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Abstract

BACKGROUND

Preoperative evaluation of future remnant liver reserves is important for safe
hepatectomy. If the remnant is small, preoperative portal vein embolization (PVE)
is useful. Liver volume analysis has been the primary method of preoperative
evaluation, although functional examination may be more accurate. We have used
the functional evaluation liver using the indocyanine green plasma clearance rate
(KICG) and 99mTc-galactosyl human serum albumin single-photon emission
computed tomography (99mTc-GSA SPECT) for safe hepatectomy.

AIM
To analyze the safety of our institution’s system for evaluating the remnant liver
reserve.

METHODS

We retrospectively reviewed the records of 23 patients who underwent preo-
perative PVE. Two types of remnant liver KICG were defined as follows:
Anatomical volume remnant KICG (a-rem-KICG), determined as the remnant
liver anatomical volume rate x KICG; and functional volume remnant KICG (f-
rem-KICG), determined as the remnant liver functional volume rate based on
99MTc-GSA SPECT x KICG. If either of the remnant liver KICGs were > 0.05, a
hepatectomy was performed. Perioperative factors were analyzed. We defined the
marginal group as patients with a-rem-KICG of < 0.05 and a f-rem-KICG of > 0.05
and compared the postoperative outcomes between the marginal and not
marginal (both a-rem-KICG and f-rem-KICG > 0.05) groups.

RESULTS
All 23 patients underwent planned hepatectomies. Right hepatectomy, right
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trisectionectomy and left trisectionectomy were in 16, 6 and 1 cases, respectively. The mean of
blood loss and operative time were 576 mL and 474 min, respectively. The increased amount of f-
rem-KICG was significantly larger than that of a-rem-KICG after PVE (0.034 vs 0.012, P = 0.0273).
The not marginal and marginal groups had 17 (73.9%) and 6 (26.1%) patients, respectively. The
complications of Clavian-Dindo classification grade II or higher and post-hepatectomy liver failure
were observed in six (26.1%) and one (grade A, 4.3%) patient, respectively. The 90-d mortality was
zero. The marginal group had no significant difference in postoperative outcomes (prothrombin
time/international normalised ratio, total bilirubin, complication, post-hepatectomy liver failure,
hospital stay, 90-d, and mortality) compared with the not-marginal group.

CONCLUSION
Functional evaluation of the remnant liver enabled safe hepatectomy and may extend the
indication for hepatectomy after PVE treatment.

Key Words: 99mTc-galactosyl human serum albumin single-photon emission computed tomography;
Hepatectomy; Indocyanine green; Indocyanine green plasma clearance rate; Liver function evaluation;
Remnant liver reserve

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Liver volume analysis has been a main examination; however, functional examination may be
more accurate. This is a retrospective study to analyze the safety of our functional remnant liver evaluation
system utilizing indocyanine green plasma clearance rate and 99mTc-galactosyl human serum albumin
single-photon emission computed tomography. In this cohort, post-hepatectomy liver failure was observed
in one case and 90-d mortality was zero. The system enables safe hepatectomies and extend the number of
cases in which hepatectomy is indicated.

Citation: Iwaki K, Kaihara S, Kita R, Kitamura K, Hashida H, Uryuhara K. Indocyanine green plasma clearance
rate and 99mTc-galactosyl human serum albumin single-photon emission computed tomography evaluated
preoperative remnant liver. World J Clin Cases 2022; 10(25): 8844-8853
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INTRODUCTION

Post-hepatectomy liver failure (PHLF) is one of the most severe complications of liver resection.
Accurate preoperative evaluation of the future remnant liver reserve is key to preventing PHLF.
Although formulas have been established to estimate liver function, only a few measures can predict
resectable volume and postoperative outcomes[1]. An anatomical volume remnant indocyanine green
(ICG) plasma clearance rate [(a-rem-KICG): The remnant liver anatomical volume rate x KICG)] of >
0.05 is useful criterion[2,3]. Yokoyama et al[3] reported that an a-rem-KICG < 0.05 had a strong impact
on postoperative mortality. Remnant liver volume analysis, therefore, has been the primary evaluation
tool.

