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Abstract

Objective: Probe-based confocal laser endomicroscopy (pCLE) technique may improve the diagnosis of gastric

mucosal lesions allowing acquisition of high-resolution in vivo images at the cellular and microvascular levels. This

study aims to evaluate the accuracy of pCLE for the differential diagnosis of non-neoplastic and neoplastic gastric

lesions.

Methods: Twenty gastric mucosal lesions from 10 patients were evaluated during endoscopic procedure and were

examined by pCLE. Diagnostic pCLE was followed by biopsies or endoscopic resection of suspected lesions. A

senior pathologist evaluated the specimens and was blinded to the pCLE results.

Results: Patients’ mean age was 68.3 (range, 42−83) years and six were men. Thirteen suspicious flat or elevated

lesions (classified as 0−Is, 0−IIa or 0−IIa + IIc) and seven pre-malignant lesions (atrophy and intestinal metaplasia)

were evaluated. One patient was studied during his long-term follow-up after partial gastrectomy and presented

severe atrophy, intestinal metaplasia, and xanthomas at the stump mucosa. The location of gastric lesions was in the

body (n=10 lesions), the antrum (n=9) and the incisura angularis (n=1). All neoplastic lesions and all but one benign

lesion were properly diagnosed by pCLE. pCLE incorrectly diagnosed one small antrum lesion as adenoma,

however the final diagnosis was intestinal metaplasia. The final histological diagnosis was neoplastic in 9 and benign

lesions in 11. In this small case series, pCLE accuracy was 95% (19/20 lesions).

Conclusions: pCLE is accurate for real time histology of gastric lesions. pCLE may change the management of

patients with gastric mucosal lesions, guiding biopsies and endoscopic resection, and avoiding further diagnostic

workup or unnecessary therapy.
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Introduction

Gastric cancer represents the third leading cause of cancer
deaths worldwide. Developing countries, including Brazil,
have a high incidence of gastric cancer and the majority of
patients are diagnosed in advanced stage disease (1,2). Early

diagnosis is desirable, since it improves the prognosis and
has a relevant impact on mortality reduction.

Techniques  such  as  probe-based  confocal  laser
endomicroscopy  (pCLE)  allow  acquisition  of  high-
resolution  real-time  in  vivo  images  at  the  cellular  and
microvascular  levels  (3,4).  pCLE  evaluates  the  micro-
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architecture  of  the  mucosal  epithelium  allowing
differentiation  between  normal  and  neoplastic  mucosa.
This  technique has  been used with high sensitivity  and
speci f ic i ty  in  di f ferent  scenarios  involving  the
gastrointestinal tract, including esophageal squamous cell
carcinoma,  Barrett’s  esophagus,  pancreatic  cysts,  and
colorectal lesions (4,5).

Zhang et al. first suggested a classification of gastric pit
patterns  by confocal  laser  endomicroscopy through the
endoscope, in 2008 (6). Later, Wallace et al.  proposed a
Miami classification using pCLE for the differentiation of
normal and pathologic conditions in the gastrointestinal
tract,  and,  specifically  for  the  stomach,  described  the
findings of normal mucosa, gastritis, gastric dysplasia, and
gastric adenocarcinoma (4). Further, Bok et al. classified
the lesions into non-neoplastic,  dysplasia,  differentiated
adenocarcinoma, and undifferentiated adenocarcinoma, and
demonstrated high diagnostic  accuracy  (7).  In  2016,  Li
et al. detailed the classification, taking into consideration
the  gastric  pit  patterns  and  the  vessel  architecture
according to gastric location. These authors showed high
accuracies for the diagnoses of atrophic gastritis, intestinal
metaplasia,  and  gastric  neoplasia.  In  addition,  they
described  substantial  interobserver  agreement  for  the
differentiation of neoplasia versus non-neoplasia (8).

The aim of  this  case  series  study was  to  evaluate  the
accuracy of pCLE for the differential  diagnosis  of  non-
neoplastic and neoplastic gastric lesions in a tertiary center
of a developing country where the gastric cancer incidence
is high.

Materials and methods

The Ethical  Committee  of  the  Department  of  Gastro-
enterology and University of São Paulo School of Medicine
at the Cancer Institute approved the study (No. 303.460).
All patients consented for participation.

Twenty gastric  mucosal  alterations  from ten patients
were  evaluated  during  endoscopic  procedure  and  were
examined  by  pCLE.  Routinely,  the  gastric  mucosa  was
washed with  6% N-acetyl-cysteine  before  examination.
The characteristics  of  suspicious  lesions  were  carefully
described and classified according to Paris Classification
(9).  Location  and  size  were  also  reported.  Photos  and
videos of endoscopic and pCLE images were taken.

pCLE procedure

Deep sedation was provided with propofol, fentanyl, and

midazolam. Patients underwent high definition white light
endoscopy,  narrow  band  imaging  (NBI),  and  indigo-
carmine chromoendoscopy for proper characterization of
the target lesion immediately followed by pCLE.

