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1  |  INTRODUC TION

Laparoscopic liver resection is widely accepted for patients with 
liver tumors including hepatocellular carcinoma, liver metasta-
sis, and other liver tumors because of technical innovations.1 
Intraoperative ultrasonography has proven to be a useful instrument 

in the evaluation of liver lesions in open liver resection.2 However, 
during laparoscopic liver resection, the information obtained from 
intraoperative ultrasonography is extremely limited, and may result 
in positive surgical margins.

The indocyanine green fluorescence imaging (ICG- FI) technique, 
employed with near- infrared light, has been used to visualize the 
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Abstract
Aim: This study aimed to clarify the clinical effects of the indocyanine green (ICG)- 
fluorescence imaging (FI) technique for determination of liver transection lines during 
laparoscopic partial liver resection for liver tumors.
Methods: This was a retrospective study including 112 patients who underwent lapa-
roscopic partial liver resection for liver tumors. These enrolled patients were divided 
into an ICG- FI group (n = 55) and a non- ICG- FI group (n = 57) according to the avail-
ability of the ICG- FI. The clinicopathological characteristics of patients between two 
groups were compared before and after propensity score matching.
Results: The ICG- FI and non- ICG- FI groups differed at baseline in terms of ICG reten-
tion rate at 15 min. After propensity score matching, two comparable groups of 32 
patients each were obtained. The negativity rated of the pathological surgical margins 
were comparable between the two groups before and after propensity score match-
ing. However, the surgical margins were significantly wider in the ICG- FI group before 
and after propensity score matching (P = .039 and P = .047, respectively).
Conclusion: The ICG- fluorescence imaging technique may offer clinical benefits in 
terms of a secure surgical margin in laparoscopic partial liver resection.
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blood supply of the gastrointestinal tract in gastrointestinal surgery3 
and detect sentinel lymph nodes in breast cancer during breast sur-
gery.4 The ICG- FI technique has also been applied for the intraop-
erative identification of liver tumors5 and visualization of hepatic 
segmental boundaries,6 the drainage area of the hepatic vein,7 and 
extrahepatic bile duct anatomy8 in hepatobiliary surgery.

The retrospective study aimed to investigate the clinical effects 
of using ICG- FI during laparoscopic partial liver resection.

2  |  METHODS

2.1  |  Patients

This study included 112 patients with liver tumors who had been 
preoperatively diagnosed with malignancy and undergone lapa-
roscopic partial liver resection at the Department of Surgery and 
Science, Kyushu University Hospital, between January 2017 and 
December 2020. The ICG- FI technique came into wide use from 
January 2019, and 55 patients underwent laparoscopic partial liver 
resection with the ICG- FI technique. These enrolled 112 patients 
were divided into ICG- FI and non- ICG- FN groups, in accordance 
with the availability of ICG- FI.

The study protocol was conducted in accordance with the Code 
of Ethics of the World Medical Association (Declaration of Helsinki) 
and the Institutional Review Board of Kyushu University Hospital 
(approval codes: 2020- 671).

2.2  |  Procedures

Patients were intravenously injected with ICG (Diagnogreen; Daiichi 
Sankyo, Tokyo, Japan) at a dose of .5 mg/kg body weight within 
2– 7 d preoperatively. The Visera Elite II (Olympus, Tokyo, Japan) or 
IMAGE1 S Camera Systems (KARL STORZ, El Segundo, CA, USA) 
was used as the near- infrared imaging system for ICG- FI.

The patient was placed in the supine or left semilateral position. 
After mobilization of the liver for partial liver resection, intraoper-
ative ultrasonography using a flexible laparoscopic probe (Hitachi- 
Aloka Medical, Ltd., Mitaka, Japan) was performed to identify the 
tumor location. The laparoscopic liver parenchyma was transected 
using an ultrasonic dissector, a cavitron ultrasonic surgical aspira-
tor, and a soft- coagulation system with a monopolar electrode. In 
the ICG- FI group, fluorescence imaging was performed to detect 
hepatic tumors, determine the hepatic transection lines, and obtain 
the surgical margins during laparoscopic parenchymal transection. 
The resected surface under laparoscopic liver transection was ob-
served by fluorescence imaging, depending on each surgeon's man-
ner (Figure 1). The fluorescence area around the tumor of the cut 
surfaces of the specimens was observed and measured by using 
the near- infrared image system immediately after liver resection 
(Figure 2).

Postoperative complications were categorized using the Clavien– 
Dindo classification.9 Postoperative complications at 30 d after he-
patic resection were classified as grade ≥3a.

2.3  |  Statistical analysis

Continuous variables are presented as the median and were com-
pared using the Mann– Whitney U test. Categorical variables were 
reported as percentages and compared using the χ2 test or Fisher's 
exact test. A P- value of <0.05 was considered as indicative of statis-
tical significance. All statistical analyses were performed using JMP 
software (SAS Institute, Cary, NC, USA).