If the remnant liver volume is insufficient, portal vein embolization (PVE) is performed. PVE is an
effective method for increasing the size of the remnant liver and can increase the remnant liver volume
by approximately 20%. However, in 10%-20% of cases the liver became unresectable due to insufficient
remnant liver reserve[2,4,5]. Therefore, an accurate evaluation of the future remnant liver reserve is
needed after PVE has been performed. Anatomical liver volume does not always reflect actual liver
function[6-10]. The validity of 99mTc-galactosyl human serum albumin single-photon emission
computed tomography (99mTc-GSA SPECT) has been reported[11,12]. 9mTc-GSA SPECT uses 99mTc-
GSA to detect binding to the asialoglycoprotein receptor in the liver. The amount of this receptor
depends on the liver condition; therefore, 99mTc-GSA SPECT can be used to directly estimate functional
liver volume by the uptake ratio of the remnant and whole liver[13]. Recent studies have shown that
functional liver volume is a more accurate predictor of future functional liver volume than anatomical
volumel[6,8,10,11,14]. We speculated that 9mTc-GSA SPECT could be used to evaluate remnant liver
reserve more accurately, especially for cases in which patients had undergone PVE. Since hepatectomy
is the most effective treatment for various liver tumors, improving the accuracy of estimating future
liver function among patients who had undergone PVE might increase the number of cases in which
hepatectomy is indicated.
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In our institution, we have used the remnant liver functional volume for preoperative assessment
since 2004. The evaluation system used defines two kinds of remnant liver KICG: A-rem-KICG, as
defined above, and functional volume remnant KICG (f-rem-KICG). The f-rem-KICG is the remnant
liver functional volume rate based on 9mTc-GSA SPECT x KICG. If either of the two-remnant liver
KICG values is > 0.05, hepatectomy is performed. In this study, we analyzed the validity of our remnant
liver evaluation system for PVE cases.

MATERIALS AND METHODS

Patients

In total, 150 patients underwent 99mTc-GSA SPECT and hepatectomy at Kobe City Medical Center
General Hospital from 2004 to 2019. Within this cohort, 23 patients who underwent PVE were enrolled
in this study. PHLF and postoperative complications were categorized according to the International
Study Group of Liver Surgery definition and Clavian-Dindo classification system[15,16].

Ethical considerations

Informed consent was obtained, and this study was conducted in accordance with the Declaration of
Helsinki following approval from the institutional review board of Kobe City Medical Center General
Hospital (approval number: Zn191007).

Preoperative evaluation of the future remnant liver reserve

Blood tests, enhanced computed tomography, and ICG tests were performed routinely. The ICG test
was performed by intravenously injecting ICG (0.5 mg/kg of body weight). Blood samples were
collected at 0, 5, 10, and 15 min after injection, following which the KICG was analyzed. The a-rem-
KICG was calculated using SYNAPSE VINCENT® (Fuji film, Tokyo, Japan) with the formula: Remnant
liver anatomical volume rate x KICG. Then, 99mTc-GSA SPECT was performed, and the remnant liver
functional volume rate was calculated using remnant liver uptake of 9mTc-GSA /whole liver uptake.
Finally, the f-rem-KICG was calculated using the formula: Remnant liver functional volume rate x
KICG. If either the a-rem-KICG or f-rem-KICG was > 0.05, planned liver resection was performed.
Figure 1 shows how to calculate rem-KICG. If a patient presented with obstructive jaundice, endoscopic
retrograde biliary drainage was performed. After confirming that the serum bilirubin level had
decreased to within the normal range, an ICG test was performed. When both the a-rem-KICG and f-
rem-KICG were < 0.05, PVE was performed. ICG, CT, and 99mTc-GSA SPECT examinations were
conducted again 1 mo after the PVE procedure, and the post-PVE a-rem-KICG and f-rem-KICG were
calculated. If either rate was > 0.05, planned liver resection was performed.

Outcomes

First, the perioperative factors and changes in the remnant liver KICGs after PVE were reviewed.
Second, we defined the marginal group to be those patients with an a-rem-KICG of < 0.05 and a f-rem-
KICG of > 0.05, and the not-marginal group to be those patients with a-rem-KICG and f-rem-KICG of >
0.05. We then compared the postoperative outcomes between the marginal and not-marginal groups to
evaluate the safety of hepatectomy for the marginal group.

