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Abstract 

Background Posthepatectomy liver failure (PHLF) remains a severe complication after liver resection. This retrospec-
tive study investigated the correlation of three hepatic functional tests and whether 99mTc-galactosyl human serum 
albumin (99mTc-GSA) scintigraphy and modified albumin–bilirubin (ALBI) score are useful for predicting PHLF.

Methods This retrospective cohort study included 413 consecutive patients undergoing hepatectomies 
between January 2017 and December 2020. To evaluate preoperative hepatic functional reserve, modified ALBI grade, 
indocyanine green clearance (ICG-R15), and 99mTc-GSA scintigraphy (LHL15) were examined before scheduled hepa-
tectomy. Based on a retrospective chart review, multivariable logistic regression analysis adjusted for confounding 
factors was performed to confirm that mALBI, ICG-R15, and LHL15 are independent risk factors for PHLF.

Results ICG-R15 and LHL15 were moderately correlated (r =  − 0.61) but this correlation weakened when ICG-R15 
was about ≥ 20. Weak correlations were observed between LHL15 and ALBI score (r =  − 0.269) and ALBI score and ICG-
R15 (r = 0.339). Of 413 patients, 66 (19%) developed PHLF (20 grade A, 44 grade B, 2 grade C). Multivariable logistic 
regression analyses, major hepatectomy (P < 0.001), mALBI grade (P = 0.01), ICG-R15 (P < 0.001), and Esophagogastric 
varices (P = 0.007) were significant independent risk factors for PHLF. Subgroup analysis showed that ICG-R15 < 19, 
major hepatectomy, and mALBI grade and ICG-R15 ≥ 19, major hepatectomy, LHL15, and Esophagogastric varices 
were significant independent risk factors for PHLF (P = 0.033, 0.017, 0.02, 0.02, and 0.001, respectively).

Conclusion LHL15, the assessment of Esophagogastric varices, and mALBI grade are complementary to ICG-R15 
for predicting PHLF risk.
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Introduction
For hepatic malignancies, surgical resection plays an 
essential role as a curative treatment option [1–4]. 
Although surgical outcomes of hepatectomy have 
improved recently due to the development of surgical 
devices and perioperative management, posthepatec-
tomy liver failure (PHLF) remains a crucial complication 
after hepatectomy [5–10]. To prevent severe PHLF from 
potentially leading to lethal outcomes, it is important to 
accurately assess preoperative hepatic functional reserve. 
Several reports have demonstrated that the indocyanine 
green (ICG) clearance test, technetium-99  m-diethyl-
enetriaminepentaacetic acid-galactosyl human serum 
albumin (99mTc-GSA) scintigraphy, albumin–bilirubin 
(ALBI) score, and ALBI grade are useful hepatic function 
tests for predicting PHLF [10–13]. Although the ICG 
retention rate at 15 min (ICG-R15) has been widely used, 
especially in Eastern countries, to assess preoperative 
hepatic functional reserve [14–16], there is sometimes 
a discrepancy between its value and the actual hepatic 
function in patients with hyperbilirubinemia and intrahe-
patic shunts [14, 17, 18]. In addition, the ICG test can-
not be performed for patients allergic to this fluorescent 
cyanine dye [19–22]. As an alternative to the ICG test, 
the ALBI score, a parameter calculated from albumin 
and total bilirubin in the blood; the ALBI grade [13]; and 
the modified ALBI (mALBI) grade [23] are also available 
as preoperative hepatic function tests. In contrast, liver 
activity at 15 min as assessed by 99mTc-GSA scintigraphy 
(LHL15) has not been used as commonly as ICG-R15 or 
ALBI due to its high cost and requirement for radioactive 
agents [11, 24].

We have routinely measured both LHL15 and ICG-R15 
and used the mALBI grade, ICG-R15, and LHL15 to eval-
uate preoperative hepatic functional reserve and deter-
mine the extent of hepatectomy. Although ICG-R15 and 
LHL15 are well correlated in most patients, a discrep-
ancy is sometimes observed, especially in patients with 
deteriorated ICG-R15 values. It is difficult to interpret 
the hepatic functional reserve in such patients and thus 
to determine the appropriate procedure. However, a few 
reports have been published on the usefulness of meas-
uring LHL15 in combination with ICG-R15 for predict-
ing PHLF. In this study, we investigated the correlation of 
three hepatic functional tests (mALBI grade, ICG-R15, 
and LHL15) and evaluate whether LHL15 and ALBI are 
useful for predicting PHLF.

