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Background/Aims: While the occurrence of multiple whitish flat elevated lesions (MWFL) was first reported in 2007, no studies 
on MWFL have been published to date. The present retrospective observational study aimed to clarify the endoscopic findings and 
clinicopathological features of MWFL.
Methods: Subjects were consecutive patients who underwent upper gastrointestinal endoscopy as part of routine screening between 
April 2014 and March 2015. The conventional white-light, non-magnifying and magnifying narrow-band images were reviewed. 
Clinical features were compared between patients with and without MWFL.
Results: The conventional endoscopic findings of MWFL include multiple whitish, flat, and slightly elevated lesions of various sizes, 
mainly located in the gastric body and fundus. Narrow-band imaging enhanced the contrast of MWFL and background mucosa, 
and magnifying narrow-band imaging depicted a uniformly long, narrow, and elliptical marginal crypt epithelium with an unclear 
microvascular pattern. Histopathological findings revealed hyperplastic changes of the foveolar epithelium, and parietal cell protrusions 
and oxyntic gland dilatations were observed in the fundic glands, without any intestinal metaplasia. The rate of acid-reducing drug use 
was significantly higher in patients with MWFL than in those without (100% [13/13] vs. 53.7% [88/164], p<0.001). 
Conclusions: The present study indicated a relationship between the presence and endoscopic features of MWFL and history of acid-
reducing drug use. Clin Endosc  2018;51:558-562
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Introduction

The majority of benign epithelial non-neoplastic flat el-
evated gastric lesions are foveolar hyperplastic and fundic 
gland polyps.1 However, the occurrence of multiple whitish 
flat elevated lesions (MWFL) extending from the gastric body 
to the fundus was first reported by Kawaguchi et al. in 2007.2 

In 2011, Kamada et al. described the same lesions, naming 
them “MWFL” and reporting, for the first time, a high prev-
alence associated with long-term use of acid-reducing drugs, 
specifically proton pump inhibitors (PPI) and H2-receptor 
antagonists (H2RA).3 However, these reports were conference 
presentations, and no studies on MWFL have been published 
to date. The present retrospective observational study aimed 
to clarify the endoscopic findings and clinicopathological fea-
tures of MWFL.

Materials and methods 

Study design
This was a retrospective, single-center, observational study. 
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Study period and subjects
Subjects were consecutive patients who underwent up-

per gastrointestinal endoscopy as part of routine screening 
between April 2014 and March 2015 at Ihara Kasuga Clinic, 
affiliated with Fukuoka University Chikushi Hospital. Exclu-
sion criteria were previous total gastrectomy and insufficient 
details in the medical notes regarding the history of acid-re-
ducing drug use.

Endoscopic procedures
A single endoscopist (KY) with 15 years of experience with 

magnifying gastroscopy performed all endoscopic diagnostic 
procedures. The instruments used in the procedures were 
high-resolution magnifying upper gastrointestinal endoscopes 
(GIF-Q240Z or GIF-H290Z; Olympus, Tokyo, Japan) and an 
endoscopy system (EVIS LUCERA SPECTRUM; Olympus). 
In addition, a black soft hood (MAJ 1989; Olympus) was 
mounted at the tip of the scope in order to consistently fix 
the focal distance between the tip of the scope and the mu-
cosal surface during magnifying observation at the maximal 
magnification rate. At 30 minutes prior to the endoscopic 
examination, patients drank 100 mL of a preparation solution 
that contained 10,000 units of pronase (Kaken Pharmaceuti-
cal, Tokyo, Japan), 1 g of sodium bicarbonate, and 10 mL of 
dimethylpolysiloxane (20 mg/mL; Horii Pharmaceutical Ind., 
Osaka, Japan). After inserting the endoscope, all of the gastric 
mucosa was inspected according to the systematic screening 
protocol for the stomach (SSS).4 When the SSS was complet-
ed, detected mucosal lesions were observed by conventional 
white-light imaging, non-magnifying narrow-band imaging 
(N-NBI), and magnifying narrow-band imaging (M-NBI) at 
the maximum magnification rate. All endoscopic images were 
recorded in an image filing system. A target biopsy was taken 
from the MWFL.

Endoscopic image analysis
The conventional white-light, N-NBI, and M-NBI images 

recorded in the endoscopic image filing system were reviewed 
and analyzed regarding the presence or absence and location 
of any MWFL and related endoscopic findings and the pres-
ence or absence of background mucosal atrophy.

Histopathological analysis
Endoscopic biopsy specimens were fixed in 20% formalin 

and embedded in paraffin. After hematoxylin and eosin stain-
ing, sections were reviewed and histopathological features 
were analyzed.

Analysis of patient characteristics
Medical record data were reviewed. Age, sex, presence or 

absence of background mucosal atrophy, presence or absence 
of Helicobacter pylori infection, use or non-use of acid-reduc-
ing drugs, and duration of any acid-reducing drug use were 
compared between patients with and without MWFL.

Background mucosal atrophy analysis
Kimura-Takemoto classification was applied to background 

mucosal atrophy observed on white-light images.5 Discolor-
ation and a visible vascular pattern in the mucosa of the lesser 
curvature of the gastric angle were defined as atrophy.

