
Page 1/17

safe threshold rate of indocyanine green retention
at 15 minutes after extreme hepatectomy in
patients who have remnant liver volume < 40% of
the standard volume as well as chronic liver
disease, hepatic �brosis or cirrhosis
junping gao 

Guangxi Medical University Cancer Hospital
zhan lu 

Guangxi Medical University Cancer Hospital
wanqiang liang 

Wuxiang Hospital of the Third A�liated to Guangxi Medical University
jie zhang 

Guangxi Medical University Cancer Hospital
shangdong qin 

Guangxi Medical University Cancer Hospital
jingfei zhao 

Guangxi Medical University Cancer Hospital
juntao huang 

Guangxi Medical University Cancer Hospital
wenfeng gong 

Guangxi Medical University Cancer Hospital
bangde xiang  (  xiangbangde@163.com )

Guangxi Medical University Cancer Hospital

Research Article

Keywords: indocyanine green, hepatectomy, liver failure, chronic liver disease, hepatic �brosis, cirrhosis

Posted Date: May 25th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1683360/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1683360/v1
mailto:xiangbangde@163.com
https://doi.org/10.21203/rs.3.rs-1683360/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/17

Abstract

Background
Indocyanine green (ICG) kinetics are used to assess hepatic function in the perioperative period of major
liver resection and liver transplantation. Here, we aimed to determine the threshold rate of ICG retention at
15 min (ICG-R15) associated with clinically relevant post-hepatectomy liver failure (CRPHLF) among
patients with underlying chronic liver disease, hepatic �brosis or cirrhosis whose remnant liver volume
was < 40% of the standard liver volume.

Methods
Data from 70 Chinese patients with a ratio of remnant to standard liver volume < 40% who underwent
extreme hepatectomy at our medical center were analyzed prospectively. We investigated potential
differences in several clinical and demographic factors between those who experienced CRPHLF and
those who did not.

Results
Logistic regression showed that ICG-R15 was an independent predictor of the risk of CRPHLF. The ICG-
R15 threshold for predicting CRPHLF risk was 5.25% across all patients, with an area under the receiver
operating characteristic curve (AUC) of 0.740, sensitivity of 68.4%, and speci�city 78.4%. The ICG-R15
threshold was 4.95% for patients with hepatic �brosis (AUC 0.770, sensitivity 78.0%, speci�city 74.0%),
and 4.55% for patients with cirrhosis (AUC 0.768, sensitivity 87.5%, speci�city 64.7%).

Conclusions
The risk of CRPHLF after extreme hepatectomy may be lower in Chinese patients when the ICG-R15 is
below 5.25% in the presence of chronic liver disease, 4.95% in the presence of hepatic �brosis, or 4.55% in
the presence of cirrhosis. Our results suggest that ICG-R15 can be used to identify patients who may
safely undergo extreme hepatectomy despite a low ratio of remnant to standard liver and different stages
of hepatic �brosis.

Background
Post-hepatectomy liver failure (PHLF) remains a signi�cant complication after hepatectomy, and one of
the leading causes of death after liver resection [1–4]. A major cause of PHLF is inadequate remnant liver
volume (RLV) and function [5, 6]. Extreme hepatectomy increases the risk of PHLF due to insu�cient RLV
[7]. Therefore, accurate preoperative evaluation of RLV and residual liver function is crucial to avoid liver
failure after extreme hepatectomy.
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Criteria have not been standardized, in China or globally, for determining the threshold residual liver
function that ensures adequate post-hepatectomy function. This is especially important for patients with
underlying chronic liver disease, hepatic �brosis or cirrhosis whose ratio of RLV to standard liver volume
(RLV/SLV) < 40%. Normally, hepatectomy is considered only for patients whose RLV/SLV > 40% [8–10].

