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Abstract

BACKGROUND
Estimation of the functional reserve of the remnant liver is important to reduce
morbidity and mortality.

AIM

To estimate the functional reserve of the remnant liver in patients with hepato-
cellular carcinoma (HCC).

METHODS

We reviewed the medical records of 199 patients who underwent resection of
HCC. Hepatic clearance of the remnant liver was calculated using fusion images
of **mTc-labelled galactosyl-human serum albumin liver scintigraphy and
computed tomography. Posthepatectomy liver failure (PHLF) was classified
according to the International Study Group of Liver Surgery. Complications was
classified according to ClaviendDindo classification. We analyzed by the risk
factors for PHLF, morbidity and mortality with multivariate analysis.

RESULTS

Twenty-seven (30%) patients had major complications and 23 (12%) developed
PHLF. The incidence of major complications increased with increasing
albumindbilirubin (ALBI) grade. The area under the curve values for hepatic
clearance of the remnant liver, liver to heart-plus-liver radioactivity at 15 min
(LHL15), and ALBI score predicting PHLF were 0.868, 0.629, and 0.655,
respectively. The area under the curve for hepatic clearance of the remnant liver,
LHL15, and ALBI score predicting major complications were 0.758, 0.594, and
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0.647, respectively. The risk factors for PHLF and major complications were hepatic clearance of
the remnant liver and intraoperative bleeding.

CONCLUSION
The measurement of hepatic clearance may predict PHLF and major complications for patients
undergoing resection of HCC.

Key Words: Liver function; Hepatectomy; Cirrhosis; Fusion image; Complication; Mortality
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Core tip: Little is known about the association of remnant hepatic clearance with morbidity and mortality.
The aim of present study was to evaluate the effectiveness of measuring hepatic clearance of the remnant
liver and to determine its association with morbidity and mortality in patients undergoing hepatectomy for
hepatocellular carcinoma. Risk factors significantly associated with morbidity and mortality were remnant
liver clearance and intraoperative blood loss. Hepatic clearance was associated with posthepatectomy liver
failure and the development of major complications. The estimation of hepatic clearance of the remnant
liver may provide guidance for determining the extent of resection in a patient-specific manner.
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INTRODUCTION

Advances in surgical technique and postoperative care have improved the outcomes of patients
undergoing hepatectomy. However, posthepatectomy liver failure (PHLF) can lead to increased rates of
morbidity and mortality in patients with hepatocellular carcinoma (HCC) especially in patients with
chronic liver damage[1]. Major hepatectomy must be performed to preserve the maximal remnant liver
function. However, adequate hepatectomy must be performed to ensure adequate surgical margins
around the tumor[2]. Therefore, preoperative assessment of remnant liver function reserve is important
to determine the appropriate surgical procedure.

An algorithm including the presence of ascites, serum bilirubin, serum albumin concentration,
prothrombin time and encephalopathy is commonly used to determine the indications for resection of
HCC. The indocyanine green (ICG) test is the most commonly used test and is considered relatively
reliable for assessment of liver functional reserve[3]. However, the ChilddPugh score and ICG test do
not accurately predict the development of PHLF[4]. A simple method using conventional data has been
reported. The albumindbilirubin (ALBI) score is an effective predictor of PHLF in patients with HCC
compared to that of ICG test[5].

Computed tomography (CT) volumetry can accurately determine the regional liver volume, and has
been used to estimate remnant liver function[6]. However, CT volumetry can never reflect the function
of the remnant liver. The liver function of each lobe varies with progression of chronic liver disease or
steatosis, which indicate that liver function is not distributed homogeneously[7]. Liver function is
unevenly modified, resulting from impaired blood circulation[8], biliary stenosis, or induction by the
tumor[9]. Changes in portal hemodynamics and a regional reduction in liver function must be
considered to determine the optimal surgical procedure[7,10]. A novel method is needed to preoper-
atively plan for hepatic resection.

Taniguchi et al[11] described that *mTc-labelled galactosyl-human serum albumin (GSA) hepatic
clearance strongly correlates with the degree of liver fibrosis and conventional liver function tests. GSA
scintigraphy is widely used to evaluate liver function[10,12-16]. Asialoglycoprotein receptors exist
predominantly in the liver on the surface of hepatocytes and are responsible for the metabolism of
serum glycoproteins[17]. The receptor density in the liver is closely related to serum asialoglycoprotein
level and hepatocyte function[18]. However, little is known about the clinical utility of hepatic clearance
for the prediction of PHLF, morbidity and mortality. The aim of present study was to evaluate the
effectiveness of measuring hepatic clearance of the remnant liver and to verify risk factors based on the
standardized PHLF criteria and complications in patients undergoing hepatectomy.
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MATERIALS AND METHODS

Patients

We included patients who underwent hepatectomy between July 2011 and March 2021 at Jichi Medical
University (Shimotsuke, Tochigi, Japan). The protocol for this research project was approved by a
suitably constituted Ethics Committee of the institution and it conformed to the provision of the
Declaration of Helsinki (Committees of Jichi Medical University, Approval No. A21-029). Blood samples
obtained preoperatively were analyzed for conventional liver tests.