Statistical analyses

Continuous values are presented as mean + SD. Statistical analyses of the data were conducted using the
JMP Prol3 software (SAS Institute, Cary, NC, United States). Student’s t-test, chi-squared test, and
regression analysis were used as appropriate. Statistical significance was set at P < 0.05.

RESULTS

The characteristics of the 23 patients included for the analysis are shown in Table 1. Figure 2A shows the
changes in the a-rem-KICG and f-rem-KICGs between pre- and post-PVE. The increase in the amount of
f-rem-KICG was significantly larger than that of a-rem-KICG (0.034 vs 0.012, P = 0.0273). Figure 2B
shows the scatter plots of a-rem-KICG and f-rem-KICG before and after PVE. A significant correlation
was observed between a-rem-KICG and f-rem-KICG (P = 0.0002, R*= 0.5156).

Perioperative outcomes are shown in Table 2. The mean discrepancy between the two-remnant liver
KICGs (post-PVE f-rem-KICG minus a-rem-KICG) was 0.012 (+ 0.013). All 23 patients underwent
planned hepatectomies. Right hepatectomy, right trisectionectomy and left trisectionectomy were in 16,
6 and 1 cases, respectively. Pancreaticoduodenectomy and bile duct reconstruction were combined in 2
and 9 cases. The mean of blood loss and operative time were 576 mL (+ 426) and 474 min (+ 156).
Postoperative complications over grade II according to the Clavien-Dindo classification were in 6 cases
(26.1%) as follows: Abdominal abscess (3 cases), refractory ascites (1 case), anastomosis leakage (1 case),
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Table 1 Patient characteristics

Characteristics Numerical value
Number of patients 23

Age (yr), mean = SD 64+13.8

Sex (male/female) 18/5

Desease

HCC 9

Bile duct cancer 9

Liver metastasis 4

Others 1

Preoperative factor

Albumin (mean + SD) 3805
Total bilirubin (mean + SD) 0.7+04
PT-INR (mean # SD) 1.3+£0.2

PIt (mean + SD) 23+6

Liver damage (A/B) 20/3
Child-Pugh score (5/6/7) 16/6/1
ICG-R15 (mean * SD) 10.6 +4.6
KICG (mean + SD) 0.153 £ 0.030

HCC: Hepatocellular carcinoma; PT-INR: Prothrombin time/international normalised ratio; Plt: Platelet; ICG: Indocyanine green plasma; KICG:

Indocyanine green plasma clearance rate.

DOI: 10.12998/wjcc.v10.i25.8844 Copyright ©The Author(s) 2022.

Figure 1 Calculation of remnant liver indocyanine green plasma clearance rate. A: 3D volume analysis using SYNAPSE VINCENT®, remnant liver
anatomical volume rate: 53%; B: A 99mTc-galactosyl human serum albumin single-photon emission computed tomography (99mTc-GSA SPECT) image; C: A fused
99mTc-GSA SPECT and 3D volume analysis (using SYNAPSE VINCENT®) image, remnant liver functional volume rate: 65%. The remnant liver indocyanine green
plasma clearance rate (KICG) is calculated as follows: A-rem-KICG = remnant liver anatomical volume rate x KICG and functional volume remnant KICG (f-rem-
KICG) = remnant liver functional volume rate x KICG. In this case of a right hepatectomy, a-rem-KICG = 0.53 x 0.087 = 0.047, f-rem-KICG = 0.65 x 0.087 = 0.057.

and pancreatic fistula (1 case). PHLF over grade A was in 1 case (grade A, 4.3%). The 90-d mortality was
Z€T0.

