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The Correlation between The Images from Confocal
Endomicroscopy and The Change of Gastric Mucosa
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ABSTRACT

Background: Gastric intestinal metaplasia (GIM) is a premalignant lesion for gastric cancer. Although
magnifying Fujinon intelligence chromoendoscopy (FICE) or narrow band imaging (NBI) provides a higher sensi-
tivity over white light endoscopy to diagnose GIM, its sensitivity is still suboptimal. Recently, probe-based confo-
cal laser endomicroscope (pCLE) has been introduced as a highly magnified imaging (x1,000) that may be compa-
rable to standard histology. However, only few reports on the results of pCLE to diagnose GIM are available.

Objective: To evaluate the correlation between the image from pCLE and the change of gastric mucosa.

Methods: Fifty patients, previously diagnosed GIM, underwent EGD with magnified FICE plus pCLE
by single endoscopist. Standard and magnified (x100) FICE were used as a screening tool to target the GIM lesion
for pCLE. Biopsies were taken from both GIM and non-GIM suspicious epithelium in each patient. Our goal
standard was histology that read by a clinically-blinded GI pathologist. The results were assessed by agreement
(kappa) between images from pCLE and pathological reports.

Results:  Of those 43 patients with suspected GIM by pCLE, 38 were confirmed GIM by histology. The
kappa is 0.81 which is the almost perfect agreement of both diagnostic tools. There was no gastric cancer detected
in any patients.

Conclusion: There is a very good correlation between the image from pCLE and the change of gastric
mucosa, especially GIM.
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INTRODUCTION

Gastric cancer remains the second leading cause
of cancer related death in the world from recently data
with the mortality rate of 16.3 per 100,000 in men and
7.9 per 100,000 in women(D. The incidence and mor-
tality rate are predominant in East Asia(l) and in the
fourth rank in Thailand®. Usually, gastric cancer is
asymptomatic in early stage; therefore, most patients
are in the advanced stage and incurable at diagnosis.
The pathogenesis of intestinal type gastric cancer is
sequential and multistep pathway. Moreover, the di-
rection of pathway can be reversible unless carci-
noma(®). (Figure 1) The strategies which can detect
preneoplastic and neoplastic transformations are very
beneficial because only early gastric cancer can po-
tentially be cured by endoscopic treatment.

The recent study, Imraporn and colleagues®-5),
showed that narrow-banded imaging with magnifica-
tion (NBI-ME) had a better sensitivity for gastric in-
testinal metaplasia (GIM) detection than a standard
white light endoscopy (73% VS. 13%) and could de-
tect two early gastric cancers from tissue pathology in
1-year follow-up cohort study. However, NBI-ME can-
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not differentiate among GIM, dysplasia and gastric
cancer.

Confocal laser endomicroscope (CLE) is a novel
endoscopic device which is available in 2005(®). CLE
is a powerful instrument for performing high-resolu-
tion (x1,000 time) imaging (Figure 2) to enable real-
time histology by displaying video imaging and/or
optical biopsy at the time of endoscopic examination
(in vivo histology)(7:8). There is two types of CLE; en-
doscopic-based CLE (eCLE) and probe-based CLE
(pCLE)®). The eCLE is a fluorescein-based CLE that
integrated a confocal fluorescence microscope into the
distal tip of a conventional 12.8-mm diameter flexible
endoscope (Pentax, Tokyo, Japan) (Figure 3). On the
other hand, Mauna Kea Technologies (Paris, France)
designed a 2.5-mm catheter probe with a semiconduc-
tor laser that oscillates at 685 nm with a scanning field
0f 30,000 pixels, known as pCLE(10) (Figure 4). How-
ever, eCLE imaging system provides superior resolu-
tion confocal imaging using an incident 488-nm wave-
length laser, and enables the detection of fluorescence
of 505-585 nm wavelength. In addition, it provides Z-
axis which makes it possible to scan at different depths
and visualize different histologic structures, together
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Figure 1. Multistep pathway in the pathogenesis of intestinal-type gastric cancer (Correa pathway)® (BM, bone marrow;

SPEM, spasmolytic polypeptide-expressing metaplasia).
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Figure 2. The pCLE revealed normal gastric mucosa.

