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Endoscopic diagnosis of gastric intestinal metaplasia in patients
with autoimmune gastritis using narrow-band imaging: does
pseudopyloric metaplasia muddy the waters?
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ABSTRACT

Background and study aims In autoimmune atrophic
gastritis (AAG), associated with intestinal (IM) and/or pseu-
dopyloric metaplasia (PPM), endoscopic surveillance is re-
commended for gastric cancer risk mainly linked to IM.
Endoscopic Grading of Gastric Intestinal Metaplasia (EG-
GIM) reliably identifies IM, but has not been assessed in
AAG. We aimed to assess the performance of EGGIM (index
test) versus histology (reference test) of corpus IM in AAG.

Patients and methods This was a cross-sectional study of
210 AAG patients undergoing surveillance gastroscopy with
narrow-band imaging (NBI): corpus IM scored according to
EGGIM, histology according to updated Sydney system, and
morphological criteria.

Results NBI identified corpus IM in 88.6% of AAG patients:
EGGIM were 0, 1, 2,3,4in 11.4%, 0.5%, 33.3%, 1.9%, and
52.9%, respectively. Histology identified corpus IM in 78.1 %
and PPM in 79.5% of patients. PPM was present with IM in
57.6% and without IM in 21.9% patients, 20.5% had IM
without PPM. EGGIM, compared to histology, correctly clas-
sified 76.2% of patients, showing high sensitivity (91.5%,
95%Cl 86.1-95.3). EGGIM correctly classified 93% of pa-
tients with IM without PPM, 90.9% with both metaplasias,
and 21.7% with PPM without IM yielding low specificity
(21.7%, 95%Cl 10.9-36.4).

Conclusions In AAG, EGGIM showed high accuracy and
sensitivity identifying >90% of patients with histological
corpus IM. EGGIM overestimated IM when PPM without IM
was present, yielding low specificity. These findings raise
the question of whether in AAG, PPM and IM may display
similar endoscopic features on NBI.

Introduction

Autoimmune atrophic gastritis (AAG) is an immune-mediated
condition, with loss of corpus oxyntic glands replaced by meta-
plastic tissue and a spared antral mucosa. Two types of gastric
corpus metaplasia are present: pseudopyloric metaplasia (PPM)
and intestinal metaplasia (IM) [1]. AAG is linked to an increased
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risk of gastric cancer (GC) [2]. IM is positively related to the in-
creased risk of GC [2, 3].

A link between PPM and GC has been hypothesized [3,4] but
is less clear.

Surveillance of AAG patients to early detect GC is recom-
mended and high-resolution (HR) and/or electronic chromoen-
doscopy should be used to increase positive case findings [5, 6].
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Narrow-band imaging(NBI) chromoendoscopy, an optical im-
age-enhancement technology that permits enhanced visualiza-
tion of microvascular architecture and micro-surface structure,
reliably identifies IM with a pooled sensitivity and specificity of
0.79 and 0.91 and 0.84 and 0.95 in a per-patient analysis and a
per-biopsy analysis, respectively [7], in patients undergoing
gastroscopy for upper gastrointestinal symptoms or GC screen-
ing, thus opening the perspective to limit and even waive gas-
tric biopsies in the absence of IM, saving time and money [8].
Endoscopic grading of gastric IM (EGGIM) has been validated
to score endoscopic assessment of IM with the use of HR-NBI
gastroscopes [9].

AAG patients undergo life-long surveillance gastroscopies
with multiple biopsies at scheduled intervals between 3 and 5
years, depending on country-specific protocols, with a high
burden for both endoscopy and pathology. Thus, reliably recog-
nizing IM and correctly targeting biopsies in clinical practice
may have clinical implications in this setting. To the best of our
knowledge, in AAG, the real-life reliability of EGGIM has not
been addressed before. We aimed to assess the diagnostic per-
formance of EGGIM (index test) versus histological assessment
(reference test) of corpus-IM in patients with a known diagnosis
of AAG presenting for surveillance gastroscopy.

