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Abstract

Objectives To compare the predictive ability of liver fibrosis (LF) by CT-volumetry (CTV) for liver and spleen and extracellular
volume fraction (ECV) for liver in patients undergoing liver resection.

Methods We retrospectively analysed 90 consecutive patients who underwent CTV and ECV. Manually placed region-of-
interest ECV (manual-ECV), rigid-registration ECV (rigid-ECV), and nonrigid-registration ECV (nonrigid-ECV) were calcu-
lated as ECV(%) = (1-haematocrit) X (AHUj;ye/ AHU,01a), Wwhere AHU = subtraction of unenhanced phase from equilibrium
phase (240 s). Manual-ECV was compared with CTV for the estimation of LF. The total liver volume to body surface area (TLV/
BSA), splenic volume to BSA (SV/BSA), ratio of TLV to SV (TLV/SV), ratio of right liver volume to SV (RV/SV), and liver
segmental volume ratio (LSVR) were measured. ROC analyses were performed for ECV and CTV.

Results After excluding 10 patients, seventy-eight (97.5%) out of 80 patients had a Child-Pugh score of 5 points, and two (2.5%)
patients had a Child-Pugh score of 6 points. AUC of ECV showed no significant difference among manual-ECV, rigid-ECV, and
nonrigid-ECV. TLV/BSA, SV/BSA, TLV/SV, and RV/SV had a higher correlation with LF grades than manual-ECV. AUC of
SV/BSA was significantly higher than that of manual-ECV in FO-1 vs F2-4 and F0-2 vs F3-4. AUC of SV/BSA (0.76-0.83) was
higher than that of manual-ECV (0.61-0.75) for all LF grades, although manual-ECV could differentiate between FO-3 and F4 at
high AUC (0.75).

Conclusions In patients undergoing liver resection, SV/BSA is a better method for estimating severe LF grades, although manual-
ECV has the ability to estimate cirrhosis (> F4).

Key Points

»  The splenic volume is a better method for estimating liver fibrosis grades.

o The extracellular volume fraction is also a candidate for the estimation of severe liver fibrosis.
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rigid-ECV Rigid registration ECV
RV/SV Ratio of RV to SV

RV Right liver volume

NY% Splenic volume
TLV/SV Ratio of TLV to SV
TLV Total liver volume
Introduction

Hepatic resection in the presence of cirrhosis is associated
with serious postoperative complications [1, 2]. Liver biopsy
is the standard method to evaluate liver fibrosis (LF), but it has
limitations such as sampling error, invasiveness, and risk of
complications [3, 4].

CT volumetry (CTV) [5, 6] and extracellular volume frac-
tion (ECV) [7-9] are highly sensitive and specific tools for the
diagnosis of LF.

In CTV analysis, the ratio of the total liver volume (TLV)
to body surface area (BSA) (TLV/BSA) [10], ratio of splenic
volume (SV) to BSA (SV/BSA) [6, 10, 11], ratio of TLV to
SV (TLV/SV) [10], ratio of right liver to SV (RV/SV) [12],
and the volume ratio of Couinaud segments I-III to segments
IV-VIII (liver segment volume ratio: LSVR) [13, 14] are use-
ful for evaluating LF grades.

ECV is an index calculated using haematocrit (Hct),
non-contrast phase CT, and contrast equilibrium phase
CT, and is useful for estimating the degree of LF [7, 8&].
ECV requires the measurement of CT values by placing
regions-of-interest (ROIs), which are set manually by an
observer (manual-ECV). Rigid registration of ECV (rigid-
ECV) refers to the alignment between objects with three-
dimensional shapes and is performed only by rotation and
translation. Nonrigid-registration of ECV (nonrigid-ECV)
is a method of aligning objects by deforming them through
affine transformation. In particular, ECV using nonrigid
registration has attracted significant attention for liver stiff-
ness measurement [7].

The study aimed to compare the ability to predict LF be-
tween CTV and ECV measured using liver dynamic CT. In
addition, the manually placed ROI method and the nonrigid
and rigid registrations were compared for the prediction of LF.

Materials and methods

Patients

This study was approved by the institutional review board
(RK-20110-12). The requirement for informed consent was
waived due to the retrospective nature of this study.

Consecutive patients aged > 20 years who were candidates
for liver resection for liver tumour and had undergone
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preoperative quadri-phase CT with equilibrium phase (240
s) were included. Patients who met the following criteria were
excluded: (1) patients who had not undergone liver resection
because of clinical or biochemical evidence of decompensated
liver function (Child-Pugh classification C, ICG-R15 > 35%,
or serum total bilirubin level > 2.0 mg/dL), tumour status, or
portal hypertension (including the presence of high-risk
esophageal varices); (2) patients who underwent quadri-
phase CT > 4 weeks prior to liver resection; (3) huge liver
masses larger than 500 mL. From February 2019 to April
2021, 90 consecutive patients underwent both CTV and
ECV with liver dynamic CT. Patient characteristics, such as
background liver disease, hepatic biochemical data, Child-
Pugh score, and pathological fibrosis stage, were obtained
from the electronic medical records.

Laboratory data

Blood test data (Hct, aspartate aminotransferase [AST], al-
anine aminotransferase [ALT], platelet count [Plt], interna-
tional normalised ratio [INR], total bilirubin [T-Bil], albu-
min [Alb], creatinine [Cr], and indocyanine-green retention
rate at 15min [ICGR15]) were obtained from the electronic
medical records. The aspartate aminotransferase-platelet
ratio index (APRI) and fibrosis-4 score (FIB-4) were com-
puted as representative serum test-based fibrosis markers.
APRI was calculated using the following formula [15, 16]:
(AST [IU/L] /upper normal limit)/Plt (10°/L)] x 100. FIB-4
was calculated as follows [16]: (age [years] x AST [IU/L])/
(P1t [10°/L] x ALT [IU/L]"?). The model for end-stage
liver disease (MELD) score was calculated using the fol-
lowing formula:

MELD = 3.8 X In (bilirubin[mg/dl]) + 11.2 X In(INR) + 9.6
x In(Cr[mg/dl]) + 6.4 % (aetiology:0, if cholestatic or alcohol-
ic, 1 otherwise) [17].

CT protocol

Quadri-phase dynamic liver CT was performed including the
unenhanced, arterial (37 s) [18], portal (60 s), and equilibrium
phases (240 s) after administering the contrast agent (350mgl/mL,
iomeprol; Tomeron® 350-syringe, Eisai, iodine content;
600mgl/kg). The contrast agent was intravenously injected at
3.0-3.5mL/s via an antecubital vein. The non-contrast and
equilibrium phases measured ECV and CTV. The CT scan-
ners of 16- or 320-CT (Aquilionl6 or Aquilion ONE; Canon
Medical Systems) and scanning parameters are shown in
Table 1. A reconstruction slice thickness of 5Smm was used
for CTV and ECV. No difference in volume measurements
was reported between 1 and 5 mm slices [19], but in this study,
we used the more common 5 mm slice thickness.
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Extracellular volume fraction analysis

Manual-ECV, rigid-ECV, and nonrigid-ECV were calculated
as ECV(%)=(1-Hct) x (AHU|jyer/AHU,01a), Where
AHUs=subtraction of unenhanced phase from equilibrium
phase (240 s) [7, 20]. Manual registration is a simple method
in which the ROIs are placed on both the enhanced and
unenhanced CT images by setting the same hepatic position
(Fig. 1A, B). Rigid registration assumes that the organ is not
deformed. It corrects for rotation and translation during the
anatomical matching of the two datasets. This method is rela-
tively easy to perform but has the disadvantage of introducing
errors when the organ is deformed. Nonrigid registration is a
function of deforming the liver to perform the registration,
which minimises the deviation in the position caused by the
breathing phase [21-24].

We investigated three registration methods to compare
their superiority in estimating LF when measuring the ECV.
The image analysis was performed by two radiologists with 6
and 3 years of experience in body CT. They were unaware of
the liver biopsy results.

Subtracted images between the non-contrast and equilibri-
um phase CTs were used for rigid registration (Fig. 1C) and
nonrigid registration (Fig. 1D). The semi-automatic process of
generating subtraction images from the point of data loading
required 90 s for rigid registration and 2 min for nonrigid
registration.

