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A B S T R A C T   

Introduction: Post hepatectomy liver failure (PHFL) still represents a potentially fatal complication after major 
liver resection. Indocyanine green (ICG) clearance test represents one of the most widely adopted examinations 
in the preoperative workup. Despite a copious body of evidence which has been published on this topic, the role 
of ICG in predicting PHLF is still a matter of debate. 
Methods: A systematic review of the literature was conducted according to PRISMA-DTA guidelines. The primary 
outcome was the assessment of diagnostic performance of ICG in predicting PHLF. The secondary outcome was 
the mean ICGR15 and ICGPDR in patients experiencing PHLF. 
Results: Seventeen studies, for a total of 4852 patients, were deemed eligible. Sensitivity ranged from 25% to 
83%; Specificity ranged from 66.1% to 93.8%. ICG clearance test pooled AUC was 0.673 (95% CI: 0.632-0.713). 
The weighted mean ICGR15 was 11 (95%CI: 8.3-13.7). The weighted mean ICGPDR was 16.5 (95%CI: 13.3-19.8). 
High risk of bias was detected in all examined domains. 
Conclusions: Preoperative ICG clearance test alone may not represent a reliable method to predict post hepa-
tectomy liver failure. Its diagnostic significance should be framed within multiparametric models involving 
clinical and imaging features.   

1. Introduction 

Despite significant improvements in preoperative procedures and 
surgical techniques, post hepatectomy liver failure (PHFL) remains a 
serious complication after a major liver resection. Such a potentially 
fatal complication may occur even in the presence of an adequate liver 
remnant volume. 

Parenchyma from fibrotic, cholestatic and post-chemotherapy livers 
have been demonstrated to be less tolerable to major/extended resection 
due to their inability to adapt to an increased blood flow through the 
portal vein. Due to the similarities between PHLF and the “small-for- 
size” syndrome, which may affect patients undergoing liver 

transplantation, especially in cases of living donors or split grafts, the 
paradigm has shifted towards the concept of a “small-for-flow” syn-
drome [1]. According to this hypothesis, the hyperkinetic portal blood 
flow that may occur after hepatic resection/transplant, leads to pressure 
overload that causes sinusoidal endothelial damage. 

Various intraoperative (i.e. portal-systemic shunts) and post-surgical 
procedures (i.e. splenic artery embolization) have been developed in 
attempt to prevent PHLF, however, a strict preoperative workup remains 
of paramount importance to identify patients at high risk of liver 
decompensation. 

Several non-invasive laboratory and radiological examinations have 
been proposed to assess liver function preoperatively. Among them, one 
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of the most widely adopted is the indocyanine green (ICG) clearance 
test, which is based on a fluorescent dye that once administered intra-
venously, is selectively absorbed, and cleared by the liver. Under normal 
liver function, about 97% of the dye is excreted into the bile within 20 
min and can easily be measured with an optical transcutaneous sensor 
[2]. 

Despite an abundant body of published studies, the role of ICG in the 
prediction of PHLF remains a debate. The aim of the present systematic 
review is to investigate, using meta-analytic methods, the ability of ICG 
to predict PHLF in patients undergoing liver resection. 

2. Methods 

2.1. Search strategy 

A systematic review of the literature was performed according to the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses of 
Diagnostic Test Accuracy Studies (PRISMA-DTA) Guidelines [3] and 
following the Cochrane Diagnostic Test Accuracy Protocol [4]. 

Details of the protocol for this systematic review were registered on 
PROSPERO with the following ID: CRD42022315118. The PubMed, 
Scopus, and Web of Science databases were screened without time re-
strictions up to December 31st, 2021 using the keywords “liver resec-
tion”, “hepatic resection”, “hepatectomy”, “ICG”, “indocyanine green”, 
“post hepatectomy liver failure”, “PHLF”, “liver insufficiency”. The 
research also included all the related MeSH Terms. The search query is 
available in the supplementary materials. 

Articles without free full text availability were searched through the 
University of Milan digital library, the “Alberto Malliani” library, or 
direct contact with the authors. A hand-search of the references of the 
included studies and previous reviews on the topic was also performed 
to include additional relevant studies according to established selection 
criteria. Two investigators (GB, AK) carried out the literature search 
independently. 

2.2. Selection criteria 

A specific participant (P), index test (I), target condition(s) (T) and 
reference standard(s) (R) framework was specified to define study 
eligibility, as recommended [3]. In particular, the following criteria 
were outlined:  

- Participants (P): patients undergoing liver surgery for any reason and 
regardless of surgical approach (open, laparoscopic, robotic).  