3  |  RESULTS

3.1  |  Baseline characteristics

There were 55 patients in the ICG- FI group and 57 patients in the 
non- ICG- FI group. Regarding pathological findings, 73 of 112 pa-
tients (65.2%) had hepatocellular carcinomas, 34 (30.3%) had met-
astatic liver tumors, which were derived from colorectal cancer in 

F I G U R E  1  Observation of the resected surface using 
indocyanine green (ICG)- fluorescence imaging during laparoscopic 
liver transection. (A) Normal laparoscopic image. (B) Fluorescence 
image

(A)

(B)
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30 cases, gastric cancer in one case, pancreatic cancer in one case, 
breast cancer in one case, and epithelioid hamangioendothelioma 
in one case. Five patients (4.5%) had intrahepatic cholangiocarcino-
mas. The ICG- FI group had a significantly better ICG retention rate 
at 15 min (P = .006) than the non- ICG- FI group (Table 1). Other back-
ground characteristics did not significantly differ between the two 
groups.

3.2  |  Perioperative characteristics

There was no significant difference in repeat liver resection, du-
ration of surgery and Pringle maneuver, estimated blood loss, or 
intraoperative blood transfusion between the non- ICG- FI and 
ICG- FI groups (Table 2). The pathological positivity rates of the sur-
gical margin did not significantly differ between the two groups. 
The characteristics of patients with tumor that had the pathologi-
cal surgical margin positivity are shown in Table S1. Postoperative 
complication rates and length of postoperative hospital stay were 

comparable in both groups. The surgical margin in the ICG- FI group 
was significantly wider than that in the non- ICG- FI group (P = .039). 
In terms of pathological findings, the surgical margin did not signifi-
cantly differ among patients with hepatocellular carcinoma, meta-
static liver tumor, or intrahepatic cholangiocarcinoma. Pathological 
positivity of the surgical margin was associated with tumor loca-
tion at segments 7 or 8 of the liver (positivity, 70.0% vs negativity, 
34.3%; P = .038).

3.3  |  Propensity score matching

Propensity score matching was used to overcome the confounding 
effects of these differences between the two groups. Overall, the 
surgical margin was significantly wider in the ICG- FI group (median, 
3.5 mm) than in the non- ICG- FI group (median, 2.5 mm; P =  .047), 
and there were no significant differences in the background and 
perioperative characteristics between the two groups (Tables 3 
and 4).

F I G U R E  2  Laparoscopic partial liver 
resection using indocyanine green (ICG)- 
fluorescence imaging. (A) Colorectal 
liver metastasis in segment 8. Hepatic 
transection line based on intraoperative 
ultrasonography and fluorescence imaging 
of the tumor. (B) Surgical specimen shown 
with normal laparoscopic color image. 
(C) Fluorescence image of the surgical 
specimen. (D) Hepatocellular carcinoma 
in segment 6. Normal laparoscopic 
color image. (E) Fluorescence image. (F) 
Normal image of the surgical specimen. 
(G) Fluorescence image of the surgical 
specimen

(A) (B)

(C) (D)

(E)

(G)
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4  |  DISCUSSION

Propensity score matching analysis between patients who under-
went and those who did not undergo ICG- FI demonstrated that the 
ICG- FI technique using near- infrared light facilitated the attainment 
of a wide surgical margin from liver tumors during laparoscopic par-
tial liver resection. To the best of our knowledge, this is the first 
study focusing on laparoscopic partial liver resection to use propen-
sity score matching to show that the use of the ICG- FI technique 

is associated with macroscopically wider surgical margin in patients 
with liver tumor.

Several studies have investigated the clinical usefulness of 
laparoscopic liver resection using the near- infrared ICG naviga-
tion system. Lu et al10 showed that using ICG- FI navigation in 57 
patients who underwent laparoscopic liver resection, including 
anatomical liver resection, achieved a significantly wider sur-
gical margin compared with that in 63 patients who did not use 
ICG- FI navigation. Of these, 47 of 120 patients (39.2%) underwent 