Patients and methods
Study population and design

A cross-sectional study of 210 consecutive AAG patients (wom-
en 67.7%, median-age 61 years [range, 20-88]) undergoing
surveillance gastroscopy with HR-NBI-gastroscopes was con-
ducted. The study period ranged from December 2015, when
HR-NBI gastroscopes were first available in our center, to
April,2021.Inclusion criteria were age =18 years, histological
AAG diagnosis defined by the presence of corpus atrophy and
a spared antrum [1,2]; surveillance gastroscopy performed
with HR-NBI gastroscopes with targeted or random biopsies of
gastric mucosa according to the updated Sydney system [10];
endoscopic assessment of EGGIM score [9]; and histological as-
sessment of gastric biopsies according to the updated Sydney
system [10]. To confirm diagnosis of corpus atrophy, serum
pepsinogen | levels assessed at diagnosis (ELISA Bio hit Oyi, Hel-
sinki, Finland) were low (<30ng/mL) in all patients [2,11]. The
positivity toward parietal cell antibodies was not necessary for
inclusion and presence of Helicobacter pylori infection was not a
reason for exclusion [1,2]. Patients were excluded when they
were not willing to participate, the surveillance gastroscopy
was performed with other than HR-NBI gastroscopes, EGGIM
score was not assessed, or biopsy sampling was inappropriate
for histology.

The study was performed according to STARD [12]: endo-
scopic assessment of IM during HR-NBI gastroscopy expressed
as EGGIM score was the index test and histological assessment
of IM by updated Sydney system was the reference test to ad-
dress the diagnostic performance of EGGIM in the setting of
AAG. »Fig.1 shows the STARD diagram reporting the flow of
participants through the study and » Table1 shows the main
clinical characteristics of included patients with AAG. Informed
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consent and approval from a local ethics committees were ob-
tained (n0.7022/2020).

HR-NBI gastroscopy and bioptic sampling

Gastroscopies were performed by an expert endoscopist (>100
HR-NBIs/year) or trainees under the supervision of the expert
endoscopist. The procedures were performed using Olympus
scopes (GIF-H185/GIF-HQ190) with patients under conscious
sedation (xylocaine spray, midazolam). Gastroscopy was first
conducted with the use of white-light endoscopy (WLE) and
then with HR-NBI [9]. For this study, two different areas were
considered: lesser and greater curvature of the corpus (the an-
trum was not assessed because it is spared in AAG). In each
area, 0 points were assigned if no IM was present, 1 if focal IM
was present (£30% of the area), 2 points if IM was present in
>30% of the area, for a total of 4 points. If IM was endoscopical-
ly suspected, biopsies were targeted to suspicious areas of IM;
otherwise, random biopsies were taken [10]. At the end of the
HR-NBI evaluation, the assigned EGGIM score was registered in
the endoscopy report. The endoscopic assessment of presence
of IM in the corpus mucosa by NBI was performed according to
the classification of Pimentel [13, 14]: in detail, reqular tubulo-
villous or ridge mucosal patterns and the presence of light blu
crest, i.e. the presence or not of blue-whitish slightly raised
areas, were taken into consideration. As minimum criteria to sa-
tisfy the endoscopic diagnosis of IM (EGGIM-positive) in each of
the two different areas of the corpus mucosa, the presence of a
regular tubulovillous or ridge mucosal pattern with or without
the presence of light blu crest was required. Eventual discre-
pancies concerning the NBI assessment of IM and/or the as-
signed EGGIM score between the trainee endoscopist and the
expert endoscopist were solved by discussion until agreement
was reached.

Histological assessment

Gastric biopsies were independently evaluated by an expert
gastrointestinal pathologist blinded to EGGIM. Histopathologi-
cal evaluation was reported according to the updated Sydney
system [10]. AAG was defined as mild, moderate, or severe gas-
tric mucosal atrophy restricted to the corpus-fundus glands of
the stomach, sparing the antrum, i.e. without atrophic or me-
taplastic changes in the antral mucosa [10, 15]. Corpus mucosa
IM was defined as the substitution of the normal oxyntic glands
with intestinalized glands [10]; PPM was defined as the replace-
ment of the oxyntic glands by glands resembling the muco-se-
creting cell-lined glands normally present in the antrum [15].