Methods
Patients
This was a single-center, retrospective cohort study. We 
included patients who underwent liver resection between 
January 2017 and December 2020. We excluded donors 

and recipients of living donor liver transplantation, 
patients with bile duct resection, and patients with early-
stage gallbladder cancer who underwent liver bed resec-
tion only.

Preoperative physical assessment
We obtained study data through a review of our pro-
spectively maintained database. The American Society of 
Anesthesiologists physical status (ASA-PS) was used to 
assess the general status of surgical tolerance [25].

Preoperative hepatic functional reserve
For patients at our institute who were scheduled to 
undergo hepatic resection, preoperative hepatic func-
tional reserve was evaluated using the ALBI score, modi-
fied ALBI grade, ICG-R15, and LHL15, except for those 
with an ICG allergy or who had little time before sur-
gery. The ALBI score was calculated as − 0.085 × (albu-
min [g/L]) + 0.66 × log10(− total bilirubin [μmol/L]), 
and was further categorized into three different grades 
as the modified ALBI grade: grade 1 (< − 2.60), grade 
2a (> − 2.60 to <  − 2.27), grade 2b (≥ − 2.27 to ≤  − 1.39), 
and grade 3 (> − 1.39) [23]. The ICG-R15 was the serum 
ICG level measured 5 min after injection of 0.5 mg/kg of 
ICG. The LHL15 was calculated by [(L15; the radioactiv-
ity of the liver at 15  min after 99mTc-GSA injection)] / 
[L15 + (H15; the radioactivity of the heart at 15 min after 
injection)]. We also calculated the count ratio of the 
liver to the sum of the counts and the blood disappear-
ance rate (HH15) = [H15]/[H3; the counts of the heart at 
3 min after injection] [12]. We evaluated the presence or 
absence of esophagogastric varices on preoperative upper 
gastrointestinal endoscopy to assess the presence of por-
tal hypertension and liver cirrhosis. The Child–Pugh 
classification and the Model for End-stage Liver Disease 
(MELD) score [26] were used to evaluate liver cirrhosis 
and liver condition.

Surgical procedure
We conducted hepatectomy using Makuuchi’s criteria 
[27]. The extent of hepatectomy was classified accord-
ing to the Japanese general rules for the clinical patho-
logical study of primary liver cancer [28]. Hr1, 2, and 3 
were classified as major hepatectomy. Laparoscopic sur-
gery has been the first choice at our institution. Open 
surgery is selected for cases requiring vascular recon-
struction, cases in which a high degree of adhesion is 
expected after multiple liver resections, or when the 
patient’s general condition is not good. In addition, in 
cases of laparoscopic surgery, robot-assisted surgery was 
performed if the patient strongly desired it and certain 
conditions were met, as previously described [29–31]. 
Details of the surgical procedures, including anatomical 
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or nonanatomical liver resection, and open, laparoscopic, 
or robotic surgery were performed according to the pre-
vious reports [29–31].

PHLF and postoperative complications
Using the criteria of the International Study Group of 
Liver Surgery, we defined PHLF as an increase in the 
international normalized ratio of prothrombin time and 
concomitant hyperbilirubinemia (according to the nor-
mal limits of the local laboratory) on or after postop-
erative day 5 [32]. PHLF severity was classified as grade 
A, grade B, or grade C based on its impact on clinical 
management [24, 32]. We dichotomized liver failure into 
no failure and grade A/B/C failure. Complications after 
surgery during the same hospital stay were categorized 
according to Dindo and colleagues [33].