Absolute enhancement (CT-value; HU) was defined as the
difference between the unenhanced and equilibrium phase
images. After training the ROI placement, two radiologists
placed three ROIs on the images using copy and paste
methods, excluding large intrahepatic vessels and liver tu-
mours in the anterior and posterior segments of the right lobe
and left lateral segment lobe. ROI was drawn to prevent a
peripheral liver zone < 1 cm. Each radiologist placed the
ROIs independently. Circle ROIs with a size of 10mm were
used for the liver, 4mm in the axis for the portal vein, and
7mm for the abdominal aorta. ROIs were placed at the liver
hilum level. The AHU oy, and AHU o, 0f each patient were

Table 1 CT Parameters
Aquilion ONE  Aquilion 16
(n=>51) (n=29)
Tube voltage, (KVp) 120 120
Scan collimation (row X s) 320 x0.5 16 x 1.0
Rotation (s) 0.5 0.5
Matrix 512 x 512 512 x 512
Pitch 0.828 0.938
Slice thickness (mm) 5 5
Reconstruction slice thickness (mm) 1 1

compared to ensure that the equilibrium phase was obtained
properly. To ensure a sufficient equilibrium phase, patients
with significant differences between AHU, ., and
AHU a1 > 10 HU were excluded. Rigid and nonrigid regis-
trations were performed using a viewer workstation
(SYNAPSE VINCENT ® ver5.5, Fujifilm Medical).

CT volumetry analysis

TLV, SV, TLV/SV, RV/SV, and LSVR were measured
using a viewer workstation (SYNAPSE VINCENT ®
ver5.5, Fujifilm Medical). All CTV images were obtained
by an abdominal radiologist with 6-years of experience
with a reconstruction slice thickness of Smm following
the multiphasic liver CT protocol (Figs. 2 and 3). The
measurement time for TLV and SV measurements was
approximately 1min, and the segments were separated
by 15 min. TLV did not include the volume of the hepatic
tumours but included the volumes of the intrahepatic and
intrasplenic vessels to ensure uniformity and reproducibil-
ity of the liver. TLV and SV were corrected by BSA
(TLV/BSA, SV/BSA) [11, 25, 26]. BSA was calculated
using Dubois’ formula (BSA [m?] = 0.007184 x height
[em] %7% x weight [kg] ***%) [11, 27].

Segmentation was performed using the falciform ligament
as a landmark to separate liver segments II, III, and IV, based
on the segmentation performed by Hunt et al [13]. The medial
and lateral segments were separated using the central hepatic
vein. The caudate lobe was separated by focusing on the dif-
ference in the contrast effect. The LSVR was then calculated
by determining the ratio of segments I-III to segments IV—
VIII [13] (Figs. 2B and 3B).

Pathology

The pathological evaluation was performed using surgically
resected specimens. The pathological fibrosis stage was eval-
uated by two pathologists using the New Inuyama
Classification [28]: F0, no fibrosis; F1, fibrous portal expan-
sion; F2, bridging fibrosis; F3, bridging fibrosis with architec-
tural distortion; F4, cirrhosis.

Statistical analysis

ROC analyses were performed for ECV and CTV. The corre-
lation between the ECV results was analysed using
Spearman’s correlation coefficient. The intraclass-
correlation-coefficients (ICCs) were used for interrater reli-
ability, with an ICC of 0.40-0.59 defined as fair; 0.60-0.74
as good; and 0.75-1.00 as excellent. Friedman’s method was
used to determine whether there were significant differences
between each ECV measurement method. The mean and stan-
dard deviation of CTV and ECV were calculated for each
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Fig1 CT images of a 67-year-old woman with hepatocellular carcinoma,
showing different inspiration levels for the unenhanced and equilibrium
phase. A Manually measured methods on unenhanced phase image for
three regions of the liver: the anterior segment of the right lobe (area 336
mm?), the posterior segment (area 336 mm?), and the lateral segment of
the left lobe (area 336 mm?). The ROI of the abdominal aorta (area 61
mm?) and the portal vein (area 61 mm?) are placed. B Manually measured
methods on unenhanced phase image for three regions of the liver: the
anterior segment of the right lobe (area 336 mm?), the posterior segment
(area 336 mm?), and the lateral segment of the left lobe (area 336 mm?).
The ROI of the abdominal aorta (area 61 mm?) and the portal vein (area
61 mm?) are placed. C Subtraction image between the unenhanced and

equilibrium phase images using rigid registration for measuring three
regions of the liver (anterior segment [area 336mm2], posterior segment
[area 336mm?] of the right lobe, lateral segment [area 336mm?] of the left
lobe). Anatomical misregistration was shown. The ROI of the abdominal
aorta (area 61mm?) and the portal vein (area 61mm>) were placed. D
Subtraction image between the unenhanced and equilibrium phase
images using nonrigid registration for measuring three regions of the
liver (anterior segment [area 336 mm?], posterior segment [area 336
mm?] of the right lobe, lateral segment [area 336 mm?] of the left lobe).
Anatomical misregistration is shown. The ROI of the abdominal aorta
(area 61 mm?) and the portal vein (area 61 mm?) are placed

Fig. 2. CT images of a 67-year-old woman with hepatocellular
carcinoma, showing different inspiration levels for pre-contrast and
equilibrium phase imaging. A Axial image of a TLV. After the raw
data is manually sent to the workstation, the TLV is measured almost
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automatically; the TLV contains blood vessels and fat. B Axial image of a
segmented TLV. The falciform ligament and central hepatic vein are used
as landmarks to separate II, 111, and IV, medial and lateral, respectively. C
Axial image of SV. In this workstation (ver5.5), SV is measured manually
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A

Fig. 3. CT Volumetry image (Volume Rendering) of a 67-year-old
woman with hepatocellular carcinoma, showing different inspiration
levels for pre-contrast and equilibrium phase imaging. A Three-
dimensional reconstruction image of the whole liver. Inferior view. B
Three-dimensional reconstruction image of the segmented liver. Inferior

group. Spearman’s correlation coefficient analysis was used to
determine the correlation between the measured data (ECV
and CTV) and LF grade. The Kruskal-Wallis test was used
for ECV and CTV, followed by the Bonferroni correction.
ROC analyses were performed for ECV and CTV. The
highest AUCs by CTV and ECV were compared for the LF
gradings. Delong test was used to compare the AUC values of
ECV and CTV. SPSS Version-27.0 (IBM Corp.) was used for
the analysis.

Results
Patients

The characteristics of 80 patients are shown in Table 2 after
excluding ten patients (one patient with splenectomy, five
post-hepatectomy patients, and four patients with huge liver
masses [mean, 699.8mL; SD,136.5]) (Fig. 4). No one with
more than 10 HU difference between AHU,,., and
AHU a1 Was observed in this study. Hepatitis C virus
(HCV) was the most common cause of liver disease
(27.5%), followed by hepatitis B virus (HBV; 26.3%) and
alcoholic cirrhosis (10.0%). Seventy-eight (97.5%) out of 80
patients showed a Child-Pugh score of 5 points, while two
patients (2.5%) had a Child-Pugh score of 6 points. Thus, all
patients were Child-Pugh A.

Extracellular volume fraction

The ICC between the two readers was considered fair for
manual extracellular volume fraction (ECV) (0.69) and ex-
cellent for rigid-ECV (0.83) and nonrigid-ECV (0.83). The
mean ECV values of F4 for manual-ECV, rigid-ECV, and
nonrigid-ECV were higher than those of FO, 1, 2, and 3
(Table 3).

view, Brown; right lobe (anterior and posterior segments) of the liver,
Yellow; Medial segment of the left lobe, Green; Lateral segment of the
left lobe. C Three-dimensional reconstruction image of the spleen.
Inferior view

No significant difference (0.96, Friedman’s test) was seen
among manual-ECV, rigid-ECV, and nonrigid-ECV. There
was a minimal correlation between ECV and LF stages
(Table 3). The difference in AUC between manual-ECV, rig-
id-ECV, and nonrigid-ECV was about 0.01-0.02 with little
difference (Table 4).

CT volumetry

The mean TLV/BSA of F4 and mean SV/BSA of F4 were
higher than those of FO, 1, 2, and 3, and the mean TLV/SV of
F4 and mean RV/SV of F4 were lower than those of FO, 1, 2,
and 3 (Table 3). The mean LSVRs of F3 and 4 were higher
than those of FO, 1, and 2 (Table 3).

TLV/BSA and SV/BSA increase as the exacerbation of LF.
The hierarchisation for each stage of LF was clear in SV/BSA
(Table 3). Spearman’s correlation coefficient showed minimal
correlation for TLV/BSA, moderate correlation for SV/BSA,
moderate negative correlation TLV/SV, and RV/SV, and no
meaningful correlation for LSVR.

AUC:s of all parameters were the highest for FO-3 vs F4,
and AUC of SV/BSA was the highest for all LF grades
(AUC = 0.76-0.83) (Table 4). SV/BSA can accurately dif-
ferentiate between all LF grades, although TLV/SV and
RV/SV had relatively high accuracy for all LF grades
(AUC = 0.74-0.81) (Table 4). AUC of SV/BSA showed
the highest values to identify severe LF (= F3-4) or cirrhosis
(> F4), because of 0.82 for severe LF and 0.83 for cirrhosis.

