
Abstract. Background/Aim: This study investigated the use of
near-infrared fluorescent imaging for securing safe margins
during liver resection. Patients and Methods: This study included
125 patients who underwent liver tumor resection in 2014-2018.
Indocyanine green testing was performed 2-14 days before
surgery. Histopathological specimens of hepatocellular
carcinoma (HCC) and colorectal liver metastasis (CRLM) were
evaluated using fluorescent microscopy. Results: Fluorescence
microscopy identified signals in 26/53 (49.0%) and 36/72 (50%)
cases of HCC and CRLM, respectively. HCC demonstrated total,
partial, rim, and combined fluorescence patterns; CRLM
uniformly demonstrated rim fluorescence. Although rim
fluorescence was seen in both HCC and CRLM, no malignancy
was confirmed pathologically in the peritumoral area
demonstrating fluorescence. The median widths of fluorescence
from the tumor edge in HCC and CRLM were 1227.5 μm and
1608 μm, respectively, with no significant difference. Conclusion:
Near-infrared fluorescent imaging can reliably detect safe
surgical margins intraoperatively during liver resection.

Indocyanine green (ICG) binds to proteins in the blood and
emits fluorescent signals at near-infrared (NIR) wavelength
(1). ICG fluorescence imaging is widely applied in various
surgical fields. In liver surgery, ICG fluorescent imaging is

used in tumor detection, tattooing, biliary tract contrast, and
liver segmentation (2-4).

ICG is taken up by hepatocytes and is excreted in the bile;
however, the ICG excretion process inside and around the
tumor is abnormal, and is characterized by stagnation due to
disordered excretion (5). On irradiating the ICG stagnated
inside and around the tumor with NIR light, it emits a
fluorescent signal. This is useful for identifying tumors
intraoperatively (6, 7). 

Intraoperative ultrasonography (IOUS) and palpation are
usually performed for the identification of liver tumors
during the procedure. Laparoscopic liver resection has
become popular in recent years; however, palpation and
visualization of liver tumors with IOUS is difficult in
laparoscopic surgery, owing to the operational difficulties of
laparoscopic ultrasonography. Therefore, the identification
of liver tumors using ICG fluorescence signals is an
extremely useful tool in laparoscopic liver surgery. 

Aoki et al. reported that ICG fluorescent imaging may be
used as navigation technology for determining the surgical
margins of tumors (8). Previous reports have focused on the
macro- and microscopic features of liver cancer resected
under fluorescence guidance and there is a general agreement
that the surgical margin may be jeopardized if fluorescence
signals are exposed on the transection plane. Liver
parenchymal transections are therefore carefully performed
to prevent exposure of fluorescence (5, 9-12). However, the
pathological validity of using NIR fluorescence to secure the
surgical margin has not been confirmed by examining the
fluorescence range under fluorescence microscopy before. 

In this study, we evaluated the relationship between NIR
fluorescence imaging and surgical margin pathology by
investigating the fluorescence range and pattern, and
microscopically validating the surgical margin with fluorescence
microscopy.
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Patients and Methods

This study was approved by the Ethics Committee of Showa
University (approval number: 3008) and was performed according
to the guidelines of the Declaration of Helsinki.

Patients. In this retrospective study, we included 125 patients who
underwent liver resection for hepatocellular carcinoma (HCC, n=53)
or colorectal liver metastasis (CRLM, n=72) at the Department of
General and Gastroenterological Surgery of Showa University,
between January 2014 and December 2018. The patient
characteristics are shown in Table I.

Fluorescence microscopy. The pathology specimens were obtained
at Showa University, and were fixed with formalin, sectioned at a
thickness of 7 μm, and stained with hematoxylin and eosin. Tissue
sections were selected in which the tumor was surrounded by
normal liver tissue.

Pathology images were visualized under a fluorescence
microscope (BZ-X800; Keyence, Osaka, Japan) using the navigation
function, with a replaced objective lens (×1). The exposure time was
2 s. Each image was prepared by tiling observed images using the
joint imaging system of the built-in fluorescence microscope. An
ICG filter (OP-87767; Keyence) was used as an NIR light source to
observe the ICG fluorescence signal directly in the pathology
specimen, without using fluorescence antibodies. The width of
fluorescence area around tumor was measured using the analysis
application (Keyence, Osaka, Japan). 

