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A B S T R A C T

Background: This meta-analysis was conducted to evaluate the effectiveness and safety of indocyanine green
fluorescence imaging-guided hepatectomy(FIGH) for liver tumors.
Methods: Clinical studies were retrieved from the PubMed, Embase, Cochrane Library, Medline and Web of
Science electronic databases. Primary outcomes included operative time, blood loss, blood transfusion, hospital
stay, R0 resection, postoperative complications, postoperative mortality and 1-year recurrence rate. Study-
specific effect sizes and their 95% confidence intervals (CIs) were combined to calculate the pooled value using a
fixed-effects or random-effects model.
Results: Six studies comprising 587 patients were included. Major operative time (mean difference
[MD]= ˗55.45; 95% CI = -78.85– -32.05), blood loss (MD=12.99; 95% CI= 12.00–13.97), hospital stay (rate
difference [RD] = -12.61; 95% CI = -15.06– -10.17), and postoperative complications (RD = -0.07; 95% CI =
-0.12– -0.01) were all less in the FIGH group than in the traditional hepatectomy(TH) group. No differences were
found in blood transfusion, R0 resection or 1-year recurrence rate. No perioperative mortality was observed in
either group.
Conclusion: Based on current evidence, applying indocyanine green fluorescence imaging technology to accu-
rately diagnose and treat liver tumors can effectively reduce operative time, blood loss, hospital stay and
postoperative complications.

1. Introduction

Liver resection is the mainstay curative treatment for liver tumors
[1,2], with anatomic hepatectomy being recommended to treat hepa-
tocellular carcinoma (HCC) and some metastatic liver cancers [3].
However, even after curative resection, 70–80% of patients with HCC
experience tumor recurrence within 5 years postoperation [4–6]. This
high early recurrence rate may be due to the presence of small meta-
static and residual cancerous lesions that are missed using current
preoperative and intraoperative detection methods [7]. Accordingly,
using intraoperative detection technology during liver cancer resection
to avoid residual small metastatic lesions can help prevent tumor re-
currence and improve cure rates.

Indocyanine green (ICG) is a water-soluble compound that has been
clinically approved in many countries for over 50 years for use in
medical diagnostic imaging, including determining cardiac output and
hepatic function. To date, ICG fluorescence with infrared light methods
has been developed for various targets, including cancer cell agents
[8,9], sentinel lymph nodes [10,11], neurological diseases [12,13],
cardiovascular disease [14,15], and hepatically cleared agents for bile
duct imaging [16]. Recent studies have described the application of
fusion ICG fluorescence imaging in liver surgery, reporting that it
showed great potential for real-time navigation during hepatectomies
for liver tumors [17,18]. ICG can be used to detect microscopic lesions
and for anatomic hepatectomy navigation because it emits fluorescence
upon illumination with near-infrared light.
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However, high-quality evidence to determine whether ICG fluores-
cence imaging can improve the effectiveness of liver tumor surgery is
lacking. Therefore, whether the fluorescence technique is beneficial and
safe for patients remains undetermined. Until recently, no meta-ana-
lyses have evaluated the effectiveness and safety of ICG fluorescence
imaging-guided hepatectomy for liver tumors. Therefore, the present
meta-analysis was conducted to systematically review the published
literature and evaluate the effectiveness and safety of ICG fluorescence
imaging-guided hepatectomies for liver tumors. The results could serve
as a reference for clinical practice.

2. Methods

2.1. Literature search

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [19]. Three authors (P.H., C.Q., and H.Z.) independently
searched the PubMed, Embase, Cochrane Library, Medline and Web of
Science databases for the literature that compared fluorescence ima-
ging-guided hepatectomy with traditional hepatectomy of no-fluores-
cence imaging-guided hepatectomy for liver tumors. The following
terms were searched: indocyanine green fluorescence, ICG fluorescence,
hepatectomy, hepatectomies, liver neoplasm, liver neoplasms, hepatic
neoplasm, hepatic neoplasms, hepatic cancer, hepatic cancers, liver
cancer, liver cancers, hepatocellular cancer, hepatocellular cancers,
hepatocellular carcinoma, cancer of liver, cancer of the liver, and liver
tumor. The reference lists of the included articles were also reviewed
for additional information. The literature search was limited to articles
published in English and dated through 20 June 2019.