Comparison between ECV and CTV for estimation of
liver fibrosis and cirrhosis

ECV and CTV were not significantly different in FO vs F1, F1
vs F2, F2 vs F3, and F3 vs F4 (Fig. 5). There was a significant
difference between F1 and F4 in all ECV measurement
methods. SV/BSA and RV/SV were significantly different
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Table 2  Patients characteristics

Sex, n (%)
Male 53 (66.3%)
female 27 (33.7%)
Age (yr), mean (SD) 66.4 (10.6)
BMI (kg/m?), mean (SD) 23.0 (3.19)
BSA (m?), mean (SD) 1.64 (0.17)
Background liver disease, n (%)
HBV 21 (26.3%)
HCV 22 (27.5%)
Alcoholic liver disease 8 (10.0%)
Others 29 (36.3%)
Child-Pugh score, n (%)
5 78 (97.5%)
6 2 (2.5%)
7-15 0 (0%)
Pathological F grades, n (%)
FO 10 (12.4%)
F1 19 (23.8%)
F2 19 (23.8%)
F3 16 (20.0%)
F4 16 (20.0%)
Laboratory data
Hct (%), mean (SD) 40.8 (3.8)
AST (IU/L), mean (SD) 354 (224)
ALT (IU/L), mean (SD) 32.8 (29.0)
Plt (10°/L), mean (SD) 188 (74.8)
INR, mean (SD) 1.03 (0.07)
T-bil (mg/dL), mean (SD) 0.72 (0.3)
Alb (g/dL), mean (SD) 4404
Cr (mg/dL), mean (SD) 0.76 (0.2)
ICG-R15 (%), mean (SD) 11.7 (9.9)
ALBI, mean (SD) -3.1(0.3)
Grade 1%, n (%) 73 (91.3)
Grade 2a*, n (%) 7 (8.7)
Grade 2b*, n (%) 0(0)
Grade 3%, n (%) 0(0)
MELD, mean (SD) 2.28 (2.9)
APRI, mean (SD) 0.74 (0.59)
FIB-4, mean (SD) 2.77 (1.7)

Notes: BMI, body mass index; BSA, body surface area; HBV, hepatitis B
virus infection; HCV, hepatitis C virus infection; Hct, haematocrit; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; Plt, platelet;
INR, international normalised ratio; 7-Bil, total bilirubin; A/b, albumin;
Cr, creatinine; /CG-R15, indocyanine green retention rates at 15 min after
injection; ALBI, albumin-bilirubin grade; MELD, model for end-stage
liver disease score; APRI, aspartate aminotransferase-platelet ratio index;
FIB-4, fibrosis index based on the four factors

*; modified ALBI grade
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90 patients received
liver surgery

excluded Splenectomy (n=1)

Hepatectomy (n=5)

84 patients included

excluded

Huge liver masses >500ml (n=4)

80 patients received both
ECV and CTV with liver
dynamic CT

Fig. 4 Patient flowchart. Ninety patients underwent liver surgery. One
patient with splenectomy, five patients with hepatectomy, and four
patients with huge liver masses. All 80 patients received both
extracellular volume fraction (ECV) and CT volumetry (CTV) with
liver dynamic CT

in FO vs F4, F1 vs F4, F1 vs F3, and F2 vs F4. TLV/SV was
significantly different in F1 vs F3. There was no significant
difference between TLV/BSA and LSVR.

Spearman's correlation coefficient analysis showed that the
correlation between all ECV measurement methods and LF
grades was minimal (Table 3).

AUC of SV/BSA (0.76-0.83), TLV/SV (0.74-0.77), RV/
SV (0.75-0.83) was higher than any AUC of ECV (0.60—
0.75) for all LF grades (Table 4). In particular, the AUC of
SV/BSA was higher than other parameters in all LF grades.
The next highest AUC was RV/SV for all LF grades. Since
there is almost no difference in AUC between all methods of
ECV measurement, and little difference in the correlation co-
efficient, manual-ECV, which can be measured most simply,
was used for the Delong test.

AUC of SV/BSA was significantly higher than that
of manual-ECV for significant LF (> F2) and severe
LF (> F3-4). There was no significant difference in
AUC between SV/BSA and manual-ECV for cirrhosis
(> 4) (Table 5).

Discussion

This study is to search for the imaging parameters that can
predict LF; in particular, SV/BSA is a better predictor of LF
than manual-ECV. Splenic enlargement occurs because of
portal hypertension and cirrhosis [29]. We believe that addi-
tional CTV, especially SV/BSA, facilitates superior estima-
tion of LF and can contribute to safe operative management
because liver stiffness is related to major complications after
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Table 3 ECV and CT Volumetry for each liver fibrosis stage
FO-1 (n=29) F2 (n=19) F3 (n=16) F4 (n=16) P p value
ECV
Manual-ECV 262 +4.8 273+35 27.1+4.4 31.8+£8.1 0.241 0.031
Rigid-ECV 262+43 27.6+3.5 263 +£3.2 323+6.8 0.254 0.023
Nonrigid-ECV 26.6 4.1 273433 27.0 £4.1 31.8+£6.0 0.244 0.029
CT volumetry
TLV/BSA (mL/m?) 608.3 £120.2 609.3 £105.6 632.6 = 143.7 734.0 £184.2 0.261 0.02
SV/BSA (mL/m?) 68.5+26.8 82.1+£29.0 114.4 +£54.7 182.1 £117.7 0.546 <0.001
TLV/SV 10.5+53 8.1+25 6.6 £3.1 54+£32 —0.468 <0.001
RV/SV 69+33 55+1.7 43+22 3.1+£22 —0.507 <0.001
LSVR 03+0.1 03+0.1 04+04 0.6+0.5 0.18 0.11

Notes: Spearman’s correlation analysis was used to assess the correlation between each measurement and fibrosis stage. Data are presented as mean +
standard deviation. p, Spearman's correlation coefficient. ECV, extracellular volume fraction; manual-ECV, ECV by manually placed region-of-interests;
rigid-ECV, rigid registration ECV; nonrigid-ECV, nonrigid registration ECV; TLV/BSA, ratio of total liver volume to body surface area; SV/BSA, ratio of
splenic volume to BSA; TLV/SV, ratio of TLV to SV; RV, right liver volume; RV/SV, ratio of RV to SV; LSVR, liver segmental volume ratio, which is

volume ratio of Couinaud segments I-I1I to segments [V-VIII

liver resection [1, 2]. Furthermore, the probability of postop-
erative complications increases with increasing SV/BSA in
patients with HCC [11]. Based on our results, SV/BSA may
be a better predictor of postoperative complications than ECV.
SV/BSA measurement can be acquired without using contrast

Table 4  Differentiation of liver fibrosis by ROC analysis (AUC [95%
ci)

FO-1vsF2 -4 FO-2vs F3-4 F0-3 vs F4
TLV/BSA 0.60 0.65 0.70
[0.48-0.73] [0.52-0.80] [0.54-0.87]
SV/BSA 0.76 0.82 0.83
[0.65-0.87] [0.73-0.91] [0.71-0.95]
TLV/SV 0.74 0.77 0.77
[0.63-0.85] [066-0.89] [0.63-0.92]
RV/SV 0.75 0.80 0.81
[0.64-0.86] [0.70-0.90] [0.67-0.95]
LSVR 0.59 0.64 0.63
[0.47-0.72] [0.51-0.76] [0.46-0.80]
Manual-ECV 0.61 0.62 0.75
[0.48-0.74] [0.50-0.75] [0.60-0.90]
rigid-ECV 0.63 0.61 0.76
[0.50-0.76] [0.48-0.74] [0.62-0.90]
Nonrigid-ECV 0.61 0.62 0.75
[0.48-0.74] [0.49-0.75] [0.60-0.90]

Notes: ROC, receiver operating characteristic; AUC, area under the ROC
curve; BSA, body surface area; TLV/BSA, ratio of total liver volume to
BSA; SV/BSA, ratio of splenic volume to BSA; TLV/SV, ratio of TLV to
SV; RV, right liver volume; RV/SV, ratio of RV to SV; LSVR, liver seg-
mental volume ratio, which is volume ratio of Couinaud segments I — III
to segments [V — VIII; ECV, extracellular volume fraction; manual-ECV,
ECV by manually placed region-of-interests; rigid-ECV, rigid registration
ECV; nonrigid-ECV, nonrigid registration ECV

agents during routine preoperative CT, and the workstation
enables semi-automatic and rapid reconstruction.
Consequently, we recommend that all candidates for liver re-
section undergo measurement of SV/BSA to estimate LF.
However, it must be noted that there are other causes of large
SV besides cirrhosis (e.g., haematological diseases such as
leukemia and infections).

