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INTRODUCTION

EPATIC RESECTION IS a useful radical treatment =5 1) e some cases.'* Acoustic radiation force impulse (ARFI) N %9
H o e aacnomest™ n e il B8RO AT EID imaging, ARFI US (Siemens, Munich, Germany) is a new R Wﬁ-@ﬁé{? N
nm:l‘dnrc ‘llhc w:]t treatment ]vlvmrhldml' an be a ARIIHTHIC Us-based modality, integrated into a conventional Us ~ FERERFE,. FZBARR
problem and mortality is typically a result of hepatic tem and able (o non-invasively evaluate the stiffness s
failure, uncontrolled ascites or surgical site infections.** Z-sdccp osucs ¢ 1t o toome acaned than ibrosen P REA & 7 B R

Hepatic fbrosis or a severly injured iver causs severe
and precise
evaluation of the hepatic functional reserve is necessary

AHRAAEGIER &

because of the virtual touch tissue imaging and virtual
touch tissue quantification applications that are similar
to a physical palpation exam. The shear wave leads

¢ pioneerd 3| A%

to prevent complications.* Liver cirthosis, which is the () 75 5t % I ST S — - —
highest degree of hepatic fibrosis, may be found as a vz, - R strain-ima i (1 US =
: 4 ¢ . 3 -image of elasticity, and ARFI US shows changes = 5 =
hard liver on palpation or diagnosed during an opera- X @Eﬁét“ Bk of this strain. The converged ultrasonic pulse sound BB SHHA
tion based on the surgeon's experience. By this classical - J 5 7 g, without a press ultrasound probe forces pressure to the
diagnostic procedure, an operative indication or limita- liver parenchyma and the shear wave selocity i the .
HARICEDTIR

evaluation of hardness or elasticity of the liver has been

tion may sometimes be considered and an objective /

difficult. Whereas this elasticity may be correlated with
hepatic fibrosis, liver biopsy or examination of a serum
marker of hepatic fibrosis has been applied to evaluate

nation.” We hypothesized that ARFI US would be a
useful and more powerful tool for evaluating hepatic

M BE, EIE
TEHh. ED

epatic ibrosis” " Liver biopsy is invasive, and serum fibrosi, stiffness and tumor localization in the iver. The fek 83 At 4 2 1 [

markers only e hepai fbrsisand n clasicio. NE TORIFEL  evaluation of hepatic fibrosis or stiffness is essential in Bl ot %
(us) sl ool g0 g evaluating functional liver reserve and predicting post- o DD

10 identy tumor location. ecause of recent advance. 1> X operative risks. In diagnosis, localizing a hepatic malig- 41T L)L\

ments in US funcion, detection of hepatic dasticey & (F A/ A& nancy by evaluating regional siffness would be useful

is possible by elasticity imaging, known as Fbroscan | {1\ e

(Echosens, Paris, France), that has been developed in R for excluding a non-cancerous or precancerous liver

recent years to evaluate hepatic elasticity.”" Hepatic
elasticity detected in the procedure may be well corre-
lated with hepatic fibrosis. This procedure is non-
invasive in comparison with liver biopsy. The diagnostic
accuracy of US for hepatic elasticity is not satisfactory
because this measurement is of relative elasticity, not an
absolute value. FibroScan may be influenced by the
examiner’s skill or the physical characteristics of the
patient, and the examination may be limited in

e

mass. Our aim in this preliminary study is to clarify this
aspect of the new functional US.

In this preliminary study, we examined the findings of
ARFI US in 95 patients with liver tumors who under-
went hepatectomy and considered the feasibility or
limitations of this modality in providing a supportive
diagnostic modality in liver surgery.
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¥% (In conclusion, We conclude,
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in summary
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Total (n=95)

