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Abstract

Purpose We investigated whether functional future remnant liver volume (fFRLV), assessed using gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging (EOB-MRI), could evaluate regional liver func-
tion in hepatocellular carcinoma (HCC) patients with portal vein tumor thrombus (PVTT) and help establish the indication
for hepatectomy.

Methods The subjects of this study were 12 patients with PVTT [PVTT(+) group] and 58 patients without PVTT [PVTT(-)
group], from among 191 patients who underwent hepatectomy of more than one segment for HCC. We calculated the liver-
to-muscle ratio (LMR) in the remnant liver, using EOB-MRI and fFRLV. Preoperative factors and surgical outcome were
compared between the groups. The LMR of the area occluded by PVTT was compared with that of the non-occluded area.
Results The indocyanine green retention rate at 15 min (ICG-R15) and liver fibrosis indices were increased in the PVTT(+)
group, but the surgical outcomes of patients in this group were acceptable, with no liver failure, no mortality, and no differ-
ences from those in the PVTT(—) group. The fFRLV in the PVTT(+) group was not significantly different from that in the
PVTT(-) group (p=0.663). The LMR was significantly lower in the occluded area than in the non-occluded area (p =0.004),
indicating decreased liver function.

Conclusion Assessing fFRLV using EOB-MRI could be useful for evaluating regional liver function and establishing opera-
tive indications for HCC with PVTT.

Keywords EOB-MRI - Functional liver volume - Portal vein tumor thrombus - Regional liver functional reserve

Introduction

Vascular invasion is an important prognostic factor in
patients with hepatocellular carcinoma (HCC), which tends
to spread through the portal veins [1]. The median sur-

Electronic supplementary material The online version of this vival of untreated patients with portal vein tumor thrombus
article (https://doi.org/10.1007/s00595-020-02062-y) contains (PVTT) has been reported as only 2.7 months, and even
supplementary material, which is available to authorized users. those who received effective treatment have survived for a

median of just 6.4-20.0 months [2-6]. Hepatic resection
could be an effective option, as part of multidisciplinary
treatment, even for advanced HCC. Some reports have
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PVTT deteriorates liver function, and background liver
diseases, such as viral infection or fatty liver, can exclude
hepatic resection as a surgical option. The liver area includ-
ing occlusion by PVTT is expected to have less functional
reserve than the non-occluded area. Therefore, it is impor-
tant to evaluate and compare the “regional” functional
reserve between the occluded area and the non-occluded
area precisely.

Contrast agents, such as gadolinium-ethoxybenzyl-dieth-
ylenetriamine pentaacetic acid (Gd-EOB-DTPA), are specif-
ically taken up by hepatocytes. Therefore, Gd-EOB-DTPA-
enhanced MRI (EOB-MRI) can reflect the liver functional
reserve. Several recent reports have shown that EOB-MRI
is useful for the quantitative evaluation of liver function
[8—10]. Previously, we reported the usefulness of assessing
functional future remnant liver volume (fFRLV) preopera-
tively, using EOB-MRI to predict postoperative liver-related
complications in patients undergoing HCC resection [11].
We also reported that fFRLV assessed using EOB-MRI
could predict post-hepatectomy liver failure (PHLF) pre-
cisely in patients undergoing resection of more than one seg-
ment [12]. As fFRLV assessment using EOB-MRI has the
advantage of being a regional functional assessment, unlike
other examinations that assess the whole-liver function, it
could be useful for evaluating future remnant liver function
in areas not occluded by PVTT. We conducted this study to
evaluate the efficiency of FRLV assessment using EOB-MRI
in HCC patients with or without PVTT, and investigate the
surgical outcomes of those patients for a precise indication
of hepatectomy.

Methods
Patient population

We collected data retrospectively on 191 patients who
underwent hepatectomy for HCC resection between Janu-
ary, 2009 and October, 2019 in the Division of Hepatobiliary
and Pancreatic Surgery of our hospital. Patients who did
not undergo preoperative EOB-MRI were excluded. In this
series, there were 12 patients with PVTT, diagnosed either
as Vp2 (second-order branches), Vp3 (first-order branches),
or Vp4 (portal trunk) according to the General Rules for
Clinical and Pathological Study of Primary Liver Cancer
in Japan. Seventy of the 191 patients underwent hepatec-
tomy of more than one segment and these patients were
divided into two groups for comparative analysis: those
with [PVTT(+) group, n=12] and those without PVTT
[PVTT(—) group, n=58].