Variable non- ICG- FI (n = 57) ICG- FI (n = 55) P- value

Age (y) 68 (44– 87) 68 (43– 92) .720

Sex, male/female 36/21 35/20 .958

BMI (kg/m2) 23.5 (17.2– 37.8) 23.3 (16.9– 37.8) .618

Diabetes mellitus (%) 19 (33.3%) 13 (23.6%) .256

Hypertension (%) 31 (54.3%) 31 (56.3%) .833

Histology

Hepatocellular carcinoma 36 35 .366

Intrahepatic 
cholangiocarcinoma

1 4

Metastatic liver tumor 18 16

Child– Pugh classification A/B 51/6 54/1 .113

ICGR15 (%) 10.8 (0.1– 60.1) 7.8 (0.1– 45.9) .007

Platelet (×104/μL) 18.2 (4.6– 33.9) 18.0 (8.5– 34.3) .322

Tumor size (cm) 2.0 (0.7– 5.5) 1.7 (0.8– 5.3) .391

Solitary/Multiple 47/10 44/11 .739

Tumor location

Segment1/2/3/4/5/6/7/8 1/6/6/5/8/10/8/13 2/3/3/7/6/13/3/18 .324

Fibrosis, F3 or F4 24 (42.1%) 15 (27.2%) .099

Note: Data are presented as n (%) or median (range).
Abbreviations: BMI, body mass index; FI, fluorescence imaging; ICG, indocyanine green; ICGR15, 
indocyanine green retention rate at 15 min.

TA B L E  1  Background characteristics 
of patients who underwent laparoscopic 
partial liver resection

Variable
non- ICG- FI 
(n = 57) ICG- FI (n = 55) P- value

Repeat liver resection (%) 10 (17.5%) 16 (29.0%) .147

Duration of surgery (min) 202 (70– 499) 186 (106– 380) .700

Duration of Pringle maneuver (min) 44 (0– 136) 39 (0– 150) .720

Estimated blood loss (g) 100 (1– 2000) 70 (5– 1060) .571

Intraoperative blood transfusion (%) 2 (3.5%) 1 (1.8%) .579

Macroscopic surgical margin (mm) 2 (0– 20) 3 (0– 20) .039

Pathological surgical margin positivity 5 (8.7%) 5 (9.0%) .952

Hepatocellular carcinoma 2 2

Intrahepatic cholangiocarcinoma 0 0

Metastatic liver tumor 3 3

Postoperative complication grade ≥3a 4 (7.0%) 1 (1.8%) .364

Postoperative hospital stay (d) 7 (4– 51) 8 (5– 87) .265

Note: Data are presented as n (%) or median (range).
Abbreviations: FI, fluorescence imaging; ICG, indocyanine green.

TA B L E  2  Perioperative characteristics 
of patients who underwent laparoscopic 
partial liver resection
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laparoscopic anatomical liver resection, and 58 (48.3%) were diag-
nosed with hepatocellular carcinoma. In another recent study, no 
significant differences were found in the short-  and long- term ef-
fects of a surgical margin between anatomical and nonanatomical 
liver resections in patients with hepatocellular carcinoma.11 Given 
this lack of conclusive results, we undertook the current study, 
which included only patients who underwent laparoscopic partial 
hepatic resection.

Ensuring pathological negativity of the surgical margin is im-
portant for obtaining better surgical outcomes for malignant liver 
tumors.11- 13 Aoki et al reported that adequate and secure surgical 
margins were attained in 25 patients who underwent laparoscopic 
limited liver resection with ICG- FI navigation technology. The same 
study found no significant difference in the length of surgical mar-
gin and pathological surgical margin positivity between 25 and 72 
patients who underwent laparoscopic limited liver resection with 

Variable
non- ICG- FI 
(n = 32) ICG- FI (n = 32) P- value

Age (y) 69 (44– 87) 67 (44– 83) .256

Sex, male/female 25/7 20/12 .171

BMI (kg/m2) 23.3 (17.2– 37.8) 23.8 (16.9– 37.8) .232

Diabetes mellitus (%) 11 (34.3%) 7 (21.8%) .266

Hypertension (%) 22 (68.7%) 19 (59.3%) .434

Histology

Hepatocellular carcinoma 20 16 .427

Intrahepatic 
cholangiocarcinoma

1 4

Metastatic liver tumor 9 11

Child– Pugh classification A/B 32/0 31/1 .313

ICGR15 (%) 10.1 (0.1– 28.3) 7.5 (0.1– 45.9) .190

Platelet (×104/μL) 19.1 (6.1– 33.9) 19.8 (8.5– 34.3) .412

Tumor size (cm) 2.0 (0.7– 4.3) 1.9 (1.0– 5.3) .962

Solitary/Multiple 28/4 25/7 .509

Tumor location

Segment1/2/3/4/5/6/7/8 1/3/1/2/8/7/3/7 1/3/2/5/4/5/2/10 .778

Fibrosis, F3 or F4 12 (37.5%) 11 (34.3%) .794

Note: Data are presented as n (%) or median (range).
Abbreviations: BMI, body mass index; FI, fluorescence imaging; ICG, indocyanine green; ICGR15, 
indocyanine green retention rate at 15 min.