2.2. Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) patients of any sex, age, race
or nationality who underwent hepatectomies for liver tumors; (2) the
experimental group underwent liver tumor resection via ICG fluores-
cence-imaging technology, while the traditional control group did not;
(3) studies reporting at least one of the following outcomes: operative
time, blood loss, blood transfusion, R0 resection, hospital stay, post-
operative complications (including biliary leakage, postoperative in-
fection, pleural effusion, liver failure, and others), mortality and 1-year
recurrence rate; and (4) studies were either randomized controlled
trials (RCTs), cohort studies, or comparative studies. Exclusion criteria
were as follows: (1) studies with no control group; (2) case reports,
abstracts, conference reports, or experiments; and (3) studies in which
the full text was unavailable, and information from the abstract was
insufficient.

2.3. Study selection and data extraction

Three reviewers (P.H., C.Q., and H.Z.) independently read the full
texts and extracted the following data: first author, year, country, study
design, maximum tumor diameter, R15, age, sample size and outcomes.
The authors of the studies were contacted via e-mail to obtain any
missing information. For quantitative data without means or standard
deviation (SD), if the missing information was unavailable from the
authors, an alternate method [20,21] was used to estimate the mean
and SD based on the median, range, and sample size.

2.4. Methodological quality assessment

The methodological quality of the included studies was assessed
independently by three researchers (P.H., C.Q., and H.Z.) using the
Newcastle-Ottawa Scale (NOS), which is widely used to assess the
quality of nonrandomized studies in meta-analyses [22]. Based on the
study population selection, comparability of the groups under study,

and outcome assessment, this scale was used to rate the quality of the
included studies. The maximum score on the scale was 9, and studies
with scores> 5 were considered to have high methodological quality.
Disagreements were resolved by common consensus.

2.5. Statistical analysis

The study-specific rate difference (RD) for categorical variables,
mean difference (MD) for continuous variables, and the 95% confidence
intervals (CIs) were combined to calculate the pooled value of each
study using Cochrane Review Manager software (RevMan; version 5.1).
Heterogeneity was investigated using the χ2 test and I2 statistics.
Heterogeneity was considered unimportant when the I2 value was
0–35%, moderate when the I2 value was 35–75%, and considerable
when the I2 value was 75–100%. If heterogeneity existed (> 75%), the
data were analyzed using a random-effects model. If heterogeneity was
considered unimportant or moderate, a fixed-effects model was used.
Sensitivity analysis was performed by removing one study at a time and
repeating the meta-analysis to assess whether at least one study sig-
nificantly affected the pooled estimates. Potential publication bias was
assessed by visually inspecting the funnel plots based on primary out-
comes. A study was considered to have no publication bias when the
figure presented good symmetry. When possible, subgroup analyses of
cancer staging, surgery type, type of primary tumor and resection, co-
morbidities, pre- and postoperative liver function, fibrosis grade, and
imaging system used were performed to determine whether these fac-
tors affected the conclusion. P < 0.05 (two-sided) was considered
statistically significant.

3. Results

3.1. Search results, characteristics, and quality of included studies

Literature was selected using the designed strategy, and 89 relevant
citations were identified after removing duplicates. Twenty-three

Fig. 1. Flow diagram of the literature selection. PubMed, Embase, Cochrane
Library, Medline and Web of Science were searched for the literature with
designed searching terms. After screening the titles, abstracts, and then the full
text for relevance step by step, seven studies were considered suitable to con-
duct the said meta-analysis in the end.
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citations were excluded after reviewing the titles and abstracts. The
remaining 11 citations were assessed for eligibility by reviewing the full
text, and 5 were excluded. Finally, 6 retrospective cohort studies
[17,23–27] were selected into this meta-analysis. Fig. 1 shows the de-
tails of the literature selection process. Five hundred eight-seven

patients who underwent indocyanine green fluorescence imaging-
guided or not for hepatectomies for liver tumors were enrolled. Table 1
lists the characteristics and quality assessment outcomes of each in-
cluded study. Table 2 summarizes the raw data from the included
studies. The methodological quality of the included studies was

Table 1
Characteristics of Included Studies.