Statistical analysis

Data were expressed as median (range) and/or number/total
(percentage, %). The diagnostic performance of endoscopic as-
sessment of IM by NBI expressed by EGGIM (index test) was
evaluated in comparison to cumulative histological IM of gastric
corpus biopsies assessed by the updated Sydney system (refer-
ence test) and expressed as sensitivity, specificity, positive and
negative predictive values (PPV, NPV), diagnostic accuracy, and
95% confidence intervals (95%Cl). Differences between sub-
groups were analyzed using the Chi-squared test/Fisher’s exact
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Index test negative (EGGIM 0)
n=24

Reference standard
n=24

Final pathological diagnosis
PPM only PPM&IM  IM only
n=10 n=11 n=3

No reference

PPM only

Potentially eligible participants

n =665 Excluded: n =138

Age<18years:n=5
No AAG: n =133
Ehglbli Easrg;lpants No index test: n =317
Not willed to participation: n =10
NBI not performed: n = 223
EGGIM score not assessed: n = 46
Index test Biopsy sampling inappropriate: n = 38
n=210

Index test positive [EGGIM (1-4) Index test inconclusive
n=186 n=0

Reference standard No reference
n=186 test
n=0

Final pathological diagnosis
PPM&IM IM only
n=36 n=110 n =40

» Fig.1 STARD diagram to report flow of participants through the study. From: Cohen JFf, Korevaar DA, Altman DG et al. STARD 2015 guidelines
for reporting diagnostic accuracy studies: explanation and elaboration. BMJ Open 2016; 6: e012799

» Table1 Main clinical features of the 210 included patients with

autoimmune atrophic gastritis.

Female

Median age, years, median (range)
Active smoking

First-degree family history for gastric cancer
Body mass index >25 kg/m?
Dyspepsia

Positivity to parietal cell antibodies
Corpus H pylori positivity at histology
Iron-deficiency anemia

Pernicious anemia

Corpus atrophy severity score’

= Mild

= Moderate

= Severe

1 According to the updated Sydney system.
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test. Two-tailed P<0.05 was considered statistically significant.
To calculate the sample size, taking into consideration the NBI
accuracy values for IM not inferior to 85% [7,8,13] and hypo-

Number (%) thesizing that in the AAG setting accuracy of about 75% could
142 (67.6) have been reached, 207 patients would have been required at a
61 (20-88 type | error (alpha, significance) and a type Il error (beta, 1-pow-
(20-88) er) of 0.05. Statistical analyses were performed by MedCalc Sta-
88 (41.9) tistical Software version 19.6.4 (MedCalc Software Ltd, Ostend,
17(8.0) Belgium; https://www.medcalc.org; 2021).
77 (36.7)
Results
74(35.2) s - ST .
Endoscopic-histological distribution of gastric
B corpus metaplasia
21(10.0)

NBI identified corpus IM in 186 AAG patients (88.6%), and EG-
33(15.7) GIM scores were 0, 1, 2, 3, and 4 in 24 (11.4%), 1(0.5%), 70
(33.3%),4(1.9%),and 111 (52.9%), respectively. » Fig. 2 shows
an endoscopic image of the fundus (a) and another one of the
corpus mucosa (b) providing a representative NBI finding of IM.

77 (36.7)

22(10.5) Histological assessment ascertained corpus IM in 164 pa-
tients (78.1%) and 77 (36.7%),78 (37.1%), and nine patients
(4.3 %) were classified as having mild, moderate, or severe cor-
pus-IM. PPM was histologically ascertained in 167 patients
(79.5%), which was concomitantly present with corpus IM in
121 (57.6%), while 46 (21.9%) had PPM without the concomi-
tant presence of corpus IM; corpus IM without PPM was identi-
fied in 43 (20.5%).