The clinical and perioperative data analyzed in this
patient series included sex, age, liver function indicators
[platelet count, prothrombin time (PT), total bilirubin,

alanine transaminase, and albumin], fibrosis markers [hya-
luronic acid, type 4 collagen, and Mac-2 binding protein
glycan isomer (M2BPGi)], indocyanine green retention
rate at 15 min (ICG-R15), liver stiffness measured using
Virtual Touch Quantification (VTQ) imaging, preoperative
computed tomography (CT) findings, type of hepatectomy,
remnant liver volume (RLV), and RLV rate. The plasma
disappearance rate of the ICG (ICG-K) value was also cal-
culated from the ICG-R15 value and used as a total liver
function test.

Postoperative complications were categorized on the
basis of Clavien—Dindo classification [13]. Postoperative
severe complications were defined as grade III or more.
PHLF was diagnosed according to the International Study
Group of Liver Surgery definition [14]; namely, an elevated
PT-international normalized ratio and concomitant hyper-
bilirubinemia on or after postoperative day 5), and PHLF
was defined as grade B or C. We assessed surgical outcomes
in all patients using fFRLV values. The study protocol was
approved by our institutional ethics committee (approval no.
1597, HS2019-066).

Imaging of regional liver functional reserve using
EOB-MRI and functional liver volume assessment

The methodology of regional liver functional reserve assess-
ment using EOB-MRI and that of functional liver volume
assessment have been described previously [12]. First, pre-
operative contrast-enhanced multidetector CT images were
reconstructed into three-dimensional (3D) images using a
SYNAPSE VINCENT volume analyzer system (FUJIFLIM
Co., Tokyo, Japan) from the Digital Imaging and Communi-
cations in Medicine (DICOM) data. The total liver volume,
future remnant liver volume (FRLV) after hepatectomy, and
percentage of RLV (%RLV) were calculated, and vascular
mapping was performed using this system.

EOB-MRI was performed using a MAGNETOM Skyra
3T or Prisma 3T scanner (Siemens Healthcare K.K., Tokyo,
Japan). A multiphase dynamic study, including arterial, por-
tal, and late phases, was performed using axial 3D volume
interpolated breath-hold examination after the intravenous
injection of 0.1 mL/kg EOB-Primovist (Bayer Yakuhin
Ltd., Osaka, Japan). T1-weighted images (retention time
3.0 ms, echo time 1.05 ms, slice thickness 2.5 mm) of the
pre-enhanced and hepatobiliary phases, obtained 20 min
after the injection of EOB-Primovist, were used for image
assessments [8, 15, 16].

The signal intensity (SI) of the remnant liver was meas-
ured on the DICOM viewer (NEOVISTA I-PACS VR; Konica
Minolta Inc., Tokyo, Japan) by selecting a region of interest in
the remnant liver, avoiding vessels and artifacts. The SI of the
spinal column erector muscle was also calculated for stand-
ardization of the SI value in each patient. After calculating the
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average of 10 fields of SIin both the remnant liver and muscle,
the liver-to-muscle ratio (LMR) was derived by dividing the
average SI of the remnant liver by the average SI of muscle
(Fig. 1a). Finally, fERLV (mL/m?) was calculated by multiply-
ing LMR and remnant volume, and standardized by dividing
by the body surface area (m?), as follows:

Average SI after 20 min of injection (remnant liver)
Average SI before injection (remnant liver)

LMR =

Average SI after 20 min of injection (muscle)
Average SI before injection (muscle)

Fig. 1 a Measurement of signal

FFRLY (ml /m2) _ LMR X Remnant liver volume (ml)

Body Surface area (m?)

Analysis with other functional remnant liver
assessments using ICG-Krem values and 3D-CT/
Tc-GSA single photon emission computed
tomography (SPECT) fusion imaging

A previous report indicated that ICG-K and %RLV pre-
dict the PHLF and postoperative mortality of patients who
have undergone PVE [17]. We calculated the ICG-K of
the remnant liver volume (ICG-Krem) using the formula:
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ICG-KX %RLV (%)/100. We then compared the surgical
outcomes between fFRLV using EOB-MRI and ICG-Krem
in the PVTT(+) group.