- Index test(s) (I): preoperative Indocyanine Green clearance test.  
- Reference standard(s) (R): clinical/biochemical and imaging-based 

predictors of PHLF (i.e. MELD score, ALBI score, shear-wave elas-
tography, MRI imaging). This criterion was not mandatory.  

- Target condition(s) (T): the development of PHLF according to the 
ISGLS, 50-50 criteria, or peak bilirubin at day 7 definitions. 

2.3. Exclusion criteria 

Non-English language articles, case reports, book chapters, edito-
rials, and previously published reviews were not deemed eligible. 

2.4. Systematic review process 

Mendeley reference software (Mendeley Ltd, London, UK) was used 
to identify and remove duplicates among the initially identified records. 
Overall, 1850 articles were preliminarily identified by the literature 
search. After exclusion of duplicates, titles, and abstracts, 1593 records 
remained and were screened (AK, GB). An a priori developed screening 
form was created to guide study selection. Investigators were blinded to 
each other’s decisions. Arising disagreements were solved by a third 
party (SG), who supervised the systematic review process. 

2.5. Risk of bias assessment 

The risk of bias was assessed for individual studies according to the 
Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) as 
recommended by the Cochrane Collaboration [5,6]. Two investigators 
proceeded independently to the risk of bias evaluation (SF, AB). The 
following domains were explored: (1) bias due to patient selection, (2) 
bias due to the conduct or interpretation of the index test, (3) bias due to 
reference standard, (4) bias due to patient flow and timing. Bar and 
traffic light plots were created to display the results of the risk of bias 
assessment graphically. 

2.6. Data extraction and assessment of included studies 

Data were extracted independently by three authors (AK, GB, SG). 
Information regarding study design and methodology, demographic 
data, liver cirrhosis, indication for resection, type of liver resection, 
PHFL definition, ICG clearance test parameters (ICG retention rate at 15 
min – ICGR15; ICG plasma disappearance rate – ICGPDR), and diagnostic 
test accuracy measures were gathered in a computerized spreadsheet 
(Microsoft Excel 2016; Microsoft Corporation, Redmond; WA). One 
further investigator (AG) was introduced to resolve any disagreements. 

2.7. Statistical analysis 

The primary outcome was represented by the assessment of diag-
nostic performance of ICG in predicting PHLF. Since most of the 
included studies did not report information about true positives, true 
negatives, false positives, and false negatives, pooling estimates of 
sensitivity, specificity, diagnostic odds ratio, positive likelihood ratio, 
and negative likelihood ratio was precluded. 

The weighted pooled Area under the ROC curve (AUC) under 
random effects model was chosen as primary outcome measure to 
summarize ICG diagnostic performance, according to the method 
described by Zhou [7]. 

The secondary outcome was represented by the mean ICGR15 and 
ICGPDR in patients experiencing PHLF. Secondary outcome measures 
were reported as weighted means and 95% Confidence Interval. Mean 
ICGR15 and ICGPDR values were retrieved from each manuscript. 
Whenever not overtly reported, they were computed from medians, 
ranges, interquartile ranges (IQR) and sample sizes according to Wan’s 
method [8]. 

Heterogeneity between studies was quantified by I2 and Cochran’s Q 
test with substantial heterogeneity considered for I2 values > 50% [9]. 
Sensitivity analysis was conducted after inspecting patterns of effect 
sizes and heterogeneity of the included studies. To identify studies 
overly contributing to heterogeneity, Graphic Display of Heterogeneity 
(GOSH) plots were developed, and sensitivity analysis was conducted 
excluding studies predominantly responsible for heterogeneity. 

Funnel plots were developed to explore publication bias and Egger’s 
test was used to quantify funnel plots’ asymmetry. 

Statistical analysis was conducted with MedCalc Statistical Software 
version 19.2.6 (Ostend, Belgium; https://www.medcalc.org; 2020) and 
with R statistical software (The Comprehensive R Archive Network – 
CRAN, ver. 4.0.0×64) [10], using “meta”, “metafor”, “robvis” and 
“dmetar” packages [11–14]. 

3. Results 

3.1. Descriptive analysis of included studies 

Overall, 1823 articles were preliminarily identified by the literature 
search. After the exclusion of duplicates, titles and abstracts of 1566 
records were screened. Eighty-one articles were assessed for eligibility. 
Finally, 17 studies were included in qualitative and quantitative syn-
thesis [15–31]. Most of the excluded studies were deemed not eligible 
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because they did not meet inclusion criteria or due to insufficient 
reporting of diagnostic test accuracy information. Fig. 1 represents 
PRISMA flow diagram. 