Classification of fluorescence patterns of liver cancer by fluorescence
microscopy. The fluorescence pattern in each case was classified as
either total fluorescence i.e. all the cancer tissue showed uniform
fluorescence, partial fluorescence i.e. part of the cancer tissue showed
fluorescence, rim fluorescence i.e. only the surrounding liver
parenchyma showed fluorescence, or combined fluorescence i.e. both
the cancer tissue and surrounding liver parenchyma showed
fluorescence (Figure 1). The rim-negative group included total and
partial fluorescence types, while the rim-positive group included rim
fluorescence with total, or partial fluorescence types.

Procedure. The preoperative ICG test for liver function (0.5 mg/kg
i.v., Diagnogreen; Daiichi Sankyo, Tokyo, Japan) was usually
administered 2-14 days before the surgery. ICG was only
administered at that time, and not intraoperatively. 

Preoperative image simulation was performed using the volume
analyzer Synapse Vincent (Fujifilm Medical, Tokyo, Japan), which
is a three-dimensional analysis system for optimal planning of port
placement and enhanced visualization of vessels, bile ducts, and
tumors. IOUS was performed before and during liver resection for
the detection of tumors. 

The PINPOINT Endoscopic Fluorescence Imaging System
(Stryker, Kalamazoo, MI, USA) was used to detect the tumors and
evaluate the surgical margins, and the liver parenchyma was
carefully transected to prevent exposure of the fluorescent signal
from the tumors. After liver resection, the absence of ICG
fluorescence in the transected plane of the residual liver was
confirmed. Surgical specimens were cut to include the maximum
diameter of each tumor based on immediate gross inspection using
the fluorescent imaging system in the operating room (SPY Portable
Handheld Imaging System; Stryker). 

Statistical analysis. Continuous data were expressed as median (range)
values. Categorical exact data and continuous data were compared
using the Fisher exact and Wilcoxon rank-sum tests, respectively. A p-
value <0.05 was considered statistically significant.

Results

Patients characteristics. We evaluated the pathology of 26 and
36 surgical specimens of HCC and CRLM, respectively, under
fluorescence microscopy. Table I summarizes the characteristics
of the patients with HCC and CRLMs. Patients with HCC had
a significantly higher prevalence of chronic hepatitis and
cirrhosis and higher ICGR15 than those with CRLM (Table I).

Classification fluorescence patterns of liver cancer by
fluorescence microscopy and its characteristics. The
fluorescence patterns observed in HCC cases were as
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Table I. Patient characteristics. 

                                                        HCC               CRLM           p-Value
                                                        n=26                 n=36                   

Age, years
   Median (range)                       72 (59-85)      67.5 (34-85)          0.04
Gender, n
   Male                                               18                     23                   0.78
   Female                                             8                      13                     
Background liver status, n   
   Normal                                           10                     35                <0.001
   Chronic hepatitis                           14                      1                      
   Cirrhosis                                          2                       0                      
Child–Pugh score, n
   A                                                     23                     36                   0.07
   B                                                      3                       0                      
ICG R15
   Median (range)                        13 (4-38)           9 (2-34)              0.03
Days between ICG
injection and surgery
   Median (range)                         5 (2-40)            5 (2-34)              0.81
Procedure
   LLR                                                11                     19                   0.8
   VATS-H                                           3                       2                      
   Laparotomy                                    12                     15                     
   Hr0                                                 16                     27                   0.27
   Hrs                                                   5                       3                      
   Hr-LLS                                            1                       3                      
   Hr1                                                  1                       1                      
   Hr2,3                                               3                       2                      
Size of tumor, mm
   Median (range                         25 (5-130)        30 (10-75)            0.24

ICG R15: Indocyanine green retention rate at 15 minutes; LLR:
laparoscopic liver resection; VATS-H: video-assisted thoracoscopic
surgery hepatectomy; Hr0: partial resection; Hrs: subsegmentectomy;
Hr-LLS: left lateral segmentectomy; Hr1: segmentectomy; Hr2.
bisegmentectomy; Hr3: trisegmentectomy. Bold values indicate
statistical significance. 
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Figure 1. Pathological indocyanine green (ICG) fluorescence patterns in hepatocellular carcinoma (HCC) and colorectal liver metastasis (CRLM). Left
panel: Cancer tissues stained with hematoxylin and eosin. Right panel: Images merged with the ICG fluorescence in the cancer tissues. All specimens were
directly observed using a ×1 objective lens under the ICG filter. A: Total fluorescent type; moderately differentiated HCC. B: Partial type; well-differentiated
HCC. C: Rim type; moderately differentiated HCC. D: Combined type; moderately differentiated HCC. E: Rim type; metastasis of colon carcinoma. 



