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Background/Aims: Probe-based confocal laser endomicroscopy (pCLE) requires the administration of intravenous (IV) fluorescein.
This study aimed to determine the optimal dose of IV fluorescein for both upper and lower gastrointestinal (GI) tract pCLE.
Methods: Patients 20 to 79 years old with gastric high-grade dysplasia (HGD) or colorectal neoplasms (CRNs) were enrolled in the
study. The dose de-escalation method was employed with five levels. The primary endpoint of the study was the determination of
the optimal dose of IV fluorescein for pCLE of the GI tract. The reduced dose was determined based on off-line reviews by three
endoscopists. An insufficient dose of fluorescein was defined as the dose of fluorescein with which the pCLE images were not
deemed to be visible. If all three endoscopists determined that the tissue structure was visible, the doses were de-escalated.

Results: A total of 12 patients with gastric HGD and 12 patients with CRNs were enrolled in the study. Doses were de-escalated to
0.5 mg/kg of fluorescein for both non-neoplastic duodenal and colorectal mucosa. All gastric HGD or CRNs were visible with pCLE

with IV fluorescein at 0.5 mg/kg.

Conclusions: In the present study, pCLE with IV fluorescein 0.5 mg/kg was adequate to visualize the magnified structure of both the

upper and lower GI tract. Clin Endosc 2021;54:363-370
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INTRODUCTION

The development of probe-based confocal laser endomi-
croscopy (pCLE) has allowed endoscopists to observe gastro-
intestinal (GI) lesions with thousand-fold magnification and
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real time in vivo histologic evaluation of the lesions." Several
prior studies have already shown the usefulness and safety of
optical biopsy using pCLE in the field of gastroenterology””
and it has further been reported that pCLE is relatively easy
to learn.”” Intravenous (IV) fluorescein is an essential contrast
agent required to obtain clear images with pCLE. Although
rare, severe adverse reactions to IV fluorescein, that may
lead to life-threatening conditions,”"” have been reported.
Furthermore, the incidence of nausea and vomiting after IV
administration of fluorescein has been reported to be as high
as around 6% for nausea and 1% for vomiting.""* Ethnic
variation has also reported for fluorescein induced nausea and
vomiting, with a higher risk of occurrence in Asian individuals
compared to Caucasian individuals."* Moreover, a dose-de-
pendent adverse reactions response for IV or intrathecally ad-
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ministered fluorescein has been reported.”" Typically, an TV
dose of fluorescein used for GI pCLE is 250 or 500 mg (roughly
4-8 mg/kg) for fluorescein angiography. The optimal dose
for IV fluorescein during pCLE is still controversial. Taking
into consideration the dose-dependent risk of adverse events
and the ethnic variation of fluorescein related reactions, such
as fluorescein induced nausea, we investigated whether per-
forming pCLE with a lower IV fluorescein dose compromises
image quality in Asian patients.

The aim of this study is to investigate the optimal dose of
IV fluorescein for pCLE of the upper and lower GI tract using
non-neoplastic duodenal and colorectal mucosa.

MATERIALS AND METHODS

Study design and patients

This study was conducted between February and October
in 2017 in a single center. The inclusion criteria were Japanese
patients aged 20 to 79 with gastric high-grade dysplasia (HGD)
or colorectal neoplasms (CRNs) scheduled for either endo-
scopic resection or surgery. Gastric HGD was diagnosed by
biopsy while CRNs were diagnosed endoscopically. The major
exclusion criteria were clinically significant medical conditions
that could potentially affect study participation as determined
by the investigator, including but not limited to the following
conditions: (1) risk of biopsy or endoscopic resection due to
comorbidities (e.g., hematological diseases), (2) inability to
discontinue antithrombotic agents, (3) known allergies or hy-
persensitivity to fluorescein, (4) liver and/or kidney dysfunc-
tion (aspartate aminotransferase >100 U/L, alanine amino-
transferase >100 U/L, serum creatinine > 1.5 mg/dL), and (5)
inflammatory bowel disease. The primary endpoint was the

Table 1. Decisions according to the Results of Each Level

determination of the optimal dose of IV fluorescein for pCLE
of the GI tract. Secondary endpoints were the visibility of the
histological microstructure on the pCLE and the frequency of
adverse reactions. The present study was conducted following
the ethical guidelines of the 1975 Declaration of Helsinki, was
approved by the institutional review board of National Cancer
Center Hospital, Tokyo, Japan (2016-219), and was registered
in the University Hospital Medical Information Network
(UMIN) clinical trials registry (UMIN000027696). The num-
ber of target cases depended on the progress of the study, and
there was an estimate of 12 to 24 cases. Written informed con-
sent was obtained by all participants prior to protocol-specific
examination procedures.