The integrity and function of liver cells is routinely assessed based on indocyanine green (ICG) clearance,
and this assay is considered effective at predicting PHLF. In particular, the amount of ICG retained at 15
min after injection (ICG-R15) is the parameter most frequently used to assess residual liver function; it is
included in decision-making protocols before hepatectomy [11–15]. Some algorithms stipulate ICG-R15
thresholds for ensuring adequate post-surgical liver function: for example, Makuuchi’s algorithm
indicates that patients with ICG-R15 < 10% can safely undergo extended hemi-hepatectomy or three-lobe
resection, while those with 10–20% can undergo right hemi-hepatectomy [16]. The ICG-R15 threshold for
predicting clinically relevant PHLF after extreme hepatectomy remains uncertain.

Here we determined the ICG-R15 threshold for extreme hepatectomy in patients with RLV/SLV < 40% and
with different underlying liver diseases: chronic liver disease, �brosis, or cirrhosis. All patients underwent
right or extended right hemi-hepatectomy, which constitutes extreme hepatectomy because the right half
of the liver accounts for 60–75% of total liver volume [17].

Methods

Ethics statement
This study was performed in accordance with the standards of the Declaration of Helsinki and approved
by the Ethics Committee of Guangxi Medical University Cancer Hospital (Nanning, Guangxi, China).
Written informed consent was obtained from all patients.

Patient enrollment
This report is an interim analysis of an on-going prospective study involving liver cancer patients who
were scheduled for right hemi-hepatectomy or extended right hemi-hepatectomy in the Department of
Hepatobiliary Surgery at the A�liated Cancer Hospital of Guangxi Medical University. Seventy patients
were consecutively enrolled from July 2014 to January 2022. Inclusion criteria were as follows: (1) right
hemi-hepatectomy or extended right hemi-hepatectomy for tumor resection; (2) age ≥ 18 years,
preoperatively estimated RLV/SLV < 40% and ICG-R15 < 20%; (3) chronic liver disease, hepatic �brosis or
cirrhosis; (4) con�nement of the main tumor to the right liver lobe; (5) computed tomography and
enhanced examination within seven days before surgery; and (6) complete pre-, intra- and postoperative
clinical data.

Patients were excluded from the study if they had (1) preoperative biliary obstruction or hepatic hilar
cholangiocarcinoma; (2) other malignancies or other diseases treated at the same time, such as biliary
tract infection or liver abscess; or (3) human immunode�ciency virus infection or other serious diseases.
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ICG-R15 determination
ICG (Indocyanine Green for Injection, Dandong, China) was administered at 0.5 mg/kg through a
peripheral vein and measured using pulse dye densitometry (DDG-3300K, NIHON KOHDEN, Japan). The
ICG-R15 and plasma disappearance rate (ICG-k per minute) were calculated as described [16].

Clinical and laboratory tests
Baseline demographics and clinical data were collected from all patients before hepatic resection. All
patients were analyzed using 128-slice spiral computed tomography (General Electric, Boston, MA, USA)
one week before and one week after liver resection. The following tests were performed in each patient
before resection: standard liver and renal function (total bilirubin, albumin, aspartate aminotransferase,
alanine transaminase, creatinine), coagulation function [prothrombin time, (PT)], hematological
examination (white blood cells, red blood cells, platelets, hemoglobin levels), screening for hepatitis B-
virus (HBV) infection [HBV surface antigen (HBsAg), HBV surface antibody (HBsAb), HBV e antigen
(HBeAg), HBV e antibody (HBeAb), and HBV core antibody (HBcAb)], quantitation of HBV-DNA, and levels
of the tumor marker alpha-fetoprotein (AFP).

Three‐dimensional liver reconstruction
Three‐dimensional (3D) liver reconstruction was performed before hepatectomy. Thin-slice (5 mm)
computed tomography scans including the contiguous artery phase, portal venous phase and delayed
phase were imported into a 3D surgical simulation operation system (Myrian XP Liver 1.30.79.4;
Intrasense, Montpellier, France). Subsequent analysis was performed using portal venous phase images.
Different colors were used to label different tissues, including liver, tumor, postcava, hepatic vein, and
portal vein. The simulated volumes of liver, tumor, and blood vessels were calculated through 3D
reconstruction of the tissue pro�le.

