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Abstract. Background/Aim: Probe-based confocal laser
endomicroscopy (pCLE) is a novel diagnostic technique that
can provide real-time imaging of tissues at the cellular level.
In this study, pCLE was applied to liver tumors and its
diagnostic value was evaluated. Patients and Methods: Ten
patients who underwent hepatectomy for liver tumors were
evaluated with pCLE from February to May 2017.
Immediately after liver resection, pCLE evaluation was
performed in the operating room as an ex vivo study. The
newly-adopted “fluorescein-dripping method” was used for
the observation. Results: First, the optimal fluorescein
exposure time for the surface of liver was defined in the
fluorescein-dripping method. Next, the distinctive findings in
the cancerous region were investigated. The characteristic
appearance of irregular arrangements of concentrated cells
under fluorescein dripping was observed in six of seven
hepatocellular carcinoma (HCC) tumors. Conclusion: In all
HCC specimens, discrimination of the cancerous region from
normal liver was possible with pCLE.

Liver cancer, such as hepatocellular carcinoma (HCC) or
intrahepatic cholangiocarcinoma, is the second leading cause
of cancer-related death worldwide (1). Metastatic liver
tumors originating from various organs are also commonly
observed. Liver resection should be selected in some patients
because of its high likelihood of cure. In patients with liver
cancer or metastatic liver tumors (especially from colorectal
cancer), the surgical margin is an important prognostic factor

for curative resection (2, 3). However, no reliable
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standardized techniques have been established to confirm a
negative liver resection margin during surgery. Therefore,
surgeons are often concerned about ensuring that complete
RO tumor resection has been performed, and intraoperative
histological diagnosis with frozen sections of resected
specimens may be needed; however, this is a time-
consuming method, and the diagnostic accuracy of frozen
sections is not satisfactory. Therefore, the development of
intraoperative and real-time diagnostic techniques that assist
in ensuring tumor-free margins is eagerly awaited, especially
in hepatobiliary surgery.

Confocal laser endomicroscopy (CLE) provides high-
resolution and real-time imaging at the cellular level based
upon its physical properties. The diagnostic capability of CLE
has been reported in surveillance of Barrett’s esophagus (4, 5),
biliary disease (6), and colorectal disease (7, 8). For greater
image contrast and enhancement, 10% sodium fluorescein is
intravenously injected before observation under CLE (9).
Although the use of fluorescein injection is generally safe (10)
and beneficial, the appearance of yellowing conjunctiva and
urine is unfavorable and may be misdiagnosed as icterus,
especially in patients undergoing liver surgery. Recently,
probe-based CLE (pCLE) was preliminarily introduced to
evaluate morphological phenotypes using surgical specimens.
Maki et al. (11) reported that pCLE enabled differentiation
between cancerous and noncancerous tissues based on the
difference in the liver autofluorescence intensity without
external fluorescence administration.

Nonaka et al. (12) performed pCLE by dripping
fluorescein directly onto duodenal epithelial tumors instead
of injecting it intravenously and obtained favorable images
for precise diagnosis. However, no reports have described
the use of fluorescein-dripping method in conjunction with
pCLE for liver specimens. Therefore, an ex vivo pilot study
was performed using pCLE with the fluorescein-dripping
method for resected liver specimens. The aim of the current
study was to optimize pCLE with the fluorescein-dripping
method for liver tumors and evaluate the capability of
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discrimination between cancerous and noncancerous regions
using this technique.

Patients and Methods

Patients. A prospective case series protocol was performed from
February to May 2017. Ten patients who underwent liver resection
for liver tumors were enrolled in the pilot study. The study was
approved by the institutional review board of Tottori University
Hospital (1702A189).