Figure 4. The pCLE probe and system.
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with a 0.7 um lateral resolution whereas pCLE has a
lateral resolution of 1 um(1%. 1), The eCLE has a field
of view of 475 x 475 um with a variable imaging plane
depth of up to 250 um. Although, the pCLE system
has a fixed imaging plane, 200 um maximum depth,
its use is more versatile as it can be used with any en-
doscope. Moreover, the temporal resolution of the
pCLE system is higher (12 images/second) compared
with the eCLE (+ 1 image/second)(12) (Table 1).
Fluorescein, is a slightly acidic and hydrophilic
dye, will be used as staining substance via IV adminis-
tration. The fluorescein established a stable distribu-
tion throughout surface epithelial cells, which is regu-
lar columnar epithelium with round gland openings and
cobblestone pattern; the connective tissue matrix of
lamina proria; blood vessels, which are regular shape
visible in the deeper mucosa; and red blood cells(®:13).
It is not highly miscible with mucin; hence, mucin in
globlet cells, which indicated GIM, will appear dark(®),
Because GIM is characterized by the diminutive
lesions or microscopic abnormalities amidst large fields
of diffuse disease, biopsy targeting and adequate sam-
pling can be difficult and time consuming. Therefore,
the instant resection with confocal laser microendo-
scope is not possible. Consequently, the patient should
be diagnosed GIM via a magnifying Fujinon intelli-
gence chromoendoscopy (FICE) or NBI-ME first. And
then applying pCLE at the suspected lesion for taking
an optical biopsy seems to be the smart technique.
Nowadays, a point-scanning fiber-optic fluores-
cein confocal endomicroscope for evaluate cellular
morphology of the upper- and the lower-GI tract is pos-
sible. However, the improvement of diagnostic yield
is evaluated in only Barrett’s esophagus(13.14), colorectal
cancer(6-®), detecting Helicobacter pylori®. There is
only one study about CLE related detection of GIM

Table 1. Comparison data between eCLE and pCLE(10-12),

e¢CLE pCLE
Lateral resolution 0.7 um 1 um
Field of view 475x475 um 240x240 um
Z-axis Yes No
Versatility No Yes
Imaging plane depth Vary up to Fixed,

250 um maximum 200 um
Image/ second | 12
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Table 2. pCLE criteria for diagnosis GIM and gastric cancer(12:15),

Type of gastric tissue Vascular pattern

Cellular pattern

Normal Regular subepithelial capillary network Regular columnar epithelial with round gland
openings and cobblestone pattern
GIM Regular subepithelial capillary network Globet cell, villiform shape of foveolar epithelial,

Gastric cancer
lamina propria

Irregular capillary, vessel leakage, bright

columnar absorptive cell
Black cells with irregular boarders, disorganized
cell

which use eCLE as a diagnostic instrument(!3). They
use the Updated Sydney System Recommendation(16)
for obtaining the gastric tissue which is not the true
abnormality area. On the other hand, their strategy is
still random biopsy. No literature in pCLE plus
chromoendoscopy (FICE) for GIM-targeted biopsy was
reported.

In this study, we choose pCLE as a diagnostic
tool because it can be adaptable in all endoscopes and
used in the real life. This pCLE, called Cellvizo, pro-
vided 1 um resolution, 240 um field of view, and 60
um depth of focus(!7). We apply the criteria for diag-
nosis GIM and carcinoma from the previous publica-
tions(12.15) (Table 2). The aim of this study is to evalu-
ate the correlation between the image from pCLE and
the change of gastric mucosa.