TA B L E  3  Background characteristics 
of patients who underwent laparoscopic 
partial liver resection after propensity 
score matching

Variable
non- ICG- FI 
(n = 32) ICG- FI (n = 32) P- value

Repeat liver resection (%) 7 (21.8%) 7 (21.8%) 1.000

Duration of Surgery (min) 169 (70– 332) 177 (106– 318) .298

Duration of Pringle maneuver (min) 38 (0– 93) 44 (0– 95) .294

Estimated blood loss (g) 85 (1– 1100) 54 (5– 1060) .793

Intraoperative blood transfusion (%) 1 (3.1%) 1 (3.1%) 1.000

Macroscopic surgical margin (mm) 2.5 (0– 20) 3.5 (0– 20) .047

Pathological surgical margin positivity 3 (9.3%) 2 (6.2%) .641

Hepatocellular carcinoma 1 0

Intrahepatic cholangiocarcinoma 0 0

Metastatic liver tumor 2 2

Postoperative complication grade ≥3a 2 (6.2%) 0 (0.0%) .492

Postoperative hospital stay (d) 7 (4– 51) 8 (5– 21) .349

Note: Data are presented as n (%) or median (range).
Abbreviations: FI, fluorescence imaging; ICG, indocyanine green.

TA B L E  4  Perioperative characteristics 
of patients who underwent laparoscopic 
partial liver resection after propensity 
score matching
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and without ICG- FI navigation technology, respectively.14 A wider 
surgical margin was associated with significantly improved surgi-
cal outcome for various cancers.13,15,16 In the current study, a wide 
surgical margin was obtained in the ICG- FI group at a significantly 
higher rare compared with the non- ICG- FI group before and after 
propensity score matching. Nevertheless, the rate of pathologically 
negative surgical margins was comparable between the two groups. 
These results may indicate better surgical outcomes in terms of local 
recurrence and long- term survival in patients following laparoscopic 
partial liver resection with ICG- FI. Further long- term follow- up is 
needed.

Several studies showed attainment of pathologically negative 
surgical margins in patients who underwent laparoscopic liver re-
section with ICG- FI navigation.10,14 In our study, the pathological 
positivity rate of surgical margins in laparoscopic partial liver resec-
tion using the ICG- FI technique was 9.0% (5 of 55 patients). The fre-
quency of switching to fluorescence imaging for observation of the 
resected surface during laparoscopic liver transection might have 
been low in these patients. The real- time ICG- FI system, which al-
lows a green color to be overlayed on a white- light picture during 
laparoscopic surgery, would be required to minimize pathological 
surgical margin positivity. We would need to conduct a clinical trial 
to identify the usefulness of the real- time ICG- FI system during lap-
aroscopic partial liver resection. Moreover, a significant association 
between positive surgical margin and location in segments 7 or 8 of 
the liver was found. Generally, laparoscopic partial liver resection is 
more difficult for tumors located in segments 7 or 8 of the liver than 
those of the anterolateral segments or the left sector of the liver. 
Laparoscopic anatomical liver resection, such as segmentectomy of 
the liver for metastatic liver tumors located in segments 7 or 8, might 
be an option to obtain a secure surgical margin if the liver function 
is to be preserved.

In contrast, Alfano et al17 showed that 1 of 27 patients (3.7%) with 
colorectal cancer liver metastasis had a pathologically positive sur-
gical margin following intraoperative ICG- FI, although that study in-
cluded only patients who underwent open liver resection. Recently, 
Achterberg et al18 reported that in patients with colorectal cancer 
liver metastasis, one of eight nodules (12.5%) had a pathologically 
positive surgical margin following laparoscopic or robotic- assisted 
liver resection; nevertheless, these eight nodules were determined 
to have macroscopically negative surgical margins by near- infrared 
imaging with ICG- FI. In our study, the pathological positivity rate of 
surgical margins in laparoscopic partial liver resection was 8.9% (10 
of all 112 patients). Using the ICG- FI technique, 2 of 35 patients with 
hepatocellular carcinomas (5.7%), 3 of 16 (18.7%) with metastatic 
liver tumors, and 0 (0%) with intrahepatic cholangiocarcinoma were 
determined to have pathologically positive surgical margins.

The present study had several limitations. First, this was a single- 
institution, retrospective study. Second, we included a relatively 
small number of patients. Further studies with a greater number of 
patients are required to confirm the results of the present study. 
Third, we had 16 surgeons responsible for liver transection during 
the study period. Surgeon- associated factors or learning curve bias 

cannot be eliminated. Nevertheless, no significant differences for 
perioperative factors between the ICG- FI and non- ICG- FI groups 
and less experienced surgeons with wide surgical margin under more 
application of ICG- FI technique might be the clues to implicate the 
positive impacts of ICG- FI technique.

In conclusion, this retrospective propensity score matching 
study demonstrated that laparoscopic partial liver resection using 
the ICG- FI technique was clinically useful in obtaining a secure sur-
gical margin, which might result in a favorable surgical outcome with 
regard to local recurrence.
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