PpCLE with fluorescein-dripping method. pCLE imaging was
performed using a pCLE system (Cellvizio 100 Series; Mauna Kea
Technologies, Paris, France) consisting of a pCLE miniprobe
connected to a laser scanning unit. The miniprobe used in this study
is reusable and made for demonstration use, and with the exception
of the probe length, it has the same technical specifications as the
AlveoFlex probe (Mauna Kea Technologies). The laser scanning
unit is a software-operated opto-electronic device with a laser
source emitting at 488 nm. The microscope uses focused laser light
of the defined wavelength and passes it through a confocal aperture.
The laser beam is transported via confocal miniprobes, and a distal
lens sequentially scans it through a bundle of more than 10,000
optical fibers. Images are reconstructed in two dimensions. The
maximum field of view is 600 pm. The depth of confocal
observation is O to 50 um, and the lateral resolution is 3.5 um. After
starting the operation, three drops of fluorescein sodium (Alcon
Laboratories Inc., Fort Worth, TX, USA) are diluted with 20 ml of
normal saline and placed in a syringe in preparation for dripping.

Ex vivo observation with pCLE. All liver surgeries were performed
at the Department of Surgery, Tottori University Hospital. After
liver resection, the tumor was carefully palpated and an axial section
along the maximum diameter of the liver tumor was immediately
obtained in the operating room. The pCLE probe was gently placed
on the subjective section in a vertical orientation, and pCLE images
were collected under sequential observation with or without the
fluorescein-dripping method (Figure 1). The tumor and surrounding
tissue were examined on the common section. After dripping the
fluorescein onto the tissue, the fluorescein was adequately washed
away with 500 to 1,000 ml of normal saline.

Upon completion of imaging, the specimens underwent
histopathological diagnosis by pathologists. The pCLE findings and
pathological diagnosis were compared by investigators.

Evaluation. To evaluate the optimal use of fluorescein in the
dripping method, observations were performed at three exposure
times after fluorescein dripping (10, 30, and 60 sec) with the initial
six patients [four with HCC, one with metastatic adenocarcinoma
of the colon (MAC), and one with metastatic adenocarcinoma of
extrahepatic cholangiocarcinoma (MAEC)]. One sliced section of
each liver specimen was split into three pieces including both the
cancerous and noncancerous regions, and the fragmented section
was evaluated at each of the three fluorescein exposure times. Each
obtained image was then evaluated and the optimal exposure time
was determined. The pCLE images were compared with the
pathological diagnosis by hematoxylin and eosin staining, the
distinctive findings were investigated, and the capability and
accuracy of pCLE for discrimination between cancerous and
noncancerous regions were evaluated.
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Results

Ten patients who underwent liver resection and provided
written informed consent were enrolled in this study. pCLE
images were obtained from all 10 patients [7 with HCC, 1
with MAC, 1 with MAEC, and 1 with intraductal papillary
neoplasm of the bile duct (IPNB)]. Evaluable images were
successfully collected in all patients examined with pCLE.
Table I shows the patients’ characteristics. The patients
comprised one woman and nine men aged 60 to 87 years
(median, 76.5 years). The median tumor diameter was
3.6 cm (range=1-10 cm). The median time from resection to
bedside evaluation was 22.5 min (range=10-32 min). Based
on the pathologic examination of the fragmented slices used
for pCLE, final diagnoses and negative margins were
confirmed postoperatively in all cases.

The three above-mentioned fluorescein exposure times
were applied in the first six patients. The outline of cells in
the cancerous region gradually became more clearly
enhanced as the fluorescein exposure time increased. The
cancerous regions exhibited the greatest contrast and
enhancement in the 60-sec images. Figure 2 shows
representative images. Therefore, 60 sec was considered the
optimal exposure time for all patients.