Statistical analysis
We present continuous data as the median and inter-
quartile range. Categorical data are presented as count 
and proportion. We calculated Pearson’s correlation 
coefficients to determine the correlations between ALBI 
score, ICG-R15, and LHL15. Multivariable logistic 
regression analysis was performed to confirm whether 
ALBI score, ICG-R15, and LHL15 are independent risk 
factors for PHLF. Age and major hepatectomy, which are 
considered to be associated with PHLF [34–36], and each 
factor (ALBI score, ICG-R15, and LHL15) were included 
in the model as adjusted factors. The explanatory vari-
ables of the model—ALBI score, ICG-R15, LHL15, and 
age—were treated as continuous variables, whereas 
major hepatectomy was treated as a binary categorical 
variable. We checked for multicollinearity using the vari-
ance inflation factor (VIF). A value of < 2 for each variable 
was considered to indicate no multicollinearity. We also 
performed univariable logistic regression analysis to con-
firm the association between each factor and PHLF. The 
odds ratios are reported with 95% confidence intervals. 
A two-sided p value of < 0.05 was considered statistically 
significant. We identified 29 cases with missing values 
in ICG-R15 and 12 cases with missing values in LHL15. 
The exclusion of such patients might have biased our 
results, and missing values were complemented by mul-
tiple imputations. We performed the multiple imputation 
method based on the variables entered into a multivari-
able logistic regression model, and the results obtained 
through five interactions were integrated according to 
Rubin’s rule. To evaluate the predictive ability of PHLF 
by ICG-R15, we calculated the area under the curve 
(AUC) by the receiver-operating characteristic (ROC). 
The predictive ability of LHL15 was also evaluated by 
ROC and AUC in subgroups based on the cutoff point 
obtained by the Youden index. For the subgroup analysis, 

we performed multivariable logistic regression for the 
groups with ICG-R15 < 19 and ≥ 19. We did not add the 
ICG-R15 to the covariates because it was used to sepa-
rate the groups. The criteria for grouping using ICG-R15 
were determined by the cutoff point obtained from the 
ROC curve. Statistical analyses were performed with 
R version 4.3.1 (The R Project for Statistical Comput-
ing, www.r- proje ct. org) and EZR version 1.52 (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan). 
EZR is a graphical user interface for R version 4.02 (The 
R Foundation for Statistical Computing, Vienna, Austria) 
and is a modified version of R commander designed to 
add statistical functions frequently used in biostatistics 
[37].

Ethics
All procedures were conducted according to the ethical 
standards of the responsible committee on human exper-
imentation (institutional and national) and the Helsinki 
Declaration of 1964 and later version. This study protocol 
was approved by the institutional review board of Fujita 
Health University (approval No. HM19-064).

Results
Patients
Between January 2017 and December 2020, 501 consecu-
tive patients underwent hepatectomy in our department. 
After excluding 17 patients who were living liver trans-
plant donors with normal hepatic function, 16 with end-
stage liver failure during surgery, 4 who underwent only 
liver bed resection for early-stage gallbladder cancer with 
negligible extent of liver resection, 10 with neither pre-
operative ICG test nor 99mTc-GSAS, and 41 who under-
went hepatectomy combined with bile duct resections, a 
total of 413 patients were selected (Fig. 1).

Corelationship of the three hepatic functional tests
Figure  2 shows the corelationship between the three 
hepatic functional tests. ICG-R15 and LHL15 were mod-
erately correlated (correlation coefficients, r =  − 0.61). 
However, the correlation with LHL15 weakened when 
the ICG-R15 was about 20 or higher. The correla-
tions between LHL15 and ALBI score (r =  − 0.269) and 
between ALBI score and ICG-R15 (r = 0.339) were weak.

Clinical outcome and the relationship 
between perioperative factors and PHLF
Table 1 shows the patients’ characteristics and periopera-
tive outcomes. Of the 413 patients, 42 patients (10.2%) 
experienced complications of the Clavien–Dindo clas-
sification of IIIA or higher, 28 patients (6.8%) IIIA, 6 
patients (1.5%) IIIB, 6 patients (1.5%) IV, and 2 patients 
(0.5%) V. PHLF occurred in 66 patients (16.0%): 20 

http://www.r-project.org
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patients (4.84%) in grade A, 44 patients (10.7%) in grade 
B, and 2 patients (0.48%) in grade C. Table 2 shows the 
summary results of the perioperative factors for each 
PHLF/non-PHLF. On univariable logistic regression 
analysis, several factors were noted to have a significant 
association with PHLF, including gender, age, ALBI score, 
mALBI grade, MELD score, ICG-R15, LHL15, Esoph-
agogastric varices, major hepatectomy, operation time, 
and intraoperative blood loss. Multivariable regression 
analysis was performed using preoperative risk factors 
for PHLF. Table 3 shows the results of the univariable and 
multivariable logistic regression analysis evaluating the 