H. pylori infection analysis
H. pylori infection was diagnosed based on wide areas of 

mucosal atrophy on endoscopic images as well as positive 
results on serum anti-H. pylori immunoglobulin G antibody 
test, urea breath test, or microscopy findings. For patients 
who had not undergone these tests, observation of wide areas 
of mucosal atrophy on endoscopic images alone was used to 
determine H. pylori infection. Previous H. pylori eradication 
therapy was also used as a marker of H. pylori infection.

Statistical analysis
Continuous variables, presented as mean±standard devia-

tion, were compared using Student’s t-test. Categorical vari-
ables were compared using Fisher’s exact test. P-values less 
than 0.05 were considered significant. Statistical analyses were 
performed using the statistical software package SPSS 16.0 for 
Windows (SPSS Inc., Chicago, IL, USA).

Results 

After excluding 1 patient with previous total gastrectomy 
and 1 patient whose medical notes did not include a detailed 
history of oral drug use, 177 of the 179 consecutive patients 
who underwent screening were analyzed. MWFL were ob-
served in 13 patients (7.3%). 

Endoscopic findings of the MWFL were as follows. On con-
ventional white-light imaging, multiple whitish, flat, slightly 
elevated lesions of various sizes were observed in the gastric 
body and fundus (Fig. 1A). The boundaries between each 
lesion and the background mucosa were clearly demarcated. 
With N-NBI imaging, the background mucosa appeared dark 
brownish, increasing the contrast with the white lesions and 
making them easier to visualize (Fig. 1B). On M-NBI, clear 
demarcation lines were observed at the base of the flat elevat-
ed lesions. No superficial microvascular patterns were visible 
(Fig. 1C). In terms of microsurface patterns, the marginal 
crypt epithelium was uniformly long, narrow, and elliptical. 
The width of the marginal crypt epithelium was large, and it 
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increased slightly and presented a faint dark brown color in 
the intervening part between crypts.

Target biopsy was performed in 4 of the 13 patients with 
MWFL. Histopathological analysis revealed hyperplastic 
changes of the foveolar epithelium in all biopsy specimens 
(Fig. 2A). Regarding the histopathological findings of MWFL, 
a hyperplastic change was defined as “moderate to marked” 
when the width of the crypt epithelium was ≥1.5 times that in 
the background mucosa and as “mild” when the width of the 
crypt epithelium was <1.5 times that in the background mu-
cosa.

These changes were mild in 1 patient and moderate to 
marked in 3 patients. In addition, parietal cell protrusions and 
oxyntic gland dilatations were observed in the fundic glands 

of 3 of the 4 patients (Fig. 2B). No intestinal metaplasia was 
observed. 

The mean age of the 13 patients with MWFL was 74.5 years. 
Lesions occurred in the fundus only (n=11) and from the 
fundus across the gastric body (n=2). Background mucosal 
atrophy was present in 4 patients (30.8%). Table 1 shows the 
mean ages, sex ratios, rates of background mucosal atrophy, 
presence or absence of H. pylori infection, and rates and 
mean durations of acid-reducing drug use in patients with 
and without MWFL. MWFL were observed in 3 men and 10 
women and not observed in 80 men and 84 women, showing 
a tendency toward a higher prevalence in women (p=0.089). 
H. pylori infection was present in 7.7% (1/13) of patients with 
MWFL and 42.7% (70/164) of patients without. Thus, sig-

Fig. 2. Histopathological findings of biopsy specimen (hematoxylin and eosin staining). (A) Hyperplastic changes can be seen in the foveolar epithelium. (B) Parietal 
cell protrusions and oxyntic gland dilatations can be seen.

A B

Fig. 1. Endoscopic findings of multiple whitish flat elevated lesions. (A) Conventional white-light imaging. Multiple whitish, flat, slightly elevated lesions of various 
sizes can be seen in the gastric fundus. (B) Non-magnifying narrow-band imaging. The background mucosa appears dark brownish, increasing the contrast with the 
white lesions and making them easier to visualize. (C) Magnifying narrow-band imaging. Clear demarcation lines can be observed. The superficial microvascular pat-
tern is not clearly visualized. In terms of microsurface patterns, the marginal crypt epithelium is large, increasing slightly and presenting a faint dark brown color in the 
intervening part between crypts.

A B C
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nificantly more patients with MWFL did not have H. pylori 
infection compared to those without MWFL (p=0.016). Of the 
13 patients with MWFL, only 1 patient was infected with 
H. pylori, and the patient did not receive eradication therapy 
for H. pylori.

Furthermore, 100% (13/13) of patients with MWFL used 
acid-reducing drugs, with a mean duration of use of 3.7 years. 
Among the types of acid-reducing drugs, oral PPI were used 
in 12 patients and oral H2RA were used in 1 patient. Of 92 
patients with PPI use in this study, 12 (13%) had MWFL; of 9 
patients with H2RA use, 1 (11.1%) had MWFL. No significant 
difference was noted in the frequency of MWFL according to 
the type of acid-reducing drug used (Table 2).