Endoscopy equipment and pCLE procedure

Each endoscopic procedure was performed with a
high-definition gastroscope (GIF-H290Z; Olympus, Tokyo,
Japan) or colonoscope (PCF-H290Z/I; Olympus). A black soft
cap (MAJ-1989 or MAJ-1990; Olympus) was attached to the
tip of the endoscope according to the endoscopist’s preference.
The pCLE device used for the present study was Gastro Flex
UHD (Cellvizio; Mauna Kea Technologies, Paris, France) with
a diameter of 2.6 mm and lateral resolution of 1 um. The pCLE
probe was attached to the mucosa vertically and it took around
10 seconds to observe each target lesion while determining a
stable scope position with the use of a straight endoscopic cap.

Study examination flow

This study used a dose de-escalation method that has pre-
viously been used in a phase I clinical trial.' An insufficient
dose (ID) of fluorescein was defined as a dose with which the
pCLE images were obscure or not visible. Five levels were set
and the fluorescein dose of each level were 5 mg/kg, 4 mg/kg,

Level Dose of IV fluorescein (mg/kg) The number of ID in 3 cases Decision
5 5 0 Optimal dose is level 5
1< Difficult to reduce the dose of IV fluorescein
4 4 (initial dose) 0 Go to level 3
1< Go to level 5
3 2 0 Go to level 2
1< Optimal dose is level 4
2 1 0 Go tolevel 1
1< Optimal dose is level 3
1 0.5 (minimal dose) 0 Optimal dose is level 1
1< Optimal dose is level 2

ID, insufficient dose; IV, intravenous.
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2 mg/kg, 1 mg/kg, and 0.5 mg/kg (Table 1). Three cases were
planned for each level. The planned initial dose of fluorescein
was set as 4 mg/kg which was administered to three patients
with gastric HGDs. The same method was adopted for pa-
tients with CRNs.

The flow of examination is shown in Fig. 1. All examina-
tions were performed by expert endoscopists. An expert en-
doscopist was defined as a board certified fellow or trainer of
the Japan Gastroenterological Endoscopy Society. Regarding
the upper GI tract, for patients with the preoperative diagnosis
of HGD, first we performed endoscopic examinations with
white light imaging, chromoendoscopy with indigo carmine
dye, and magnifying narrow band imaging (NBI). Next, the
planned dose of IV fluorescein was administered and pCLE
was performed by inserting the pCLE probe through the biop-
sy channel of the endoscope and gently positioning the probe
in direct contact with the mucosa. Non-neoplastic mucosa of
the duodenal bulb was observed at 30 seconds, 5 minutes, and
10 minutes after IV fluorescein administration. HGD was ob-
served with pCLE between the intervals of pCLE examination
of non-neoplastic duodenal mucosa. All pCLE examinations
were video recorded.

Similarly, for the lower GI tract, we first performed preop-
erative examination including white light imaging, chromo-
endoscopy with indigo carmine dye, and magnifying NBI
diagnosis according to the Japan NBI expert team (JNET) clas-
sification'” for CRN. Next, the planned dose of IV fluorescein
was administered and the pCLE probe was inserted through
the biopsy channel of the endoscope and gently positioned in

Study flow
» Study

‘(@‘ Esophagogastroduodenoscopy
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direct contact with the mucosa. Non-neoplastic colorectal mu-
cosa close to the CRNs was observed at 30 seconds, 5 minutes,
and 10 minutes after IV fluorescein. CRNs were observed with
PCLE between the intervals of pCLE examination of non-neo-
plastic colorectal mucosa.

The blood pressure, heart rate, oxygen saturation, and respi-
ratory rate for all enrolled patients were monitored during and
after the procedure. Furthermore, at the time of the follow-up
outpatient visit, 2 or 3 weeks after the endoscopic examina-
tion, we monitored the development of any adverse reactions
and all patients were asked whether they had developed any
known symptoms such as nausea, vomiting, itchiness, or yel-
lowish urine after IV fluorescein administration.