Before the procedure, the patients underwent an allergic
test  with  intravenous  injection  of  0.1  mL  of  10%
fluorescein. If no allergic reaction was observed, 4.9 mL of
10% fluorescein diluted in 100 mL of saline solution was
injected intravenously. A cap was attached to the tip of the
endoscope (GIF H180; Olympus, Tokyo, Japan; 9.8 mm
caliber and 2.8 mm biopsy channel) in order to stabilize the
probe (pCLE). The probe was then inserted through the
working channel of the endoscope into the stomach a few
minutes after fluorescein injection. pCLE (2.5-mm UHD
GastroFlex  probe,  Cellvizio;  Mauna Kea Technologies,
Paris, France) provided a depth of examination of 55 to 65
mm, a 240-mm field of view at a resolution of 1 mm and
magnification of 1,000 at 12 frames per second.

The distribution of  the  fluorescein  into  the  capillary
network  and  connective  tissue,  enhancing  the  cellular
morphology is optimal for 20 min after injection, so the
pCLE procedure was kept to less than 20 min.

pCLE classification system

pCLE classification  was  based  on Li  et  al.  (8)  previous
report, taking into consideration details of pit and vascular
patterns.  In  summary,  according  to  this  classification,
regular  pits  with wide,  round and slit-like openings are
considered normal findings in cardia, corpus and antrum,
respectively.  Regular  pits  with  elongated  openings  and
increased  fluorescence  in  stroma  are  characteristics  of
inflammatory gastric mucosa. On the other hand, reduced
pits with dilated openings are features of atrophic mucosa
and  the  appearance  of  goblet  cells  with  dark  mucin  is
features  of  intestinal  metaplastic  mucosa.  Low-grade
intraepithelial  neoplasia  is  considered  when  mild  to
moderate irregular pits are found, and high-grade when
prominent distorted pits with irregular epithelial lining are
present. Appearance of atypical glands and dispersion of
irregular dark cells are characteristics of differentiated and
poorly differentiated adenocarcinoma. Based on vascular
architecture, regular capillaries with normal calibers are
found in normal mucosa, while increased capillaries with
elevated leakage are encountered in inflammatory gastric
mucosa .  I rregular  and  di la ted  capi l lar ies  wi th
heterogeneous  leakage  are  found  in  neoplastic  gastric
mucosa.
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Histopathology

Diagnostic pCLE was followed by biopsies for histology,
although  small  suspicious  lesions  were  endoscopically
resected, avoiding biopsy-related fibrosis or distortion that
could interfere with further endoscopic workup.

Biopsy  specimens  (n=10)  or  resected  endoscopic
specimens  (n=10)  were  fixed  in  formalin.  A  senior
pathologist blinded to the pCLE results examined all the
histologic specimens.

Results

Demographics

Twenty  gastric  mucosal  lesions  from ten  patients  were
examined by pCLE. Patients’ mean age was 68.3 (range,
42–83)  years  and  six  were  men  (Table  1).  Thirteen
suspicious flat or elevated lesions (classified as 0−Is, 0−IIa
or  0−IIa+IIc)  and  seven  benign  lesions  (atrophy  and
intestinal metaplasia) were evaluated (Table 2; Figures 1−5).

One of these patients was followed up after chemotherapy
for gastric lymphoma and one was evaluated during follow-
up after partial gastrectomy and presented severe atrophy
and  intestinal  metaplasia,  and  xanthomas  at  the  stump
mucosa (Figure 6). The location of gastric lesions was in the

Table 1 Demographic data and pCLE indications (N=10)

Variable n (%)

Gender

　Male 6 (60)

　Female 4 (40)

Age (year)

　Mean (range)  68.3 (42–83)

pCLE indications

　Gastric elevated lesion 5 (50)

　Suspicious early neoplasia 3 (30)

　Lymphoma 1 (10)

　Post Billroth II gastrectomy 1 (10)

pCLE, probe-based confocal laser endomicroscopy.