Normal or fatty

Chronic viral hepatitis Obstructive

liver (n=50) or cirthosis (n=38) jaundice (n=7)
l'unctional liver parameters
Platelet count (10°/L) 189 £ 63 (50-340) 208 £56 152 £53** 244 1 66
Prothrombin activity (%) 93413 (59-124) %111 87411+ 91422
Total bilirubin (mg/dl) 0.84 £0.48 (0.2-2.6) 0.77£0.44 0.85+0.37 1.50 £ 0.741
Albumin (g/dl) 40405 (2.3-52) 42404 39405* 39406
AST (1U/1) 32417 (6-89) 26112 38+19* 35126
ALT (1U/1) 33428 (3-174) 28423 34418 69+ 671
HA (mg/dL) 119+ 111 (15-441) 721465 155+ 122+ 146 £ 156
1CC-R15 (%) 1419 (1-50) 17 18411* 1246
LHL15 0.92+0.04 (0.79-0.98) 0.93£0.03 0.90 £0.04* 0.93 £0.01
Portal pressure (mmHg)+t 1213 (8-16) 10£3 1343 1123
FIB-4 index 25%1.9(0.5-12.6) 2013 354 09% 1.4+£09
APRI 0.21£0.11 (0.1-0.66) 0.18 £0.09 0.25+0.11** 0.14 £0.04

Continuous data are shown as the mean * SD.
tThe number of subjects was 10.
*P<0.01 vs. normal or fatty, **

{P <0.01 vs normal or fatty, and chronic viral hepatitis or cirthosis.
AST, aspartate aminotransferase; AL'I, alanine aminotransferase; 11A, hyaluronic acid level; ICG-R15, indocyanine green retention rate at

15 min.

P <0.01 vs. normal or fatty, and obstructive jaundice.

L1IL15, liver uptake ratio between 3 and 15 min of technetium-99m galactosyl serum albumin liver scintigraphy.*
FIB-4 index,™ age (years) * aspartate aminotransferase (ILI/L.) [ platelet count (10°/L) * alanine aminotransferase (IL/L)".
APRI, aspartate aminotransferase (upper limit of normal range at our institute, 33 1LI/L.) to platelet ratio index.”
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Table 2 Relationabip between ARF Vs (m/s) in esch region snd dinkopmhologial pasmees

-specitcty

Figh lver
Age r=197
R
Male [n=62) 1452039
lFemale [n= ¥3) 152 £0,52
BSA['m’) r=0.182
Rackground liver
Marmal [n=44) 130 L0032
Vatty [m = &) VAL DAL
Cheunic viral hepatitis [n = 26) [ELEY R
Cirrhemin [n=17] 200 £0.48°
Ohstructive jaandice [ =7) 1A% L 0T
Tumaotbonal liver peserve
PMaeber cousa | /mm") F==0 197"
Prothrombin asctivity (%) re= 0047
Toal Beilivubie [mg/dl) F= 0052
Adbumin (g/dl) re =001
Aspariste aminotransferase (1L} reQ4l6%
Alamine aminctransferase (1111} r=(HED
FIEA imdex r=05230
AR reQEEY
LA (mpg/dl) re 04
1C4-R15 (%) F=0231%
LHLES re =190
Portal presuse (mmblg) (s = 10} 0018
ROC
10
ARPI 1
N R
0.84 = J_/J L-Vs
[ R-Vs HA
'E" 0.6
£ ||[l
@ 0.4 _]
0.2
0.0 T T T T T
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Table 4 Area under receiver-operator curve analysis between surgical records and post-hepatectomy complications and the Vs by

the ARFI or HA, FIB-4 and APRI

a) Increased blood loss >1500 ml.

Parameters Area Standard Significance 95% confidence interval Cut-off

deviation e s value
Lower limit Upper limit

HA 0.657 0.071 0.064 0.517 0.796 920

FIB-4 index 0.510 0.090 0910 0.333 0.686 241

APRI 0.598 0.087 0.248 0.428 0.768 0.18

Vs (right liver) 0.682 0.071 0.031 0.543 0.822 143

Vs (left liver) 0.621 0.079 0.151 0.466 0.777 146

R 3. #EHRIZBIT DT —2KEROH).

a) EFEROBBELROGE (I 7 3 —EHEHMEEHE (%) 2
b) HEHERAEOHBREOSHE
¢) cut-offfE % k& 235ERLIELROERMIIIIT > 7: O ITROCHIRS & 7 v b & 7EERET 2354,

FERE, WEEMROBIHRSUENAIZ X 55
RBERERE T EL VLI, MBI EILTD
1007 bWt D TR, BLTWVWY 7
FBHEZHLLWTEAIIEED A (v a
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complication after hepatectomy, which leads to more
hepatic dysfunction, a longer hospital stay and a prog-

nosis of malignant liver tumors,

according to our

previous report.®® As we hypothesized, liver stiffness
evaluated by the Vs by ARFI influenced the operative
morbidity because of the impairment of the liver func-
tional reserve. Compared to our previous result, when
the serum HA level was examined, management in the
patients with cirrthosis may be remarkably improved
and the complication rate decreased.* In addition to the
latest ultrasonic device measuring livgr stiffness by ARFI,
we hypothesize that the evaluatior) of liver stiffness

should provide useful information

about the surgical

risks before deciding the indication of hepatectomy.