Simulated hepatic resection
Hepatectomy was simulated on a 3D model of the middle hepatic vein region, using the Myrian XP Liver
system. The model was adjusted according to 2D images. Resected liver volume and RLV were calculated
by the system (Fig. 1). SLV was calculated with the following formula:

SLV (mL) = 706.2 × body surface area + 2.4,

while standard RLV was calculated as remnant liver volume divided by body surface area [18].

Diagnosis of PHLF
PHLF was diagnosed according to the criteria of the International Study Group of Liver Surgery [19].
Patients were deemed to have PHLF if they experienced an increase in PT-international normalized ratio
(PT-INR) and hyperbilirubinemia on or after postoperative day 5, based on the normal reference ranges
de�ned by the local laboratory. If PT-INR or serum bilirubin increased preoperatively, PHLF was de�ned as
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an increase in PT-INR and serum bilirubin level compared with the values of the previous day on or after
postoperative day 5. Patients with PHLF who nevertheless required no adjustment to their clinical
management were categorized as grade A; those who required adjustment but not invasive therapy, grade
B; and those who required invasive therapy, grade C [19]. In the present study, we classi�ed patients
without PHLF or with grade A PHLF as having non-clinically relevant PHLF, and those with grades B or C
as having clinically relevant PHLF (CRPHLF) [20].

Histological assessment
Hepatic �brosis was diagnosed by two histologists independently, who estimated the degree of hepatic
�brosis using the METAVIR scoring system [21] (Fig. 2): F0, no �brosis; F1, portal �brosis without septa;
F2, portal �brosis with rare septa; F3, numerous septa without cirrhosis; or F4, cirrhosis. Disagreements
between histologists were resolved by discussion.

Statistical analysis
Continuous variables were reported as mean ± standard deviation, and inter-group differences were
assessed for signi�cance using Student’s t test. Categorical variables were reported as frequencies, and
differences were assessed using the chi-squared test. Independent risk factors for predicting CRPHLF
were identi�ed by logistic regression. The ICG-R15 threshold for predicting CRPHLF was estimated using
receiver operating characteristic curves.

All analyses were conducted using two-sided tests in SPSS 19.0 (IBM, Chicago, IL, USA). Differences were
considered signi�cant if associated with p  0.05.

Results

Demographic and clinical characteristics of patients
A total of 70 patients were enrolled, including 57 (82.3%) men and 13 (17.6%) women (Table 1), of whom
60 (85.7%) were HBsAg-positive. Sixty-eight patients underwent right hemi-hepatectomy and two patients,
extended right hemi-hepatectomy. Postoperative liver tumor pathology identi�ed 66 patients with
hepatocellular carcinoma (HCC), and one patient each with intrahepatic cholangiocarcinoma, HCC-
intrahepatic cholangiocarcinoma, adenocarcinoma, or low-grade dysplasia. Postoperative liver tissue
pathology identi�ed 10 (14.3%) patients with chronic liver disease without hepatic �brosis or cirrhosis, 35
(50.0%) with hepatic �brosis, and 25 (35.7%) with cirrhosis.

After surgery, obvious ascites appeared in �ve patients (7.1%), biliary leak in two (2.9%), and abdominal
infection in one (1.4%). CRPHLF occurred in 19 (27.1%). No patient died during the perioperative period,
from one week before surgery until one week after surgery. All patients recovered successfully.
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Table 1
Demographic and clinical characteristics of the 70

patients in the study.
Characteristic Value

Sex

Male

Female

57 (81.4)

13 (18.6)

HBsAg

Positive

Negative

60 (85.7)

10 (14.3)

Preoperative parameters

Age (years)

Body mass index (kg/m2)

Total bilirubin (µmol/L)

Albumin (g/L)

ALT (U/L)

AST (U/L)