MATERIALS AND METHODS

Study groups

The patients who were diagnosed gastric intesti-
nal metaplasia (GIM) between January 2008 and De-
cember 2009 at King Chulalongkorn Memorial Hos-
pital (KCMH) were recruited. Those who met the fol-
lowing criteria were enrolled in the study. The inclu-
sion criteria were 1) willingness to give the written in-
formed consent, 2) age 18-80 years, and 3) previously
diagnosed GIM. The exclusion criteria were 1) previ-
ous gastric surgery including gastrectomy and bypass
surgery, 2) bleeding tendency including decompensated
cirrhosis, chronic kidney disease and long-term
antiplatelets or anticoagulants, 3) pregnancy, and 4)
history of fluorescein allergy.

Study design
A total of 50 patients were eligible to the study

protocol. All patients had informed the consent. The
demographic data, clinical history, and physical exami-
nation were recorded. The appointment for esophago-
gastro-duodenoscopy (EGD) with pCLE was on sched-
ule. The magnified FICE plus pCLE was performed
by one endoscopist (RP). During the procedure, con-
scious sedation was achieved for each patient by using
2.5-5 milligrams of intravenous midazolam and 25-50
milligrams of intravenous meperidine. The vital signs
were monitored during the entire procedure. All pa-
tients were administered 10 milligrams of hyoscine
intravenously to decrease bowel movement for obtain-
ing the satisfied visualization. Simethicone solution was
rinsed to reduce mucous and gas bubble in the stom-
ach. Then, standard and magnified (x100) FICE (sta-
tion 8; 415 nm and 540 nm) (Fujinon, Tokyo, Japan)
was used as a screening tool. All suspicious lesions
detected with magnified FICE were carefully exam-
ined by pCLE (Mauna kea technologies, Paris, France)
along with 2.5 ml 10% Fluorescein sodium (Novartis
Pharmaceutical Co., Bangkok, Thailand) intravenously.
Each patient had a biopsy taken from both GIM and
non-GIM suspicious epithelium. We recorded the video
clip of pCLE imaging in order to compare with our
goal standard which was histology that read by a clini-
cally-blinded GI pathologist (NW). We also recorded
the duration and complication of the procedure. At the
end, we reported the result to the patient by phone.

Statistical analysis

All the variables collected were subjected to a
descriptive analysis. For numerical variables, the re-
sults were express as a mean £ SD. Quantitative vari-
ables were shown in percentage. For the correlation
between pCLE and histology, kappa (K) was used to
represent the agreement of these two instruments. The
value of kappa (K) for agreement evaluation are 0.01
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to 0.20 indicating poor agreement, 0.21 to 0.40 fair
agreement, 0.41 to 0.60 moderate agreement, 0.61 to
0.80 substantial agreement, and 0.81 to 1.00 almost
perfect. We calculated kappa (K) to assess the
interobserver agreement among 5 experienced readers
in pCLE images. The SPSS version 17.0 for windows
was selected for the statistical analysis.

REsuLTS

There were 43 patients (85%) who finally diag-
nosed GIM from pCLE and of these, 38 were confirmed
as GIM by histology. Baseline characteristics includ-
ing gender, age, underlying disease, history of H. py-
lori infection, history of smoking, alcohol drinking, and
family history of gastric cancer were recorded and
showed in Table 3.

Interobserver agreement, evaluated by Fleiss’s
kappa, is almost perfect (K=0.83). The correlation be-
tween pCLE and histology is the almost perfect kappa
is (k=0.81). False positive and false negative is 16.2
and 3.5 percent, respectively. The overall data showed
in Table 4. There was no gastric cancer detected. Ad-
ditionally, the mean duration in each patient is
29.40+7.76 minutes (range 20-60 minutes).

DiscussioN

GIM is defined as replacement of gastric mucosa
by intestinal epithelium which carried a malignant ten-
dency(1®). Globet cell is a very strong histological di-
agnostic clue for GIM(9). Because CLE can detect
globet cells easily, the result of this study revealed al-
most perfect of agreement in diagnostic reliability be-
tween pCLE images and histological findings.

From the present study, false positive rate seemed
to be moderately high. However, eighty percent of the
mistakes occurred in the first-half period of the study
which was a learning period of the investigator. In ad-
dition, the endoscopist needed to withdraw the probe
before taking a targeted biopsy. We tried to pressure
the pCLE probe at the lesion to make a “mark” before
withdrawal the probe; sometimes it could not identify
well causing sampling error. Double-channel endo-
scope might be the solution for this problem.