mALBI grade, ICG-R15, LHL15, and adjusted factor and 
PHLF. Multivariable logistic regression analysis identi-
fied mALBI grade (odds ratio [OR]: 1.72, 95% confidence 
interval [CI]: 1.17–2.52, P = 0.01), ICG-R15 (OR: 1.08, 
95% CI: 1.04–1.12, P < 0.001), major hepatectomy (OR: 
2.52, 95% CI: 1.35–4.71, P = 0.004), and Esophagogastric 
varices (OR: 2.95, 95% CI: 1.34–6.47, P = 0.007) as inde-
pendent preoperative predictors of PHLF. VIF was 1.80 
for ICG-R15, 1.68 for LHL15, 1.12 for mALBI grade, 1.15 
for major hepatectomy, 1.18 for Esophagogastric varices, 
and 1.10 for age, all of which were less than 2 and there-
fore not considered multicollinear. The area under the 

Fig. 1 Patient selection

Fig. 2 Correlation of the three hepatic functional tests
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receiver-operating characteristic curve (AUROC) of the 
ICG-R15 for PHLF was 0.716, and the optimal cutoff 
value was 19.2% (Fig. 3).

We divided the patients into subgroups with an ICG-
R15 cutoff value of 19 and further examined the effect of 
LHL15 and ALBI on PHLF.

Patients with ICG‑R15 < 19
Major hepatectomy (OR: 2.58, 95% CI: 1.08–6.15, 
P = 0.033) and mALBI grade (OR: 1.75, 95% CI: 1.10–
2.77, P = 0.017) were independent risk factors for PHLF 
(Table  3). Twenty-eight patients developed PHLF, 10 
patients (35.7%) in grade A and 18 patients (64.3%) in 
grade B.

Patients with ICG‑R15 ≥ 19
Major hepatectomy (OR: 4.55, 95% CI: 1.28–10.6, 
P = 0.02), LHL15 (OR: 0.86, 95% CI: 0.76–0.97, P = 0.02), 
and Esophagogastric varices (OR: 4.12, 95% CI: 1.43–
12.1, P = 0.001) were independent risk factors for PHLF 
(Table  3). Thirty-three patients developed PHLF, 6 
patients (18.2%) in grade A, 25 patients (75.8%) in grade 
B, and 2 patients (6.1%) in grade C. Five patients with 
PHLF (four patients in grade A, one patient in grade B) 
had missing ICG-R15 data. The AUROC of the LHL15 
for patients with ICG-R15 ≥ 19 for PHLF was 0.612, and 
the optimal cutoff value was 0.878 (Fig. 3).

Table 1 Patient characteristics and perioperative outcomes

N 413

Preoperative factors

 Age,  yearsa 69.0 [59.0, 75.0]

 Male,  genderb 262 (63.4%)

 ASA-PS, n (1/2/3/4) 48/339/26/0

Child–Pugh  classificationb

 A 392 (94.9)

 B 18 (4.4)

 C 3 (0.7)

 MELD  scorea 6.76 [6.20, 7.70]

 ALBI  scorea  − 2.52 [− 2.78, − 2.25]

 mALBI grade, n (1/2a/2b/3) 171/135/95/12

 ICG-R15, %a 11.9 [7.8, 17.5]

  LHL15a 0.92 [0.90, 0.94]

Esophagogastric  varicesb

 ( −) 352 (85.2)

 ( +) 61 (14.8)

Intraoperative factors

  Approachb

 Open 125 (30.3)

 Laparoscopic 237 (57.4)

 Robotic 51 (12.3)

Extent of  hepatectomyb

 Hr0 188 (45.5)

 HrS 83 (20.1)

 Hr1 69 (16.7)

 Hr2 64 (15.5)

 Hr3 9 (2.2)

Major  hepatectomyb

 No 271 (65.6)

 Yes 142 (34.4)

 Operation time,  mina 534.0 [360.0, 692.0]