Preoperative **™Tc-GSA scintigraphy was performed
separately from CT. Dynamic scanning was initially per-
formed using a large-field view gamma camera (E.CAM;
Toshiba Japan, Tokyo) in an anterior view equipped with
a low-energy high-resolution collimator, with the patient
in the supine position after a bolus intravenous injection
of 185 MBq of *™Tc-GSA. Dynamic planar images were
obtained for 20 min using 15 s X 80 frames, with a matrix
size of 128 X 128. Hepatic SPECT images were acquired
after the dynamic study. The DICOM data obtained from
SPECT were also imported to a SYNAPSE VINCENT sys-
tem and subsequently fused with the 3D-CT images (Fig. 1d,
f). The functional %RLV using 3D-CT/SPECT fusion were
automatically calculated using the SYNAPSE VINCENT
system. We compared the surgical outcomes between fFRLV
using EOB-MRI and %RLYV using 3D-CT/SPECT fusion in
the PVTT(+) group.

Preoperative assessment for operative indication
and surgical procedure

In this series, the indication for hepatectomy was established
using future liver remnant volume [18], as well as the plate-
let count, PT, albumin, total bilirubin, ICG-R15, and liver
fibrosis markers.

Our surgical procedures for liver resection are described
briefly as follows: Liver parenchymal transection was per-
formed primarily with a Cavitron Ultrasonic Surgical Aspi-
rator (AMCO Inc., Tokyo, Japan). Hemostasis was achieved
using a monopolar coagulating device (I0-electrode; AMCO
Inc., Tokyo, Japan) connected to a VIO300D generator
(ERBE GmbH, Germany), used in soft coagulation mode.
An intermittent pedicle clamp (15 min occlusion and 5 min
reperfusion) was used routinely with parenchymal transec-
tion. Hemodynamic management under anesthesia was
applied to maintain low central vena caval pressure to mini-
mize blood loss with reduced perfusion [19, 20]. If neces-
sary, the infrahepatic inferior vena cava was encircled and
partially clamped to reduce perfusion [19, 21, 22].

Statistical analysis

Continuous data are presented as means+standard devia-
tion (SD) and as the median (range) for variables with nor-
mal and non-normal distribution, respectively. Differences
between the two cohorts were assessed using Fisher’s exact
test and the Mann—Whitney U test, as appropriate. Correla-
tions between ICG-R15 and LMR (or fFRLV) and those
between fFRLV and ICG-Krem (or functional %RLV of
3D-CT/SPECT fusion) were assessed using Pearson’s

correlation coefficients. All statistical analyses were per-
formed using SPSS Statistics software version 24.0 (IBM
SPSS Inc., Chicago, IL). P <0.05 was considered significant.

Results

Characteristics of HCC patients
with and without PVTT

Table 1 summarizes the characteristics of the HCC patients
with PVTT (n=12;>Vp2) vs. those without PVTT
(n=58;<Vp2), who underwent hepatectomy of more
than one segment. There were no differences in liver back-
ground diseases, values of liver function parameters, or lev-
els of tumor markers between the two groups. According
to the results of fibrosis makers and liver stiffness indices,
M2BPGi (p=0.008) and VTQ (p=0.013) were significantly
worse in the PVTT(+4) group, but hyaluronic acid and type 4
collagen were not (p =0.062 and 0.380, respectively). ICG-
R15 was significantly higher in the PVTT(+) group than in
the PVTT(-) group (median 20.9% vs. 13.5%, p=0.009).
Imaging analysis revealed that future RLV, future remnant
volume rate, and fFRLV were not different in the two groups
(»p=0.094, 0.130, and 0.663, respectively). In contrast, LMR
was higher in the PVTT(—) group (p =0.050).

Operation times and blood loss were similar in the two
groups (p=0.212 and 0.407, respectively), as was the rate
of intraoperative blood transfusion (p =0.121). Postopera-
tive major complications, defined as Clavien—-Dindo clas-
sification grade III or higher, tended to be more frequent
in the PVTT(+) group, but the difference was not signifi-
cant (25.0% vs. 13.8%, p=0.061). PHLF occurred in three
patients (5.2%) from the PVTT(—) group and in none
from the PVTT(+4) group. Two patients underwent right
hepatectomy. One suffered severe intraoperative bleeding
(4120 mL) and PHLF, which improved with conservative
treatment including plasma transfusion. The other patient
was an 80-year-old man with sarcopenia; hence, we admin-
istered preoperative nutritional support and physical reha-
bilitation, but postoperatively he had PHLF, pneumonia,
and disuse syndrome. This patient had been treated and was
transferred to another hospital on postoperative day 196.
Another patient underwent a right tri-sectionectomy and suf-
fered severe intraoperative bleeding (9625 mL) and PHLF.
The PHLF improved with conservative treatment including
plasma transfusion, and he was discharged on postoperative
day 74.