follows: Total in eight cases, partial in three, rim in 10, and
combined type in five (total plus rim in two; partial plus rim
in three) (Table II). Only the rim fluorescence type was
observed in all CRLM cases.

Well-differentiated carcinomas were more common in
HCCs with a total fluorescent type than in HCCs with other
fluorescent types (p<0.001; Table III).

Patients with HCC were classified into two groups, those
with rim-positive fluorescence and those with rim-negative
fluorescence. The rim-negative group included total and
partial fluorescent types, while the rim-positive group
included rim fluorescence with total, or partial fluorescence
types. The stage and grade of fibrosis were significantly
higher in the rim-positive than in the rim-negative group
(p=0.033; Table IV). 

Width of fluorescence surrounding tumors. In CRLM cases,
the width of the fluorescence from tumors was ≥1 mm from
the tumor edge in 28 (77.8%) cases and <1 mm in eight
(22.2%) cases (Table V). All cases of CRLM exhibited the
rim fluorescence pattern, and the median width of
fluorescence from the tumor edge was 1608 μm (range=304-
7467 μm) (Table VI).

In HCC, 11 cases (42.3%) had a rim-negative fluorescence
pattern, i.e. the width of fluorescence surrounding the tumor
was 0. In HCC cases with rim-positive fluorescence patterns
(15 cases), the fluorescence width was ≥1 mm from the tumor
edge in 11 (42.3%) cases and <1 mm in four (15.4%) cases.
Patients with HCC, including those with a rim-negative
fluorescence pattern, had a significantly higher prevalence of
fluorescence width <1 mm than those with CRLM. In HCC,

the median width of fluorescence from the edge of the tumor
was 1,227.5 μm (range=0-110,100 μm). However, there was
no significant difference in the width of fluorescence between
HCC and CRLM (Table VI). The were no malignant findings
histopathologically in the area with fluorescent signals
surrounding the tumor in either HCC nor CRLM cases (Figures
2 and 3). Fluorescence microscopy did not identify fluorescent
signals in 27 out of 53 (51.0%) cases of HCC and 36 out of 72
(50%) cases of CRLM. Detection by fluorescence microscopy
was not affected by liver function (Tables VII and VIII). 

Discussion

The goal of surgical resection in cancer is to obtain an R0
status, which is characterized by negative surgical margins.
R1 resection is characterized by positive tumor margins and
should therefore be avoided.

Since the first report on laparoscopic wedge resection of
the liver in 1991 (13), this procedure has become widely
popular. Some reports suggest that for HCC and CRLM,
laparoscopic liver resection is comparable to open
hepatectomy in terms of long-term outcomes, and offers
beneficial short-term outcomes (14-16). Palpation and IOUS
are the primary methods for detecting tumors, confirming
tumor locations, and securing the surgical margins. However,
laparoscopic ultrasonography is difficult to perform, and
information obtained by palpation using laparoscopic forceps
during liver resection is extremely limited; this may increase
the risk of positive surgical margins. 

Currently, ICG fluorescence imaging is widely used in
fluorescence-guided surgery for breast (17), gastric (18), and

ANTICANCER RESEARCH 40: 3873-3882 (2020)

3876

Table II. Microscopic fluorescence pattern of hepatocellular carcinomas. 