References Year Country Study Design Maximum Tumor Diameter(cm)a R15a Age(years)a Sample Size NOS

Total FIGH TH

Nishion et al 2017 Japan Retrospective cohort NA 13.3 ± 5.8/
13.1 ± 7.7

66.9(39-82)/
65.1(33-82)

52 23 29 9

Handgraaf et al 2017 Netherlands Retrospective cohort NA NA 62.0 ± 9.2/
63.0 ± 9.4

154 67 87 9

Kaiborl et al 2011 Japan Retrospective cohort (5.3 ± 4.9) /
(5.0 ± 4.6)

11.8 (5.7)/
15.3 (7.6)

70.4 ± 5.5/
68.2 ± 11.0

102 52 50 8

Aoki et al 2018 Japan Retrospective cohort 2.9(0.8-5.7) /
2.5(0.7-4.8)

13 (4–17)/
16 (3–32)

63(34-84)/
69(35-86)

97 25 72 8

Zhou et al 2019 China Retrospective cohort 3.1(1.8-5.5) /
3.2(1.2-5.5)

NA NA 42 21 21 8

Cheung et al 2018 China Retrospective cohort 2.75(1.2-6.5) /
3.45(1.0-9.5)

NA 60.5(47.0-73.0)/
61.5(25.0-86.0)

140 20 120 8

a Experimental group/control group.NOS: Newcastlee-Ottawa Scale. NA: Not available.R15:Indocyanine green ratio after 15min.FIGH :Fluorescence imaging-
guided hepatectomy.TH: Traditional hepatectomy.

Table 2
Raw data of the included studies.

Studies Group Operative time(min) Blood loss(ml) Blood Transfusion Hospital Ttay(d) R0 Resection Postoperative complication 1-year recurrence rate

Nishion et al FIGH 483.1 ± 152.5 1025.5 ± 987.9 5 NA NA NA 6
TH 483.7 ± 195.5 1062.3 ± 1434.9 9 NA NA NA 12

Handgraaf et al FIGH 183 ± 56 416 ± 3.3 NA 25.75 ± 20.75 NA 10 NA
TH 180 ± 53 403 ± 2.8 NA 15.25 ± 7.8 NA 11 NA

Kaiborl et al FIGH 328 ± 124 886 ± 1402 10 10.4 ± 3.8 NA 2 NA
TH 337 ± 126 992 ± 1504 13 18.2 ± 15.9 NA 8 NA

Aoki et al FIGH 179.75 ± 76.25 NA NA NA 30 1 NA
TH 232.5 ± 68.3 NA NA NA 77 7 NA

Zhou et al FIGH 210 ± 45 175 ± 100 0 NA 21 4 NA
TH 232.5 ± 60 225 ± 150 0 NA 21 4 NA

Cheung et al FIGH 238.5 ± 101.5 NA 0 6.25 ± 2.75 20 0 2
TH 373.25 ± 105.3 NA 8 32 ± 18.3 116 18 8

NA: Not available.FIGH :Fluorescence imaging guided hepatectomy.TH: Traditional hepatectomy.

Fig. 2. Forest plot of the meta-analysis on operative time.
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moderate to high.

3.2. Meta-analysis of the operative time

Six studies [17,23–27] investigated the operative time (in minutes).
No significant difference was observed between the two groups (MD =
-36.03; 95% CI = -73.25–1.19). Considerable heterogeneity was found
(P < 0.01; I2=83%; Fig. 2A). A less homogenous result (P= 0.008;
I2=71%)was obtained, the pooled estimate changed, and the operative
time was significantly lower in the FIGH group(MD = ―55.45; 95% CI
= -78.85– -32.05) in the sensitivity analysis when one trial [23] was
excluded (Fig. 2B).

3.3. Meta-analysis of blood loss

Four studies [17,23,24,26] explored the blood loss (in milliliters).
Less blood loss occurred in the FIGH group (MD=12.99; 95%
CI=12.00–13.97). Unimportant heterogeneity was found among the

trial results (P= 0.43; I2= 0%; Fig. 3). The robustness of the result was
confirmed via sensitivity analysis.

3.4. Meta-analysis of blood transfusion

Four studies [17,24,26,27] explored the blood transfusion rate. No
significant difference was observed between the groups (RD = -0.06;
95% CI, -0.14–0.02). Unimportant heterogeneity was found (P = 0.58;
I2=0%; Fig. 4A). The robustness of the result was confirmed via sen-
sitivity analysis.

