
Abstract. Background: Probe-based confocal laser endo -
microscopy (pCLE) can visualize microscopic structures at
high resolution but has not yet yielded definitive diagnostic
features of gallbladder malignancy, as opposed to benign
changes. Patients and Methods: A total of 73 patients had their
gallbladder evaluated with pCLE performed on resected
benign and malignant gallbladder surgical specimens, which
were sprayed with fluorescein. Malignant and benign features
of pCLE findings were identified on the basis of Miami and
Paris Classifications. Standard histopathological diagnoses
and individual patient pCLE findings of gallbladder lesions
were correlated. Results: Of the 73 consecutive patients that
had their gallbladder evaluated ex vivo with pCLE, 11 were
identified with gallbladder malignancy. pCLE identified
features of gallbladders examined ex vivo, including the
presence of thick dark bands and dark clumps, which together
correlated with histopathologically-determined biliary

malignancy at 100% sensitivity. Thick white bands and
visualized epithelium, also identified with pCLE, together
correlated with histopathologically-determined malignancy at
100% specificity. Conclusion: pCLE can be used for real-time
differentiation of cancerous/non-cancerous regions in the
gallbladder using the diagnostic criteria identified in the
present study.

Although gallbladder cancer is the most common cancer of
the biliary tract (1), it is one of the most difficult cancers to
diagnose.

Probe-based confocal laser endomicroscopy (pCLE) is an
imaging modality that allows in vivo microscopic imaging
of the biliopancreatic tree (2-7). pCLE has the potential to
acquire real-time histological information from biliary and
pancreatic-duct tissues (6). pCLE findings in the
pancreaticobiliary ducts were described and organized as the
Miami classification (8). Subsequently, the Paris
classification was proposed to refine this classification and
improve the diagnostic accuracy of benign inflammatory
structures (9). However, neither classification was able to
agree on definite structural features visualized by pCLE that
accurately determine gallbladder malignancy. The present
study used resected benign and malignant gallbladder
specimens, sprayed with fluorescein and imaged with pCLE,
to visualize structures that accurately determined gallbladder
malignancy. The present study demonstrated pCLE has
clinical benefits for patients to determine if their gallbladder
disease is malignant.
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Patients and Methods

Patients. This observational, single-center study utilized
retrospective data collected from the Department of Surgery, Showa
University, Tokyo, Japan, from April 2016 to March 2020. A total
of 73 consecutive patients had ex vivo pCLE observation of their
surgical gallbladder specimens.

This study was approved by the Ethics Committee of Showa
University (Institutional Renew Board protocol: 1685) and was
performed in accordance with the Helsinki Declaration. Written
informed consent was obtained from all patients.

Ex vivo microscopic imaging using pCLE. Ex vivo gallbladder
imaging used surgical specimens from patients who underwent
surgery, including cholecystectomy, and was performed using a
Cellvizio® pCLE system (Mauna Kea Technologies, Paris, France).
A total of 62 cases which were histopathologically diagnosed with
benign diseases after surgery were included among the 73 patients
in the study. For ex vivo observation, the lumen of the gallbladder
was opened following surgical resection, after which 0.1 ml of a
10% sodium-fluorescein solution, diluted in 20 ml normal saline,
was sprayed onto the surgical specimen for tissue contrast (Figure
1) (10). pCLE observation was generally possible 1 min after
spraying with fluorescein. Ex vivo microscopic examination with
pCLE was performed using a Miniprobe® (Mauna Kea
Technologies) or Gastroflex® (Mauna Kea Technologies) via direct
manual contact of the probe tip with the luminal surface of the area
to be inspected after resection. pCLE imaging was used to scan the
ex vivo specimen, after which microscopic video sequences from
the regions of interest, as indicated by the investigator, were
acquired and saved.