On-site diagnosis and off-line review

On-site diagnosis of HGDs or CRNs was made by the
endoscopists who performed the examination. The video
of pCLE was reviewed off-line by three expert endoscopists
(KL, SA and YS) to evaluate the visibility of tissue structure.
Each expert reviewed the recorded videos independently and
evaluated the visibility of the tissue structure by pCLE at the
determined time intervals of 30 seconds, 5 minutes, and 10
minutes. They each judged the results as visible or invisible.
The judgment of visibility was defined as a condition where
the tissue structure by pCLE was visible according to the Mi-
ami classification.”® The judgment of invisibility was defined
as a condition where the tissue structure by pCLE was obscure
and difficult to interpret. Furthermore, the visibility of pCLE
features of HGDs and CRNs were reviewed.

<|:3> Colonoscopy

IV fluorescein IV fluorescein
pCLE for non-neoplastic PCLE for non-neoplastic
duodenal mucosa colorectal mucosa
=T — = —
WLE 30sec 5min 10 min WLE 30sec 5min 10 min
chromo ‘ ‘ chromo r ‘
M-NBI M-NBI
CLE f¢ tric HGD CLE for CRN:

for gastric P O BESEE ° for CRNs P o )
HGDs

Fig. 1. The flow of the study for gastric high-grade dysplasia (HGD) and colorectal neoplasms (CRNs). The planned dose of fluorescein was administered after white
light imaging, chromoendoscopy, and magnifying narrow band imaging (M-NBI) for (A) gastric HGD and (B) CRNs. Non-neoplastic duodenal mucosa or colorectal
mucosa were observed at 30 seconds, 5 minutes, and 10 minutes with probe-based confocal laser endomicroscopy (pCLE). During the period between the times set
for pCLE examination of non-neoplastic mucosa, HGDs and CRNs were observed with pCLE. IV, intravenous; WLE, white light endoscopy.
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Dose de-escalation

The dose was de-escalated to the next lower level if the
tissue structure of all three cases were judged as visible by all
reviewer endoscopists. An ID was defined as the dose where at
least one of the three endoscopists judged that tissue structure
was not visible in the off-line review at the timing of 10 min-
utes after IV fluorescein administration. The optimal dose was
defined as the dose 1 level higher than ID. If the tissue struc-
ture of all three cases were judged as visible at level 1, level 1
was defined as the optimal dose. The study flow of the dose
de-escalation method used is summarized in Table 1.

Table 2. Lesion Characteristics of All Cases in the Present Study

Upper GI tract

Location, n

Upper stomach 4

Middle stomach 4

Lower stomach 4
Lesion size, median, mm (range) 12 (8-30)
Macroscopic type, n

0-IIb 1

0-Ilc 11
Ulcer, n

Present 2

Absent 10
Pathological findings, n

Differentiated type 10

Undifferentiated type 2
Lower GI tract

Location, n
Rectum 3
Sigmoid colon 2
Transvers colon 3
Ascending colon 4
Lesion size, median, mm (range)
Macroscopic type, n
0-1
0-I+0-IIa
0-I+0-IIc
0-IIa
0-ITa+0-IIc
0-Ilc
Pathological findings, n
Low grade dysplasia

—_— = N =N

High grade dysplasia
Sessile serrated adenoma/polyp 1

GI, gastrointestinal.

366

RESULTS

A total of 24 patients, 12 with gastric neoplasms and 12 pa-
tients with CRNS, were enrolled in this study. There were 11
men and one woman with gastric lesions, and four men and
eight women with CRNS, respectively. The median age was 72
years (61-77) and 66 years (41-79), respectively. The lesion
features in the present study are shown in Table 2.

For the upper GI tract, no ID was identified, and the dose
was de-escalated to 0.5 mg/kg IV fluorescein (Table 3). The
median weight of enrolled patients was 58 kg (46-80). The
median administered fluorescein dose was 75 mg (29-300).
Furthermore, the tissue structure of all HGDs was observed
successfully with pCLE at all dose levels. On-site pCLE diag-
nosis also revealed that it was possible to evaluate the surface
structure of HGD at any level.

In regard to the lower GI tract, no ID was experienced ei-
ther and the doses were de-escalated to 0.5 mg/kg IV fluores-
cein (Table 3). The median weight of enrolled patients was 51
kg (43-91). The median administered fluorescein dose was 84
mg (21-364). Further, the tissue structure of all CRNs was ob-
served successfully with pCLE at all dose levels. On-site pCLE
diagnosis also revealed that it was possible to evaluate the sur-
face structure of CRN at any levels.