Conversely, the rate of acid-reducing drug use in patients 
without MWFL was 53.7% (88/164), with a mean duration of 
4.7 years. The rate of acid-reducing drug use was significantly 
higher in patients with compared to those without MWFL 
(p<0.001). No significant differences were observed between 
patients with and without MWFL with regard to age, rates of 
background mucosal atrophy, and mean duration of acid-re-
ducing drug use (Table 1).

Discussion

Key results
The rate of acid-reducing drug use was significantly higher 

in patients with MWFL compared to those without (100% 
[13/13] vs. 53.7% [88/164], p<0.001).

Discussion of key results
Previous studies on PPI-related gastric lesions have reported 

fundic gland polyps, hyperplastic polyps, and hemorrhag-
ic polyps formed like fundic gland polyps.6,7 Furthermore, 
diffuse changes associated with PPI use, specifically gastric 
cracked and cobblestone-like mucosa, have also been reported 
in the region of the gastric corpus glands.8 Although the high 
prevalence of MWFL in long-term PPI users has been re-
ported in conference abstracts and Japanese language review 
articles, to our knowledge, this is the first original English 
language paper to examine the presence, endoscopic features, 
and histopathological findings of MWFL.9,10 The present find-
ings indicated a correlation between MWFL and acid-reduc-
ing drug use.

The pathology of MWFL remains to be clarified. The ele-
vated portion of these polyps is primarily formed from hy-
perplastic changes of the foveolar epithelium. Histologically, 
the biopsy specimens from the MWFL in the present study 
included fundic gland parietal cell protrusions and oxyntic 
gland dilatations. These findings differ completely from the 
previously reported PPI-related fundic gland polyps, hyper-
plastic polyps, and hemorrhagic polyps formed like fundic 
gland polyps. It is unclear whether the present histological 
changes were due to hypergastrinemia or represented the di-
rect effects of PPI.

Endoscopic findings similar to the present gastric fundus 
MWFL have been previously reported as intestinal metaplasia; 
however, examination of the histopathological findings from 
the present MWFL biopsy specimens showed no findings of 

Table 1. Comparison of Patient Characteristics and Clinical Presentation between Patients with and without Multiple White Flat Lesions

With MWFL Without MWFL p-value

Age (yr) (±SD) 74.5 (±7.2) 67.6 (±14.3) NSa)

Sex (men:women) 3:10 80:84 0.089b)

Rate of background mucosal atrophy 30.8% (4/13) 42.1% (69/164) NSb)

Rate of Helicobacter pylori infection 7.7% (1/13) 42.7% (70/164) 0.016b)

Rate of acid-reducing drug use 100% (13/13) 53.7% (88/164) <0.001b)

Mean (range) duration of acid-reducing drug use (yr) 3.7 (1–11) 4.7 (0.2–13) NSb)

MWFL, multiple whitish flat elevated lesions; SD, standard deviation; NS, not significant.
a)Student-t test; b)Fisher’s exact test.

Table 2. Numbers of Patients with MWFL among Those with PPI use and Those with H2RA Use

MWFL
p-value

(+) (-)

PPI 12 80
NSa)

H2RA 1 8
MWFL, multiple whitish flat elevated lesions; PPI, proton pump inhibitor; H2RA, H2-receptor antagonist; NS, not significant.
a)Fisher’s exact test.
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intestinal metaplasia. Moreover, as previously stated, the ele-
vated portions were formed only through hyperplasia of the 
foveolar epithelium.11-13 Therefore, histopathologically, MWFL 
are hyperplasia of the foveolar epithelium and not intestinal 
metaplasia.

Limitations
Limitations of the present study include the retrospective, 

single-center study design, the fact that biopsies were not 
performed from all identified polyps or background mucosa, 
and the lack of measurement of gastrin levels. Owing to the 
retrospective nature of our study, H. pylori infection was de-
termined in 99 (55.9%) of 177 patients based on the findings 
of endoscopic imaging alone. Thus, H. pylori infection might 
not have been accurately determined.

Future issues
In order to overcome these limitations and clarify points 

that could not be verified in the present study, a prospec-
tive trial is already underway to investigate the relationship 
between MWFL and PPI use, serum gastrin levels, MWFL 
endoscopic findings, MWFL and background mucosa histo-
pathological findings, and the characteristics of patients with 
MWFL (UMIN000030144). In this ongoing prospective trial, 
we will investigate H. pylori infection using results from 2 
methods: the serum anti-H. pylori immunoglobulin G anti-
body test and microscopic examination. We will also attempt 
to clarify the association between H. pylori infection and the 
presence of MWFL using reliable data from reliable data from 
the present study. In the present study, the small number of 
patients precluded an investigation of the association between 
H. pylori infection and the presence of MWFL. In the future, 
we will investigate whether there are different features of 
MWFL between patients previously untreated and those treat-
ed with eradication therapy for H. pylori in a large prospective 
trial. Herein, we were unable to determine whether the dis-
continuation of acid-reducing drugs resulted in the regression 
of MWFL, which therefore also requires further clarification.

The present study indicated a relationship between the 
presence and endoscopic features of MWFL and a history of 
acid-reducing drug use.
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