                                                                                                                                                                  Fluorescent type

                                                                                                                    Total (n=8)              Partial (n=3)             Rim (n=10)             Combined (n=5)

ICG R15                                                            Median (range)                 11.5 (4-21)                 13 (9-18)                18.5 (5-38)                    11 (5-19)
Child–Pugh score, n                                         A                                                7                                3                               9                                   4
                                                                          B                                                1                                0                               1                                   1
Days between ICG injection and surgery       Median (range)                   4 (2-20)                  21.5 (3-40)                 4 (2-20)                       6 (4-12)
Cancer cell differentiation                               Well                                           4                                0                               1                                   2
                                                                          Moderate or poor                      4                                3                               9                                   3
Background liver status                                    Normal                                      2                                2                               5                                   1
                                                                          Chronic hepatitis                      6                                1                               4                                   3
                                                                          Cirrhosis                                    0                                0                               1                                   1
Fibrosis stage                                                    F0                                              1                                0                               1                                   2
                                                                          F1                                              0                                0                               5                                   1
                                                                          F2                                              0                                1                               0                                   0
                                                                          F3                                              3                                1                               2                                   1
                                                                          F4                                              2                                1                               2                                   1
Size of tumor, mm                                            Median (range)                  25(13-80)                37 (17-120)                19 (5-47)                   45 (18-130)

ICG R15: Indocyanine green retention rate at 15 min. 



esophageal (19) cancers, and for vascular surgery (20). It is
also used in the pancreatic-biliary liver surgical field for the
detection of liver tumors (6), pancreatic cancer (10),
tattooing for liver segmentation (2), biliary tract surgery (4),
and bile leakage (21). 

In ICG fluorescence-guided liver resection, the absence of
fluorescent signals on the resected surface indicates a secure
surgical margin (8). In this study, the surgical margin was
secured in all cases where ICG fluorescence was performed.
This confirmed the utility of the ICG fluorescence method
in securing the surgical margin. To the best of our

knowledge, this is the first study to investigate the
pathological validity of using the ICG fluorescence signal as
an indicator of the surgical margin during liver resection.

The ICG fluorescence signal patterns differ according to
carcinoma type. Certain institutes recently reported macroscopic
fluorescence patterns and features in HCC that were genetically
evaluated (6, 9-11, 21). Ishizawa et al. reported that well- or
moderately differentiated HCC mostly displayed uniform or
partial-type fluorescence, while poorly differentiated HCC
mostly displayed rim-type fluorescence, as the degree of
Na(+)taurocholate co-transporting polypeptide (NTCP) and
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Table III. Characteristics of total fluorescent type (total type, total+rim type) versus the other patterns (partial type, partial+rim type, rim type) in
hepatocellular carcinomas. 

                                                                                                                        Total fluorescent type (n=11)            Other type (n=15)               p-Value

ICG R15                                                             Median (range)                                    11 (4-21)                                  15.5 (5-38)                        0.2
Child–Pugh score, n                                           A                                                                10                                               13                             >0.99
                                                                            B                                                                 1                                                 2                                  
Days between ICG injection and surgery        Median (range)                                    5 (2-20)                                    4.5 (2-40)                         0.8
Cancer cell differentiation, n                             well                                                             5                                                 0                                0.007
                                                                            Moderate or poor                                       6                                                15                                 
Background liver status                                     Normal                                                       3                                                 7                                0.44
                                                                            Chronic hepatitis                                       8                                                 6                                  
                                                                            Cirrhosis                                                     0                                                 2                                  
Fibrosis stage                                                      F0                                                               3                                                 1                                0.67
                                                                            F1                                                               0                                                 6                                  
                                                                            F2                                                               0                                                 1                                  
                                                                            F3                                                               4                                                 3                                  
                                                                            F4                                                               2                                                 4                                  
Size of tumor, mm                                             Median (range)                                 25 (13-130)                                20 (5-120)                        0.61

ICG R15: indocyanine green retention rate at 15 minutes. Bold value indicates statistical significance. 

Table IV. Characteristics of rim-negative (total or partial type) and rim-positive (rim type, total or parial+rim type) patterns in hepatocellular
carcinomas. 

                                                                                                                           Rim-negative type (n=11)        Rim-positive type (n=15)         p-Value

ICG R15                                                             Median (range)                                   12 (4-21)                                    14(5-38)                          0.36
Child–Pugh score, n                                           A                                                                10                                               13                             >0.99
                                                                            B                                                                 1                                                 2                                  
Days between ICG injection and surgery        Median (range)                                    4 (2-40)                                     5 (2-20)                          0.82
Cancer cell differentiation                                 Well                                                            4                                                 3                                0.4
                                                                            Moderate or poor                                       7                                                12                                 
Background liver status                                     Normal                                                       4                                                 6                              >0.99
                                                                            Chronic hepatitis                                       7                                                 7                                  
                                                                            Cirrhosis                                                     0                                                 2                                  
Fibrosis stage                                                      F0                                                               1                                                 3                                0.033
                                                                            F1                                                               0                                                 6                                  
                                                                            F2                                                               1                                                 0                                  
                                                                            F3                                                               4                                                 3                                  
                                                                            F4                                                               3                                                 3                                  
Size of tumor (mm) (range)                               Median (range)                                  25 (13-80)                                 20 (5-130)                        0.63