A total of 4852 patients were included in qualitative synthesis. 
Fourteen studies were retrospective [8–16,18,19,21,22,24] of which 
twelve were conducted in eastern countries [8,10,12–19,22,24]. Male 
gender was predominant among most of the studies, ranging from 51 to 
87.7%. The most common indication for resection was hepatocellular 
carcinoma (HCC) and the definition of PHLF most commonly adopted 
was that of the International Study Group of Liver Surgery (ISGLS). 

In 10 studies the ICG dose administered was 0.5 mg/Kg, and in 11 
studies, ICGR15 was the ICG clearance test parameter of choice. In 3 
studies the results of the ICG test were expressed as ICGPDR. Three 
studies reported ICG clearance test results as both ICGR15 and ICGPDR. 
ICGR15 threshold for PHLF ranged from 5.6% [18] to 15% [30], whereas 
the ICGPDR thresholds were between 17.6% [16] and 19.5% [18]. 

Twelve studies reported data regarding the proportion of cirrhotic 
patients enrolled and in 7 studies this proportion ranged from 60.3 to 
100%. In 9 out of 17 studies the proportion of major hepatectomies 
exceeded 50%. Table 1 summarizes studies’ characteristics. 

3.2. Primary endpoint 

Data needed to compute pooled AUC (ROC Area and 95% Confidence 
Interval) was reported in only 8 studies [16,17,19,22–24,30,31]. The 
pooled AUC under random effects model was 0.673 (95% CI: 

0.632-0.713). Heterogeneity among the included studies was low (I2: 
20.62%, Cochran’s Q: 8.82). The forest plot with detailed information 
regarding AUCs of included studies is reported in Fig. 2. 

Nine studies reported information regarding sensitivity and speci-
ficity [15,16,18,20,22,27,28,30,31]. Sensitivity ranged from 25% [28] 
to 83% [16] and specificity ranged from 66.1% [22] to 93.8% [28]. 

Only 4 studies reported information regarding Positive (PPV) and 
Negative Predictive Value (NPV) [15,16,27,28]. PPV ranged from 17.9% 
[27] to 31% [16] and NPV ranged from 84% [15] to 95% [32]. 

3.3. Secondary endpoint 

Ten studies reported mean/median ICGR15 values in patients 
suffering PHLF [15,18,20,22–28]. The weighted mean ICGR15 under 
random effects model was 11 (95%CI: 8.3-13.7) (Fig. 3A). Heterogeneity 
between studies was high (I2: 94.8%). 

After GOSH plot analysis and identification of outliers [15,18,22,23, 
25,26] (supplementary materials) the weighted mean ICGR15 was 10.1 
(95%CI: 8.6-11.7) (Fig. 3B). Heterogeneity between studies dropped to 
0%. 

Five studies reported mean/median ICGPDR values in patients whom 
have suffered from PHLF [16–18,27,28]. The weighted mean ICGPDR 
under random effects model was 16.5 (95%CI: 13.3-19.8) (Fig. 3C). 
Heterogeneity between studies was high (I2: 91.7%). 

After identification of outliers the weighted mean ICGPDR was 18.4 
(95%CI: 16.4-20.3) (Fig. 3D). Heterogeneity between studies dropped to 

Fig. 1. PRISMA flow diagram of included studies.  
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Table 1 
Characteristics of included studies.  

Author Year of publication Years of enrollment Country Study design Total number of pts Age 
(median, 
range) 

Male 
gender 
(%) 

Cirrhotic patients (%) Indication 
for 
resection 

Major 
hepatectomy 
(%) 

PHFL 
definition 
(Reference 
Standard) 

PHFL incidence (%) 

Ohwada 2005 1998-2004 Japan Retrospective 75 63.4* 77.3 100% 100% HCC 17.3 Clinical/ 
Bil peak 

10.6 

de Liguori Carino 2009 2006-2007 UK Retrospective 37 67 (39- 
77) 

70.3 0 73% 
CLRM; 
10.8% 
CCC; 
10.8% 
HCC; 2.7% 
melanoma 
MTS; 2.7% 
benign 
liver lesion 

100 Clinical/ 
50-50 
criteria/ 
Bil peak 

16.2 

Wang 2014 2003-2009 China Prospective 996 48 87.7 85.2 100% HCC 24.8 Alkozai 
criteria 

43 

Yokoyama 2016 2002-2014 Japan Retrospective 585  63.9  100% 
perihilar 
CCC 

100 ISGLS 33 

Tomimaru 2016 2006-2014 Japan Retrospective 277 67* 77.9 48.7 100% HCC  ISGLS 9 
Haegele 2016 2011-2013 Austria Prospective 137 63 (22- 