The pCLE findings via ex vivo observation of each case were
interpreted as either malignant or benign features based on the
Miami Classification (8) and Paris Classification (9). Three

surgeons who had prior training in the interpretation of pCLE
images reviewed the recorded microscopic video sequences and
assessed the pCLE images. Pathologists blinded to information from
pCLE observation then diagnosed the surgical specimens with
standard histopathological techniques. Thereafter, the sensitivity,
specificity, positive predictive-value, negative predictive-value, and
accuracy of the pCLE findings were determined by comparison with
standard histopathological findings.
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Figure 1. Ex vivo probe-based confocal laser endomicroscopy (pCLE) imaging of gallbladder cancer using resected surgical specimens. A: Source
of fluorescein (10%, Alcon Japan Co., Tokyo) used in the study. B: Gastroflex® image probe. C: Cellvizio® image. D: Diluted fluorescein solution
used to spray the gallbladder specimen. E: Spraying of diluted fluorescein solution onto the surgical gallbladder specimen for tissue contrast. F:
Ex vivo pCLE observation of gallbladder with manual contact of pCLE probe with the specimen.

Table I. Pathological diagnosis and surgical procedures for patients in
the study. 

                                                                                                            n

Diagnosis
   Adenocarcinoma                                                                            11
   Intracystic papillary neoplasm                                                        1
   Cholesterol polyp                                                                             2
   Chronic cholecystitis                                                                     55
   Gangrenous cholecystitis                                                                 5
   Adenomyomatosis                                                                            7
Surgical procedure
   Laparoscopic cholecystectomy                                                        6
   Extended cholecystectomy + lymphadenectomy                         17
   Bisegmental liver resection (S 4b/5)                                              1
   Extrahepatic bile-duct resection + cholecystectomy                      3
   Partial liver resection+cholecystectomy                                         8
   S4 hepatic subsegmentectomy                                                        1
   S5 hepatic subsegmentectomy                                                        1
   Right hepatic lobectomy                                                                  2
   Left hepatic lobectomy                                                                    2
   Pancreaticoduodenectomy                                                             31
   Left hepatic lobectomy + pancreaticoduodenectomy                    1



Statistical analysis. Statistical analyses were conducted using JMP
software from SAS (SAS Institute, Cary, NC, USA). The total number
of positive findings based on four pCLE-based malignant features of
gallbladder lesions was calculated as a continuous function.

Results
All pathological diagnoses and surgical procedures are
summarized in Table I. Video sequences from all patients
included were retained for evaluation. Patients with suspected
gallbladder malignancy via preoperative diagnosis underwent
extended cholecystectomy or bisegmental liver resection.

Surgical gallbladder specimens obtained from other
hepatobiliary pancreatic malignancies were also subjected to ex
vivo pCLE observation (Table I). The pathology reports showed
that no patient who suffered from other hepatobiliary pancreatic
malignancies exhibited findings of gallbladder malignancy. Six
patients who underwent laparoscopic cholecystectomy for the
treatment of cholecystitis were pathologically diagnosed with
chronic or gangrenous cholecystitis from pCLE images.

pCLE imaging of gallbladder specimens was performed
within 5 min after surgical specimen excision (Figure 2).
Suspected malignant gallbladder features based on pCLE
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Figure 2. Gallbladder cancer resected from a 72-year-old woman. A: Macroscopic image of the surgical specimen. B: Microscopic image with
hematoxylin–eosin (H-E) staining (magnification 40×). C: Microscopic image with H-E staining in the tumor area (magnification 200×). D:
Microscopic image with H-E staining in the non-tumor area (magnification 200×). E: Probe-based confocal laser endomicroscopy (pCLE) image
of the tumor area demonstrating the presence of thick dark bands (white arrow), a suspected malignant feature. F: pCLE image of the non-tumor
area demonstrating glandular structures without specific malignant features (white arrow).



findings were analyzed according to the Miami
Classification, which indicates the following pCLE features
to indicate malignancy: thick dark bands (>40 μm), thick
white bands (>20 μm), dark clumps, visualized epithelium,
and interstitial fluorescein leakage (8). However, it was not
possible to determine interstitial fluorescein leakage since
the present study applied fluorescein ex-vivo via spraying.
The Paris Classification criteria define the following pCLE
findings as benign inflammatory conditions: vascular
congestion, roughness aspect, increased interglandular space,
and thickened reticular structure (9). The pCLE findings for
gallbladder cancer (Figure 3) and cholecystitis (Figure 4) are
detailed in Table II and Table III, respectively. None of the
patients with cholecystitis whose gallbladder was imaged had
thick white bands (>20 μm) or visualized epithelium.