Platelet count (109 /L)

Prothrombin time (s)

Creatinine (µmol/L)

HBV-DNA (IU/mL)

≥ 2 000

< 2000

Alpha-fetoprotein (ng/mL)

≥ 400

< 400

Ascites

Yes

No

Child–Pugh grade

44.63 ± 3.73

21.75 ± 3.34

18.14 ± 30.75

37.15 ± 4.21

56.83 ± 41.73

73.30 ± 53.40

236.03 ± 93.97

12.58 ± 1.22

76.73 ± 15.05

41 (58.6)

29 (41.4)

39 (55.7)

31(44.3)

10 (14.3)

60 (85.7)

66 (94.3)

4 (5.7)

0

4.88 ± 3.11

248.25 ± 24.20

35.03 ± 3.37
Values are n (%) or mean ± standard deviation.
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Characteristic Value
A

B

C

ICG-R15 (%)

SRLV (mL/m2)

RLV/SLV (%)

RLV (mL)

Tumor volume (mL)

405.15 ± 52.09

513.0 ± 399.3

Intraoperative parameters

Blood transfusion

Yes

No

Blood loss (mL)

Operative time (min)

15 (21.4)

55 (78.6)

557.14 ± 474.13

273.74 ± 61.49

Postoperative parameters

Hepatic �brosis stage (METAVIR)

No �brosis (F0)

Fibrosis (F1-3)

Cirrhosis (F4)

Hospital stay (days)

Perioperative mortality (%)

10 (14.3)

35 (50.0)

25 (35.7)

14.09 ± 10.62

0

Values are n (%) or mean ± standard deviation.

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; HBsAg, hepatitis B virus
surface antigen; HBV-DNA, hepatitis B virus DNA; ICG-R15, indocyanine green retention rate at 15 min;
RLV, remnant liver volume; SLV, standard liver volume; SRLV, standard remnant liver volume.

Risk factors for CRPHLF

The ICG-R15 of patients who experienced CRPHLF was signi�cantly higher than that of patients who did
not (Table 2). Positive stepwise binary logistic regression was used to assess the potential relationship
between ICG-R15 and CRPHLF, in which the threshold for model inclusion was 0.05, and the threshold for
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exclusion was 0.1. This analysis identi�ed ICG-R15 as an independent predictor of CRPHLF after extreme
hepatectomy (Table 3).

Table 2. Comparison of clinicopathologic characteristics between patients who experienced CRPHLF
or not.
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Characteristic No CRPHLF CRPHLF χ2 (t test) p

(n = 51) (n = 19)

Sex

   Male         

Female

 

39

12

 