There was no mortality in this series and the length of
the hospital stay after surgery was similar in the two groups
(p=0.369). The fFRLV values were compared between
the two groups, including the occurrence of PHLF. Fig-
ure 2 shows each fFRLV value in the two groups and the
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Table 1 Characteristics of

the hepatocellular carcinoma
patients without vs. those with
portal vein tumor thrombus
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PVTT(-):<Vp2 n=58) PVTT(+):>Vp2 (n=12) p value

General background

Age (years) 69+9 70+5 0.704
Sex
Male 48 10 0.141
Female 11 2

BMI (kg/m?) 23.3+3.2 23.1+3.9 0.998
Background liver diseases 0.658

HBV 5 1

HCV 25 6

Others 28 5
Blood examination

Platelet count (x10%/uL) 183+66 173+62 0.663

PT (%) 97+11 97+9 0.751

Alanine transaminase (IU/L_ 48+ 64 45433 0.745

Total bilirubin (mg/dL) 0.8+0.4 0.7+0.2 0.438

Albumin (g/dL) 39+0.6 39+04 0.340
Fibrosis markers and indicators

Hyaluronic acid (ng/mL) 97+90 153 +87 0.076

Type 4 collagen 184 +69 21057 0.142

M2BPGi (COI) 1.00 (0.31-4.66) 2.07 (0.97-5.62) 0.008
Liver stiffness measurement

VTQ (m/s) 1.29 (0.88-3.11) 2.10 (1.01-3.15) 0.013
Indocyanine green test

ICG-R15 (%) 13.5(3.4-33.2) 20.9 (8.6-36.2) 0.009
Tumor markers

AFP (ng/mL) 42 (2-36,843) 31 (3-8108) 0.764

DCP (mAU/m) 57 (12-96,380) 341 (18-24,077) 0.624

Tumor size (cm) 6.1 (1.4-12.5) 6.1 (1.3-11.7) 0.913
Image analysis

FRLV (mL) 738 (338-1495) 883 (531-1281) 0.094

%RLV (%) 63.7 (31.8-88.9) 67.8 (44.2-79.1) 0.130

LMR 1.69 (0.83-2.40) 1.55 (1.13-1.82) 0.050

fFRLV (mL/m?) 802 (292-1486) 800 (486-1242) 0.663
Surgical outcomes

Operation time (min) 396 (244-712) 470 (320-682) 0.212

Blood loss (mL) 413 (35-9625) 339 (61-2368) 0.407

Intraoperative blood transfusion 9 (15.5%) 2 (16.7%) 0.121
Postoperative course

Major complication, >C-D grade III 8 (13.8%) 3(25%) 0.061

PHLF 3(5.2%) 0 0.616

Mortality 0 0 -

Length of hospital stay 14 (9-196) 18 (10-37) 0.369

HCC hepatocellular carcinoma, PVTT portal vein tumor thrombus, BMI body mass index, HBV hepatitis
B virus, HCV hepatitis C virus, PT prothrombin time, M2BPGi Mac-2 binding protein glycan isomer, CO!
cutoff index, VTQ Virtual Touch Quantification, /CG-R15 indocyanine green retention rate at 15 min, AFP
alpha-fetoprotein, DCP des-gamma-carboxy prothrombin, FRLV future remnant liver volume, %RLV per-
centage of FRLYV, fFRLV functional future remnant liver volume, C-D Clavien—Dindo classification, PHLF
post-hepatectomy liver failure
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Fig.2 Relationships between functional future remnant liver vol-
ume (fFRLV) values in the portal vein tumor thrombus-negative
[PVTT(-)] group (n=58) and the PVTT(+) group (n=12). The dot-
ted line indicates the cutoff value of fFRLV (615 mL/m?) for predict-
ing post-hepatectomy liver failure (PHLF) [12]. White circles indicate
patients with PHLF (n=3) in the PVTT(—) group

relationship to the cutoff value (615 mL/m?) for predicting
PHLF. All three patients with PHLF in the PVTT(-) group
had an fFRLV below the cutoff value (Fig. 2).