Pesce et al. reported that measuring

FibroScan was useful in the follow
cirrhosis and a direct correlation wi

liver stiffness by
p of patients with
h portal hyperten-

sion may aid in the evaluation of surgical risk in patients
with HCC.*® By the AUROC analysis| only Vs over 1.43
in the right liver showed the high ibility of an

tE
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association with increased blood losp of over 1500 mL.
Our previous study showed that infraoperative blood
loss over 1500 mL was significantly correlated with
posthepatectomy hepatic failure, sq the prediction of

maior blood loss or a method of deg
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freasing it was nec-

7 F A, Tanaka K, Yamaguchi H et al. Iibrosis and
inflammatory activity in noncancerous tissue and mitotic
mdex of mnrer tissue in p:(lenh with hepnocelluhr

hip to logical factors and
prognosis aﬁer hcpm( resection. Dig Dis Sci 2003; 48:
1517-22.

1) GEVWBWVA, TLT7RY MED

BE T BERXUITOWT O

WAWALRZ—H
HDHOTERELTHD
EEH
FEHDALEPbold®
NtaliclZ78 > TR WL
R—TDORbH Y ILTHT
SR )

®4. SCHR5IE Of).

. #\WETOFzv s

1. ¥XF = v 7 OB Lﬁﬁ&47/%§MA
DIssafe: & DHEVWBHE DM XANEEZE Z
L7 AARNZRITMADIEED X AL %
L7235 fHA23d 5 & 51T WE 323, Fhoks
XA TEEB ) 2 HEFE 0K IEeditingD 34112
iEBHcertificate # 3RO BZRE X LB VWE T, @
CaFwnwE v B7ZT TR T OHEE S,
ELSBNAEESSNTEY, REAEENT
BEFERLIEI I HERELRLVWHIKBB LI
ORBRPEIEITOVWT R EOFL L RAES D
BEPFERL TSI LY, BELBLXLED
TI=9 I ) ABAERREBEIZLEEEF LT
WwFEg,

2. WEF=v 7 1 1) BIZEAXERE, WixT
St&subjectMB—HML TWEH (BHETh
F£9), 2) KRIZERGEY Zovr (EF
HAR DS B2 Lo T2 2 EITR D TH Freject
EnT:ZEBHYFELT), 3) UK, BFL
BT TEE LT T — 4k, &H, A
oif, R, BERXXTT, Zo»F &
2T Th, BB EREESFR CEHRLHE
BINSIZE ) £9, EEEKR (37 3 bEW)
ZAFEL D, KZFacademia TIH&EE RS Z &
b U EF, HHEARIKRRT2ZLHED
T, BNTEERME (B2 IHRENEVHET

- 101 -

n\*ﬁé ﬁﬁ.&/u\t‘ﬁbf Z‘U@%ﬁw& &ﬁ%j—é
TED) TROIPHERIDETT, ¥ IREZ
R ORMBEIZR D T IXHaE I B e S !

*1980FEMR 1 LPC, V7 AV =2 DL %

%T%ibtﬁ Z DRSS DFERFER LUK
IFKRELREERZITCEE LR, —HT, 20
%ﬁé# HES HRoTELANL T, X
2A T4 %—, FERPHEOFES, BIEET
Yy & —% &) EVRBRTE AT, KA
FANZ X 2 HEIBIARE T . SAFEBRITD O Y
TZDHIC R o TWE2d LAV bWLwOESRT
T M ZNEHACTRI IR/ HIEH T,
3. AN—VE— ZOFESH blssah b
CEHBBELTWE S, REESLETE KT
KRB THRE T XESPLREIK & LET
L 7zo #f2I2] hope that the reviewing process
finds the final acceptance for publication in your
journal.
4. AV 74 BRSO BRL 2325,
MoTHELLWI EHFKETT,
5. AHRRE ARV - PN b1
A=k FE L7z, 1 am pleased--- L Db, 1
HTRE L HROZET
To HBVERIRATRZVOT, 20
FEDORXANTREATE LA, HEF
@ 3 X v b IZ—IH—THpoint-by-point T& 2 T