After PVE, the marginal group comprised six (26%) patients (Table 3). Right hemi hepatectomy, right
trisectionectomy, and left trisectionectomy were performed in three, two, and one patient(s),
respectively. The mean blood loss and operative time in the marginal group were 753 mL (+ 220) and
586 min (+ 170), respectively. Postoperative complications that exceeded grade II were observed in three
patients, and all were grade Illa: Pancreatic fistula, abdominal abscess, and ascites. The 90-d mortality
for the marginal group was zero. Table 4 shows the univariate analysis of postoperative outcomes in the
marginal and not-marginal groups. The postoperative maximum prothrombin time international
normalized ratio, total bilirubin, complication rate, PHLF, hospital stay, and 90-d mortality were not
significantly different. In particular, PHLF was not observed in the marginal group.
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Table 2 Perioperative outcomes

Outcome Numerical value
Remnant liver KICG

Pre PVE a-rem-KICG (mean + SD) 0.044 + 0.010

Pre PVE f-rem-KICG (mean + SD) 0.042 +0.012

Post PVE a-rem-KICG (mean + SD) 0.062 + 0.016

Post PVE f-rem-KICG (mean + SD) 0.075 + 0.017

The increased amount of a-rem-KICG (mean + SD) 0.018 £ 0.015

The increased amount of f-rem-KICG (mean + SD) 0.034 £0.022

Post PVE f-rem-KICG minus a-rem-KICG (mean * SD) 0.012 + 0.013

Operative parameters

Operative procedure

Right hepatectomy 16

Right trisectionectomy 6

Left trisectionectomy 1
Combined resection

Pancreaticoduodenectomy 2

Bile duct reconstruction 9
Resection volume (mL), mean + SD 775 £ 237
Blood loss (mL), mean + SD 576 + 426
Operative time (min), mean + SD 474 +156
Postoperative outcomes

Complication (> Clavian-Dindo grade II) 6,26.1%
PHLF 1,43%
Hospital stay (d), mean + SD 23 +28
90-d mortality 0

KICG: Indocyanine green plasma clearance rate; PVE: Portal vein embolization; PHLF: Post-hepatectomy liver failure; a-rem-KICG: Anatomical volume

remnant indocyanine green plasma clearance rate; f-rem-KICG: Functional volume remnant indocyanine green plasma clearance rate.
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DISCUSSION

Liver resection is widely accepted to be the best hope for various liver cancers, although an insufficient
liver reserve may result in PHLF, a severe complication. Expanding the number of cases in which
hepatectomy is indicated while ensuring safe surgical treatment would therefore be beneficial. The
indications for resection and operative procedures are often limited by future remnant liver reserves;
however, the resectable volume is still unknown. Especially for PVE cases, preoperative evaluation of
future remnant liver must be done carefully. Although PVE can increase the remnant liver volume by
approximately 20%[4,5], 20% of patients are unresectable due to poor hypertrophy[2,4,5]. Remnant liver
evaluation after PVE is the important turning point to cure or not.

The remnant liver anatomical volume is regarded as the most important factor in the preoperative
evaluation of the remnant liver. Nagino et al[2] established the criteria for an a-rem-KICG of > 0.05,
while Yokoyama et al[3] reported that an a-rem-KICG of < 0.05 is useful for predicting mortality and
morbidity. This index has been adopted by many institutions. 9mTc-GSA SPECT can assess the
remnant liver reserve more accurately than the conventional anatomical volume[6,9-12]. Because
hepatocyte function is decreased by biliary stenosis, chronic inflammation, vascular invasion, and
compression of the tumor, a discrepancy between morphological volume and actual functional volume
occurs[17,18]. 9mTc-GSA SPECT can directly detect functioning cells and actual functional volume
through asialoglycoprotein receptors in the liver[13]. Some studies have reported the advantage of
99mTc-GSA SPECT in detecting an improvement in remnant liver reserve after PVE[10,11]. In addition,
the functional increase after PVE was greater than the morphological increase. PHLF is dependent on
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Table 3 Details of the six marginal cases (anatomical volume remnant indocyanine green plasma clearance rate < 0.05 and functional

volume remnant indocyanine green plasma clearance rate > 0.05)