Characteristics of the HCC patients with PVTT

Table 2 summarizes the characteristics of the 12 HCC
patients with PVTT (10 men, 2 women; mean age,
7045 years). The underlying liver diseases were hepatitis
C virus infection in six patients, hepatitis B virus infec-
tion in one patient, and non-B non-C liver dysfunction of
other causes in five patients. PVTT invaded the main portal
trunk in two patients (Vp4), the primary portal branch in six
patients (Vp3, left in five patients and right in one patient),
and the second branch in four patients (Vp2, left lateral por-
tal branch in two patients and right posterior portal branch
in two patients). The median tumor diameter was 7.2 cm
(range 1.3-11.7 cm). The median fFRLV was 800 mL/m?
(range 486—1242 mL/m?), and the median ICG-R15 was
20.9% (range 8.6-36.2%).

Surgical outcomes of HCC patients with PVTT
Table 3 shows the surgical outcomes in the PVTT(+)

group. The type of hepatectomy was left hepatectomy
including extended left hepatectomy in eight patients, right

hepatectomy including extended right hepatectomy in three
patients, and posterior sectionectomy in one patient. The
median operative time was 470 min (range 320-682 min),
with a median blood loss of 339 mL (range 61-2368 mL).
Intraoperative blood transfusion was performed in two
patients. One patient (No. 5) had severe blood loss
(2368 mL), and the fFRLV (486 mL/m?) of this patient was
below the cutoff value (615 mL/m?). Biliary leakage devel-
oped in three patients, which was managed successfully by
additional percutaneous drain placement or postoperative
drain change. There were no cases of PHLF or mortality in
the PVTT(+) group.

Comparison of surgical outcomes with other
hepatectomy indications using the ICG test

The safety limit of hepatectomy for HCC patients is based
on three criteria: the presence or absence of ascites, the total
bilirubin level, and the ICG-R15; collectively named the
“Makuuchi criteria.” The absolute value of these criteria is
supported by studies showing no mortality in> 1000 cases in
2003 [23, 24]. In the present series, the condition of 6 of the
12 patients (Nos. 2, 5, 6, 7, 8, and 9) was beyond these crite-
ria; however, there was no PHLF and no mortality (Table 3).

The ICG-Krem is also a standard used for hepatectomy
indications, and an ICG-Krem value of > 0.05 indicates a
safe range for preventing PHLF [17]. In the present series,
2 of the 12 patients (Nos. 5 and 8) did not meet the cri-
teria; however, there was also no mortality and no PHLF
recorded for these patients (Table 3). We assessed the rela-
tionship between fFRLV and ICG-Krem, and the two values
exhibited a relationship (+*=0.387, p=0.037) (Supplemen-
tal Fig. 1a). ICG-Krem was not correlated with any major
complications (p=0.086) or with the length of hospital stay
after surgery (p=0.119).

Comparison of surgical outcomes
with functional %RLV using the 3D-CT/SPECT fusion
imaging method

Table 2 shows the results of functional %RLV using the
3D-CT/SPECT imaging method. The results of %RLV
using the 3D-CT/SPECT fusion method also reflected
decreased regional liver function by PVTT; hence, the
functional %RLV was higher than the %RLV in most
patients, although in two patients (Nos. 1 and 9), the func-
tional %RLV was lower than the %RLV and increases in
functional %RLV compared with %RLV were less than 5%
in three patients (Nos. 6, 10 and 11).

Assessment using 3D-CT/SPECT could not
identify a relationship between fFRLV and func-
tional %RLV(r*=0.271, p=0.083; Supplemental Fig. 1b).
Since none of the patients with PVTT had PLFH, we also
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Table 3 Surgical outcomes of the hepatocellular carcinoma patients with portal vein tumor thrombus

Patient no. Procedure Operative Blood loss (mL) Blood Postoperative PHLF Length of
time (min) transfusion  complication hospital stay

(days)