63 (30.0)

125 (59.5)
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» Fig.2 Endoscopic images of the a fundus and b corpus mucosa
providing representative NBI findings of IM

Diagnostic accuracy of EGGIM

Compared to histology, EGGIM showed an overall diagnostic
accuracy in 160 patients (76.2%), yielding a sensitivity of
91.5% (95%Cl 86.1%-95.3%) and a PPV of 80.6% (95%Cl
78.0%-83.0%) (»Table2). Concerning histological severity,
EGGIM correctly identified (true positives) all nine patients
(100%) with severe, 71 (91.0%) with moderate, and 70 (90.9
%) with mild corpus IM. The proportion of true positives of pa-
tients with EGGIM scores 3 to 4 was higher than that of those
with EGGIM scores 1 to 2 (EGGIM scores 3-4: 99/115 (86.1%)
versus EGGIM scores 1 to 2 51/71 (71.8%), P=0.02). » Table3
shows EGGIM scores with respect to the type of histologically
diagnosed type of corpus gastric metaplasia. Considering the
gastric metaplasia type (» Fig. 2), EGGIM was positive in 40 pa-
tients (93.0 %) with corpus IM in the absence of PPM, and in 110
(90.9%) with both IM and PPM (true positives). Of the 46 pa-
tients histologically identified as having PPM without concomi-
tant corpus IM, 10 (21.7 %) were correctly classified as EGGIM 0
(true negatives), yielding a specificity of 21.7% (95 %Cl 10.9 %-
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> Table2 Diagnostic accuracy of endoscopic assessment of gastric
intestinal metaplasia in the corpus mucosa by narrow-band imaging
chromoendoscopy expressed as EGGIM scores (index test) compared to
histological assessment of intestinal metaplasia by updated Sydney
system (reference test) in 210 patients with autoimmune atrophic gas-
tritis.

% (95 % confidence interval)

Sensitivity 91.5(86.1t095.2)

Specificity 21.7(10.9to 36.4)

Positive predictive value 80.6 (78.0 to 83.0)

Negative predictive value 41.7 (25.4t0 60.0)

Accuracy 76.2 (69.8 t0 81.8)

EGGIM, endoscopic grading of gastric intestinal metaplasia.

36.4%). EGGIM was falsely positive in the remaining 36 patients
(78.3 % with PPM without corpus IM, overestimating 20 (43.5 %)
as EGGIM 2 and 16 (34.8 %) as EGGIM 4.

EGGIM showed diagnostic “inaccuracy” overall in 50 pa-
tients (23.8 %), underestimating the presence of corpus IM in
14 (false negatives) and overestimating it in 36 (false positives).
In 47 of 50 (94 %) of the endoscopically incorrectly assessed pa-
tients, histology ascertained the presence of PPM: in 11 of the
underestimated EGGIM scores at histology, both IM and PPM
were identified, and in all 36 of the overestimated EGGIM
scores at histology, PPM without IM was identified (» Fig. 3).

Discussion

This is the first real-life study using the EGGIM score and asses-
sing its diagnostic performance in clinical practice for corpus IM
recognition compared to histology in AAG patients. All 210 pa-
tients were on endoscopic histological surveillance for GC pre-
vention [5, 6]. Our results showed a good diagnostic perform-
ance, since EGGIM achieved an overall sensitivity of 91.5% and
a PPV of 80.6%, properly classifying 76.2% of patients. NBI is
highly accurate for the diagnosis of precancerous conditions
[7,8,13]. The easily reproducible EGGIM classification was vali-
dated with accuracy rates >85% to 90% for IM diagnosis in pa-
tients undergoing gastroscopy due to upper gastrointestinal
symptoms and surveillance [14]. In patients with iron deficien-
cy anemia and dyspepsia, NBI was reported to be superior to
WLE in identifying IM [16], showing NBI as a reliable resource
for IM diagnosis. The findings of the current study show that in
AAG patients, EGGIM may represent a useful approach for
endoscopic assessment of IM, and thus, individual GC risk stra-
tification.