 Blood loss,  mLa 220.0 [75.0, 640.0]

 LOS,  daya 15.0 [11.0, 20.0]

Pathological  diagnosisb

 HCC 208 (50.4)

 CCC 21 (5.1)

 Metastatic 150 (36.3)

 Gallbladder cancer 2 (0.5)

 FNH 4 (1.0)

  Othersc 28 (6.8)

Postoperative factors

  Morbidityb

  IIIA > 371 (89.8)

  IIIA ≤ 42 (10.2)

  PHLFb

  ( +) 66 (16.0)

  A 20 (4.8)

  B 44 (10.7)

  C 2 (0.5)

Table 1 (continued)
Continuous variables showed a nonnormal distribution and are presented 
as median and interquartile range. Hr1, 2, and 3 were classified as major 
hepatectomy

Morbidities after surgery during the same hospital stay were categorized 
according to Dindo and colleagues

ASA-PS American Society of Anesthesiologists physical status, MELD score 
Model for End Liver Disease, ICG-R15 indocyanine green retention rate at 
15 min, LHL15 radioactivity of the heart and liver after intravenous injection of 
99mTc-GSA, Hr0 partial resection, HrS subsegmentectomy, Hr1 segmentectomy, 
Hr2 lobectomy and central bisegmentectomy, Hr3 trisectomy and caudate 
lobectomy, LOS length of hospital stay after surgery, HCC hepatocellular 
carcinoma, CCC  cholangiocellular carcinoma, FNH focal nodular hyperplasia, 
PHLF posthepatectomy liver failure
a Values are presented as median (interquartile range)
b Values are presented as number (%)
c Details of 28 other cases: hemorrhagic cyst, inflammatory pseudotumor, 
mucinous cystic tumor, pseudo lymphoma, epithelioid granuloma with necrosis, 
angiomyolipoma, cholangiocellular adenoma, cholangiectasis, hepatocellular 
adenoma malignant transformation, undifferentiated sarcoma, undifferentiated 
hepatocellular carcinoma, two cases of intraductal papillary neoplasia of the bile 
duct, two cases of hepatoblastoma, two cases of cholangiocyst, two cases of 
hepatocellular adenoma, and nine cases of hemangioma
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Comparison of PHLF by LHL15 in patients 
with ICG‑R15 ≥ 19
We compared the incidence of PHLF in patients with 
ICG-R15 ≥ 19 who underwent major hepatectomy 
with LHL15 ≥ 0.87 (LHL15 normal group) and in those 
with LHL15 < 0.87 (LHL15 worse group) who under-
went major hepatectomy. In the LHL15 normal group, 
the incidence of PHLF was 42.1% in 8 of 19 patients, 

compared with 80.0% in 4 of 5 patients in the LHL15 
worse group. There was a trend toward a higher inci-
dence of PHLF in the LHL15 worse group.

Discussion
The current study showed that although LHL15 and 
ICG-R15 correlated well overall, the correlation weak-
ened as hepatic function worsened. In patients with 

Table 2 Relationship between perioperative factors and PHLF

Continuous variables showed a nonnormal distribution and are presented as median and interquartile range. Hr1, 2, and 3 hepatectomy were classified as major 
hepatectomy

ASA-PS American Society of Anesthesiologists physical status, MELD score Model for End Liver Disease, ICG-R15 indocyanine green retention rate at 15 min, LHL15 
radioactivity of the heart and liver after intravenous injection of 99mTc-GSA scintigraphy, Hr0 partial resection, HrS subsegmentectomy, Hr1 segmentectomy, Hr2 
lobectomy and central bisegmentectomy, Hr3 trisectomy and caudate lobectomy, PHLF Posthepatectomy liver failure
a Values are presented as median (interquartile range)
b Values are presented as number (%)

PHLF ( −) PHLF ( +) P value

n (%) 347(84) 66 (16)

Age,  yearsa 69.0 [58.0, 75.0] 72.0 [63.3, 75.8] 0.031

Genderb 0.026

 Male 212 (61.1) 50 (75.8)

 Female 135 (38.9) 16 (24.2)

ASA-PSb 0.306

 1 43 (12.4) 5 (7.6)

 2 280 (80.7) 59 (89.7)

