.5)

▪ No gastrointestinal symptoms, n (%) 17 (17.9)

Current H. pylori status

▪ Positive, n (%) 13 (13.7)

▪ Eradicated, n (%) 25 (26.3)

▪ uninfected status, n (%) 57 (60)

SD, standard deviation; PPI, proton pump inhibitor.
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level of confidence (▶Fig. 2). The number of specimens from
NBI-targeted biopsy protocol was significantly lower than that
from Sydney protocol (311 vs. 475, P<0.001) for extensive
GIM diagnosis.

Discussion
According to the 2019 recommendation by the British Society
of Gastroenterology, GIM surveillance to establish a diagnosis
of extensive GIM should be based on targeted biopsy under IEE
plus random biopsy within the Sydney protocol to reach five

biopsies in total [5]. However, the concept of random biopsy
under the Sydney protocol was initiated more than two dec-
ades ago [12]. At that time, random biopsy might be necessary
to increase the chance of diagnosing premalignant lesions and
early gastric cancer because those lesions, including GIM, were
difficult to visualize with old-fashioned WLE plus IEE technology
was lacking. For example, up to 22% of patients (23 of 103) who
were diagnosed with chronic gastritis or benign gastric polyps
using an Olympus H260 or PENTAX EPK-i-scan were subse-
quently diagnosed with high-grade dysplasia and early gastric
cancers at 3-month follow-up EGD [17]. This showed the high

▶Table 2 Baseline characteristics in the extensive and non-extensive intestinal metaplasia groups.

Characteristics Extensive

(n=43)

Non-extensive

(n =52)

P value

Patient demographics

▪ Male, n (%) 24 (55.8) 26 (50.0) 0.57

▪ Age, years (SD) 65.9 (9.8) 64.1 (11.4) 0.43

▪ Smoking, n (%) 10 (23.3)  9 (17.3) 0.47

▪ Antiplatelet use, n (%)  5 (11.6)  5 (9.6) 0.75

▪ PPI use, n (%)  8 (18.6)  7 (13.5) 0.49

Symptom

▪ Dyspepsia, n (%) 30 (69.8) 28 (53.8) 0.12

▪ Gastroesophageal reflux symptom, n (%)  7 (16.3)  3 (5.8) 0.09

▪ Dyspepsia and gastroesophageal reflux symptom, n (%)  2 (4.6)  8 (15.4) 0.08

▪ No gastrointestinal symptoms, n (%)  4 (9.3) 13 (25.0) 0.04

Current H. pylori status

▪ Positive, n (%)  4 (9.3)  9 (17.3) 0.51

▪ Eradicated, n (%) 13 (30.2) 12 (23.1) 0.53

▪ uninfected status, n (%) 26 (60.5) 31 (59.6) 0.48

SD, standard deviation; PPI, proton pump inhibitor.

▶Table 3 Validity scores of NBI-targeted biopsy and Sydney protocol for extensive GIM diagnosis.

Validity scores of extensive gastric intestinal

metaplasia GIM diagnosis

NBI-targeted biopsy alone Sydney protocol

(NBI-targeted biopsy plus random biopsy)

Sensitivity (%) 88.4 (38/43) 100 (43/43)

Specificity (%) 90.3(47/52)  90.3 (47/52)

PPV (%) 88.4 (38/43)  89.6 (43/48)

NPV (%) 90.3 (47/52) 100 (52/52)

Likelihood ratio

▪ PLR  9.1 (0.884/0.097)  10.3 (1/0.097)

▪ NLR  0.13 (0.116/0.903) –(0/0.903)

Accuracy (%) 89.5 (85/95)  94.7(90/95)

NBI, narrow-band imaging; GIM, gastrointestinal metaplasia; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, neg-
ative likelihood ratio.
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miss rate for gastric cancer detection by using the former endo-
scope.

In the past decade, however, IEE technology has evolved ra-
pidly from a suboptimal tool for experimental use only to the
recommended tool for standard practice in diagnosing early
gastrointestinal malignancies and precancerous lesions includ-
ing GIM. Historically, Xirouchakis et al [18] used the second-
generation IEE endoscope (Olympus EXERA II, CV-180) to diag-
nose GIM and showed a lower sensitivity of NBI-targeted biopsy
compared to random biopsy (72% vs. 80%). Two years later, the
third-generation endoscope with better image definition and
brighter IEE technology was launched (Olympus EVIS EXERA III
GIF-HQ190). Our group adopted this newly-released endo-
scope for assessment of gastric lesions including GIM and found
that NBI-targeted biopsy had significantly higher sensitivity
than targeted biopsy with high-definition WLE (92% vs. 59% P <
0.01) [9]. This supported the hypothesis that the current IEE
endoscope may have achieved an acceptable PIVI threshold
(NPV>90%) for targeting GIM lesions.