89) 
64.2  43.1% 

MTS; 
21.9% 
HCC; 
16.8% CCC 

43.8 ISGLS/Bil 
peak 

8 

Ibis 2017 2012-2016 Turkey Retrospective 53 45 (19- 
76) 

51 0 28.3% 
CLRM; 
11.3% 
HCC; 
39.6% 
living 
donor; 
13.2% 
Klatskin 
tumor; 
7.6% 
benign 
liver lesion 

79.2 ISGLS 7.5 

Zou 2017 2014-2017 China Retrospective 473 53 (18- 
77) 

86.9 73.4 100% HCC 24.7 ISGLS/50- 
50 criteria 

10.6 

Le Roy 2018 2012-2017 France Prospective 147 63 (28- 
83) 

78.2  80.3% 
HCC; 
19.7% CCC 

32.6 ISGLS/50- 
50 criteria/ 
Bil peak 

4.8 

Wang 2018 2015-2016 China Retrospective 185 48 82.2 73 100% HCC 42.8 ISGLS 12.4** 
Kim 2018 2011-2013 Korea Retrospective 73 52.3 (47- 

72.4) 
76.7 60.3 100% HCC 69.9 ISGLS 24.7 

Schwarz 2019 2006-2015 Austria Retrospective 698 61.3 56.4  59.1% 
MTS; 
31.2% 
Primary 
liver 
tumor; 
12.9% 

55.2 ISGLS 15.3 

(continued on next page) 
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Table 1 (continued ) 

Author Year of publication Years of enrollment Country Study design Total number of pts Age 
(median, 
range) 

Male 
gender 
(%) 

Cirrhotic patients (%) Indication 
for 
resection 

Major 
hepatectomy 
(%) 

PHFL 
definition 
(Reference 
Standard) 

PHFL incidence (%) 

benign 
disease 

Gu 2020 2011-2014 China Retrospective 510 50.1* ±
11.2 

88 100 100% HCC 18 ISGLS 11.6 

Navarro 2020 2007-2013 Korea Retrospective 97 57.7 75.3 38.1 100% HCC 100 ISGLS 26.6** 
Sunagawa 2020 2013-2019 Japan Retrospective 193 68 69.4   57 ISGLS 12.9 
Fu 2021 2019 China Retrospective 215 54 83.2  100% HCC 100 ISGLS 10.7 
Park 2021 2014-2018 Korea Retrospective 101 62 84.2 74.3 HCC 77.4 50-50 

criteria 
31.7  

Author ICG dose 
(mg/Kg) 

ICG 
parameter 
used 

PDR (median 
/ range) 

PDR threshold 
for PHLF 

Median PDR in pts 
developing PHLF 
(range) 

R15 (median 
/ range) 

R15 threshold 
for PHLF 

Median 
R15 in pts 
developing 
PHLF 
(range) 

Reference 
standard  

Sn Sp PPV NPV AUC (95% 
CI) 

Ohwada 0.2 R15      15.9 ±
6.2** 

NR  57 61 29 84   

de Liguori 
Carino 

0.25 PDR  17.6 15.4 
(11.6-17.5)*    

NR  83 62 31 95 0.74 (0.58- 
0.95) 

Wang  R15    6.6 ± 4.1**   MELD; 1/ 
total 
cholesterol      

0.61 (0.54- 
0.68) 

Yokoyama 0.5 PDR      10 (2.8- 
21.5) 

ICGK-F      0.57  

Tomimaru  R15    15.8 ± 8.8**  18.8 ± 8** platelet count      0.64  
Haegele 0.25 PDR 

R15 
22.1 
(7.6–42.8)  

16.9 
(9.7-27.7) 

3.6 
(0.0–32.0)  

7.9 (1.6- 
23.3) 

NR R15 45.5 81.8 17.9 94.5 0.72  
PDR 54.6 79.4 18.8 95.2 0.72  

Ibis 0.5 R15   21.4 
(11.3-29.5)   

4.1 (1.2- 
18.4) 

NR  25 93.8 25 93.8   

Zou 0.5 R15    7.8 (1-29.2)   ALBI score, 
CPT score, 
MELD score      

0.67  

Le Roy 0.5 R15    10.7 ± 8.9** 15  NR  78 79   0.73 (0.55- 
0.92) 

Wang 0.5 R15    5.1 ± 4.7**  9.5 ± 8.3** CPT score, 
MELD score  

52.2 89.5   0.72 (0.65- 
0.79) 