In our study, EGGIM showed a similar ability to identify pa-
tients with severe, moderate, or mild scores for corpus IM as as-
sessed by histology (P>0.05). In a multicenter prospective
study, EGGIM showed a 94% global diagnostic accuracy, and
the benefit of NBI in IM recognition was higher in more ad-
vanced IM stages [13] with an area under the curve-receiver op-
erating characteristics of 0.983 for extensive IM (OLGIM I11/1V)
[13]. Similar data were confirmed in a recent study [17]. We
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» Table3 Endoscopic grading of gastric intestinal metaplasia (EGGIM)
scores with respect to type of histologically diagnosed type of corpus
gastric metaplasia.

PPM only PPM & IM IM only
n=46 (21.9) n=121(57.6) n=43 (20.5)
EGGIM 0 10(21.7) 11(9.1) 3(7.0)
EGGIM 1 0 1(0.8) 0
EGGIM 2 20 (43.5) 34(28.1) 16 (37.2)
EGGIM 3 0 3(2.5) 1(2.3)
EGGIM 4 16 (34.8) 72 (59.5) 23(53.5)

Data expressed as numbers (%).
PPM, pseudopyloric metaplasia; IM, intestinal metaplasia.

did not consider OLGIM-classification because in AAG, by defi-
nition, IM is restricted to the gastric corpus and the highest
possible score is OLGIM I, making this risk stratification inap-
propriate in AAG [1,2]. Our study showed that EGGIM scores 3
to 4 were more frequently correctly assigned than EGGIM
scores 1 to 2, showing that a diffuse pattern of corpusIM is
probably more promptly recognizable by HR-NBI than a focal-
patchy pattern.

Our results further showed that in 94% of AAG patients in
whom EGGIM endoscopically misclassified IM, the histological
presence of PPM was detected. In 78.3% of the patients in
whom EGGIM endoscopically overestimated the supposed
presence of IM, PPM without IM was present at histology. In
contrast, EGGIM showed a high diagnostic performance when
IM was histologically present, alone (93%) or with PPM
(90.9%). These results raise the question of whether in AAG at
HR-NBI PPM may display similar endoscopic features as IM,
thus leading to overestimation of IM.

GC develops through a sequence of histological changes,
first chronic inflammation, progressively leading to atrophy,
IM, dysplasia, and subsequent intestinal-type adenocarcinoma
[18]. Surveillance of precancerous stages may lead to early di-
agnosis of GC, improving survival [5,6]. IM is considered the
“point of no return” of the steps eventually leading to gastric
carcinogenesis and its presence is linked to a higher GC risk
[3]. Therefore, recognizing IM may be considered as a corner-
stone in endoscopic surveillance, and surveillance programs in-
cluding EGGIM staging are expected to be a practical approach
to helping to achieve better risk stratification [8].

Gastric metaplastic transformation could be seen as a step-
wise evolution, beginning with PPM, probably arising from
trans-differentiated chief cells in chronic inflammation, leading
to atrophy, and over time, possibly to IM [3,15]. PPM and IM
may represent sequential steps in the progression to GC [19].
In human gastric biopsies, the direct transformation from co-
lumnar metaplasia without goblet cells to cancer skipping the
step of IM has never been observed. Prospective data on corpus
PPM and its link to the GC development are scanty. A recent re-
port showed that AAG patients with PPM seem to have a very
low risk of developing neoplastic lesions [20]. Thus, to reliably
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100%
807%
60 %
40%
20%