In cancerous regions without fluorescein dripping, nine
patients (90%) showed non-distinctive images and one
patient (10%) showed a regular arrangement of cells. This
result suggests that pCLE cannot detect specific findings in
the cancerous region under morphological observation
without fluorescence. With fluorescein, the cancerous regions
showed the specific finding of an irregular arrangement of
concentrated cells in six of seven (85.7%) patients with HCC
(Figure 3). None of the noncancerous regions in the seven
patients with HCC showed these findings with fluorescein.
The appearance of an irregular arrangement of concentrated
cells showed 85.7% sensitivity for the cancerous region in
the seven patients with HCC. Additional trends among the
cancerous regions in patients with HCC included overlapping
of cells with one another, well-stained cytoplasm, unstained
nuclei, and a high nucleus/cytoplasm ratio. The remaining
one patient with HCC, one patient with MAC, and one
patient with MAEC showed an unformed granular
appearance in the cancerous region with fluorescein
dripping. Conversely, the one patient with IPNB showed a
non-distinctive appearance in the cancerous region with or
without fluorescein dripping (Figure 4).

In all patients, the noncancerous regions showed a regular
arrangement of hepatocytes with the fluorescein-dripping
method. Representative cases are shown in Figure 5.
Disappearance of the regular arrangement of hepatocytes in
the tumor and surrounding tissue indicates the border
between the cancerous and noncancerous tissue. Using the
fluorescein-dripping method, the borders between the
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Figure 1. Fluorescein dripping and pCLE evaluation after washing with normal saline.

Table 1. Characteristics of patients enrolled in this study.

Case Age/ Tumor size Final Background  Time from resection Finding in cancerous region
No. Gender (cm) diagnosis to evaluation (min) with fluorescein dripping

1 75/M 3.8 HCC, moderately differentiated F1-2 32 IACC

2 70/M 3.8 HCC, poorly differantiated F3 25 TACC

3 81/M 34 HCC, well to moderately differntiated F1 15 TACC

4 78/'M 11 HCC, well to moderately differentiated FO 15 TIACC

5 75/M 1.8 HCC, well to moderately differantiated Fl1 26 Unformed granular appearance
6 84/M 10 HCC, moderately differentiated F1 10 TACC

7 87/M 1 HCC, well to moderately differentiated F3 30 IACC

8 62/M 5 MAC FO 20 Unformed granular appearance
9 60/F 1,2 MAEC F1 18 Unformed granular appearance
10 80/M 2.5 HCC, intestinal type FO 30 Nondistinctive

HCC: Hepatocellular carcinoma; MAC: metastatic adenocarcinoma of the colon; MAEC: metastatic adenocarcinoma of extrahepatic

cholangiocarcinoma; IACC: irregular arrangement of concentrated cells.

cancerous and noncancerous regions could be detected by
recognizing the alteration of morphological findings in all
patients with HCC. Without fluorescein, the regular
arrangement could be also observed by autofluorescence of
the hepatocytes in the noncancerous regions of all cases.
Nevertheless, the boundary between the cancerous and
noncancerous regions was ambiguous without fluorescein
dripping because of the absence of enhancement of the
cancerous region. In addition, we had the opportunity to test
another demo-probe similar to the GastroFlex probe (Mauna
Kea Technologies) in some patients. The maximum field of
view of this probe is 240 pm, and it provides higher

magnification than that of the AlveoFlex probe. This probe
exhibited the tumor cells in detail, but with rather low
resolution (Figure 6).

Discussion

pCLE is a new diagnostic technology that can contribute to real-
time observation of various tissues at the cellular level (13). It
has the potential to evaluate tissue architecture at the focal plane
with high-quality imaging similar to that of pathological
examination during procedures such as endoscopy and surgery.
A preliminary study showed that pCLE was useful for the
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Non-cancerous parenchyma

Cancerous region

Figure 2. Observation of representative images at three exposure times. Scale bar=50 um.

Case 2

Case 4

Figure 3. pCLE images with fluorescein dripping in HCC cancerous regions and the corresponding pathological examination findings. Scale bar=50 um.
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Figure 5. The noncancerous region showed a regular arrangement of hepatocytes with fluorescein dripping. Four representative cases. Scale bar=50 um.

diagnosis of peritoneal metastasis in an animal model of
laparoscopy (14). The Miami classification was developed for
pCLE to distinguish normal tissue from several pathological
gastrointestinal conditions and has been applied to the
evaluation of Barrett’s esophagus, biliary disease, colorectal
disease, gastric disease, and duodenal disease (9). However,
PCLE has been infrequently applied during surgery. Only a few
ex vivo studies involving intravenous injection of indocyanine
green (15) or without fluorescence (11) have been conducted to
evaluate liver tumors. Therefore, pCLE imaging for liver tumor
remains to be adequately investigated and is a developing field
with no established diagnostic criteria or consensus.