SV/BSA and RV/SV showed significant differences
among the four factors and are considered the most useful
among the methods measured in this study for the evaluation
of LF. However, the AUC of CTV was the highest for SV/
BSA in all LF grades. Therefore, it is possible to evaluate LF
using only SV/BSA, which can be measured simply, without
using other parameters.

As previously reported by Yoon et al [8] and Shinagawa
et al [7], 180 or 240 s after contrast administration in the
equilibrium phase were sufficient to estimate LF using the
ECV method. However, the ECV in our study was not suffi-
cient for estimating LF, although it showed the ability to esti-
mate severe LF, such as F4 (AUC = 0.75-0.76).

The correlation coefficient of ECV was minimal, which
was lower than that of the previous report [8]. Yoon et al
stated that the ECV of Child A is significantly lower than
that of Child B and Child C. All the patients in our study
were Child A, which may have resulted in a lower correla-
tion coefficient. There was no significant difference in the
ability of either method to predict LF using the present
measurement methods. However, the ICC of manual-ECV
was fair (0.69), while those of rigid-ECV and nonrigid-
ECV were good (0.83). Manual registration is prone to in-
terobserver variability and errors [22]. This insufficient re-
producibility of measurement of LF by manual-ECV may
be a problem because different observers during follow-up
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<« Fig. 5 A Graphs of manual ECV department on the LF stage. B Graphs
of rigid ECV department on the LF stage. C Graphs of nonrigid ECV
department on the LF stage. D Graphs of TLV/BSA department on the LF
stage. E Graphs of SV/BSA department on the LF stage. F Graphs of
TLV/SV department on the LF stage. G Graphs of RV/SV department on
the LF stage. H Graphs of LSVR department on the LF stage. Graphs of
extracellular volume fraction (ECV) and CT volumetry (CTV) in each
liver fibrosis stage. FO vs F1, F1 vs F2, F2 vs F3, and F3 vs F4 are not
significantly different. There is a significant difference between F1 and F4
in all ECV measurement methods. The ratio of splenic volume to BSA
(SV/BSA) and the ratio of right liver volume to SV (RV/SV) are
significantly different in FO vs F4, F1 vs F4, F1 vs F3, and F2 vs F4.
The ratio of total liver volume to SV (TLV/SV) is significantly different
in F1 vs F3. There is no significant difference between TLV/BSA and
liver segmental volume ratio (LSVR)

may make measurements unreliable. However, AUCs of
manual-ECV (0.61-0.75), rigid-ECV (0.63-0.76), and
nonrigid-ECV (0.61-0.75) differed by 0.01-0.02 for all
LF grades. However, manual-ECV is easily generated be-
cause no liver alignment using a workstation is required.
Manual-ECV with three ROIs was predictive for LF as
rigid-ECV and nonrigid-ECV in our study; thus, manual-
ECV may be sufficient to estimate LF.

Table 5 Comparison Between SV/BSA and manual-ECV
Variable SV/BSA Manual-ECV
FO-1 vs F2-4
Optimal cutoff value 86.37 26
Sensitivity [%] 0.67 0.69
Specificity [%] 0.79 0.52

AUC (95%CT)
p value
F0-2 vs F3-4
Optimal cutoff value
Sensitivity [%]
Specificity [%]
AUC (95%CTI)
p value
FO0-3 vs F4
Optimal cutoff value
Sensitivity [%]
Specificity [%]
AUC (95%CI)
p value

0.76 (0.65-0.87)
0.045

99.2

0.63

0.88

0.82 (0.73-0.91)
0.006

105.6
0.75
0.86
0.83 (0.71-0.95)
041

0.61 (0.48-0.74)

31,4
0.38
0.88
0.62 (0.49-0.75)

32,1
0.56
0.89
0.75 (0.59-0.90)

Notes: SV, splenic volume; BSA, body surface area; SV/BSA, ratio of SV
to BSA; ECV, extracellular volume fraction; manual-ECV, ECV by man-
ually placed region-of-interests; AUC, area under the ROC curve. AUCs
are shown along with 95% confidence intervals. The AUC, optimal cutoff
value, sensitivity, and specificity of SV/BSA and manual-ECV for iden-
tifying fibrosis stages were calculated. SV/BSA and manual-ECV were
compared using the Delong test, respectively

Shinagawa et al proposed that ECV obtained using equi-
librium phase delay (240 s) could be a reliable biomarker of
LF, although their study did not include the estimation of
fibrosis factor by ROC analysis [7]. However, AUC value of
ECV to estimate LF was not high (0.61-0.64) for significant
LF (> F2-4), and severe LF (> F3-4) in our study, although
AUC for more than F4 was relatively high (0.75-0.76). The
reason for the different results is unknown, but the possible
inclusion of specific groups of patients and the unreliable
pathological assessment of LF by liver biopsy may be respon-
sible. However, our staging of LF was performed by patholo-
gy of the resected liver specimens, and we believe that the
staging was more reliable.

Pickhardt et al [S] and Hunt et al [ 13] stated that regional
changes in LSVR correlate with the degree of LF, although
TLV is a very poor predictor of underlying LF. In compar-
ison, our results showed that the AUC value of LSVR to
estimate LF was not high compared to those of TLV/BSA
and SV/BSA. The mean LSVR of the cirrhotic liver was
0.55 in the study by Hunt et al [13], but it was 0.6 for F4
in our study. Similarly, the mean LSVR of the normal liver
was 0.27, while our result was 0.4 (Table 3). AUC value of
TLV/BSA was 0.74-0.77, which was more effective in es-
timating LF than LSVR (0.59-0.63). TLVs decrease with
the progression of fibrosis and/or portal hypertension [10,
30]; however, in the results of this study, TLVs in patients
with F4 were larger than those in patients with lower LF
grade, which may have resulted in higher AUCs. This may
be due to our study that included patients with Child-Pugh
scores of 5—6. Furthermore, the diseases of the previous
studies were different from ours; they had many patients
with alcoholic liver disease (45 of 108, 41.7%), chronic
hepatitis C (32 of 108, 29.6%), and non-alcoholic fatty liver
disease (NAFLD) (16 of 108, 14.8%). In comparison, in our
study, the candidates for surgical liver resection were pa-
tients with HBV (22 of 80, 27.5%) and HCV (21 of 80,
26.3%). Thus, the possible inclusion of specific groups of
patients may be the cause of the difference.

Our study has several limitations. First, our study included
a small number of patients. Further studies with a larger num-
ber of patients are recommended to confirm our results.
Second, the equilibrium phase of ECV was 4min, as clinical
CT examinations should be performed in a short time.
Bandula et al measured the ECV using an equilibrium phase
of 30min; therefore, 4 min may be insufficient [20].

The prediction of LF by ECV should be investigated at 5 or
10 min.

In conclusion, the diagnostic performance of CTV was
superior to that of ECV in surgical patients without severe
liver dysfunction. In particular, SV/BSA was found to be a
better method for estimating LF, although ECV showed the
ability to estimate cirrhosis (> F4).
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Comparison between CT volumetry and extracellular
volume fraction using liver dynamic CT for the
predictive ability of liver fibrosis in patients with
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A F~—T—DFERFRRHEE AT — D AUC 3t Uiz, £72BKBIO AUC & OF
HCEE L7, b A T — 2 %033 5 72T ECV & CTV 2 E ik b &
VN AUC % Delong #7E & FVN TRl L7-, MEMTICIZ SPSS Version—27.0 (IBM

Corp.) Z M7=,



[#R]

B

BekEE 90 oo T 10 Bl (MFEEDH » 1 6, ITFOIERES Y 5 5], B RATHE
JE A AERIN S, 80 Bk -7~ (Fig. 4), AHUaorta & AHUportal D7E
23 10HU LA _EDSEFN L 72 2r o T FFRRHE(EDRR & L TR & 2o 72 Did C Y
JF9 w7 A4 VA (hepatitis C virus; HCV) T 225 (27.5%), ¥\ T BAIFL
7 A VA (hepatitis B virus ; HBV) 2321 f (26.3%). HCV+HBV %3 1 {3
(1.3%) . alcoholic liver disease 2% 8 i (10.0%). nonalcoholic fatty
liver disease (NAFLD) 7% 5 f4](6. 3%, 9 & MAFLD4 f5]) . nonalcoholic
steatohepatitis (NASH) 7% 4 ] (5.0%). primary biliary cholangitis (PBC)
N 26 (2.5%)., D2 17 6] (21.3%) ToH -7z (Table 1), APRI score
DT 0.74 Th-o7T-, £7-FIB-4 index |3FH 2. 77 TH V. FLEHI & 7R
PRAEL2V R Sz, 80 il 78 51 (97.5%) 7% Child-Pugh 2 =17 5 g, 2
B (2.5%) 7% Child-Pugh A =227 6 £ CH Y, 4fl2% Child-Pugh A TH -
7=o F7-modified ALBI grade |% grade 17373 A, grade 2a 73 7 A, MELD X
a3 2.28 Thole, ZTHDH DR DT PREBIZEFRNICRLF TH D
ZENIRMEE T,