Kim  PDR   12 ± 4**    MRI h-sc      0.75 (0.63- 
0.85) 

Schwarz 0.25 PDR 
R15 

21.1 
(17.7-25.3)* 

19.5 18.8 
(16.1-23.1)* 

4 (2-7)* 5.6 6 (3-8.9)* NR  57 66.5     

Gu 0.5 R15    5.7 ± 4.6**   Cirrhotic 
severity 
scoring      

0.66 (0.58- 
0.74) 

Navarro 0.5 R15    9.2 ± 4.3 11.1 10.5 ± 5.2 CT 
volumetry, 
liver stiffness  

26.7 76     

Sunagawa 0.5 PDR       ICGK-F      0.61  
Fu 0.5 R15    5.4 (3.4-7.2)* 6.4 6.4 (4-8.8)* Shear wave 

elastography; 
ALBI score  

66.7 66.1   0.62 (0.49- 
0.75) 

Park 0.5 R15    10.8 (6.9- 
17.1)*  

14.1 (8.2- 
22.5)* 

ALBI score      0.63 (0.51- 
0.75) 
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32%. 
Forest plots of meta-analysis of means are reported in Fig. 3. 

3.4. Risk of bias assessment 

Fig. 4 summarizes the risk of bias evaluation. High risk of bias was 
detected in all examined domains. In the domain “Reference Standard” 
almost 50% of included studies was burdened by high risk of bias. 

3.5. Publication bias assessment 

Egger’s test of pooled AUC meta-analysis failed to point out signifi-
cant asymmetry (p = 0.565). 

Fig. 5 displays funnel plot of publication bias. 

4. Discussion 

The ICG clearance test has been widely used over the years to 
quantitatively assesses the liver’s excretory function. It is based on the 
ability of the fluorescent dye to bind albumin and β-lipoprotein in the 
blood, which in turn is metabolized microsomally in the liver and 
excreted unmodified in the bile. Historically, the dye was injected 
intravenously, and peripheral blood samples were taken every 5 min for 
20 min. More recently, ICG measurements has been quantified using 
spectrophotometry with an optical probe, exploiting the fluorescence 
emission of the dye that ranges from 750 to 950 nm. The results of ICG 
clearance tests may be reported as ICGR15 and ICGPDR. A significant body 
of literature has been published over the years regarding the correlation 
between ICG clearance and post-hepatectomy complications, and 
different cut-offs have been proposed to predict the probability of 
postoperative liver failure. As such, ICG clearance test has been widely 
adopted in the preoperative planning of both minor and major hepa-
tectomies, mainly for primitive hepatic tumors, but also for living donor 
transplantation, and metastatic malignancies arising from colorectal and 
neuroendocrine primaries [33–35]. 

In the present meta-analysis 14 studies reported AUC values, how-
ever, 6 of them did not report the 95% CI, which is necessary to calculate 
standard errors. Based on the results of 8 studies [16,17,19,22–24,30, 
31], the ICG clearance test’s pooled AUC was 0.673 (95% CI: 
0.632-0.713) which demonstrate a poor diagnostic performance of 
preoperative ICG in predicting PHLF. A possible explanation for this is 
that even though meta-analysis of AUCs pointed out low heterogeneity, 
a high inter-studies variability can be noticed, as demonstrated by a 
wide range of cirrhotic patients, major hepatectomies, comparative 
diagnostic tests/tools and non-homogeneous definition of PHLF. More-
over, some studies considered all grades of PHLF, whereas other studies 
took into account only clinically relevant PHLF (namely grades B and C 
according to ISGLS definition). 

Sensitivity was lower than 80% in most of the studies except for de 
Liguori Carino et al. (Sn = 83%) [16]. In 6 out of 9 studies specificity was 
lower than 80%; only Haegele et al., Ibis et al., and Wang et al. reported 
specificity values above 80% (81.8%, 93.8% and 89.5%, respectively) 
[27,28,31]. On the other hand, the ability of the test in correctly iden-
tifying patients who will not develop PHLF among those with a negative 
test was high. Indeed, the Negative Predictive Value (NPV) exceeded 
90% in 3 out of 4 studies [16,27,28]. 

Despite a large number of studies promoting its use in clinical 
practice, ICG may not be as reliable as currently perceived. Among the 
wide number of variables that may affect the test, intrahepatic shunting, 
sinusoidal capillarization, and hyperbilirubinemia are of notice. 
Regarding the latter, it is worth noting that bilirubin and ICG compete 
for the same plasmatic transporter, that results in a reduced ICG uptake 
in patients suffering from obstructive jaundice. 