18

1

 3.054  0.081

HBsAg     0.301 0.583

Positive 43 17    

Negative 8 2    

Preoperative parameters      

Age (years) 47.49±11.02 48.16±11.63 1.040 0.302

Body mass index (kg/m2) 21.98±3.40 21.14±3.20 0.931 0.355

Total bilirubin (μmol/L) 14.43±5.24 28.02±58.38 -1.011 0.325

Albumin (g/L) 37.08±3.61 37.36±5.63 -0.201 0.842

ALT (U/L) 58.14±42.02 53.32±41.87 0.427 0.671

AST (U/L) 72.44±50.43 75.61±62.13 -0.22 0.827

Platelet count (109 /L) 234.15±97.13 241.06±87.19 -0.271 0.787

Prothrombin time (s) 12.49±1.23 12.83±1.18 -1.017 0.313

Creatinine (μmol/L) 75.25±14.72 80.68±15.60 -1.35 0.181

HBV-DNA (IU/mL)     0.301 0.583

≥ 2 000 22 9    

< 2000 19 10    

Alpha-fetoprotein (ng/mL)     0.05 0.823

≥ 400 28 11    

< 400 23 8    

Ascites     0.048 0.826

Yes 7 3    

No 44 16    

Child–Pugh grade     1.121 0.290

A 49 17    
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B 2 2    

ICG-R15 (%) 4.27±2.95 6.51±3.02 -2.799 0.007*

SRLV (mL/m2) 249.06±24.09 246.10±25.05 0.452 0.652

RLV/SLV (%) 35.19±3.4 34.61±3.33 0.633 0.529

RLV (mL) 407.06±53.19 400.02±50.05 0.50 0.619

Tumor volume (mL) 482.15±403.63 595.83±386.03 -1.06 0.293

Intraoperative parameters      

Blood transfusion     4.048 0.044*

Yes 14 1    

No 37 18    

Blood loss (mL) 520.73±456.89 608.62±501.08 -0.762 0.449

Operative time (min) 277.14±62.29 264.63±59.97 0.754 0.453

Postoperative parameters      

Hepatic �brosis stage (METAVIR)   1.820 0.402

No �brosis (F0) 9 1    

Fibrosis (F1-3) 25 10    

Cirrhosis (F4) 17 8    

Hospital stay (days) 11.33±6.36 21.47±15.51 -2.764 0.012*

Values are n or mean ± standard deviation. * p < 0.05

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; HBsAg, hepatitis B virus
surface antigen; HBV-DNA, hepatitis B virus DNA; ICG-R15, indocyanine green retention rate at 15 min;
RLV, remnant liver volume; SLV, standard liver volume; SRLV, standard remnant liver volume.

Table 3. Binary logistic regression analysis to identify factors related to CRPHLF.
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Factor   Univariate analysis       Multivariate
analysis

 

B Odds Ratio (95% CI) p B Odds Ratio (95%
CI)

p

Sex (male) 1.712 5.538 (0.668–
45.914)

0.172 1.470 4.347(0.451–
41.865)

0.203

ICG-R15 0.231 1.259 (1.047–
1.515)

0.014* 0.224 1.251(1.029–
1.521)

0.024*

Creatinine 0.025 1.025(0.988–1.063) 0.182 0.022 1.023 (0.982–
1.065)

0.281

Hepatic �brosis stage          

Fibrosis(F1-
3)

1.281 3.60(0.402–32.240) 0.252 0.956 2.602 (0.255–
26.573)

0.420

Cirrhosis(F4) 1.443 4.235(0.455–
39.401)

0.205 1.006 2.734 (0.252–
29.686)

0.408

* p < 0.05.

Abbreviations: CI, con�dence interval; ICG-R15, indocyanine green retention rate at 15 min.

ICG-R15 thresholds for predicting CRPHLF

Receiver operating characteristic curves showed that ICG-R15 predicted CRPHLF in our patients with high
sensitivity and speci�city, regardless of whether they had chronic liver disease, hepatic �brosis, or
cirrhosis. Across all patients, the ICG-R15 threshold for CRPHLF was 5.25%, which gave an area under the
curve (AUC) of 0.740, sensitivity of 68.4%, and speci�city of 78.4% (p = 0.002, Fig. 3A). In patients with
hepatic �brosis, the ICG-R15 threshold was 4.95%, which gave an AUC 0.770, sensitivity of 78.0%, and
speci�city of 74.0% (p = 0.001, Fig. 3B). In patients with cirrhosis, the threshold was 4.55%, which gave an
AUC of 0.768, sensitivity of 87.5%, and speci�city of 64.7% (p = 0.033, Fig. 3C).