Post-PVE Post-PVE . . Blood . .
Case . . Operative Operative Postoperative Hospital
number Age Diagnosis a-rem-  f-rem- rocedure time (min) S complications PHLF stay (d)
KcG ke P (mL) P y
1 59 CCA 0.049 0.062 Right trisection- 567 654 None None 9
ectomy
2 64 CCA 0.049 0.059 HPD (right hemihep- 879 924 Grade Illa, None 39
atectomy) pancreatic fistula
3 73 CCA 0.045 0.054 Right trisection- 636 718 Grade IIIb, None 24
ectomy abdominal abscess
4 76 HCC 0.043 0.051 Right hemi 380 766 None None 8
hepatectomy
5 76 CCA 0.048 0.054 Left trisectionectomy 588 1044 Grade Ia, ascites None 128
6 70  CRLM 0.049 0.063 Right hemi 470 412 None None 14
hepatectomy

CCA: Clear cell acanthoma; HCC: Hepatocellular carcinoma; CRLM: Colorectal liver metastases; PVE: Portal vein embolization; KICG: Indocyanine green
plasma clearance rate; HPD: Hepatopancreatoduodenectomy; PHLEF: Post-hepatectomy liver failure.
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Figure 2 Anatomical volume remnant indocyanine green plasma clearance rate and functional volume remnant indocyanine green
plasma clearance rate. A: Changes in anatomical volume remnant indocyanine green plasma clearance rate (a-rem-KICG) and functional volume remnant
indocyanine green plasma clearance rate (f-rem-KICG) between pre- and post-portal vein embolization. The increased amount of f-rem-KICG was significantly larger
than that of a-rem-KICG (P = 0.0273); B: Scatter plots of a-rem-KICG and f-rem-KICG. The black and white dots show the pre-and post-portal vein embolization
(PVE) remnant liver KICGs, respectively. After PVE, 17 patients had a-rem-KICG > 0.05, and f-rem-KICG > 0.05. Six patients (26%) had a-rem-KICG < 0.05, and f-
rem-KICG > 0.05. A significant correlation was observed between a-rem-KICG and f-rem-KICG (P = 0.0002, R2= 0.5156). a-rem-KICG: Anatomical volume remnant
indocyanine green plasma clearance rate; f-rem-KICG: Functional volume remnant indocyanine green plasma clearance rate; PVE: Portal vein embolization.

functional increases[6,10]. In this study, f-rem-KICG was larger than a-rem-KICG, with a mean
difference of 0.012. The increase in f-rem-KICG was statistically larger than that of a-rem-KICG, which
agrees with the results of recent studies. Based on these two KICG evaluations, we could perform the
hepatectomies without severe PHLF occurring.
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Table 4 Univariate analysis of postoperative outcomes in marginal group and not marginal group

Not-marginal group’ Marginal group? Pvalue
PT-INR max (mean + SD) 143 +0.27 142+0.19 0.4700
T-Bil max (mean # SD) 22+14 1.8+1.0 0.2102
Complication (> Clavian-Dindo grade II) 3,20% 3,50% 0.2906
PHLF 1,6.7% 0,0% 0.5169
Hospital stay (mean + SD) 19+18 37 +46 0.9011
90-d mortality 0, 0% 0, 0% -

! Anatomical volume remnant indocyanine green plasma clearance rate > 0.05, functional volume remnant indocyanine green plasma clearance rate > 0.05.
2Anatomical volume remnant indocyanine green plasma clearance rate < 0.05, functional volume remnant indocyanine green plasma clearance rate > 0.05
PT-INR: Prothrombin time/ international normalised ratio; T-Bil: Total bilirubin; PHLF: Post-hepatectomy liver failure.

Blood test, CT volumetry, ICG test.
Assuming operation mode or resectable line

‘ Calculating a-rem-KICG ‘

/N

a-rem-KICG < 0.05 ‘ a-rem-KICG > 0.05 ‘

Checking 99m Tc-GSA-SPECT.
Calculating f-rem-KICG

/ N\

f-rem-KICG < 0.05 f-rem-KICG > 0.05

l

PVE and reassessment or
changing the operation mode

Resectable

Resectable

DOI: 10.12998/wjcc.v10.i25.8844 Copyright ©The Author(s) 2022.