0%

PPM only PPM & IM IM only

» Fig.3 Diagnostic accuracy of Endoscopic grading of gastric
intestinal metaplasia (EGGIM) assessed during narrow-band ima-
ging with respect to the type of gastric metaplasia. In patients with
both types of gastric metaplasia or with intestinal metaplasia only,
the endoscopic classification was correct in more than 90% (true
positives), but in patients with pseudopyloric metaplasia only with-
out intestinal metaplasia, EGGIM overestimated the presence of
intestinal metaplasia in 78 % of patients (false positives). PPM only,
presence of pseudopyloric metaplasia without intestinal metapla-
sia; PPM and IM, presence of both, pseudopyloric and intestinal
metaplasia; IM only, presence of intestinal metaplasia without
pseudopyloric metaplasia. Green: Endoscopic assessment of IM
accurate; blue: Endoscopic assessment of IM inaccurate.

recognize IM and to differentiate it from PPM by endoscopy
may have important clinical implications for endoscopically
stratifying the GC risk of an individual patient in real time,
therefore, studies addressing the differential endoscopic fea-
tures of PPM and IM are welcome.

The histological presence of foveolar hyperplasia has been
reported as a possible confounder eventually leading to endo-
scopic overestimation of IM during HR-NBI [9, 13]. In our study,
among AAG patients in whom EGGIM overestimated IM, in only
four patients foveolar hyperplasia was observed, which was in
three in the endoscopically normal antral mucosa and in the re-
maining patient in a 3-mm polyp in the corpus, thus reasonably
excluding the role of foveolar hyperplasia in endoscopically
overestimating IM.

In our study population, 21 patients were H pylori-positive at
histology. A previous study [9] showed that H pylori infection
did not influence the diagnostic performance of EGGIM. In the
current study, of the 21 H pylori-positive patients, 15 were EG-
GIM-positive and six EGGIM-negative. Among EGGIM-nega-
tives, there were two false-negatives since at histology IM was
present alone in one patient and together with PPM in the other
patient. Among EGGIM-positives, there were seven false-posi-
tives, since at histology the presence of IM was not confirmed
in these seven patients. The rate of H pylori-positives in this
study was too low for a comparative statistical analysis. How-
ever, when the 21 H pylori-positive patients were excluded, di-
agnostic performance of EGGIM did not substantially change
(sensitivity 92 %, 95%Cl 87-96; specificity 17%, 95%Cl 7-37;
PPV 83 %, 95%Cl 81-85, NPV 33% 95%Cl 17-55, accuracy 78%,
95% 72-84), when compared to the entire study population in-
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cluding H pylori-positives, thus showing that H pylori positivity
does not play a substantial role in endoscopic overestimation
or underestimation of corpus IM and supporting the findings
of the previous study.

A strength of our study was that endoscopic procedures
were performed/supervised by an expert endoscopist with sig-
nificant NBI experience. Our center has significant high experi-
ence in management of AAG patients and significant expertise
with NBI. This may be a limit of the study, since it was single-
center and our findings may not be generalizable to other
endoscopy units, although NBI was previously proved to be
easy to learn [21]. Another limit could be that endoscopists
were not blinded to AAG diagnoses and this may have represen-
ted a bias for EGGIM scoring, eventually contributing to overes-
timation or underestimation. Immunochemistry was not per-
formed to determine the histopathological profile of PPM, but
good intraobserver agreement between morphology and im-
munohistochemistry for detection of PPM has been reported
[12]. The single NBI mucosal patterns for endoscopic assess-
ment of IM were not recorded, but endoscopic diagnosis of IM
was directly expressed as EGGIM score. For this reason, subana-
lyses of the NBI pattern with respect to the type of gastric me-
taplasia could not be performed.

Conclusions

In conclusion, in AAG, EGGIM had good accuracy and high sen-
sitivity, reliably identifying more than 90 % of patients with his-
tological corpus IM, thus representing a useful approach for in-
dividual GC risk stratification in AAG patients. EGGIM overesti-
mated the presence of IM when PPM was present, thus yielding
low specificity. These findings raise the question of whether in
AAG, PPM and IM may display similar endoscopic features on
NBI. Identifying possible distinctive NBI features between PPM
and IM may be clinically important because the neoplastic risk
seems to be more pronounced for the latter condition.
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