Table IV summarizes the sensitivity, specificity, positive
predictive-value, negative predictive-value, and accuracy of the
Miami Classification for diagnosing gallbladder malignancies.
Accordingly, in the present study, when correlated with standard

histopathological diagnosis, the presence of thick dark bands
(>40 μm) and dark clumps had 100% sensitivity in the diagnosis
of gallbladder malignancy, whereas thick white bands (>20 μm)
and visualized epithelium had 100% specificity and accuracy.

Discussion

The accuracy of gallbladder cancer diagnosis was previously
unsatisfactory despite the development of pCLE (11-14). The
present study demonstrated that pCLE can be utilized for
accurate diagnosis of gallbladder malignancy, enabling the
differential diagnosis of gallbladder malignancy and benign
disease. Several studies have evaluated the role of pCLE for
diagnosis of biliary malignancy (2-6, 8, 9), addressing the
challenges associated with the precise characterization of
biliary strictures. Accordingly, the Miami Classification
provides the criteria for pCLE diagnosis of indeterminate
biliary strictures (8), whereas the Paris Classification refines
the criteria, improving the specificity and reducing the false-
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Figure 3. Gallbladder cancer resected from a 63-year-old man. A: Hematoxylin–eosin (H-E) staining in the tumor area (magnification 100×). B:
Probe-based confocal laser endomicroscopy (pCLE) image of the non-tumor area. C: pCLE imaging revealed thick dark bands in the tumor area
(white arrow), a suspected malignant feature. D: pCLE image with thick white bands in the tumor area (white arrow), a suspected malignant feature.
E: pCLE image demonstrating dark clumps in the tumor area, a suspected malignant feature. F: pCLE image showing a visualized epithelium in
the tumor area (white arrow), a suspected malignant feature.
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Figure 4. Gallbladder chronic cholecystitis from a 76-year-old man. A: Hematoxylin and eosin staining in the inflammatory area (magnification
100×). B: Probe-based confocal laser endomicroscopy (pCLE) image of the internal surface of the gallbladder with vascular congestion (white
arrow) and roughness aspect (white arrow head), a suspected benign inflammatory feature. C: pCLE image demonstrating increased interglandular
space (white arrow), a suspected benign inflammatory feature. D: pCLE imaging revealed a thickened reticular structure (white arrow), a suspected
benign inflammatory feature.

Table II. Probe-based confocal laser endomicroscopy (pCLE) findings
diagnostic for gallbladder cancer (n=11). 

                                                         pCLE finding                     Positive, 
                                                                                                       n (%)

Malignant features              Thick, dark bands (>40 μm)         11 (100)
                                            Thick, white bands (>30 μm)         9 (81.8)
                                            Dark clumps                                   11 (100)
                                            Epithelium visualized                    10 (90.9)

Benign inflammatory          Vascular congestion                         2 (18.2)
features                               Roughness aspect                             0 (0)
                                            Increased interglandular space        1 (9.1)
                                            Thickened reticular structure          0 (0)

Table III. Probe-based confocal laser endomicroscopy (pCLE) findings
diagnostic for cholecystitis in 62 patients. 

p                                                        CLE finding                      Positive, 
                                                                                                       n (%)

Malignant features              Thick, dark bands (>40 μm)           9 (14.5)
                                            Thick, white bands (>30 μm)          0 (0)
                                            Dark clumps                                     1 (17.7)
                                            Epithelium visualized                      0 (0)

Benign inflammatory         Vascular congestion                         9 (14.5)
features                              Roughness aspect                           12 (19.4)
                                            Increased interglandular space        9 (14.5)
                                            Thickened reticular structure        34 (54.8)



positive rate (9). To our knowledge, no previous studies have
determined gallbladder lesions visualized with pCLE that
accurately correlate with histopathologically-determined
malignancy.