In the present study, we also used EVIS EXERA III GIF-HQ190,
which revealed that targeted biopsy with NBI alone is adequate
for extensive GIM diagnosis with a high NPV of 90.3%. This ex-
ceeded the acceptable performance threshold outlined by the
American Society for Gastrointestinal Endoscopy (ASGE) and
PIVI threshold for a screening endoscopy tool, which indicated

the acceptable NPV for an endoscopic test at ≥90% when as-
sessments are made with high confidence [13]. Although the
targeted biopsy protocol had a lower AUROC curve compared
to the Sydney protocol (0.882 vs 0.952), both were acceptable
in clinical practice. Moreover, NBI-targeted biopsy requires few-
er specimens, consequently diminishing the total expense for
GIM evaluation. We found that under the NBI-targeted biopsy
protocol, the number of specimens submitted to a pathologist
decreased to only 65%, compared with the original Sydney pro-
tocol (311 specimens vs. 465 specimens, P<0.001). This mini-
mal endoscopic approach has been proposed in the long-term
follow-up study in patients with GIM led by our group [15]. We
could reduce the number of “unnecessary” biopsies and identi-
fied six patients with high-grade dysplasia or early gastric can-
cer from 91 patients with a history of GIM in the 5-year follow-
up (6.6%) [15]. Importantly, we did not miss any high-grade
dysplasia or gastric cancer diagnoses in those GIM patients dur-
ing 1 to 3 years of follow-up with EGD by an endoscopist who
was expert at NBI. Recently, a multicenter study in Europe dem-
onstrated the limitation of the random biopsy protocol, as 32%
of patients with premalignant gastric cancer lesions were “mis-
classified” as low risk for gastric cancer development when fol-
lowing the Sydney protocol [19]. In fact, these patients were
classified as “low risk” and would have been discharged from
the gastric cancer surveillance program. However, they called
these “low-risk” patients back a year later for additional EGD
and found that one-third of them needed to be reclassified to
that of “high-risk” patients. Compared to our study, only 5.2%
of the targeted biopsy protocol by trainee missed the “high-
risk” patients for gastric cancer development. Thus, improve-
ment in endoscopic diagnosis for gastric premalignant lesion is
much more important than continuing to perform random
biopsies.

Our study raised another important point, which is that a
gastroeterologist who is not an expert in NBI expert may be
able to optimally diagnose GIM by using an NBI-targeted biopsy
alone, as its NPV can pass the PIVI threshold after performing
EGD in 60 GIM cases. The objective of assigning an endoscopist
who was not an expert in NBI to perform EGD was to generalize
the study outcomes to all levels of medical care. In fact, GIM di-
agnosis by IEE requires only a short learning curve to reach ex-
cellent sensitivity and high accuracy [20]. This study showed a
trend that a trainee can achieve high diagnostic accuracy for
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extensive GIM diagnosis when using NBI-targeted biopsy with a
short learning curve. However, this hypothesis should be con-
firmed by further study that includes more endoscopists.
Nevertheless, a gastroenterology training curriculum should
provide training in IEE for premalignant and early gastric cancer
detection instead of implementing random biopsy for surveil-
lance of many early gastrointestinal malignancies, such as GIM
[5, 21] and Barrett’s esophagus (BE) [22, 23]. For instance, in
2016, a guideline from the American College of Gastroenterol-
ogy (ACG) strongly suggested that at least eight biopsies be
taken in patients with BE during EGD surveillance [22]. In addi-
tion, the 2020 guideline from the American Gastroenterologi-
cal Association (AGA) recommended that in patients with BE
undergoing complete endoscopic resection and that random
biopsy under a four-quadrant protocol should be performed
during the follow-up period [23].

Our study has limitations. First, we included only one trainee
as the performing endoscopist. Although this minimized inter-
observer bias, repetitive EGD under NBI for GIM diagnosis
might have improved the skill of the trainee in GIM diagnosis
under NBI over time. Despite that, the trainee was blinded to
pathological reports of all included patients until the end of
the study to decrease the effect of feedback from reading re-
sults. Second, the outcome of the study might have been influ-
enced by the Hawthorne effect, which means that the endos-
copists may have put forth a higher effort to detect GIM during
the study than in their daily practice. Because this was a pro-
spective study and the endoscopist had to know and under-
stand the protocol prior for performing procedures, the Haw-
thorne effect was inevitable. Nevertheless, this implies that
best practice standards that we expect from them are possible
to achieve during daily clinical practice. Third, this study was at
risk of incorporation bias, which occurs when the gold standard
is used to determine the result of the diagnostic study [24]. The
Sydney protocol contained both endoscopic findings and the
result of pathology, which is the gold standard for GIM diagno-
sis. Thus, the Sydney protocol always has 100% sensitivity. How-
ever, we demonstrated a comparable NPV, which is the most
important indicator for diagnostic tests including an NBI-targe-
ted biopsy protocol and the Sydney protocol for extensive GIM
diagnosis. Fourth, this study did not include patients without
GIM; consequently, it may be difficult to apply the results to
daily clinical practice. Finally, this study was conducted in a sin-
gle center. A multicenter trial is warranted to prove generaliz-
ability.

Conclusions
Although NBI-targeted biopsy for diagnosis of extensive per-
formed by a gastroenterology trainee had a slightly lower AUR-
OC value than with the Sydney protocol, both achieved a NPV
>90% and passed the PIVI threshold. Thus, when a trainee has
experience with≥60 cases of GIM, targeted biopsy alone with
NBI, which requires fewer specimens, is an alternative option
for diagnosis of extensive GIM.
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