 3 24 (6.9) 2 (3.0)

Approachb 0.667

 Open 102 (29.4) 23 (34.8)

 Laparoscopic 201 (57.9) 36 (54.5)

 Robotic 44 (12.7) 7 (10.6)

Child–Pugh classification 0.349

 A 331 (95.4) 61 (92.4)

 B 14 (4.0) 4 (6.1)

 C 2 (0.6) 1 (1.5)

 MELD score 6.76 [6.09, 7.50] 7.40 [6.65, 8.42]  < 0.001

 ALBI  scorea  − 2.57 [− 2.82, − 2.32]  − 2.28 [− 2.52, − 1.99]  < 0.001

mALBI  gradeb  < 0.001

 1 161 (46.4) 10 (15.2)

 2a 112 (32.3) 23 (34.8)

 2b 65 (18.7) 30 (45.5)

 3 9 (2.6) 3 (4.5)

 ICG-R15,%a 11.4 [7.6, 16.0] 19.2 [10.4, 30.6]  < 0.001

  LHL15a 0.93 [0.90, 0.94] 0.91 [0.87, 0.93] 0.002

Esophagogastric  varicesb  < 0.001

 ( −) 311 (89.6) 41 (62.1)

 ( +) 36 (10.4) 25 (37.9)

Major hepatectomy 0.048

 No 235 (67.7) 36 (54.5)

 Yes 112 (32.3) 30 (45.5)

Operation time,  minb 510.0 [345.5, 641.5] 713.0 [ 491.3, 898.5]  < 0.001

 Blood loss,  mLb 185.0 [61.0, 546.5] 639.0 [216.3, 1279.3]  < 0.001
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good hepatic function with low ICG-R15, the contribu-
tion of LHL15 to predicting PHLF is small, but as ICG-
R15 increased, the impact of LHL15 on PHLF became 
larger. To our knowledge, this is the first study to iden-
tify patients for whom LHL15 should be measured in 

addition to ICG-R15 to increase the predictive accu-
racy for PHLF.

Our study showed that LHL15 and ICG-R15 cor-
related well overall, but the correlation weakened as 
hepatic function worsened. As shown in Fig.  2, LHL15 

Table 3 Logistic regression analysis for PHLF

Multivariable logistic regression analysis was conducted to reveal preoperative risk factors for PHLF

MELD score Model for End Liver Disease, LHL15 radioactivity of the heart and liver after intravenous injection of 99mTc-GSA, ICG-R15 indocyanine green retention rate 
at 15 min, OR Odds ratio, 95% CI 95% confidential interval, PHLF Posthepatectomy liver failure

Logistic regression analysis for PHLF

Univariable Multivariable

Variables OR 95% CI P value OR 95% CI P value

Age 1.03 1.00–1.05 0.024 1.00 0.97–1.03 0.94

Major hepatectomy 1.75 1.02–2.98 0.04 3.22 1.63–6.39  < 0.001

Child–Pugh classification 1.59 0.67–3.71 0.28

MELD score 1.02 0.96–1.09 0.52

mALBI grade 2.25 1.64–3.07  < 0.001 1.72 1.17–2.52 0.006

LHL15 0.86 0.81–0.93  < 0.001 1.01 0.97–1.06 0.58

ICG-R15 1.10 1.07–1.13  < 0.001 1.08 1.04–1.12  < 0.001

Esophagogastric varices 5.27 2.88–9.65  < 0.001 2.95 1.34–6.47 0.007

Multivariable logistic regression analysis by subgroup on ICG-R15

ICG-R15 < 19 (N = 302) ICG-R15 ≥ 19 (N = 82)