ICG R15: Indocyanine green retention rate at 15 min. 



organic anion-transporting polypeptide 8 (OATP8) expression
varied according to tumor differentiation (5). Conversely,
CRLM displayed only a rim pattern, since normal cells
surrounding the tumor were compressed by the tumor, causing
cholestasis. In our cohort, the total fluorescent type was more
common in well-differentiated hepatocellular carcinomas than
in other types (Table III). In addition to the three fluorescent
types, we identified combined types, having both cancerous
fluorescent and rim patterns, which include the total or partial
fluorescence and rim fluorescence types (Table II). 

Several previous studies have confirmed the surgical margin
to be free of cancer cells in rim-positive HCC and CRLM cases
(6, 8, 12). The results of our study provide the fluorescence
microscopical support to this finding. Thus, the fluorescent area

in the rim fluorescent pattern suggests a negative surgical
margin, which may be secured if this rim fluorescence area is
not exposed during liver resection. We classified surgical
specimens into rim-positive and rim-negative fluorescence
patterns. Cases with the rim-positive fluorescent pattern had
significantly less advanced fibrosis than those with the rim-
negative fluorescent pattern (Table IV). Similar results were
shown by a previous report (21). However, it is unclear
whether there is any relation between ICG fluorescence and
fibrosis in non-cancerous liver parenchyma. 

Additionally, the width of fluorescence is important for
the surgeon while securing the surgical margin. In CRLM,
R0 resections are commonly further subdivided according to
whether the cancer cell-free surgical margin is 1 mm or less
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Table V. Characteristics of colorectal liver metastasis by width of fluorescence.

Characteristic                                                                                                         <1 mm (n=8)                            ≥1 mm (n=28)                         p-Value

ICG R15                                                             Median (range)                            10.5 (6-34)                                   8 (2-20)                                0.04
Days between ICG injection and surgery         Median (range)                             6.5 (3-25)                                    5 (2-29)                                0.47
LHL15 of 99mTc-GSA liver scintigraphy         Median (range)                     0.889 (0.781-0.925)                  0.887 (0.845-0.947)                       0.64
Tumor marker                                                                                                                                                                                                               

CEA, ng/ml                                                      Median (range)                         14 (2.7-127.8)                          11.2 (1.9-930.8)                          0.54
CA19-9, U/ml                                                  Median (range)                          6.7 (2-1,804)                          16.2 (2-57,057.8)                         0.64

Size of tumor, mm                                             Median (range)                             35 (10-60)                                 28 (10-55)                              0.6

ICG R15: Ιndocyanine green retention rate at 15 minutes; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; LHL15: uptake
ratio of the liver to the liver plus heart at 15 min; 99mTc-GSA: technetium-99m-diethylenetriaminepentaacetic acid-galactosyl human serum albumin.
Bold value indicates statistical significance. 

Table VI. Fluorescence width around tumors of hepatocellular carcinoma (HCC) and colorectal liver metastasis (CRLM).

Fluorescence width                                                                                                        HCC (n=26)                            CRLM (n=36)                   p-Value

<1 mm                                                                                                                                      4                                                 8                                  
≥1 mm                                                                                                                                     11                                               28                                 
0 mm                                                                                                                                       11                                                0                                0.007
Median from the edge of rim pattern tumors (range), μm                                    2159 (378-110,100)                   1,608 (304-7,467)                  0.75
Median fluorescence width from edge of whole tumors (range), μm                   1227.5 (0-110,100)                    1,608 (304-7,467)                  0.11

Bold value indicates statistical significance.  

Table VII. Exhibition of fluorescence signal in hepatocellular carcinoma and colorectal liver metastasis as detected by fluorescence microscopy
after i.v. administration of 0.5 mg/kg indocyanine green.