3.5. Meta-analysis of R0 resection

Three studies [25–27] explored the R0 resection rate. No significant
difference was observed between the two groups (RD=0.03; 95% CI,
-0.01–0.08). Unimportant heterogeneity was found (P = 0.68; I2=0%;
Fig. 4B). The robustness of the result was confirmed via sensitivity
analysis.

Fig. 3. Forest plot of the meta-analysis on blood loss.

Fig. 4. Forest plot of the meta-analysis on blood transfusion and R0 resection.

Fig. 5. Forest plot of the meta-analysis on hospital stay.
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Fig. 6. Forest plot of the meta-analysis on postoperative complication and 1-year recurrence rate.
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3.6. Meta-analysis of hospital stay length

Three studies [23,24,27] explored the hospital stay length (in days).
The FIGH group had shorter hospital stays (MD = -12.61; 95% CI =
-15.06– -10.17). Substantial heterogeneity occurred among the trial
results (P < 0.01; I2= 99%; Fig. 5). The robustness of the result was
confirmed via sensitivity analysis.

3.7. Meta-analysis of postoperative complications, mortality and 1-year
recurrence rates

Five studies [23–27] included the postoperative complication rates,
four studies [17,24–26] explored bile leakage, four studies
[17,25,24–27] explored postoperative infections, three studies
[17,25,27] explored pleural effusion, and three studies [25,24–27]
explored liver failure. Fewer overall complications occurred in the FIGH
groups (RD = -0.07; 95% CI = -0.12– -0.01). Unimportant hetero-
geneity was found (P=0.14; I2= 42%). The incidence of biliary
leakage was significantly reduced in the FIGH group (RD = -0.05; 95%
CI = -0.10–0.00). No significant differences were found for other in-
dividual complications (Fig. 6A). The robustness of the results was
confirmed via sensitivity analysis. No perioperative mortality occurred
in either group.

Two studies [17,27] explored the 1-year recurrence rates. No sig-
nificant difference was observed between the two groups (RD = -0.05;
95% CI, -0.18–0.09). Moderate heterogeneity was found (P = 0.16;
I2=49%; Fig. 6B). The robustness of the result was confirmed via
sensitivity analysis

3.8. Publication bias and subgroup analysis

Fig. 7 shows the funnel plot for overall postoperative complications.
All studies were inside the limits of the 95% CIs and were evenly ver-
tically distributed, showing no evidence of publication bias.

Owing to limitations in the existing data, six studies were included
in our subgroup analysis by surgery type (laparoscopic vs open)
[17,23–27], and five studies were included in our subgroup analysis by
imaging system type (MIPS vs PINPOINT) [17,24,24,25,26,27]. Our
subgroup analysis results showed no obvious change in the direction or
statistical significance of the OR or MD for any parameters considered
or the level of heterogeneity (Table 3).

4. Discussion

ICG is a water-soluble compound, which, when injected into human
tissues, immediately binds tightly to blood plasma and fluoresces under
excitation at 760–820 nm [28]. ICG fluorescence imaging has recently
been used to detect lymph nodes via the lymphatic duct in breast and
digestive tract surgery [29,30] as well as to detect vascular flow in
other surgical fields [31,32]. The tumor can be visualized with only 200
tumor cells under near-infrared light, and surgeons can observe the
tumor foci with a minimum of 1 mm [33]. Within the field of liver
surgery, Ishizawa et al. [34] reported the first use of ICG molecular
fluorescence imaging-guided hepatectomy in 2009. Subsequent clinical
studies have shown that ICG fluorescence molecular imaging tech-
nology can be used to qualitatively and quantitatively analyze patho-
logical changes at the cellular and molecular levels in vivo, objectively
display liver tumor boundary information, define liver tumor bound-
aries [35], detect residual lesions, and achieve three-dimensional
staining and real-time intraoperative navigation of the liver par-
enchyma in the target area [36,37]. However, previous studies were
either case reports or small studies [38,26]. Therefore, the efficacy and
safety of ICG fluorescence imaging technology remain uncertain. Some
have even questioned whether the technology will increase the opera-
tive time and cost of hospital stays. Because evidence for the effec-
tiveness of this technique is lacking, this meta-analysis was conducted
to compare the effectiveness and safety of ICG fluorescence imaging-
guided hepatectomy for liver tumors.