Variable OR 95% CI P value OR 95% CI P value

Age 1.03 0.99–1.07 0.14 0.98 0.92–1.03 0.40

Major hepatectomy 2.58 1.08–6.15 0.033 4.55 1.28–10.6 0.02

mALBI grade 1.75 1.10–2.77 0.017 1.85 0.89–3.86 0.10

LHL15 1.15 0.95–1.39 0.142 0.86 0.76–0.97 0.02

Esophagogastric varices 2.86 0.8–10.3 0.11 4.12 1.43–12.1 0.001

Fig. 3 Area under curve the receiver-operating characteristic curve (AUROC) for PHLF
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and ICG-R15 correlated well in all patients (r =  − 0.61, 
95% CI: − 0.67 to − 0.54, P< 0.001), but the correlation 
weakened as ICG-R15 increased. Patients with poor 
hepatic function generally have elevated ICG-R15 (high 
ICG-R15), whereas patients with obstructive jaundice or 
intrahepatic shunts may have worse ICG-R15 than their 
actual hepatic function. In patients with high ICG-R15, 
additional hepatic function tests are needed to determine 
whether the hepatic function is truly worse or worse due 
to intrahepatic shunts or other factors. The usefulness of 
99mTc-GSA scintigraphy as an alternative test to the ICG 
test has been reported in recent years [24, 38]. Sumiyoshi 
et al. reported that there is a large discrepancy between 
ICG-R15 and actual hepatic function in patients with 
ICG-R15 > 40 and highly deteriorated ICG-R15 and that 
99mTc-GSA scintigraphy assesses hepatic function more 
accurately than the ICG test does [22]. In patients with 
good hepatic function who have low ICG-R15, the con-
tribution of LHL15 to the prediction of PHLF is small, 
but as ICG-R15 increases, the impact of LHL15 on PHLF 
becomes larger. Recently, researchers have reported the 
usefulness of the ALBI score and ALBI grade, calculated 
from serum albumin and bilirubin, in assessing hepatic 
function [23, 39, 40]. The greatest advantage of ALBI 
is that it can be obtained easily from routine blood test 
results. ALBI is worse in patients with hyperbilirubine-
mia, so as with ICG, it is useful for evaluating hepatic 
functional reserve in patients with low ICG-R15. How-
ever, its usefulness in patients with high bilirubin is 
unknown.

We divided the patients into subgroups with an ICG-
R15 cutoff value of 19 and further examined the effect of 
LHL15 and ALBI on PHLF. Table 3 shows the multivari-
able analysis of the preoperative risk factors of PHLF. For 
patients with ICG-R15 < 19, mALBI and major hepatec-
tomy were independent risk factors for PHLF (P = 0.033, 
P = 0.017). Our results indicate that in the group of 
patients with low ICG-R15, the mALBI grade was useful 
for assessing the risk of PHLF. The mALBI grade provides 
a detailed classification of hepatic function in patients 
whose albumin and bilirubin values are close to the ref-
erence values because it sensitively reflects albumin and 
bilirubin values. Because the mALBI grade may be use-
ful for a detailed classification of liver function in patients 
with albumin and bilirubin near baseline values, it was 
useful for patients in the ICG-R15 < 19 subgroup.

Overall, the impact of LHL15 on the prediction of 
PHLF was not statistically significant. Concerning 
patients with ICG-R15 ≥ 19, LHL15 and Esophagogastric 
varices were independent risk factors for PHLF (P= 0.02 
and 0.001). Esophagogastric varices are a major compli-
cation of portal hypertension, occurring in approximately 
50% of patients with cirrhosis [41]. A high ICG-R15 and 

the presence of esophagogastric varices indicate a cir-
rhotic patient with portal hypertension and an increased 
risk of PHLF. The indication for hepatectomy should be 
determined carefully. When ICGR-15 is high, consider-
ing whether it is due to impaired bilirubin metabolism, 
portocaval shunt, or truly poor liver function is neces-
sary. If the liver function is truly poor, hepatocyte func-
tion is impaired and uptake and excretion of ICG are 
delayed, resulting in high ICG-R15 values. Meanwhile, 
99mTc-GSA scintigraphy to examine the processing 
capacity of asialoglycoprotein (ASGP) on the hepatocyte 
surface—which is specifically recognized by the ASGP 
receptor—is used to evaluate liver function. The number 
of ASGP receptors is recognized to be decreased in liver 
disease but is unaffected by hyperbilirubinemia or por-
tocaval shunt. Therefore, situations in which ICG-R15 is 
high and hyperbilirubinemia or portocaval shunt is sus-
pected, LHL15 may more accurately assess of liver func-
tion than ICG-R15 does, and a high ICG-R15 and poor 
LHL15 value may indicate truly poor liver function. This 
is probably why LHL15 was useful in predicting PHLF in 
cases in which ICG-R15 ≥ 19.