Table 2 pCLE and final histopathological results in 10 patients with gastric lesions

Patients Lesions Size (mm) Location Paris Confocal Histology

  1 1 20 Body 0−IIa + IIc Adenoma Low-grade adenoma

  2   2 Body* Intestinal metaplasia Intestinal metaplasia + atrophy

  3 Body* Xanthomas Xanthomas

  3   4   8 Incisura 0−Is Intestinal metaplasia Erosion + intestinal metaplasia

  5 10 Distal body 0−Is Adenoma Low-grade adenoma

  6   8 Proximal antrum 0−Is Adenoma Low-grade adenoma

  7 17 Distal antrum 0−IIa Adenoma High-grade adenoma

  8 25 Antrum 0−IIa Adenoma Low-grade adenoma

  4   9 12 Body 0−IIa Neoplasia Well differentiated adenocarcinoma

10 Body Atrophy Atrophy

  5 11 Body Intestinal metaplasia Atrophy + intestinal metaplasia

12 14 Body 0−IIa Adenoma Low-grade adenoma

13   5 Antrum 0−IIa Adenoma Intestinal metaplasia

14 10 Antrum 0−Is Intestinal metaplasia Foveolar hyperplasia + intestinal
metaplasia

  6 15 Body** Fibrosis Gastritis + lymphoid
hyperplasia + fibroplasia

  7 16 Body Intestinal metaplasia Intestinal metaplasia

17 Antrum Intestinal metaplasia Intestinal metaplasia

  8 18 25 Antrum 0−IIa + IIc Neoplasia Well differentiated adenocarcinoma

  9 19 20 Antrum*** 0−Is Hyperplastic polyp Hyperplastic polyp

10 20 20 Antrum 0−IIa + IIc Neoplasia Undifferentiated adenocarcinoma

pCLE, probe-based confocal laser endomicroscopy; *, Billroth II gastrectomy; **, post chemotherapy lymphoma treatment; ***,
cirrhotic patient.
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body (n=10 lesions),  the  antrum (n=9)  and the  incisura
angularis (n=1).

pCLE results and histopathological data

pCLE properly diagnosed all the neoplastic lesions (n=9),
and  all  but  one  benign  lesions  (n=10).  Three  pCLE
suspected  malignant  early  lesions  were  confirmed
histologically  after  endoscopic  resection.  Five  resected

elevated lesions were diagnosed as low-grade adenoma and
one as high-grade adenoma. pCLE incorrectly diagnosed
one  small  antrum  lesion  (5  mm  in  size)  as  low-grade
adenoma,  however  the  final  diagnosis  was  intestinal
metaplasia, in a patient with three other lesions. The final
histological diagnosis was neoplastic in 9 and benign lesions
in 11. Thus, pCLE diagnostic accuracy was 95% (19/20
lesions).

 

Figure 1  Images of a 0−IIa gastric body lesion in a 69-year-old male with head and neck cancer under surveillance endoscopy after
radiotherapy. (A) Endoscopic image; (B) Corresponding area under probe-based confocal laser endomicroscopy (pCLE) demonstrating
elongated tubules with cells in palisade arrangement (mild irregular pits with mild width epithelial lining) suggestive of an adenoma; (C)
Histology confirmed the diagnosis of low-grade adenoma [hematoxylin and eosin stain (H&E), ×200].

 

Figure 2 Images of an elevated body lesion. (A) White-light endoscopic image; (B) Probe-based confocal laser endomicroscopy (pCLE) of a
corresponding lesion shows mild to moderate irregular glands; (C) Histological diagnosis was low-grade adenoma [hematoxylin and eosin
stain (H&E), ×250].

 

Figure 3 Images of a small elevated lesion at incisura angularis. (A) Endoscopic image; (B) Probe-based confocal laser endomicroscopy
(pCLE) shows intestinal metaplasia with dark goblet cells demonstrated by arrows; (C) Confirmed at histology [hematoxylin and eosin stain
(H&E), ×250].
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Adverse events caused by the intravenous injection of
fluorescein were not observed, although changes in skin
and urine discoloration were seen in all patients.

Discussion

The  incidence  of  gastric  cancer  remains  high  in  some
countries  of  Eastern  Asia  and  South  America  and  still
represents  the  third  leading  cause  of  cancer  deaths
worldwide (1,10).

In western countries, the majority of patients with gastric
cancer are diagnosed in an advanced stage disease, resulting
in high mortality rate (11). When early neoplastic lesions
are diagnosed, they can be managed by endoscopic mucosal
or submucosal resection due to the low risk of lymph node

metastasis (12).  Either standard or extended endoscopic
criteria,  recommended by  the  Japanese  Gastric  Cancer
Association, and by Gotoda et al., allow curative resection
of gastric lesions with good prognosis (13). Therefore, early
diagnosis is imperative to achieve less invasive treatment,
and consequently better quality of life.