The present study demonstrated that the presence of
thick dark bands (>40 μm) and dark clumps, imaged with
pCLE, which have been defined as malignant features in the
Miami Classification, correlate with histopathologically-
determined biliary malignancies. Thick white bands (>20
μm) and a visualized epithelium, also defined as malignant
features in the Miami Classification, were observed in
81.8% and 90.9% of malignant cases in the present study,
respectively. Our findings also showed that the non-
malignant areas in gallbladder-cancer cases were imaged by
pCLE to have a reticular network of thin, dark branching
bands and a light gray background, defined as benign
features in the Miami Classification. The present results
demonstrate that the presence of both thick dark bands (>40
μm) and dark clumps imaged with pCLE had 100%
sensitivity for malignancy when correlated with standard
histopathological criteria. The presence of both thick white
bands (>20 μm) and visualized epithelium showed 100%
specificity and 97.3% and 98.6% accuracy, respectively, for
malignancy, when correlated with standard
histopathological diagnosis. These findings highlight the
potential use of pCLE as an auxiliary diagnostic approach
during surgery for gallbladder malignancy.

Vascular congestion and increased interglandular space,
which have been defined as features of chronic inflammatory
benign disease in the Paris Classification, were observed via
pCLE in 18% and 9%, respectively, of the non-malignant
areas of malignant cases in the present study. These results
suggest that malignancy is not indicated by chronic
inflammatory features visualized with pCLE.

At present, clinicians have the option of inserting a
pCLE probe into the gallbladder lumen for preoperative
diagnosis of gallbladder cancer. However, the present
findings suggest that the use of pCLE to image surgical
specimens immediately after resection has the potential to
provide accurate information for diagnosing malignant
lesions.

Some limitations of the current study are worth noting.
Firstly, pCLE examinations were conducted with ex vivo
surgical specimens. Moreover, fluorescein was sprayed onto
the surface of the gallbladder instead of being intravenously
injected, as in previous reports. Therefore, interstitial
fluorescein leakage, one of the defined malignant features in
the Miami Classification, was not assessed in our cases.
However, a previous study reported histopathological
similarity of intramucosal fluorescein distribution following
either intravenous administration or local mucosal application
(10). It should be noted that pCLE findings analogous to
malignant features in the Miami Classification were identified
in the present study in a small number of cases that were
histopathologically diagnosed as cholecystitis. These results
suggest that further investigation and discovery of other
pathognomonic findings are required to fully establish the
criteria for diagnosing gallbladder cancer using pCLE. Other
limitations include the small sample size, single-center design,
and unavailability of frozen sections for diagnosis with pCLE.
Further large-scale, multi-center studies would certainly
confirm the initial findings demonstrated in this study.

In conclusion, the present study has demonstrated pCLE
has the potential to improve current limitations for accurately
diagnosing gallbladder malignancy.
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Table IV. Diagnostic power of probe-based confocal laser endomicroscopy for gallbladder cancer. 

Feature                                                    Sensitivity              Specificity               Positive predictive              Negative predictive                 Accuracy
                                                                     (%)                          (%)                             value (%)                              value (%)                              (%)

Thick, dark bands (>40 μm)                    100.0                          85.5                                    55                                     100.0                                   87.7
Thick, white bands (>30 μm)                    81.8                        100.0                                  100                                       96.9                                   97.3
Dark clumps                                             100.0                          82.3                                    50                                     100.0                                   97.3
Epithelium visualized                                 90.9                        100.0                                  100                                       98.4                                   98.6



tumor analysis and fluorescence-guided cancer surgery. Dr.
Koizumi was a beloved colleague, friend and teacher, and his
sudden and unexpected passing has devastated all who knew him.
The present study, Dr. Koizumi’s last paper, will serve as a lasting
memorial of him.
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