ICG clearance test measures liver function globally, not taking into 
account eventual heterogeneous uptake in the liver. Therefore, exten-
sive portions of liver parenchyma occupied by tumor or biliary IC
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obstruction may be responsible for misleading results. Furthermore, ICG 
testing does not enclose the extent of parenchymal resection (or 
conversely, the future liver remnant volume) and its result may be 
affected by liver cirrhosis. In this regard, an interesting study by Köller 
et al. highlighted how ICG pharmacokinetic parameters (ICGclearance, 
ICGPDR, ICGt1/2 and ICGR15) tend to initially show a linear relation, and 
become increasingly non-linear for growing proportion of resected liver 
and increasing degree of cirrhosis [36]. In the same study a wide vari-
ability in ICG pharmacokinetic measurements was demonstrated, which 
the Authors ascribed to inter-individual differences (i.e., blood flow, 
body weight and liver volume). Additionally, it is worth noting that a 
crucial physiological factor affecting the test is represented by the he-
patic levels of OATP1B3, which is the primary transporter mediating 
ICG uptake and its quantity is independent of age, sex, liver volume and 
liver blood flow. However, patients with impaired SLCO1B3 gene 

expression may have a constitutional ICG excretory defect, resulting in a 
remarkably poor ICG clearance [37,38]. According to Masuoka et al., 
this condition occurs in 0.007% of cases in the Japanese population 
[39]. Furthermore, ethnical differences in OATP1B3 expression may 
exist, with Asian patients exhibiting almost double the protein amount 
of Caucasian patients. 

In an attempt to overcome these limitations, many Authors have 
proposed alternative solutions to the preoperative ICG clearance mea-
surement alone. Since one of the major determinants of PHLF is repre-
sented by the extent of liver resection, Takasaki et al. in 1980 introduced 
the concept of rem KICG that combines the preoperative rate constant (k) 
of ICG indicator dilution curve with the proportion of future liver 
remnant [40]. More recent studies, one of which is included in the 
present systematic review [25], validated the role of rem KICG, setting a 
0.05 cut-off for safe liver resection. Similarly, Kim et al. demonstrated an 

Fig. 2. Forest plot of pooled AUC meta-analysis.  

Fig. 3. Forest plots of meta-analysis of means. (A) Weighted mean ICGR15; (B) Weighted mean ICGR15 after sensitivity analysis; (C) Weighted mean ICGPDR; (D) 
Weighted mean ICGPDR after sensitivity analysis. 

Fig. 4. Risk of bias assessment through barplot.  
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impressive diagnostic accuracy of standardized future liver remnant 
(sFLR)/ICGR15 ratio, with a 0.992 AUC, although the performance of the 
test decreased significantly when applied to cirrhotic patients [41]. 

Although liver volumetric analysis represents one of the cornerstones 
when planning surgical resection, it is worth noting that the physical 
volume of the liver does not always reflect its function. In this scenario, 
the introduction of nuclear medicine tests, like technetium-99 m- 
galactosyl serum albumin (99mTc-GSA) single photon emission 
computed tomography (SPECT/CT), has been proven to be accurate in 
assessing the functional heterogeneity among hepatic segments that 
often exist in damaged liver. In a recent paper by Nakajo et al., the 
application of machine learning classifiers (namely support vector ma-
chine – SVM, and random forest – RF) to predict liver damage using 
99mTc-GSA SPECT/CT led to intriguing results [42]. In particular, the 
analysis of three 99mTc-GSA SPECT/CT parameters (clearance index – 
HH15, receptor index – LHL15, and maximum standardized uptake 
value ratio – SUV max ratio) demonstrated an impressive diagnostic 
performance, with AUCs > 0.9. After selecting five out of 12 clinical and 
quantitative 99mTc-GSA features and running principal component 
analysis (PCA); the RF classifier scored the best performance in pre-
dicting high liver damage (AUC = 0.956). Although extremely prom-
ising, this technique has not gained popularity in Western countries 
mainly due to its invasiveness, cost, and specific equipment 
requirements. 

Finally, a rising MRI imaging technique based on Gd-ethoxybenzyl- 
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) has been pro-
posed in recent years as a non-invasive method to assess liver function. 
EOB-MRI evaluates the signal intensity of the functional remnant liver 
multiplied by the remnant liver volume and divided by the body surface 
area after the injection of contrast specifically uptaken by hepatocytes. 
In 2019 Araki et al. demonstrated a significant diagnostic performance 
of this imaging technique in predicting PHLF, with a 0.939 AUC, 100% 
sensitivity and 100% negative predictive values [43]. More recently, 
Chen et al. elaborated a machine learning-based PHLF prediction model 
in HCC patients undergoing major liver resection, built on EOB-MRI 
radiomics and clinical features [44]. The study highlighted an impres-
sive performance of the model, with AUC = 0.956 in the training cohort, 
and AUC = 0.844 in the testing cohort. 