Gastric cancer screening represents the optimal method
for early detection of neoplastic lesions in countries with
high incidence of this malignancy, although such strategy
has not been performed worldwide, except in few Asian
countries  such  as  Japan  or  Korea  (14).  However,  few
patients who were followed up for other malignancies at
the São Paulo Cancer Institute have benefited from upper
gastrointestinal endoscopy for screening.

pCLE has been used with high accuracy for the diagnosis

 

Figure 4 Endoscopic images of two elevated lesions. (A) Image visualized through white-light endoscopy; (B) proximal antral lesion
observed closely; (C) Probe-based confocal laser endomicroscopy (pCLE) and (D) corresponding histology [hematoxylin and eosin stain
(H&E), ×200] show low-grade tubular adenoma; (E) Pre-pyloric elevated lesion seen closely; (F) pCLE image demonstrates high-grade
adenoma with glandular severe atypia; (G) Confirmed at histology [hematoxylin and eosin stain (H&E), ×150].

 

Figure 5 Endoscopic images of 0−IIa + IIb gastric body lesion in 82-year-old male with atrophic gastritis. (A) White-light endoscopy; (B)
Probe-based confocal laser endomicroscopy (pCLE) image demonstrates architectural complexity of the glands (budding, clusters of
compact back-to-back glands within the interstitium) with severe cell irregularity; (C) Histology shows well differentiated adenocarcinoma
[hematoxylin and eosin stain (H&E), ×150].
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of gastric lesions (8). This strategy permits examination at
cellular  and  subcellular  levels,  allowing  a  1,000  times
magnification  (4,15).  Patients  with  high  risk  of  pre-
neoplastic lesions, including patients with partial gastric
resection, in which the pouch might increase the chance of
development of intestinal metaplasia and atrophy, could
benefit from the use of pCLE, since this procedure allows
easy detailed visualization of such alterations. Moreover,
atrophic stomach in patients with familial gastric cancer
risk might represent another indication for pCLE, in order
to avoid multiple tissue biopsies. In one case in our series, it
was  also  possible  to  identify,  at  the  cellular  level,  the
presence of xanthomas in a gastric atrophic pouch. Patients
with  portal  hypertension  may  also  benefit  since  pCLE
might  differentiate  benign  from  dysplastic  lesions,  as
occurred in  one patient  in  our  series  who presented an
elevated lesion at  the antrum diagnosed as  hyperplastic
polyp, which did not require resection.

Additionally, vascular patterns evaluated by pCLE might
assist  in  the  diagnosis  of  gastric  lesions,  since  neo-
angiogenesis  is  essential  for  tumor  growth  (16).  A
classification of vascular alterations by Li et al. may help
distinguish  pre-neoplastic  versus  neoplastic  lesions.
Irregularity  and  dilated  capillaries  with  heterogeneous
leakage  may  indicate  malignant  alterat ions  (8) .
Furthermore,  pCLE has  been  utilized  for  studying  the
neoangiogenesis before and after neoadjuvant therapy for
patients with advanced gastric disease, determining those
patients who had better response (16). In our case series,
pCLE was useful for detecting pre- and early neoplastic

lesions  with  high  accuracy.  Using  the  combination  of
cellular and vascular patterns,  pCLE could improve the
diagnosis and delineation of the margins of gastric lesions
that have not been clearly differentiated by high-definition
white light endoscopy, NBI and chromoendoscopy.

In summary, our study corroborates that pCLE allows
real time in vivo diagnosis of gastric lesions, regarded as an
optical biopsy. This strategy could have a relevant impact
on the treatment management avoiding further diagnostic
procedures. Tissue biopsies could be safely eliminated and
not interfere with the endoscopic resection.

This  study  has  some limitations,  including  the  small
number of patients from a single institution and the large
variety of included gastric lesions.

Conclusions

pCLE was accurate for real time histology of gastric lesions
and could be useful for the surveillance of gastric neoplastic
lesions  in  high-risk  patients.  pCLE  may  alter  the
management of patients with gastric mucosal alterations,
guiding  biopsies  and  endoscopic  resection.  Therefore,
pCLE may contribute to early diagnosis of gastric lesions
and might have an influence on the therapeutic strategy.
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Figure  6  Endoscopic  images  of  a  73-year-old  female  patient  with  late  Billroth  II  gastrectomy.  (A)  Gastric  stump  with  gastro-
jejunoanastomosis; (B) Gastric atrophy and xanthomas at the stump; (C) Gastric stump seen at retroflexed view demonstrating atrophy; (D)
Probe-based confocal laser endomicroscopy (pCLE) shows decreasing number of pits with dilated openings, within expanded lamina
propria; (E) Endoscopic image of a xanthoma; (F) pCLE shows large dark cells in the interstitium suggestive of macrophage cells; (G)
Histology confirms the diagnosis of lipid-laden macrophage cells [hematoxylin and eosin stain (H&E), ×250]; (H) pCLE at the anastomosis;
(I) Gastric side mucosa demonstrating the vessels in the interstitium; (J) Jejunal side mucosa.
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