1 Right hepatectomy 542 1001 + - - 19

2 Left hepatectomy 499 194 - - - 12

3 Extended left hepatectomy 462 392 - - - 12

4 Left hepatectomy 595 295 - - - 10

5 Left hepatectomy 682 2368 + - - 14

6 Posterior sectionectomy 504 180 - - - 10

7 Right hepatectomy 411 190 - Bile leak - 23

8 Left hepatectomy 323 383 + Bile leak - 37

9 Extended left hepatectomy 345 61 - Bile leak - 24

10 Left hepatectomy 320 568 - - - 17

11 Extended left hepatectomy 477 285 - - - 21

12 Right hepatectomy 394 450 - - - 19

HCC hepatocellular carcinoma, PVTT portal vein tumor thrombus, PHLF post-hepatectomy liver failure

evaluated these two imaging values compared with other 2

surgical outcomes such as major complication and length of p = 0.004

hospital stay. The fFRLV and %RLV using 3D-CT/SPECT 1.8+ T

fusion had no correlation with the occurrence of major

complications (p =0.086 and p =0.578, respectively). The 1.6 T

fFRLYV was significantly related to the length of hospital stay
after surgery (p =0.036) but 3D-CT/SPECT fusion had no
correlation (p=0.584).

MRI of the area occluded by PVTT and difference
in the LMR between the occluded and non-occluded
area

The T1 images of EOB-MRI, 20 min after EOB injection,
revealed that the SI of the area occluded by PVTT was lower
than that of the non-occluded area, which represents the
remnant liver after hepatic resection (Fig. 1b—d). The value
of LMR in the occluded area was lower in most patients
(Fig. 1b). The difference in LMR values was assessed
between the area occluded with PVTT and the non-occluded
area (Fig. 3). The LMR of the occluded area was signifi-
cantly lower than that of the non-occluded area (p =0.004),
suggesting decreased liver function with occlusion by PVTT.

Correlations between ICG-R15 and LMR
and between ICG-R15 and fFRLV

We assessed the correlations between ICG-R15 and LMR
and between ICG-R15 and fFRLYV, to examine the whole-
liver function and regional liver function in each group.
ICG-R15 and LMR tended to have a slight correlation in the
PVTT(-) group (r=-0.430, p=0.001) (Fig. 4a). However,
ICG-R15 and LMR were not correlated in the PVTT(+)

1.2

LMR
[y
S
|_

0.8

Non-occluded Occluded
area area

Fig. 3 Functional liver scores (LMR, liver-to-muscle ratio) in the area
occluded by portal vein tumor thrombus vs. the non-occluded area.
The LMR of the occluded area was significantly lower than that of
the non-occluded area (p =0.004), indicating decreased liver function
in the presence of occlusion

group (r=—0.204, p=0.504) (Fig. 4c). The fFRLV values
were not correlated with ICG-R15 in either group (Fig. 4b,
d).

Discussion

The current study demonstrated that fFRLYV, assessed using
EOB-MRI, can help to establish the operative indications
for HCC in patients with PVTT. Typically, the indication
for hepatic resection is based on whole-liver function param-
eters, such as ICG-R15 or Child—Pugh scores, and volume
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Fig.4 Correlation scatter plots between the indocyanine green reten-
tion rate at 15 min (ICG-15R) and the liver-to-muscle ratio (LMR)
and between the ICG-15R and functional future remnant liver volume
(fFRLV) in each group. a Correlation of ICG-15R and LMR in the

analysis to ensure adequate future remnant liver to prevent
PHLEF [18, 25, 26]. Surgeons can evaluate the regional liver
functional volume easily, using imaging analysis methods of
determining surgical indication. We reported previously that
fFRLV was a good predictor of postoperative liver-related
morbidity and PHLF after hepatectomy [11, 12]. To our
knowledge, this is the first study to evaluate the significance
of fFRLV assessed using EOB-MRI in HCC patients with
PVTT.

Previous studies have suggested that EOB-MRI can be
used to estimate liver function [8—10], and LMR is one of
the quantitative indicators of liver function per unit liver
volume [8]. Galactosyl human serum albumin (GSA) meas-
urement is another method of quantitative liver function
assessment [27]. Recently, the technetium (Tc)-99 m-GSA
scintigraphy/SPECT and CT fusion system was described
as a novel method that enables simultaneous evaluation of
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portal vein tumor thrombus-negative [PVTT(—)] group. b Correlation
of ICG-15R and fFRLV in the PVTT(—) group. (¢) Correlation of
ICG-15R and LMR in the PVTT(+) group. d Correlation of ICG-15R
and fFRLYV in the PVTT(+) group