Discussion
Preoperative assessment of RLV and liver function is crucial to prevent postoperative liver failure after
extreme hepatectomy. However, the safe ICG-R15 threshold for extreme hepatectomy remains unclear for
patients with chronic liver disease, hepatic �brosis, or cirrhosis. Here we identi�ed ICG-R15 as an
independent predictor of CRPHLF, in agreement with previous studies reporting that SRLV and ICG-R15
are independent predictors of PHLF [22]. We found the safe ICG-R15 threshold to be 5.25% across our
entire cohort, lower than the threshold of 10% in a Japanese study [16]. This difference may re�ect the
fact that we enrolled only patients who had underlying chronic liver disease, hepatic �brosis or cirrhosis;
whose RLV/SLV < 40%; and who underwent extreme hepatectomy.
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Patients undergoing hepatectomy in China often present with hepatic �brosis or cirrhosis [23], which can
strongly affect preoperative liver function and regeneration of postoperative remnant liver. We found that
the safe ICG-R15 threshold was 4.95% for patients with hepatic �brosis and 4.55% for those with
cirrhosis. Thus, the more severe a patient’s hepatic �brosis is, the lower their safe ICG-R15 threshold for
predicting CRPHLF.

Some studies have recommended that when selecting patients for hepatectomy, RLV/SLV should be >
40% if the patient has ICG-R15 < 10% as well as chronic liver disease or cirrhosis [8-10]. However, it is
unclear whether hepatectomy is safe for patients whose RLV/SLV < 40% and who have underlying
chronic liver disease, hepatic �brosis or cirrhosis. Portal vein embolization (PVE) is a well-established
method for increasing RLV in 4-6 weeks. However, more than 20% of patients may become ineligible for
surgery during that period, either because their disease progresses or because the RLV after PVE is still
insu�cient [24-26]. More recently, the combination of liver partition and portal vein ligation for staged
hepatectomy has been used to increase RLV in 1-2 weeks. However, this method remains controversial
because of the high associated morbidity and mortality [27,28]. All 70 patients in our study underwent
right hemi-hepatectomy or extended right hemi-hepatectomy, and although 19 (27.1%) developed
CRPHLF, no patient in our study developed grade C PHLF or died during hospitalization. One explanation
for this low perioperative mortality is that residual hepatocytes may release more liver-regenerating
cytokines after right hemi-hepatectomy than after left hemi-hepatectomy [29-31]. We propose that
hepatectomy can be safe in patients with RLV/SLV < 40% and with different stages of hepatic �brosis, so
long as ICG-R15 lies below a certain threshold. Nevertheless, two-staged hepatectomy may still need to be
considered for such patients.

Since our study involved a small number of patients, the results should be interpreted with caution. Our
results should be veri�ed and extended in larger studies, preferably with concurrent analysis of
postoperative complications. Future work should examine patients with RLV/SLV > 40% after
hepatectomy, and it should search for additional risk factors for liver failure after extreme hepatectomy.

Conclusions
This small study suggests that ICG-R15 is an independent predictor of CRPHLF in patients who have
chronic liver disease, hepatic �brosis, or cirrhosis and who undergo extreme hepatectomy. Our results
also propose safe ICG-R15 thresholds for each type of patient that, if validated in larger cohorts, may help
guide their treatment and management. Our results suggest that ICG-R15 may help identify patients who
can safely undergo hepatectomy despite having RLV/SLV < 40% and hepatic �brosis.

Abbreviations
CRPHLF: clinically relevant posthepatectomy liver failure; ICG: indocyanine green; ICG-R15: indocyanine
green retention rate at 15 minutes; PHLF: post-hepatectomy liver failure; RLV: remnant liver volume; SLV:
standard liver volume; SRLV: standard remnant liver volume.
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Figures

Figure 1

Representative images of 3D simulations of right hemi-hepatectomy: yellow, tumor; light green, excised
liver tissue; gray, remnant liver tissue; blue, vein; red, artery; light blue, portal vein; green, biliary duct.
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Figure 2

Representative micrographs of liver tissue (stained with hematoxylin-eosin) showing different grades of
hepatic �brosis. (A) F0. (B) F1. (C) F2. (D) F3. (E) F4. Magni�cation, 20x.

Figure 3

Receiver operating characteristic curves to assess the ability of indocyanine green retention rate at 15
min (ICG-R15) to predict clinically relevant post-hepatectomy liver failure in (A) all patients in our cohort,
(B) the subgroup of patients with hepatic �brosis, or (C) the subgroup of patients with cirrhosis.