No adverse reactions were encountered with the 23 cases,
with only one patient presenting with yellowish urine after
level 4 IV fluorescein administration.

Table 3. Dose of the Fluorescein and Visibility of Tissue Structure in Probe-
Based Confocal Laser Endomicroscopy

Non-neoplastic mucosa of Non-neoplastic mucosa of

duodenal bulb colorectal mucosa
Level Weight Dose Visibility Weight Dose Visibility
(kg)  (mg/ (kg)  (mg/
body) body)
4 76 300 Visible 47 188 Visible
4 65 260 Visible 52 208 Visible
4 53 212 Visible 91 364 Visible
3 51 102 Visible 60 120 Visible
3 80 160 Visible 67 134 Visible
3 46 92 Visible 71 142 Visible
2 52 52 Visible 44 44 Visible
2 55 55 Visible 43 43 Visible
2 58 58 Visible 47 47 Visible
1 76 38 Visible 43 21 Visible
1 59 29 Visible 66 33 Visible
1 58 29 Visible 50 25 Visible




Inoki K et al. Gl pCLE with a Reduced Dose of Fluorescein

Fig. 2. Arepresentative case of duodenal mucosa and gastric high-grade dysplasia (HGD) observed with probe-based confocal laser endomicroscopy (pCLE) with 0.5
mg/kg of fluorescein. (A) Duodenal mucosa observed with pCLE, villiform architecture is seen (arrow), (B) gastric HGD located at the posterior wall of the antrum with
white light imaging, (C) HGD observed with pCLE, dark irregular epithelium is seen (arrow), and (D) hematoxylin and eosin stain of HGD.

Fig. 2. shows a representative case of pCLE findings with 0.5
mg/kg of IV fluorescein for the duodenal mucosa and gastric
HGD. The duodenal glands were visible with pCLE at 10 min-
utes after IV fluorescein administration. The 22 mm gastric
lesion with HGD was located at the posterior wall of the an-
trum, which was also visible with pCLE. Fig. 3. shows a repre-
sentative case of pCLE findings with 0.5 mg/kg IV fluorescein
for the non-neoplastic colon mucosa and a serrated lesion.
The colonic glands were visible with pCLE at 10 minutes after
IV fluorescein administration. The sessile serrated adenoma,
located at the ascending colon, was also visible with pCLE.

DISCUSSION

Although pCLE for GI lesions is a useful modality which
enables endoscopists to perform optical biopsy, IV fluorescein
is necessary to visualize the micro surface and micro vessel
structures. In the present study, we aimed to determine the
optimal dose of pCLE for colorectal and duodenal mucosa.
The dose of fluorescein was successfully de-escalated from the
corresponding dose used during angiography to level 1 (the
minimum dose), and only a small amount of fluorescein (0.5
mg/kg) was sufficient to visualize the non-neoplastic duodenal
and colorectal mucosa features. Furthermore, all target lesions
were also visible by pCLE with the minimal dose at 10 min-
utes, thus it was considered feasible to perform a pretreatment
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Fig. 3. A representative case of non-neoplastic colon mucosa and the colonic neoplasm observed with probe-based confocal laser endomicroscopy (pCLE)
administrating 0.5 mg/kg of fluorescein. (A) Non-neoplastic colon mucosa observed with pCLE, dark goblet cells are seen (arrows), (B) sessile serrated lesion (SSL)
located at the ascending colon with white light imaging, (C) SSL observed with pCLE, dilated crypts are seen (arrow), and (D) hematoxylin and eosin stain of the SSL.

endoscopic examination before pCLE. No fluorescein related
adverse reactions were encountered in the present study ex-
cept in one patient who developed yellowish urine with the
level 4 dose of fluorescein.