the volume of any part of the liver and the regional liver
functional reserve [28]. EOB-MRI has been reported as a
better modality than Tc-99 m-GSA-SPECT due to the spa-
tial resolution of EOB-MRI being superior, enabling the
detailed assessment of regional liver function concomi-
tantly with the diagnosis of hepatic lesions [29]. A previous
study that investigated the accuracy of functional liver vol-
ume estimation using EOB-MRI compared with that using
Tc-99 m-SPECT and CT fusion imaging, concluded that
Tc-99 m-GSA-SPECT tended to underestimate the function
of the left lobe and to overestimate the function of the right
lobe [30]. This study suggested that functional %RLV using
the 3D-CT/SPECT fusion method is a good reflection of
the area occluded by PVTT. However, two cases were nega-
tive and three had small increases of liver function in the
area not occluded by PVTT. Moreover, functional %RLV
using 3D-CT/SPECT was not related to surgical outcomes.
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Therefore, EOB-MRI could be a useful method for estimat-
ing the true regional functional liver reserve.

We also compared surgical outcomes between fFRLV
and ICG-Krem. ICG-Krem was a good predictor, since
10 of the 12 PVTT(+) group patients met the criteria and
only 2 did not. Although the ICG-K value is reflected as
total liver function, ICG-Krem contains the element that
predicts future remnant liver volume as %RLV. Therefore,
ICG-Krem might be as good a predictor as fFRLV using
EOB-MRI. However, our PVTT(+4) group was relatively
small, and it is difficult to evaluate the superiority of fFRLV
over ICG-Krem. These two criteria in terms of hepatectomy
indications should be compared in a prospective study with
a larger population.

In this study, the LMR of the occluded area was signifi-
cantly lower than that of the non-occluded area, which sug-
gests decreased regional liver functional reserve in the pres-
ence of occlusion by PVTT. Empirically, we would expect
the area occluded by PVTT to have reduced liver function;
however, no method for evaluating the regional liver func-
tional reserve of the occluded area has been reported. A
method for evaluating the regional liver functional reserve
may be more reliable than methods that evaluate the func-
tion of the whole liver. The advantage of this imaging tech-
nique for fFRLV assessment over Tc-99 m-single photon
emission CT fusion imaging is that EOB-MRI is routinely
performed preoperatively in the clinical setting to diag-
nose liver lesions. Moreover, ICG-R15 and LMR tended to
show a correlation in the PVTT(—) group, but not in the
PVTT(+) group. These results indicate that ICG-R15, as
a whole-liver functional test, could not accurately evaluate
the regional function of the remnant liver as it may reflect
the area occluded by PVTT as a “false positive value.” LMR
is better for evaluating regional liver function, especially in
patients with PVTT. The fFRLV is calculated by multiply-
ing the LMR and the remnant volume and thus, appears to
not correlate with ICG-R15 in either group. We believe that
measuring fFRLV along with LMR could be one of the most
reliable methods for evaluating the regional liver functional
reserve and for precisely determining the operative indica-
tion in HCC patients with PVTT.

The current study showed that both LMR and fibrosis
markers such as M2BPGi and VTQ were significantly more
increased in the PVTT(+4) group than in the PVTT(—) group.
LMR could be correlated, not only with liver function, but
also with liver fibrosis in HCC patients. As the value of
fFRLYV is calculated by multiplying LMR and RLV, fFRLV
represents both regional liver function and liver volume.
Accordingly, fFRLV measurement is a more reliable method
for predicting PHLF than whole-liver functional blood tests
or volumetric analysis only.

Although fFRLV could precisely predict PHLF in HCC
patients with PVTT, operative procedures should still be

performed cautiously in these patients. In this series, the rate
of postoperative major complications tended to be higher in
the PVTT(+) group. The values of VTQ and M2BPGi in
patients with PVTT indicated severe liver fibrosis and low
functional reserve in the remnant liver. Therefore, surgery
is potentially riskier in patients with PVTT. Even if PHLF
could be prevented through the preoperative evaluation of
fFRLYV, surgeons should still perform hepatectomy with
great care in patients with PVTT to optimize a safe postop-
erative course.

The limitations of this study were that it was retrospec-
tive, the sample size was small and the number of events
was limited. Multicenter prospective studies are needed to
evaluate the usefulness of fFRLV assessed using EOB-MRI
for HCC patients with PVTT, as well as to evaluate whether
fFRLYV could be used as a precise determinant of operative
indication in these patients.

In conclusion, assessing fFRLV by EOB-MRI could be
a useful tool for estimating the regional functional liver
reserve in HCC patients with PVTT. This method could
allow more precise determination of the operative indica-
tion to prevent liver-related morbidity or PHLF in patients
undergoing hepatectomy.
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