To our knowledge, this was the first meta-analysis of indocyanine
green fluorescence imaging-guided hepatectomies for liver tumors. In
this meta-analysis, only six studies involving 587 patients were feasibly
included. To date, this represents the most information available to
assess the effectiveness and safety of FIGHfor liver tumors. According to
the NOS used for assessing study quality, articles included in this meta-
analysis were graded with a score of 9 [17,23], and a score of 8 [24–27]
represented high-quality patient selection, comparability, and exposure
measurements. The results of the present meta-analysis showed that
FIGH has some advantages for hepatectomies for liver tumors. First,
using indocyanine green fluorescence imaging technology did not in-
crease the operative time; the FIGH group had shorter operative times
than those of the control group. This may be because fluorescence
imaging rapidly shows the locations of tumor lesions and allows real-
time navigation for surgical resection, which compensates for surgeons
spending substantial time deciding which tissues to remove and which
should be preserved via the naked eye and palpation [39]. Second, the

Fig. 7. Funnel plot showing no publication bias.
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FIGH was associated with significantly less blood loss. Bleeding is dif-
ficult to control during hepatectomies, and unexpected bleeding may
obscure the surgeon’s vision. The favorable outcomes of FIGH may be
because fluorescence imaging enables visualizing tumor lesions and
blood vessels [39]. The operative time is also reduced, thus reducing
the overall bleeding. Third, one study showed that fluorescence ima-
ging increased hospital stay lengths [23]. However, our analysis
showed that using FIGH did not increase the hospital stay length. Our
conclusion was consistent with the results of other published studies
[24,27].

Furthermore, the rates of major complications and bile leakage were
lower in the FIGH group. The main advantages of FIGH are real-time
display of the surgical area, reduced manipulation of intra-abdominal
organs and detection of bile leakage. Thus, FIGH should reduce pro-
cedure-related complications during hepatectomies [24]. Another main
advantage of ICG fluorescence imaging is the accurate excision of liver
tumors to prevent residual tumor lesions and reduce postoperative re-
currence. Although the relevant literature shows that ICG fluorescence
imaging can achieve a high R0 cutting edge rate [25,27] and reduce
postoperative recurrence rates [17,27], no significant difference was
found in R0 resection, 1-year recurrence rates, or blood transfusion
complications. More research is needed to confirm these results.

Because the studies yielded heterogeneous outcomes, we used the
random-effects model in our analysis. Sensitivity analysis was per-
formed by removing one study at a time and repeating the meta-ana-
lysis to assess whether at least one study significantly affected the
pooled estimates. The outcome estimates for blood loss, blood trans-
fusions, R0 resection, hospital stay length, postoperative complications
and 1-year recurrence rates changed slightly after the sensitivity ana-
lysis. Moreover, the funnel plot symmetry showed no publication bias,
and the subgroup analysis results were generally consistent with those
of the overall analysis, thus strengthening the results of this meta-
analysis. The operative time estimates changed markedly. However,
heterogeneity was lowered when Handgraaf’s [23] study was excluded,
indicating that this study might have been the source of the hetero-
geneity. A possible explanation for this heterogeneity is that Hand-
graaf’s study evaluated different disease types, specifically colorectal
liver metastases.

This systematic review has some limitations. First, the number of
included studies was small, and the methodological quality was gen-
erally low, mainly because ICG molecular fluorescence imaging tech-
nology is not being currently applied in RCTs of liver tumors; most are
retrospective cohort studies. Second, most studies had a small sample
size, and few reports have been published on the long-term prognoses,
which should be compared in future studies. Third, some outcome in-
dicators showed significant heterogeneity at the time of combination,
which may affect the reliability of the results owing to the lack of
multifactor subgroup analyses. Fourth, most of the literature was from
studies conducted in Asia, which may influence extrapolation of the
results.

In conclusion, this systematic review showed that using ICG fluor-
escence imaging technology to accurately diagnose and treat liver tu-
mors can effectively reduce the operative time, blood loss, hospital stay
length and postoperative complication incidence. However, considering
the clinical and methodological heterogeneity among studies, high-
quality, consistent intervention, large-sample, multicenter randomized
controlled studies are required.
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