MRS TR S E (ECV)

2 NDFEA T O 1CC 1, manual-ECV TiX fair (0.69), rigid-ECV T
excellent (0.83). non-rigid-ECV TiX excellent (0.83) TH-o7=, 32D
ECV JIE J7 35 D44 ECV lIE, F4 23 F0-3 LV H@Ed->7= (Table 2),

Friedman MiE DFEH1% 0. 96 T 3 SOMEEFEDORICHE TR0 > T,

Spearman O FHBURESHT DOFEH Tl ECV & ML 2 T — 2 ORI I35/ E



DOFABE Lo T=, 3OO0 ECV HIE FF1ED AUC D134 0. 01-0. 02 T, 1F&

o EEDT D)o T- (Table 3),

CT A2 (CTV)

F4 O] TLV/BSA & SE¥) SV/BSA 1X FO-1, 2, 3 LV &< F4 O TLV/SV
EEEIRV/SV I FO-1, 2, 3 L VWIKA 7= (Table 2), TLV/BSA & SV/BSA (3/iF
AL O BE B Z 5 L CHEIN L 7=, Spearman OAAPBIERELIL, TLV/BSA Tidf/h
DOFAEE, SV/BSA TIXHFLE DOAHES, TLV/SV 3B X OVRV/SV Tl ELE DA D
Bz R L. LSVR TIXERD & HHBEITERO bz ho Tz, 4ToH CTV D AUC I
FO-3 vs. F4 THb <. SV/BSA O AUC |4 TORFRRMEIL AT — Y T b @b

-7z (AUC=0. 76-0.83) (Table 3),

FF#RME(LIS L OFEE DHERIZIS 1T S ECV & CTV D ih#

FO vs. F1, F1 vs. F2, F2 vs. F3, F3 vs. F4 Ti%, ECVIB LV CTV 2 TH
BT Do 7z (Kruskal -Wallis #iE) (Fig. 5) . SV/BSA B LT RV/SV
i%. FO vs. F4, F1 vs. F4, F1 vs. F3, F2 vs. F4 THEENH>T=,
SV/BSA, TLV/SV. RV/SV @ AUC IE, 4= CORFBRHEILA T — I8V T ECV @
AUC &V b Edvo7- (Table 3), HFIZ. SV/BSA @ AUC 1%, 2T ORFRRMEL 2T
—NIZBWTATO CTV, ECV, FIB-4 index X2 APRI score 7% & D MK/
A A=A —DOHFTibmdoT-, FHBEMFAT TIEL SV/BSA 23 R OFHE .,
RV/SV, TLV/BSA 72 E/8 R DA DFHRI Z /R L7z DIT%F L, APRI score (355
VB Z 7R L, £72 FIB~4 index [IAERMBEIL 2272, ECV & CTVDOZH
ZNOREREF & MATRA A A~ — B — OFHBIFENT CIidA B2/ B 2 735

RizEonzonor= (Fig. 6) o #KMEEO AUC TiX HCV TIX FO-1 vs. F2-4 C



X RV/SV, FO-2 vs. F3-4 T LSVR, F0-3 vs. F4 TIZRV/SV &b Eio iz
(Table 4A), HBV TiX FO-1 vs. F2-4 TI{XRV/SV, F0-2 vs. F3-4 TIXRV/SV,
FO-3 vs. F4 TIZ TLV/BSA 23 fc b mhr> 72 (Table 4B), Alcoholic liver
disease TlX F0-1 vs. F2-4 TiXFIB-4 index & APRI score, F0-2 vs. F3-4
&, F0-3 vs. F4 TIL SV/BSA 23 b Dy — 7= (Table 4C), NAFLD 33 & UF NASH
TIX FO-1 vs. F2-4 TlZ APRI score, F0-2 vs. F3-4 T|XRV/SV, F0-3 vs. F4
TIL TLV/BSA 2’ g b &>~ 7= (Table 4D), Manual-ECV, rigid-ECV,
nonrigid-ECV @ AUC SCAHBAMREUITITIZZEN 72\ 2D e b i 2> > i (1) &
T & % manual-ECV O %% Delong EIZH = (Table 5),

AELITHME (=F2) L EEONF#HME (=F3-4) TiX, SV/BSA @ AUC A3
manual-ECV @ AUC X 0 b A REICE -T2, FFEZ (F4) TILSV/BSA &

manual-ECV @ AUC IZ B BEZE X)o7,



[Z£]

AMFSE T ECV <2 CTV [ TIFRRME(LHEE ICE - TH V| FFIZ SV/BSA X manual-
ECV X0 HITHRHEL D FRIK 7 & L TENLTWD Z &3 mhoiz, 72 ECV D
AUC |Z FIB-4 index X° APRI score & [RIFEEE T 7= DITHF L, SV/BSA X
TLV/SV, RV/SV @ AUC <°AHBAFR %L FIB-4 index <2 APRI score &L U @ho7-,
72 F4 OIER] 16 B, SV/BSA 2N FAHEE DA » M4 7fE (105.6 ml/m?) DAL
7> FIB-4 index 2% 2. 67 LLF T APRI score A% 1. 0 i DIEFIIE 6 $1]d> - 7=,
CTV DRFHRHEALHE EREIT MR S A A~ — B — K VN TV D ATEEME D R S
AT, R IZFIARIE TCHEE O 2 D 7= I Td = 5 [30], A IIFOIFRE O
HRZREHHEICERT D720, CTV OJIE, FrZ SV/BSA IFTRRAEILHERE & ml e
ETHZETRAERFMELICEM TEX 2 L35 2 5[, 2], MiaEEE T
(X, SV/BSA R < 72 DI O TINR B HHEDHERNm < 78D Z LA SN T
WA [13], SEIOFEFEA S SV/BSA L ECV LV bt BOHED THIAF & L
TENTWD AN D D, TERSEWAREMENH S &l Sy ai2id,
PO CIE e <P~ A 7 B BT O 28I 2 2 & T HFEAfFR LK
BETE DN H S, SV/BSA HIEIX, ATFUIERITAT CT CrEsgAl 2 He4 &
LB TE, V=7 AT —va VXY EABN TR BrLN) FHID
ARETH D, LIch> T, HUBREFHET 28 TOREIIFHRME L EZHEET D
T2¥IZ SV/BSA DMIEZAT O Z & 2 HERT 5, FPIATCT 2B L. ZhnaH
MU CFE)/ A BRI RO ARRE 2R L. (KE & F &4 M T SV/BSA % &t
HT 5, £LTSV/BSA DIEIZ L » TR L 2 HEE T2, ZD&&h v b A
7% 86.4 ml/m* & FAUTRKEE 67%, HFFEEE 79% TF2 LA, 99.2 ml/m* &9

FUIEIRE 63%., H5FE 88% CTF3 LI b, 105.6 ml/m® & 3 AUIERLSE 75%., i



JE£86% CF4 LHEETE D, Ll IFEEZLSMNCY SV R REL 2D KA (A
M55 72 & DM, BYHER E) N D Z LICER LRTIER B0,

LI Yoon & [10]0db) & [9] DI L D & ECV IE TR 2 HEET 5
B, AR IE A G % O 180 BEIZ 240 BT THD EEND, Ly
L. AIE o ECVIETIE, F4 (AUC=0. 75-0. 76) O K 9 Zahiced T B O RFRHEL
DHEEIZATRE TH o 1273, Z DD 7 L — RORFFHEALOHEE IZIZ AR+ Th
ST, F7 ECV OFHBREUIR/NTH Y | LIETO#®E LV K- 72 [10],
Yoon (%, Child A ® ECV i Child B&R XU Child C ® ECV X W &K &
ATV [10], A ENEAEFERIAS Child A THY . ZHDHERE AR T &8
TRIROATREMER & %, F 7= manual -ECV @ ICC X fair (0.69) TH 7223,
rigid-ECV & nonrigid-ECV @ ICC % good (0.83) ToH o7z, FENLES DO
X, BIEEMOIZL XM ENE LT NE VS MERIEH L L DD,
manual—-ECV (0. 61-0. 75) . rigid-ECV (0. 63-0.76) . nonrigid-ECV (0. 61-0. 75)
D AUC 1Z, ETOFBRHALA T — U TIlE LA EENRL, 5 SOFTERm %
BRI D LEFEESDETHINE LI,

i) 15 1%, ROC F#AT T & 2 BRHE(LIRF OHEEITAT > TR b DD e
TR 240 B % HV T2 ECV DMEFEIE D @ WAL DA A~ — T —1272 0
595 LB LTWD[9], AEIOFRETIL, ECV O AUC IFfFMEZ (F4) Tix
0.75-0.76 &R N> T b DD FEILHRAMEL (2F2-4) SEIEDATHR
Mefb (ZF3-4) T1E0.61-0.64 L @< e, ERMBELHKIRRTHY . LT
di) D OFER L0 b M LHEERE DMK o 7o, R DFER S O BRI
RATH DM, M5 ORFT EIXBBE RN LR - T D ATERES, 15 ORET
I ZIHFARRHE L DR BR 2RI 23 A0 MRE T/ S22 & MRIK Td 5 AlREM:



N D. Fox DT T IFRMEIL DT BT OIBRATERA 2 W T2 B A T b
D, XVEETEZLILOThHoTEEB LN,

Pickhardt & [7]& Hunt & [15]1%, LSVR O JRATAIZALIZATERHEL DOFLE & 41
BA9 225, TLVIZIBIER R ITRRHEL O TRIK - & L CIIIEF IS A+ Th D &
WRANTWND, TR L LT, Fox ORFRIT, FHRHEL 2 HEE 35 LSVR @ AUC
flEl%, TLV/BSA 35 L TF SV/BSA @ AUC fig & bl L T < 727> 72, Hunt & DA
FECIXFRE AT O -4 LSVR X 0. 55 TH o 7203, Fx OAFFETIEF4 T0.6 T
Bbo7- (Table 2), [FAFIC. IEFAFOFH) LSVR 1E 0. 27 TH o724, Foex OFk
RlF 0.4 THo7e, TLV/SVx(ER 2) 0 AUC fiEi1X 0. 74-0. 77 TH Y . LSVR
(0.59-0.63) XV bIFRHMEALDOHEEITA L T 272, TLV (L FO-F3 TIIFaE
ECPINRETCHE DEITITEVEINT 2 b Do, T2 (F4) TIRE 0 #IT7
D &= T 2 (31, ZAUTAEMEATFIEZE 2 b HERAEMETREZE ~B 173
52 EICERT D, L LAWIETIIAEZ (F4) OBHE O TLV I3AF#HE 7
L— FORWEEZE D TLY LD b RE < T ORER TLV/BSA @ AUC 23 < 72 o7z
ATREMENS & D, AMFFETIE Child-Pugh A2 773 5~6 DHEEFE ARG L LI-7-
D, AFFEETOREFIPREETFHEE TH 722 EDRFE S LitZen, &5
(2 SATHRIE T T v 3 — PR - (108 51l 45 51, 41.7%) . HCV (108 4
132 B, 29.6%) . FET IV — AVERENMERTER R (non—alcoholic fatty
liver disease; NAFLD) (108 {3t 16 f5l, 14.8%) DEFNLI o7, iU
XL, Fox OFFZETIEAFOIBRDO RS IT HCV * (IR 3) (80 filH 22 4, 27.5%)
& HBV x(JFR 4) (80 il 21 5], 26.3%) M3 % oTz, ZDOBEREDE DR
KOS ZE 2 bvd,

JRIKIAED AUC TIE HCV TIX RV/SV 2 LSVR 231 < (Table 4A), HBV Tl

RV/SV <2 TLV/BSA 735 < (Table 4B). alcoholic liver disease TiX FIB-4



index %2 APRI score, SV/BSA 73 < (Table 4C). NAFLD/NASH TiZ APRI score
R RV/SV, TLV/BSA 72 &3 @ TR FHIEEZ R L TH Y (Table 4D), #47

L& SV/BSA 25 & M W MEL THIREZ R T DT TlidZenolz, L LR
5 CTV @ AUC |Z FIB-4 index <° APRI score XV EWHANEL L, HNETYH
CTVIRIMIE A A~ — T — X 0 BN TR EHEERE 2 A L T D ATREME S /R
S,

ARAFFENNTN L ODPDRANR D 5, H 1T, Fox OUFRITBEZE LD D727 >
2o AROFREREZMHERT D72OICL VL DEFZNRE LN LEEN
Do 2 ITREIR CT AT TIT O RE b DO TH D72, ARIOHZFETIZ
ECV DA 4 53 & L7z, 80 JEFI4HI2S AHUaorta & AHUportal MDZE73
10HU AKfiii Tdo o 7o 72Ok & U CUIZ S L L2 b DD, Bandula 51 30
5y DA A2 -V T ECV ZIE L TRV 4 0 TIEELEARFo0E Lz
(23], PFHE L CGEREZ S D EIT 10 TR 2HIET S E V-7 H i S
BRI L Z 2 D, B 31, ARIOFERFILHBY OFIGA %L <, £z HCV OF|
BWRDIenodz, TOTZDBIITANA T ARD0 | SV/BSA A RN - 7]
REMED D D, L L7222 BRI T % & CTV @ AUC X FIB-4 index <° APRI
score KV WA E L CIV BSMRIRA /N1 A~ — B — X 0 7= iR
{EHEEREZ A L CWARIBEMENH DS Z N ghhoTe, SR ERDMFITNVE L
Bbh o, %412, AENLROL & 3 D FTICE & F 4 VLT ECY Z3HH L7
D, BRHEEDR O E AN —TH D Z L3It & 725, A RIOIEFIRE TN
FE X CT THHUUT homogeneous Td V) BIFRET DT R & FEAT OIFFEE I [FIAR
DHDEBZEZTND, LinLen b, FFRRHE O B A I AR T 0 T
B ThY ., BREMRBRMELOFIC M S 2 W ATREM S & 5, Mz L v i
WZEIZ ROT Z (8 < 2 & TECV OFRN LV BNHD Lot Ly,



512, ARIOHFFE TIEAFFE D ROT DY o X% 336 mn’ (2H— L TV DA,
non-rigid W Zfi§-Z & T, V7 N7 7 v a VEE EIZEVZ ROT OH A X
REEILTFENLES D TEVVZROD L IIEEICIT R 2 B2 b5, L
L4 [\ 4% B C1E manual-ECV & nonrigid-ECV Tl AUC RRAHEIIC K& 72351372
<. non-rigid QLBRIZ & 59 A XZEALDS ECV I I THEIT D e & b
Do

fiiam & L C, EERITEIERE O R WITHIBRZZ T 2B 1BV T, CTV O
ZWTBEIL ECV 2 FIB-4 index, APRI score 72 ¥ DMLIEMAE A ~—DT— LV
HEN TV, FRZ, PR OHEE 1213 SV/BSA MEN TV, ATAEZ
(F4) *(EIR 5) OHEE T ECV TH RIRREOHEFEREZ A L TV /2, Manual-ECV,
rigid-ECV, nonrigid-ECV THHEHME(LHEEREIC A T AT RN o 72, WIERE T
W95 &, CTV (X FIB-4 index =° APRI score & ¥ & AUC BEWAMNZE L, L

TR AA A~ =D — L0 BIFRHEETRICA A TH 2 wTREME VR ST,
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Figure 1. JHFHlifEsE @ 67 mkcth:o CT Hif4

A). FEEAIB O THED 3 >OFEEIS ROT (A HERT XIS [ fH 336 mn’], 75
TR X [T FE 336 mm?] | ZEBESMUIDIEE [1RifE 336 nm’]) ZEWo (FEMZES
), KBRS FIARIC ROT (HfE 61 mm®) ZHBdE L7z,



B). EMFFEICIBWTAIED 3 > OFEIC ROT (5 AT [[ifd 336 mm’], A5%E
P DX [ 336 mm*], Z-3ESMAIXI [ HAE 336 mm*]) ZE\W - (FEIES D
/), BEEKEIR L FARRIC ROT (HFS 61 mmd) ZHELE L7,






D). FEMIANIES OEZMEM L COREEMH & oY 7 b7 7 v a Ul %
TR L. Al 3 S OFEIRIC ROT CHHERT RIS [HIFE 336 mm™], A %4 I [f
& 336 mm?], ZEBESMAIXK I [1AIFE 336 mm®]) A BV To, SREFAOIALET AT

BBV o Tx (FFER 6) . BEFRENR & PIRIC ROT (5 61 mm*) ZACHE L
726



Figure 2. HHlifadE® 67 ki CT Wifg

A). TLV Offipi¥itg, 5 — 2 2 FETYV—7 AT —2 3 T
FIEEEEICHIE S, TLV ICIZmAE & e & En7-,



B). ZElEivie TLV OEAZHT R, Stk & hoFEikE 27 > R~—27 & L
T, I, M, VORESITE LT,

C). SV O#lfi7 %, SYNAPSE VINCENT © verbs.5 TlX. SV IXF&EITHIE XU
7=,



Figure 3. JFHIIMEZ AT 25 67 B4clhED CT BEONT RV a—AL v F ) v
7)