Confocal imaging is based on tissue reflectance or
fluorescence (16, 17). Fluorescent dye, which is usually
administered intravenously, is required to obtain clear and
distinct images (9). Fluorescein has been administered
intravenously as an ophthalmological fluorescent dye since
the 1960s (18). It is one of the most commonly used
fluorescent materials for pCLE. Although fluorescein is
generally considered non-toxic (10, 19), intravenous injection
of fluorescein is not completely free from disadvantages. A
yellowish tinge to the conjunctiva and urine is a well-known
adverse effect of fluorescein injection, although the
discoloration usually fades within a few days and is not
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Cellvizio®

Figure 6. Another demo-probe similar to the GastroFlex probe shows
HCC tumor cells with high magnification. Scale bar=20 um.

emphasized. However, it may be unfavorable especially after
liver resection because it may be misdiagnosed as icterus due
to liver failure. Moreover, intravenous injection of fluorescein
is limited to only ophthalmological use in Japan. A few recent
studies have shown that the dripping of fluorescein onto the
mucosal surface during endoscopy is useful for in vivo optical
diagnosis of duodenal tumors with confocal imaging (12, 20,
21). Therefore, we devised and carried out the fluorescein-
dripping method for resected liver specimens in this ex vivo
study. To our knowledge, no previous ex vivo studies of liver
tumors using pCLE with fluorescein dripping have been
performed. In the current study, the capability of
discrimination between cancerous and noncancerous regions
in HCC specimens was demonstrated with pCLE by the
fluorescein-dripping method, which is a simple and rapid
technique. First, to explore the appropriate use of fluorescein,
the results at three different fluorescein exposure times were
examined. The use of fluorescein in the dripping method was
optimized based on these findings; specifically, the 60-sec
exposure with fluorescein followed by washing with normal
saline was determined to be the optimal technique. Next, 10
patients with liver tumors were observed with pCLE, and the
pCLE images were compared with the pathological
examination findings. The specific finding of an irregular
arrangement of concentrated cells in HCC was found with
good sensitivity (87%). Furthermore, the border between
cancerous and noncancerous regions could be detected in all
cases of HCC with fluorescein dripping. This will contribute
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to real-time determination of the surgical margin in the
operating room. Conversely, an irregular arrangement of
concentrated cells was absent in the cancerous regions of
MAC, MAEC, and IPNB. The unique imaging finding of an
unformed granular appearance was present in the cancerous
regions of the remaining patient with HCC, the patient with
MAC, and the patient with MAEC and may be associated
with rapid proliferation of tumor cells. The imaging finding
of a regular arrangement of hepatocytes, which was shown in
the noncancerous regions of all 10 cases, disappeared in the
cancerous region with fluorescein dripping. Therefore, this
phenomenon may have great potential to distinguish between
the cancerous region and the surrounding normal tissue. As
mentioned above, this new ex vivo diagnostic technique for
liver tumors using pCLE by the fluorescein-dripping method
has the potential for both diagnosis and confirmation of
negative margins.

This study has two main limitations. First, only 10 patients
were examined in this pilot study, making it difficult to
identify potential clinically relevant benefits. A further study
with a larger number of cases is needed. Second, liver tumors
are often accompanied by necrotic tissues, that may preclude
the observation of characteristic findings in target regions.

In summary, pCLE is a promising procedure for the real-
time diagnosis of liver pathologies when used with the
fluorescein-dripping method, which was herein established for
resected liver specimens. It may play a significant role in the
discrimination between cancerous and noncancerous regions
and in determination of safe surgical margins during surgery.
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