This study revealed almost perfect of agreement
in diagnostic reliability in pCLE and pathology
(k=0.83). This satisfied result might be from our prac-
tical and easy-learning diagnostic criteria in GIM us-
ing pCLE which were; 1) villous-like gastric epithe-
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Table 3. Baseline characteristics in GIM patient enrolled
in this study.

Baseline characteristics Patient (%)
Male 29 (58.0)
Age (mean * SD; yrs.) 63.1£13.5
Underlying disease 36 (72)
History of H.pylori infection 25 (50)
History of smoking 37 (74)
History of alcohol drinking 8 (16)
Family history of gastric cancer 3 (6)

Total 50 (100)

Table 4. Comparison data between pCLE and histology.

Histology
pCLE Total
GIM Normal
GIM 36 7 43
Normal 2 55 57
Total 38 62 100

lium, and 2) dark (no fluorescein uptake) goblet cells
in gastric columnar epithelium. Both criteria made 88.3
percent accuracy for diagnosis GIM.

The mean duration in each procedure was 29 min-
utes which was not much different in previous stud-
ies(15:20)_In contrast, both of the previous studies used
random biopsy strategy from Updated Sydney System
Recommendation(10) whereas present study performed
magnified FICE as a screening tool followed by pCLE.
Our study provided a more reliable and practical tech-
nique than previously report.

Base on pathology, GIM has been classified as
complete type (type I) and incomplete type (type II or
III) (Table 5)2D, and complete metaplasia is believed
to carry no risk of gastric cancer, whereas incomplete
types of metaplasia have been closely linked to adeno-
carcinoma(2). Therefore, classification of GIM is nec-
essary, in order to assess the risk of gastric cancer and
provide appropriate follow-up for GIM patients3).
However, this study did not mentioned about type of
GIM.

There were some limitations in this study. First,
pCLE cannot classify type of GIM because of the qual-
ity of pCLE images. Even though eCLE provided bet-
ter resolution than pCLE, Guo Y-T and colleagues(1®)
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Table 5. Definition of each GIM type

Definition Histologic description

Gastric intestinal
metaplasia (GIM)

Typel Closely resembles the morpho-
logy of the small intestine, with absorp-
tive enterocytes, well-defined brush
borders, and well-formed goblet cells.

Type II Incomplete metaplasia with
irregular mucous vacuoles, absence of
brush borders, and difficult-to-identify
absorptive enterocytes. Cells secrete
mainly sialomucins.

Type III Same as type II except cells
secrete mainly sulfomucins.

showed that eCLE cannot distinguish very well be-
tween incomplete and complete GIM, with sensitivi-
ties for the diagnosis of complete and incomplete GIM
are only 68.03% and 68.42%, respectively. Second,
CLE provided only gray-color images which cannot
identify the detail in histology such as nuclear-cyto-
plasm ratio, nuclear pleomorphism and hyperchroma-
tism leading to easily misdiagnose(29). Third, this novel,
real-time histological device is very expensive. And
finally, the diagnostic accuracy was also influenced by
the quality of the CLE images. With the development
of the pCLE quality, development of the technique and
operating skill individually, these problems can be over-
come. Now, we still believe that smart biopsy by pCLE
is enough to improve the accuracy rate of biopsy. Fur-
ther histological examination for confirmation and
evaluation in detail is still needed.

In conclusion, our study showed that pCLE may
useful for the diagnosis GIM with the almost perfect
agreement in diagnostic reliability between pCLE im-
ages and histological reports. Moreover, learning in in-
terpretation of pCLE images is not too difficult to make
it familiar. Currently this modality might not be suffi-
cient to replace histological examination because of
various limitations. However, further study in high-risk
patient with no previously EGD reports is essential for
fulfill the protocol as a diagnostic study. If we know
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and likely hood ratio
(LR) of this equipment, we might be apply pCLE as a
screening test for high-risk gastric cancer population
in the future.
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