The procedures for hepatectomy were categorized according to the Brisbane Nomenclature from the
International Hepato-Pancreato-Biliary Association[19]. The anatomical resection was defined as
resection of the tumor together with the related portal vein branches and the corresponding hepatic
territory. The procedure was classified as a hemihepatectomy, an extended hemihepatectomy
(hepatectomy plus removal of additional contiguous segments), a sectionectomy (resection of two
Couinaud subsegments), or segmentectomy (resection of one Couinaud subsegment). All other nonana-
tomical procedures were classified as limited resections.

Contrast-enhanced CT

A three-phase enhanced helical CT scan of the liver was used to confirm tumor location and margins
before surgery. A 16-row multi-detector CT scan was performed at 3 mm intervals with 100 mL iohexol
(Omnipaque 300; Daiichi Sankyo, Tokyo, Japan) (3 mL/s) injected intravenously.

GSA single photon emission CT image
Patients underwent preoperative GSA scintigraphy using a dual-head rotating gamma camera system
and a dedicated data processing unit (Prism Axis; Picker Prism International, Cleveland, OH, USA). A
single bolus of 3 mg GSA (185 MBq; Nihon Medi-Physics, Tokyo, Japan) was injected intravenously.
After confirmation that the detector covered the area in the liver and heart, acquisition of planar images
was begun with an acquisition time of 15 s each for 16 min immediately after injection. After acquisition
of planar images, dynamic single photon emission CT (SPECT) acquisition was started with an
acquisition time of 20 s every 5 min. To generate a set of images equivalent to static SPECT images,
projection data from dynamic SPECT were merged. Total liver function was calculated as the total liver
GSA clearance, expressed as mL/min by the Patlak plot method.

Region of interest (ROI) was also generated over the entire liver on the tomographic images using iso-
count methods (25% cutoff of minimal count) to estimate the liver functional volume (mL). Functional
liver volume does not include function parameters.

Estimation of function of the remnant liver

Hepatic clearance and functional volume of the remnant liver were estimated from the fusion with CT
scan images (Figure 1). Images from the CT scan were aligned with the slice of the liver SPECT image
with reference to the hepatic vein on every 3-mm liver cross-slice as a landmark on contrast-enhanced
helical CT (Figure 1). After the transection line was set on the SPECT images based on the surgical
procedure, the remnant liver with the resection line was determined manually. Remnant liver function
was calculated from the proportional allocation of voxel count in static SPECT by the Patlak plot
method and expressed by GSA clearance (mL/min). Regional functional liver volume (mL) was also
calculated from the SPECT data by the outline extraction method[7].

Definition of major complication and PHLF

Postoperative complications were defined according to the ClaviendDindo classification[20]. A major
complication was defined as grade Illa or higher. Postoperative mortality was defined as death within
30 d after surgery. PHLF was defined following the definition of the International Study Group of Liver
Surgery[21]. Patients with increased prothrombin timedinternational normalized ratio (PT-INR) and
hyperbilirubinemia (according to the normal cut-off levels defined by the local laboratory) on or after
postoperative day 5 were considered to have PHLF. PHLF Grade A resulted in abnormal laboratory
parameters and required no change in clinical management. Grade B was a deviation from the regular,
postoperative clinical pathway, but patients could be managed without invasive treatment. Grade C
resulted in deviation from the regular clinical management and required invasive treatment.

Statistical analysis

Continuous variables were expressed as mean N standard deviation. All categorical data were analyzed
by Pearson's (? test. Normally distributed values were analyzed by Studentis t test. Non-normally
distributed values were analyzed using the ManndWhitney U test. We analyzed the power for the
prediction of PHLF, morbidity and mortality with the parameters of GSA scintigraphy with the area
under the receiver-operating characteristic (ROC) curves, and the area under the ROC curve was
calculated. In multivariate analysis, risk factors for PHLF were determined by logistic regression
multivariate analysis with JMP statistical software (version 13; SAS, Inc. Cary, NC, USA). The level of
statistical significance was set at P < 0.05.
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Figure 1 Schematic model for analysis of regional hepatic clearance with computed tomography fusion images. The images of *"Tc-
galactosyl serum albumin scintigraphy single photon emission computed tomography and computed tomography scans were merged using software. The cutting line
was set based on tumor location and size on each fusion image. The liver function was calculated automatically as **™Tc-galactosyl serum albumin scintigraphy
parameters. CT: Computed tomography; SPECT: Single photon emission computed tomography.
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RESULTS

Clinicopathological characteristics

A total of consecutive 199 patients with HCC were included, including 156 men and 43 women, with a
median age of 70 (range, 24087 years) (Table 1). Among the 199 patients, 94 (47%) had hepatitis C virus
infection and 22 (11%) had hepatitis B virus infection. Most patients were ChilddPugh class A (197/199,
99%) and the remaining patients were class B (2/199, 1%). According to ALBI grade, 68% (135/199) of
patients were stratified into Grade 1, 32% (64/199) Grade 2, and 1% (2/199) Grade 3. There were 6% of
ALBI Grade 1 patients who developed major complications and 18% ALBI Grade 2 patients had major
complications (P = 0.04).