Strengths and limitations 

To the best of our knowledge, the present study represents the first 
attempt of defining preoperative ICG ability to predict PHLF through a 
strict methodology and meta-analytic methods. 

Nevertheless, our study is burdened by some limitations, first, the 
retrospective nature of most of the included studies. Moreover, even 
though pooled AUC analysis failed to detect significant between-studies 

heterogeneity (I2 = 20.62%), it remains possible that heterogeneity 
exists for both ICG parameters and doses. Similarly, different types and 
extents of liver resection may contribute to between-studies 
heterogeneity. 

As reported in the methods section, the lack of crucial data, including 
true positives and negatives, false positives and negatives, precluded the 
possibility to conduct a formal DTA meta-analysis as recommended by 
the Cochrane Collaboration. Therefore, the pooled AUC method pro-
posed by Zhou may lack in precision and provides less information about 
the diagnostic test accuracy when compared to the bivariate model of 
Reitsma or the hierarchical model proposed by Rutter & Gatsonis. 

Finally, individual quality assessment of included studies pointed out 
a non-negligible proportion of high risk of bias in all domains. In 
particular, 8 out of 17 studies did not include a reference standard test, 
meaning that almost half of the studies lacked a test useful to compare 
the diagnostic performance. 

5. Conclusions 

Our review demonstrates that preoperative ICG clearance test alone 
may not represent a reliable method to predict post hepatectomy liver 
failure. However, it does have an important role in the presurgical 
diagnostic workup in candidates for liver resection, but its diagnostic 
significance should be framed within multiparametric models involving 
clinical and imaging features. 
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[36] A. Köller, J. Grzegorzewski, H.M. Tautenhahn, M. König, Prediction of survival 
after partial hepatectomy using a physiologically based pharmacokinetic model of 
indocyanine green liver function tests, Front. Physiol. 12 (2021), https://doi.org/ 
10.3389/fphys.2021.730418. 

[37] K. Anzai, K. Tsuruya, M. Morimachi, Y. Arase, S. Hirose, K. Hirabayashi, Y. Adachi, 
T. Kagawa, The impact of a heterozygous SLCO1B3 null variant on the indocyanine 
green retention test, J. Pharm. Sci. 109 (2020), https://doi.org/10.1016/j. 
xphs.2020.06.020. 

[38] T. Namihisa, M. Nambu, N. Kobayashi, H. Kuroda, Nine cases with marked 
retention of indocyanine green test and normal sulfobromophthalein test without 
abnormal liver histology: constitutional indocyanine green excretory defect, 
Hepatogastroenterology 28 (1981). 

[39] S. Masuoka, K. Nasu, H. Takahashi, A. Kitao, M. Sakai, T. Ishiguro, T. Saida, 
M. Minami, Impaired lesion detectability on gadoxetic acid-enhanced MR imaging 
in indocyanine green excretory defect: case series of three patients, Jpn. J. Radiol. 
38 (2020), https://doi.org/10.1007/s11604-020-00991-9. 

[40] T. Takasaki, S. Kobayashi, S. Suzuki, H. Muto, M. Marada, Y. Yamana, T. Nagaoka, 
Predetermining postoperative hepatic function for hepatectomies, Int. Surg. 65 (4) 
(1980) 309–313. 

[41] H.J. Kim, C.Y. Kim, E.K. Park, Y.H. Hur, Y.S. Koh, H.J. Kim, C.K. Cho, Volumetric 
analysis and indocyanine green retention rate at 15 min as predictors of post- 
hepatectomy liver failure, HPB 17 (2015), https://doi.org/10.1111/hpb.12295. 

[42] M. Nakajo, M. Jinguji, A. Tani, D. Hirahara, H. Nagano, K. Takumi, T. Yoshiura, 
Application of a machine learning approach to characterization of liver function 
using 99mTc-GSA SPECT/CT, Abdom. Radiol. 46 (2021), https://doi.org/10.1007/ 
s00261-021-02985-1. 

[43] K. Araki, N. Harimoto, N. Kubo, A. Watanabe, T. Igarashi, M. Tsukagoshi, N. Ishii, 
Y. Tsushima, K. Shirabe, Functional remnant liver volumetry using Gd-EOB-DTPA- 
enhanced magnetic resonance imaging (MRI) predicts post-hepatectomy liver 
failure in resection of more than one segment, HPB 22 (2020), https://doi.org/ 
10.1016/j.hpb.2019.08.002. 