FH

am sorry<°I regret that---



B E

H45% 15 202143 A

HIR F ClzifHe &, LA LRI L4
EEENTWE LT TELEVE W) XAE TR T
539, THHALTHHRMOF ¥y Y Abbh
HBIHEE2IET7 - 8E oz b ART
9o HlFrejectt ba Xy » TEIETS 5 &7
FRER L, EARRMEMZ T LT SROBFE
WHEY D BEZ 2_&ETT, BT EZ»THR
anz ! LELT
HRETIIFARITBIEL, BEEFRZSbLA
ER—VH, B, 17, v MEITRLT
REZRPERE LMz s TV LT (M
5). LAUEHUFETDH, HEOESHT
e RLET, BlS 2 ETRMZ 20
HTT, REFREHRIZET, EEL LS VIRE
ETRLERWEIILET (LHL ZALH
YRETELVESS ) FT 25, o iV
T ST, B E o TRIRICIIRS H
IHERRLTWES), &1Th TEITBE,
Bogw, ¥b5EiFs, HEHABERWZ2
LEELET,
HIEIRHOBEFIZ 1 EM EFl-a 2D
HYFELTHZY I A MLIESLESITE T D,
ZIZHbbHETTR, 3D, I FLHFo>TH
7 #Eproof I3iHE 2> D IEMEIZ (24— 48K &

Vanuary 9, 20140

s ST

- BEES LT
A 2\

Ong;nzlmly bi] J)Pa_\‘

s m:ms-m Usefulness of evaluating hepatic elasticity using artificial

before

acoustic radiation force by et

ale
editor(CHER A
AV L E, BEEERD

Principle author: Atsushi Nanashima«
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1 hereby send the letter accoxdmg to the reviewer’s sug Please find electric files of
the for submission to Hepat with a detailed reply to

‘We are so pleased to know that our manuscript has been accepted by the editor and
comment. We also thank that the reviewer gave us the useful critique and comme
also added the number of subject regarding histological fibrosis acc ording to one reviewer's
suggestions. The manuscript has been revised according to reviewer’s suggestions, in which
revised part was shown by underlined letters. The point-by-point response was included. The
authors asked to re-review by the editor and also believe that the submitted material will be
accepted for publication in Hepatology Research. They will automatically transfer the
copyright to the publisher. «

We hope that the reviewing process finds the acceptance for publication in the journal.

Sincerely,
Associate Professor, Atsushi Nanashima, MD.«

Division of Surgical Oncology, Department of Translational Medical Sciences, Nagasaki
University Graduate School of Biomedical Sciences,
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‘manuscript. We sincerely answered to comments by the reviewer 1 s below.
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1. Authors should confirm the reliability of ARFI in their patients. Please mention HixHED

about the diagnostic accuracy of ARFI (zt.and If) for liver fibrosis or cirrhosis

aX>v b

using AUROC compare with HA, FIB-4 and APRI in the patients.

- As the reviewer suggested, we calculated FIB4 index and APRI and examined the
correlation with Vs in the Table 2. This was well correlated with the Vs, which was
described in Methods (page 6, para 2, line 2), Results (Page 9, line 1 and line 10)
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and Discussion (Page 14, line 20). Then, in the next step, we cxamined ROC

analysis between liver fibrosis and Vs, HA, FIB-4 and ARPI as previous reports,
which were shown in the new Figure 1, Table 3, Methods (page 7, para 2, line 4),—»
results (page 9, line 22) and discussion (page 14, line 6). By applying these markers, <
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the new references 24-26 were added. As the reviewer 2 suggested, we additionally
examined fibrosis score in totally 71 patients (initially 44 patients) as Page 7, line 1.0

2. It was very interesting that they measure the Vs in the right liver and left lateral

Iiver. Please refer to the cause of the discrepancy in relationship with the

parameters.o

~We discussed this issue in Discussion (page 11, para 2, line 13). To explain the
same phenomenon by another paper, the new ref 36 was added.

3. Authors described ARFI is useful in predicting post-hepatectomy morbidity. Please
mention about the ability of the prediction for operative complications compare with

HA and other surrogate markers.<
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