In the literature, there is another study that investigated the
optimal IV fluorescein dose for pCLE. Zhang et al. reported
that 2 mg/kg of IV fluorescein was optimal for the observation
of gastric intestinal metaplasia.”” In the present study, 0.5 mg/
kg of fluorescein was sufficient to visualize the tissue structure.
The different results among studies could be explained by the
fact that the target lesions in the present study were duodenal
or colorectal mucosa, in which much less inflammation exists
compared with GI metaplasia. It has been previously report-
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ed that inflammation in the bile duct caused by pre-stenting
may interfere with the pCLE diagnosis.” By comparing with
cases without biliary inflammation, the accuracy of pCLE
diagnosis for biliary stenosis was lower in cases with biliary in-
flammation. There is the possibility that inflammation caused
by Helicobacter pylori infection may also interfere with the
pCLE diagnosis. Shahid et al. investigated the optimal dose
of fluorescein during pCLE for colon mucosa and concluded
that 500 mg of fluorescein may be optimal.” They performed
pCLE using several classes of 10% fluorescein dosage (0.5 mL,
1 mL, 2.5 mL, 5 mL, 7.5 mL, and 10 mL). In contrast, we used
doses of fluorescein per kg, which is more precise for each
individual patient, in the present study. Although the optimal



dose suggested in that study was higher than that of our study,
the number of cases was small, and it is still difficult to make
a robust conclusion at present. Nonaka et al. reported the use-
fulness of local fluorescein application during pCLE.”* They
successfully obtained pCLE images by only several drops of
10% fluorescein using a catheter for dispersion. From their
study, it was thought that only a small amount of fluorescein
was satisfactory to conduct pCLE. Their report supports the
result of the present study in that the dosage of fluorescein
needed for pCLE is extremely low.

No serious adverse reactions related to the administra-
tion of IV fluorescein were experienced in the present study.
Although it has been reported that the frequency of serious
adverse reactions after IV fluorescein were low," ' the frequen-
cy of mild adverse reactions, including nausea, have been re-
ported to be relatively high.""* The effectiveness of a reduced
dose of IV fluorescein for specific patients has been reported
by Xu et al."’ They reported that among 17 patients who had
two repeated IV fluorescein angiography tests and an adverse
reaction on the first IV fluorescein angiography test, the rate of
adverse reactions on the second test was lower in patients who
received a reduced dosage of IV fluorescein (n=14) compared
to those with the standard dosage (n=3) (35.7% vs. 66.7%).
Considering the relatively high rates of fluorescein related
adverse reactions, a reduced or minimal dose of fluorescein
may be an alternative and safe solution for patients. However,
it may be difficult to avoid anaphylactic reaction as these may
occur regardless of the dose of fluorescein.

As previously described, pCLE with local fluorescein ap-
plication, rather than IV administration of fluorescein, has
recently been reported.””* Although the use of local fluoresce-
in application seems to be effective and safe, an investigation
into the adverse reactions with a large number of cases has not
been performed yet. Further studies are therefore necessary
to investigate the safety of pCLE with local fluorescein appli-
cation. Tashima et al. reported the effectiveness of dripping
of food additives (curcumin and tartrazine) as an alternative
fluorescent dye to examine a duodenal tumor ex vivo.** In
addition to the attempt to reduce the dose of IV fluorescein, a
local application of fluorescent dye may become a solution for
patients who have a severe allergy to fluorescein; however, the
standard clinical use remains IV administration as fluorescein
leakage from abnormal vessels cannot be identified with local
fluorescein alone. Recent investigations have demonstrated
that fluorescein leakage reflects microcirculatory disturbances
and is considered to be an important finding to identify malig-
nant lesions or inflammatory mucosa of ulcerative colitis.”*’

The present study has several limitations. Firstly, this is a pi-
lot study and it is difficult to draw a solid conclusion; neverthe-
less, it highlights the potential dose reduction of IV fluorescein
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during pCLE. Secondly, the judgment of ID was subjective as
off-line reviews were carried out by three endoscopists inde-
pendently to ensure objectivity. Thirdly, in the present study
we investigated the optimal dose of fluorescein only for duo-
denal and colorectal mucosa. Although bleeding in the target
lesion usually disrupts the precise evaluation with NBI, pCLE
can be performed regardless of bleeding. Correspondingly, the
development of pCLE enables us to perform an optical biopsy
of several other organs, including the esophagus,” lung,” bili-
ary tract,”’ pancreas,” and urinary tract.” The optimal dose of
fluorescein for lesions with inflammation and in other organs
may differ and these should be investigated individually. Fur-
thermore, it is not clear whether sequential dynamic imaging
using pCLE could be performed with a low dose of fluoresce-
in.

In conclusion, in the present study, the use of a fluorescein
iv dose of 0.5 mg/kg was feasible and sufficient to visualize the
magnified structure of non-neoplastic duodenal or colorectal

mucosa, as well as that of gastric HGD or CRNs, in Asian indi-
viduals.
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