                                            Detection (n=26)        Non-detection (n=27)         p-Value         Detection (n=36)        Non-detection (n=36)         p-Value

ICG R15
  Median (range)                       13 (4-38)                        15 (2-40)                      0.90                   9 (2-34)                           9 (3-22)                       0.37
Child–Pugh score, n
  A                                                   23                                    24                         >0.99                       36                                    36                         >0.99
  B                                                    3                                      3                                                            0                                      0                               
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Figure 2. Intraoperative and microscopic fluorescence findings in hepatocellular carcinoma: Partial fluorescent type; HCC in segment 4 of a 64-
year-old male. A: Normal laparoscopic color image. B: Near-infrared fluorescence image; fluorescence detected on the liver surface (white arrow).
C: Liver parenchyma during liver resection; no NIR fluorescence on the transected parenchymal surface. D: Cut surface showing fluorescence on
the surgical specimen. E: Fluorescence microscopy image (originally ×1); partial fluorescent type. F: Magnified image; securing the surgical
margin with no fluorescence in the noncancerous liver tissue. 
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Figure 3. Intraoperative and microscopic fluorescence findings in colorectal liver metastasis (CRLM): Rim fluorescent type; CRLM in segment 4 of
a 64-year-old male. A: NIR fluorescence image; determination of tumor demarcation (black arrow). B: Liver parenchyma during liver resection;
no near-infrared fluorescence on the transected parenchymal surface. C: Normal laparoscopic color image after resection. D: No near-infrared
fluorescence on the transected parenchymal surface. E: Fluorescent microscopy image (originally ×1), rim fluorescent type. F: Magnified image;
securing the surgical margin with fluorescence in the noncancerous liver tissue. 



(22-24). The width of fluorescence was ≥1 mm and <1 mm
from the tumor margin in 28 (77.8%) and eight (22.2%)
cases, respectively. As mentioned previously, all cases were
pathologically free of malignant cells.

Overall in our study, the median width of fluorescence
from the edge in CRLM was 1,608 μm (range=304-7467
μm). Usually, the surgical margin is considered to be
pathologically secure if the fluorescence signal is not
exposed. The fluorescence width did not differ significantly
between HCC and CRLM. The median fluorescence width
from the edge in HCC cases with a rim fluorescence pattern
was 2,159 μm (range=378-110,100 μm), and the
fluorescence width was 0 mm in 11 (42.3%) cases with a
rim-negative fluorescence pattern (Table VI). Therefore, in
rim-negative cases, the ultimate care should be exercised not
to breach the HCC capsule and the absent of rim
fluorescence should be kept in mind during fluorescence-
guided liver resection.

In this study, we successfully evaluated the fluorescence
in liver specimens and the surrounding tissue using a
fluorescence microscope. These results form the basis for
ICG fluorescence research and fluorescence-guided surgery
in various organs. However, this study has some limitations.
Fluorescent signals by fluorescence microscopy were not
identified in half of the samples (27 out of 53 cases of HCC
and 36 out of 72 cases of CRLM). The period from surgery
to observation differed among the cases, as these samples
were reviewed retrospectively. We were able to observe
fluorescence in a paraffin-embedded tumor tissue sample that
was obtained more than 4 years earlier. In contrast, we did
not observe fluorescence in some samples that were obtained
1 year earlier. However, the optimal conditions necessary to
preserve the fluorescence intensity in paraffin-embedded
tissues and specimens were not investigated. Further studies
are necessary to determine the optimal conditions for
preserving the fluorescence signal, including the
concentration of ICG and the interval between ICG injection
and the operation. However, we demonstrated that ICG
fluorescence in paraffin-embedded tissue samples may be

retrospectively observed; this is essential for further research
and development in this field.

In conclusion, our data show that NIR imaging is a
reliable navigation tool for identifying surgical margins in
liver surgery. Pathologically, the surgical margin is secured
if fluorescence is not exposed. In HCC, when the liver is in
an advanced stage of fibrosis, a rim-positive pattern may not
be evident. Surgeons should be careful as certain HCC cases
do not demonstrate capsule formation or invasion. In this
study, the observation of ICG fluorescence in the tissue
sections was more apparent and broader than in previous
pathological reports. This may potentially contribute to the
development of a new approach for ICG uptake and
excretion mechanisms.
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