Postoperative morbidity, PHLF and mortality

Among the 199 patients, 41 (21%) developed postoperative complications (Table 2). The most common
complication was PHLF (12%, 23/199), followed by wound infection (5.0%, 10/199). Thirty-three (17%)
patients developed minor complications, including Grade | complications in 25 (13%) patients and
Grade Il complications in eight (4.0%) patients. Major complications occurred in 27 (14%) patients,
including Grade llla (11%, 21/199), Grade Illb (1.5%, 3/199), Grade 1Va (0.5%, 1/199) and Grade V (1%,
2/199). Eleven patients (5%) had PHLF Grade A, eight (4%) had PHLF Grade B, and four (2%) had
PHLF Grade C. Two patients died of PHLF within 30 d after surgery, for a postoperative mortality rate
of 1% (Table 2).
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Table 1 Patient characteristics

Variables All patients (n = 199) NOPHLF <GradeB(n= PHLFO GradeB (n= P value
187) 12)

General

Age (yr) 69.1 N 9.0 69.2 N 9.12 66.9 N 7.05 0.53

Gender (male : female) 154 : 45 144 : 43 10:2 0.61

ChilddPugh class (A : B : C) 196:3:0 184:3:0 12:0:0 0.31

Preoperative laboratory tests

Total bilirubin (mg/dL) 0.8510.38 0.8210.38 1.06 N 0.32 0.01

PT-INR 1.1210.20 1121 0.21 1.13N0.08 0.70

Albumin (mg/dL) 41005 41005 3904 0.16

AST (IU/L) 43N 41 41N 40 56 N 47 0.11

ALT (IU/L) 40 N 34 39133 471 40 0.31

Choline esterase(U/L) 262N 77 267N 76 226 N 73 0.02

PNI score 48.6 N 6.0 48.9N 6.0 46.4N 5.6 0.08

ALBI score -2.76 N 0.4 -2.78N 0.4 257K 0.35 0.14

NLR 2.48 N 2.03 250N 2.12 2.31N1.07 0.82

PLR 0.12N0.08 0.13N0.09 0.10N 0.05 0.29

Procedure-related factors

Limited resection 80 (39.8%) 77 (38.7%) 3 (1.5%) 0.43

Segmentectomy 57 (28.4%) 51 (25.6%) 6 (3.0%)

Secteionectomy 36 (17.9%) 33 (16.6%) 1(0.5%)

Hemihepatectomy 24 (11.9%) 22 (11.1%) 2 (1.0%)

Trisectionectomy 4 (2.0%) 4(2.1%) 0 (0%)

Operative time (min) 304§ 109 299 104 345 135 0.06

Intraoperative blood loss (mL) 848 N1006 743 N 889 1604 N 1456 <0.001

Liver function tests

Total Liver hepatic clearance (mL/min) 285 98 315 N 106 258 N 91 0.02

Total Liver Functional volume (mL) 1321 N 280 1340 N 278 1202 N 270 0.04

Hepatic clearance of the remnant liver 248N 95 261N 91 149 N 47 <0.001

(mL/min)

Functional volume of the remnant liver 1057 N 334 1104 N 317 710 N 239 <0.001

(mL)

LHL15 0.92N0.03 0.925 N 0.03 0.906 N 0.05 0.02

HH15 0.60 N 0.07 0.602 N 0.07 0.651 N 0.07 0.01

Surgical outcome

PHLF grade (0: A:B:C) 176:11:8:4 176:11:0:0 0:0:8:4 -

Hospital length of stay (d) 15 (7-119) 14 (7-119) 25 (12-74) <0.001

PNI: Prognostic nutrition index; ALBI: Albumindbilirubin; NLR: Neutrophildlymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; LHL15: liver to heart-
plus-liver radioactivity at 15 min; PHLF: Posthepatectomy liver failure; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; PT-INR:
Prothrombin time international normalized ratio.

Correlations between hepatic clearance of the remnant liver and PHLF
ROC curve analysis of hepatic clearance of the remnant liver, liver to heart-plus-liver radioactivity at 15
min (LHL15), and ALBI score were used to predict the risk of developing PHLF (Figure 2A). The area
under the ROC curve for hepatic clearance of the remnant liver, LHL15, and ALBI score for predicting
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