A). HFlsAtR o 3 RoCHHE R, T,



B). [DXHSriS L7ofiFliiod 3 o AR, FRenirasE i L 0%
PIE) . AT REP I, ok (a8 /2 BEAMA X I,

C). Mg 3 Wor RS, FmX,



Figure 4. BHF O 70 —F v — |k
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Figure 5. FMFHE(L AT — 2B DI BFER (ECV) & CT BREMIE
(CTV) DOFEONTH I X Kruskal -Wallis FRE
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Mmolz, BRTDENVIZBWT, Fl vs FAICHEEZENH > 7-, BSA Tk 25 Pl
KO (SV/BSA) B O SVICT DA ERFDO . (RV/SV) 1E, FO vs.
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Figure 6. HfOFLASFER (ECV) B IO CT BREMIE (CTV) DIiEiEA/NA A4
~—J1— & OIS LW dot plot
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Table 1

BEER

B, n (%)

Tk
LEQ 5

Age (yr), mean (SD)AEH#R, F¥ (EXEERZE)
BMI (kg/m?), ) (FEHERZ)

BSA (m?), F¥) (FEXERZE)
ETEER, n (%)

HBV

HCV

HCV+HBV

Alcoholic liver disease
NAFLD

(9 H 4 123 MAFLD)
NASH

PBC

Others

Child-Pugh 227, n (%)

5
6
7-15

TREFHTRRHEIL R T — 3, n (%)

FO
F1
F2
F3
F4

AR

Het (%), ) (BEHE(R )
AST (IU/L), F¥) (FEHE(R )
ALT (IU/L), ¥ (BEVE(RZ2)
Plt (10°/L), F-¥) (EHE(RZE)
INR, F¥) (BEYHER )

T-bil (mg/dL), V¥ (FEAE(R )

53 (66.3%)
27 (33.7%)
66.4 (10.6)
23.0 (3.19)
1.64 (0.17)

21 (26.3%)
22 (27.5%)
1(1.3%)
8 (10.0%)
5(6.3%)

4 (5.0%)
2 (2.5%)
17 (21.3%)

78 (97.5%)
2 (2.5%)
0 (0%)

10 (12.4%)
19 (23.8%)
19 (23.8%)
16 (20.0%)
16 (20.0%)

40.8 (3.8)
35.4(22.4)
32.8 (29.0)
188 (74.8)
1.03 (0.07)
0.72 (0.3)



Alb (g/dL), ¥ (FEHER ) 4.4 (0.4)

Cr (mg/dL), F¥) (FEHE(RZ) 0.76 (0.2)
ICG-R15 (%), ¥4 (FEE(R 22) 11.7 (9.9)
ALBI, ‘¥ (FEYERA) -3.1(0.3)
grade 1*, n (%) 73 (91.3)
grade 2a*, n (%) 7(8.7)
grade 2b*, n (%) 0(0)
grade 3*, n (%) 0(0)
MELD, ‘V-¥) (FEH#E{RZ=) 2.28(2.9)
APRI score, V-4 (BEAE(R ) 0.74 (0.59)
FIB-4 index, “F-%) (BEVE(R ) 2.77(1.7)

7¥: BMI, body mass index; BSA, body surface area; HBV, hepatitis B
virus infection; HCV, hepatitis C virus infection; NAFLD, nonalcoholic
fatty liver disease; NASH, nonalcoholic steatohepatitis; PBC, primary
biliary cholangitis; Hct, hematocrit; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; Plt, platelet; INR, international
normalized ratio; T-Bil, total bilirubin; Alb, albumin; Cr,
creatinine; ICG-R15, indocyanine green retention rates at 15 minutes
after injection; ALBI, albumin-bilirubin grade; MELD, model for end-—
stage liver disease score; APRI score, aspartate aminotransferase—
platelet ratio index, FIB—4 index, fibrosis index based on the four
factors.

*; modified ALBI grade.



Table 2 e L 27— D ECV, CTV. M/ A4 ~—H—

FO0-1 (n=29) F2 (n=19) F3 (n=16) F4 (n=16) p P value

ECV

manual-ECV 26.24+4.8 27.34£3.5 27.1+4.4 31.8+8.1 0.241 0.031

rigid-ECV 26.2+4.3 27.6£3.5 26.3+3.2 32.3+6.8 0.254 0.023

nonrigid-ECV 26.6+4.1 273433 27.0+4.1 31.8+6.0 0.244 0.029
CTV

TLV/BSA (ml/m?) 608.3+120.2 609.3+105.6 632.6+143.7  734.0+184.2 0.261 0.02

SV/BSA (ml/m?) 68.5+26.8 82.1£29.0 114.4+54.7 182.1+117.7 0.546 <0.001

TLV/SV 10.5+£5.3 8.1£2.5 6.6+3.1 5.4£3.2 -0.468 <0.001

RV/SV 6.9+3.3 5.5+1.7 43422 3.142.2 -0.507 <0.001

LSVR 0.3£0.1 0.3£0.1 0.4+0.4 0.6+0.5 0.18 0.11
MBEARAA—T—

Fib-4 index 2.5£1.8 2.7+1.6 2.7+1.1 34422 0.19 0.001

APRI score 0.6+0.7 0.6+0.5 0.8+0.5 1.0+0.6 0.36 0.09

{: Spearman’ s correlation analysis was used to assess the correlation
between each measurement and fibrosis stage. Data are presented as
mean * standard deviation. p, Spearman’ s correlation coefficient.
ECV, extracellular volume fraction; manual-ECV, ECV by manually placed
region-of-interests; rigid-ECV, rigid registration ECV; nonrigid—-ECV,
nonrigid registration ECV; TLV/BSA, ratio of total liver volume to
body surface area; SV/BSA, ratio of splenic volume to BSA; TLV/SV,
ratio of TLV to SV; RV, right liver volume; RV/SV, ratio of RV to SV;
LSVR, liver segmental volume ratio, which is volume ratio of Couinaud
segments I-Il to segments IV-VIl; FIB-4 index, fibrosis index based on
the four factors; APRI score, aspartate aminotransferase—platelet

ratio index.



Table 3 ROC fEATIZ X BT RRHE L DEER (AUC [95% 1558 X))

FO-1 vs F2-4 F0-2 vs F3-4 F0-3 vs F4
0.60 0.65 0.70
TLV/BSA
[0.48-0.73] [0.52-0.80] [0.54-0.87]
0.76 0.82 0.83
SV/BSA
[0.65-0.87] [0.73-0.91] [0.71-0.95]
0.74 0.77 0.77
TLV/SV
[0.63-0.85] [066-0.89] [0.63-0.92]
0.75 0.80 0.81
RV/SV
[0.64-0.86] [0.70-0.90] [0.67-0.95]
0.59 0.64 0.63
LSVR
[0.47-0.72] [0.51-0.76] [0.46-0.80]
0.61 0.62 0.75
manual-ECV
[0.48-0.74] [0.50-0.75] [0.60-0.90]
0.63 0.61 0.76
rigid-ECV
[0.50-0.76] [0.48-0.74] [0.62-0.90]
0.61 0.62 0.75
nonrigid-ECV
[0.48-0.74] [0.49-0.75] [0.60-0.90]
0.64 0.61 0.60
FIB-4 index
[0.47-0.74] [0.49-0.74] [0.44-0.76]
0.69 0.70 0.68
APRI score
[0.55-0.82] [0.58-0.82] [0.54-0.83]

1¥: ROC, receiver operating characteristic; AUC, area under the ROC
curve; BSA, body surface area; TLV/BSA, ratio of total liver volume to
BSA; SV/BSA, ratio of splenic volume to BSA; TLV/SV, ratio of TLV to
SV; RV, right liver volume; RV/SV, ratio of RV to SV; LSVR, liver
segmental volume ratio, which is volume ratio of Couinaud segments I-
I to segments IV-Vl; ECV, extracellular volume fraction; manual-ECV,
ECV by manually placed region—of—-interests; rigid-ECV, rigid
registration ECV; nonrigid-ECV, nonrigid registration ECV; FIB—4
index, fibrosis index based on the four factors; APRI score, aspartate

aminotransferase—platelet ratio index.