These results indicate that ALBI and ICG are useful 
for patients who have good hepatic function; on the con-
trary, for patients with poor hepatic function, the use of 
ICG only is not sufficient to predict the risk of PHLF, and 
LHL15 should also be measured. For patients for whom 
LHL15 should be measured, the cutoff value of ICG-R15 
was 19.

Table 4 shows the main factors for PHLF, which were 
classified into the following four categories: intraop-
erative, postoperative morbidity, hepatic functional, and 
combined factors. There were some cases in which PHLF 
resulted but from a combination of factors rather than 
one. Among the cases that underwent surgeries exceed-
ing the Makuuchi criteria, those with either intraopera-
tive blood loss or operative time greater than the median 
were classified as PHLF because of combined factors. As 
shown in Table 4, among both subgroups, major hepatec-
tomy was a risk factor for PHLF. Table  4 shows that in 
patients with ICG-R15 < 19, 17 of 28 patients with PHLF 
underwent major hepatectomy. In this group, intraop-
erative factors were the most common factor for PHLF. 
This might be due to the increased intraoperative bleed-
ing and longer operative time associated major hepa-
tectomy. Among patients with ICG-R15 ≥ 19, 12 of 33 
patients with PHLF underwent major hepatectomy. In 
this group, combined factors were the most common 
for PHLF. Patients with poor liver function are at risk 
of coagulopathy, resulting in increased blood loss, and 
the repeated hemostatic maneuvers required can pro-
long the operative time. PHLF was more prevalent in 
the subgroup with ICG-R15 ≥ 19 because of combined 
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factors of poor preoperative liver function and surgical 
factors. The AUROC of the LHL15 for PHLF was 0.612, 
and the optimal cutoff value was 0.878 (Fig. 3, right). At 
our institution, the extent of hepatectomy was essen-
tially determined using Makuuchi’s criteria. However, in 
some cases, surgeries deviating from Makuuchi’s criteria 
were performed for some patients who were deemed to 
be tolerable. In such cases, we thought that evaluating 
hepatic function using LHL15 might be useful. Compar-
ing the incidence of PHLF in patients with ICG-R15 ≥ 19 
revealed notable differences based on LHL15 values. In 
groups with normal and impaired LHL15, the incidences 
of PHLF were 42.1% and 80.0%, respectively. There was a 
trend toward a higher incidence of PHLF in the LHL15 
worse group. Our result indicates that LHL15 may be a 
useful test for assessing hepatic functional reserve when 
ICG-R15 does not accurately reflect hepatic function. 
Our result also indicates the reliability of LHL15 in the 
selection of hepatectomy candidates among the patient 
group with high ICG-R15.

There are several limitations to this study. First, 
99mTc-GSA scintigraphy is relatively widespread in 
Eastern countries, but is not yet widely used in Euro-
pean countries; thus, it might be difficult to extrapo-
late this result to European countries. Second, we did 
not consider resection volume because more than half 
of the patients were considered candidates for hepatic 
resection with a small resection volume. Therefore, pre-
dicting the accurate resection volume was difficult, and 

the effect of resection volume on perioperative results 
was considered small in patients with small resection 
volumes. Third, this study included only patients who 
had received hepatectomy; patients who did not have 
received hepatectomy due to impaired hepatic func-
tion. As mentioned in previous reports [42], this might 
imply that we excluded from this analysis patients with 
low LHL15 values for whom hepatectomy would not be 
safely performed due to impaired hepatic function.

Conclusions
Although LHL15 and ICG-R15 correlated well overall, 
the correlation weakened as hepatic function worsened. 
In patients with good hepatic function, the contribu-
tion of LHL15 to the prediction of PHLF is small, but 
as ICG-R15 increased, the impact of LHL15 on PHLF 
became larger. In patients with low ICG-R15, assessing 
hepatic function by mALBI grade would be useful. In 
patients with high ICG-R15, evaluating hepatic func-
tion using LHL15 and assessment of esophagogasteric 
varices would be useful for predicting the risk of PHLF. 
For predicting PHLF, 99mTc-GSA scintigraphy, an 
assessment of esophagogasteric varices and modified 
ALBI score can complement ICG.
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