Figure 3 The new decision tree for hepatectomy in our institution. First, the anatomical volume remnant indocyanine green plasma clearance rate (a-
rem-KICG) is calculated. If the a-rem-KICG is < 0.05, 99mTc galactosyl human serum albumin single-photon emission computed tomography is performed and
functional volume remnant KICG (f-rem-KICG) calculated. Portal vein embolization and reassessment are performed if the a-rem-KICG and f-rem-KICG are both <
0.05. CT: Computed tomography; ICG: Indocyanine green; a-rem-KICG: Anatomical volume remnant indocyanine green plasma clearance rate; 99mTc-GSA SPECT:
99mTc galactosyl human serum albumin single-photon emission computed tomography; f-rem-KICG: Functional volume remnant indocyanine green plasma
clearance rate; PVE: Portal vein embolization.

In this study, we performed hepatectomies on the six (26%) patients in the marginal group who were
not indicated for hepatectomy according to the anatomical evaluation only. Their postoperative liver
function was good, and PHLF was not observed in these patients. Univariate analysis of postoperative
outcomes showed no significant difference in every postoperative outcome. Based on these results, f-
rem-KICG may reflect a more accurate remnant liver reserve than a-rem-KICG. Previous studies have
supported our results. Hayashi et al[10] reported that the functional volume assessment by 99mTc-GSA
SPECT was able to detect cases from the lack of remnant liver volume group that could be operated
safely.

This study has some limitations. First, severe PHLF was not observed, suggesting that the safety
margin for f-rem-KICG might have been excessive. Further studies may be able to reduce the cutoff
value of f-rem-KICG. Second, because no patients had PHLF, no significant relationship between PHLF
and f-rem-KICG was observed; however, some studies have shown a significant relationship between
PHLF and uptake of 9mTc-GSA SPECT][6,10]. Third, this was a single-center retrospective study, and
the number of patients was small. Fourth, 99mTc-GSA SPECT can only be performed at a few
institutions. Finally, because of the significant correlation between a-rem-KICG and f-rem-KICG found
in this study, both evaluations may not need to be conducted in all patients. Checking the f-rem-KICG is
recommended if a-rem-KICG < 0.05 or PVE cases. Figure 3 shows the new decision tree used in our
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institution for evaluating future functioning of liver remnants.

CONCLUSION

Preoperative remnant liver functional volume evaluation (f-rem-KICG > 0.05) using the ICG test and
99mTc-GSA SPECT enables safe hepatectomy for patients who have undergone PVE. This index can
safely extend the number of cases in which hepatectomy is indicated.

ARTICLE HIGHLIGHTS

Research background
Liver volume analysis has been the primary method of preoperative evaluation, although some studies
reported that functional examination may be more accurate.

Research motivation
In our institution, we have used the remnant liver functional volume for preoperative assessment since
2004. We analyzed the validity of our remnant liver evaluation system.

Research objectives

In total, 150 patients underwent 99mTc galactosyl human serum albumin single-photon emission
computed tomography and hepatectomy at our institution from 2004 to 2019. Within this cohort, 23
patients who underwent preoperative portal vein embolization (PVE) were enrolled.

Research methods

First, the perioperative factors and changes in the remnant liver indocyanine green plasma clearance
rate (KICG) after PVE were reviewed. Second, we defined the marginal group and the not-marginal
group. We then compared the postoperative outcomes between the marginal and not-marginal groups
to evaluate the safety of hepatectomy for the marginal group.

Research results

All 23 patients underwent planned hepatectomies. Right hepatectomy, right trisectionectomy, and left
trisectionectomy were performed in 16, 6, and 1 case, respectively. The increased amount of remnant
functional KICG was significantly larger than that of remnant anatomical KICG after PVE (0.034 vs
0.012, P = 0.0273). The not-marginal and marginal groups comprised 17 (73.9%) and 6 (26.1%) patients,
respectively. The complications of Clavian-Dindo classification grade II or higher and post-hepatectomy
liver failure were observed in six (26.1%) and one (grade A, 4.3%) patient, respectively. The 90-d
mortality was zero. The postoperative outcomes were not significantly different between the marginal
and not-marginal groups.

Research conclusions
Functional evaluation of the remnant liver enabled safe hepatectomy and may extend the indication for
hepatectomy after PVE.

Research perspectives
We consider to increase the sample size and investigate appropriate remnant liver functional KICG
cutoff values.
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