Table 4A

HCV ROC fEHTIZ LB FRRAEL DRI (AUC [95% CI])
FO-1 vs F2-4 FO0-2 vs F3-4 FO0-3 vs F4
0.56 0.67 0.54
TLV/BSA
[0.31-0.82] [0.43-0.91] [0.23-0.85]
0.75 0.75 0.81
SV/BSA
[0.50-1.00] [0.55-0.95] [0.58-1.00]
0.74 0.77 0.77
TLV/SV
[0.63-0.85] [066-0.88] [0.63-0.92]
0.84 0.81 0.91
RV/SV
[0.67-1.00] [0.60-1.00] [0.75-1.00]
0.82 0.83 0.82
LSVR
[0.63-1.00] [0.64-1.00] [0.55-1.00]
0.71 0.76 0.69
manual-ECV
[0.45-0.96] [0.54-0.98] [0.36-1.00]
0.72 0.73 0.72
rigid-ECV
[0.46-0.98] [0.51-0.95] [0.40-1.00]
0.64 0.76 0.71
nonrigid-ECV
[0.35-0.92] [0.55-0.96] [0.42-0.99]
0.51 0.58 0.66
FIB-4 index
[0.22-0.79] [0.34-0.83] [0.37-0.95]
0.49 0.70 0.65
APRI score
[0.20-0.79] [0.47-0.93] [0.37-0.92]




Table 4B

HBV ROC fEHTIZ LB FRRAEL DRI (AUC [95% CI])
FO-1 vs F2-4 FO0-2 vs F3-4 FO0-3 vs F4
0.72 0.70 1.00
TLV/BSA
[0.47-0.97] [0.47-0.93] [1.00-1.00]
0.85 0.88 0.87
SV/BSA
[0.67-1.00] [0.71-1.00] [0.69-1.00]
0.76 0.81 0.66
TLV/SV
[0.54-0.99] [0.60-1.00] [0.34-0.98]
0.88 0.93 0.87
RV/SV
[0.71-1.00] [0.82-1.00] [0.70-1.00]
0.65 0.70 0.84
LSVR
[0.41-0.90] [0.46-0.93] [0.65-1.00]
0.56 0.52 0.69
manual-ECV
[0.24-0.88] [0.26-0.78] [0.41-0.97]
0.59 0.54 0.69
rigid-ECV
[0.28-0.90] [0.28-0.79] [0.31-1.00]
0.59 0.54 0.69
nonrigid-ECV
[0.28-0.90] [0.28-0.79] [0.31-1.00]
0.63 0.67 0.46
FIB-4 index
[0.39-0.87] [0.44-0.91] [0.12-0.79]
0.90 0.71 0.51
APRI score
[0.75-1.00] [0.48-0.94] [0.21-0.82]




Table 4C

Alcoholic liver disease

ROC fEHTIZ X B FTRRHE(L DEERI] (AUC [95% CI])

FO-1 vs F2-4 FO0-2 vs F3-4 FO0-3 vs F4
0.60 0.65 0.70
TLV/BSA
[0.48-0.73] [0.52-0.78] [0.54-0.87]
0.76 0.82 0.83
SV/BSA
[0.65-0.87] [0.72-0.91] [0.71-0.95]
0.74 0.77 0.77
TLV/SV
[0.63-0.85] [0.66-0.88] [0.63-0.92]
0.75 0.80 0.81
RV/SV
[0.63-0.86] [0.70-0.90] [0.67-0.95]
0.59 0.64 0.63
LSVR
[0.46-0.71] [0.51-0.76] [0.46-0.79]
0.61 0.62 0.75
manual-ECV
[0.48-0.74] [0.49-0.75] [0.59-0.90]
0.63 0.61 0.76
rigid-ECV
[0.50-0.76] [0.48-0.74] [0.62-0.90]
0.61 0.62 0.75
nonrigid-ECV
[0.48-0.74] [0.49-0.75] [0.60-0.90]
0.80 0.56 0.67
FIB-4 index
[0.43-1.00] [0.10-1.00] [0.27-1.00]
0.80 0.56 0.60
APRI score
[0.43-1.00] [0.10-1.00] [0.19-1.00]




Table 4D
NAFLD/NASH ROC fENTIZ XD ATRRHE(L DEERI] (AUC [95% CI))

FO-1 vs F2-4 FO0-2 vs F3-4 FO0-3 vs F4
0.72 0.70 1.00
TLV/BSA
[0.47-0.97] [0.47-0.93] [1.00-1.00]
0.85 0.88 0.87
SV/BSA
[0.67-1.00] [0.71-1.00] [0.69-1.00]
0.76 0.81 0.66
TLV/SV
[0.54-0.99] [0.60-1.00] [0.34-0.98]
0.88 0.93 0.87
RV/SV
[0.71-1.00] [0.82-1.00] [0.70-1.00]
0.65 0.70 0.84
LSVR
[0.41-0.90] [0.46-0.93] [0.65-1.00]
0.56 0.52 0.69
manual-ECV
[0.24-0.88] [0.26-0.78] [0.41-0.97]
0.59 0.54 0.69
rigid-ECV
[0.28-0.90] [0.28-0.79] [0.31-1.00]
0.56 0.57 0.71
nonrigid-ECV
[0.22-0.90] [0.31-0.83] [0.38-1.00]
0.63 0.67 0.46
FIB-4 index
[0.39-0.87] [0.44-0.91] [0.12-0.79]
0.90 0.71 0.51
APRI score
[0.75-1.00] [0.48-0.94] [0.21-0.82]

7¥: ROC, receiver operating characteristic; AUC, area under the ROC
curve; BSA, body surface area; TLV/BSA, ratio of total liver volume to
BSA; SV/BSA, ratio of splenic volume to BSA; TLV/SV, ratio of TLV to
SV; RV, right liver volume; RV/SV, ratio of RV to SV; LSVR, liver
segmental volume ratio, which is volume ratio of Couinaud segments I-
I to segments IV-Vl; ECV, extracellular volume fraction; manual-ECV,
ECV by manually placed region—of—-interests; rigid-ECV, rigid
registration ECV; nonrigid-ECV, nonrigid registration ECV; FIB-4
index, fibrosis index based on the four factors; APRI score, aspartate

aminotransferase—platelet ratio index.



Table 5 SV/BSA & manual-ECV O (i
Variable SV/BSA manual-ECV
FO-1 vs F2-4
7y A TE 86.37 26
JSE %] 0.67 0.69
FEELFE[%) 0.79 0.52
AUC (95%(E#E X ) 0.76 (0.65-0.87) 0.61 (0.48-0.74)
P & 0.045
F0-2 vs F3-4
1 N A7 99.2 314
& E %] 0.63 0.38
FEELFE (%) 0.88 0.88
AUC (95%EHE X [H) 0.82 (0.73-0.91) 0.62 (0.49-0.75)
P & 0.006
F0-3 vs F4
J o AT A 105.6 32.1
R E %] 0.75 0.56
FEELFE (%) 0.86 0.89
AUC (95%E#E X)) 0.83 (0.71-0.95) 0.75 (0.59-0.90)
P 1 0.41

1. SV, splenic volume; BSA, body surface area; SV/BSA, ratio of SV to
BSA; ECV, extracellular volume fraction; manual—-ECV, ECV by manually
placed region—of—-interests; AUC, area under the ROC curve.

AUC 1E 95 % FHEIX & & BITRINTWD, M LA T — Y ZFRET 5720
7 SV/BSA 6 & Ut manual-ECV D AUC, v MAZHE, JEE, FFREZHETL
7= SV/BSA & manual-ECV L4 Delong #iiE & HV TR L7z,
AR (2F2) & EEONTRRHE(L (=F3-4) TIE, SV/BSA @ AUC A3
manual-ECV ® AUC X VW b HEICEN o7, FFEZE (F4) Tix SV/BSA &
manual-ECV @ AUC (2B BEZEIT o7,



FERR 1 : Albumin—Bilirubin (ALBI) R =27 OIRaSdusEA S CEE S Tw
Mo T-T-01BEE LTz, [RIEMLOREAEDET IE % European radiology 8124
L7,

IR 2 0 JEEEASCH D [RIEL OFRAE DO FT1E % European radiology ssllifkdE L
7=,  “AUG value of TLV/BSA was 0.74-0.77" — “AUG value of TLV/SV
was 0.74-0.77"

FIR 3, 4 FEEEARSTHF DO RIEMLOFRAEDET IE % European radiology gslZss
L7z, “the candidates for surgical liver resection were patients with
HBV (22 of 80, 27.5%) and HCV (21 of 80, 26.3%)” — “the candidates
for surgical liver resection were patients with HCV (22 of 80, 27.5%)
and HBV (21 of 80, 26.3%)”

FER 5 ¢ [ AL D BEEEARSCH O Conclusion ME#E%E (OF4) — (F4) \ZETIET 5 &

9 Buropean radiology i&lZ#hss L7z,

R 6 @ eFEAR ST D[RR DOFEKE OFT IE % European radiology a8k L
72, “Anatomical misregistration is shown” — “Anatomical
misregistration was not shown”

F7-Z OO OBEKEEFT & 2T IE % European radiology s8lZ#kE L7=, “The
ROI of the abdominal aorta (area 61 mm?) and the portal vein (area 61
mm®) are placed” — “The ROI of the abdominal aorta (area 61 mm®) and

the portal vein (area 61 mm®) were placed”
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