[44] Y. Chen, Z. Liu, Y. Mo, B. Li, Q. Zhou, S. Peng, S. Li, M. Kuang, Prediction of post- 
hepatectomy liver failure in patients with hepatocellular carcinoma based on 
radiomics using Gd-EOB-DTPA-enhanced MRI: the liver failure model, Front. 
Oncol. 11 (2021), https://doi.org/10.3389/fonc.2021.605296. 

S. Granieri et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S1572-1000(22)00457-4/sbref0004
http://refhub.elsevier.com/S1572-1000(22)00457-4/sbref0004
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.1111/1541-0420.00266
https://doi.org/10.1111/1541-0420.00266
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1136/bmj.327.7414.557
http://www.R-project.org/
https://www.jstatsoft.org/v36/i03
https://doi.org/10.1002/bimj.201900036
https://doi.org/10.5281/zenodo.2551803
https://doi.org/10.1002/bjs.5258
https://doi.org/10.1002/bjs.5258
https://doi.org/10.1016/j.ejso.2009.02.003
https://doi.org/10.1016/j.ejso.2009.02.003
https://doi.org/10.2214/AJR.17.19206
https://doi.org/10.2214/AJR.17.19206
https://doi.org/10.1038/s41598-019-44815-x
https://doi.org/10.1186/s12957-020-01854-3
https://doi.org/10.4174/astr.2020.98.2.62
https://doi.org/10.1002/jhbp.833
https://doi.org/10.1002/jhbp.833
https://doi.org/10.1186/s12876-021-01727-3
https://doi.org/10.4166/kjg.2020.148
https://doi.org/10.1016/j.surg.2013.08.017
https://doi.org/10.1007/s00268-016-3441-1
https://doi.org/10.1007/s00268-016-3441-1
https://doi.org/10.1002/jso.24166
https://doi.org/10.1371/journal.pone.0165481
https://doi.org/10.12659/MSM.907306
https://doi.org/10.12659/MSM.907306
https://doi.org/10.1159/000486590
https://doi.org/10.1159/000486590
https://doi.org/10.1007/s00268-018-4464-6
https://doi.org/10.1007/s00268-018-4464-6
https://doi.org/10.1002/jso.25184
https://doi.org/10.1111/j.1600-6143.2005.00850.x
https://doi.org/10.1111/j.1600-6143.2005.00850.x
https://doi.org/10.1007/s00464-021-08791-6
https://doi.org/10.1016/j.pdpdt.2021.102653
https://doi.org/10.1016/j.pdpdt.2021.102653
https://doi.org/10.1016/j.ejso.2016.10.031
https://doi.org/10.3389/fphys.2021.730418
https://doi.org/10.3389/fphys.2021.730418
https://doi.org/10.1016/j.xphs.2020.06.020
https://doi.org/10.1016/j.xphs.2020.06.020
http://refhub.elsevier.com/S1572-1000(22)00457-4/sbref0038
http://refhub.elsevier.com/S1572-1000(22)00457-4/sbref0038
http://refhub.elsevier.com/S1572-1000(22)00457-4/sbref0038
http://refhub.elsevier.com/S1572-1000(22)00457-4/sbref0038
https://doi.org/10.1007/s11604-020-00991-9
http://refhub.elsevier.com/S1572-1000(22)00457-4/sbref0040
http://refhub.elsevier.com/S1572-1000(22)00457-4/sbref0040
http://refhub.elsevier.com/S1572-1000(22)00457-4/sbref0040
https://doi.org/10.1111/hpb.12295
https://doi.org/10.1007/s00261-021-02985-1
https://doi.org/10.1007/s00261-021-02985-1
https://doi.org/10.1016/j.hpb.2019.08.002
https://doi.org/10.1016/j.hpb.2019.08.002
https://doi.org/10.3389/fonc.2021.605296

	Preoperative indocyanine green (ICG) clearance test: Can we really trust it to predict post hepatectomy liver failure? A sy ...
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Selection criteria
	2.3 Exclusion criteria
	2.4 Systematic review process
	2.5 Risk of bias assessment
	2.6 Data extraction and assessment of included studies
	2.7 Statistical analysis

	3 Results
	3.1 Descriptive analysis of included studies
	3.2 Primary endpoint
	3.3 Secondary endpoint
	3.4 Risk of bias assessment
	3.5 Publication bias assessment

	4 Discussion
	Strengths and limitations

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


