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Non-invasive assessment of liver fibrosis by measuring the liver stiffness and biochemical
markers in chronic hepatitis B patients

Hwa Sook Kim, M.D., Ja Kyung Kim, M.D., Young Nyun Park, M.D.>** Sung-Min Myung, MD>?
Mi-Sun Pang, Ki Tae Youn, M‘DAI, Keun-Ho Lee, M.D.l, Yong Han Paik, MD." 4, Kwan Sik Lee, MAD‘M,
Sang Hoon Ahn, M.D."*, Chae Yoon Chon, M.D."*, Young Myoung Moon, M.D."* and Kwang-Hyub Han, M.D."*

Departments of Internal Medicine, Patholog)/ and Biostaticsg, Institute of Gastroenterology4, Yonsei University College

of Medicine, Liver Cirrhosis Clinical Research Center, Seoul, Korea

Background : Transient elastography (FibroScan®) is a rapid and non-invasive method to measure liver stiffness and
this allow the assessment of liver fibrosis. The aim of this study was to assess the diagnostic accuracy of measuring
the liver stiffness in addition to measuring the other biochemical markers such as the aspartate transaminase to platelet
ratio index [APRI] and the AST/ALT ratio.

Methods : We enrolled 228 HBsAg positive patients whose liver stiffness was measured by FibroScan® between
March 2005 and September 2005. Liver biopsy examinations were performed in 34 patients. The fibrosis (F) was staged
on a 0-4 scale according to the Ludwig classification.

Results : According to the clinical diagnosis, the median values of liver stiffness were 7.0+2.7 kPa for inactive
carriers (n=29), 83+5.3 kPa for chronic hepatitis patients (n=106), 159483 kPa for compensated cirrhosis patients
(n=63), 31.8+20.3 kPa for decompensated cirrhosis patients (n=26), and 45.1+34.5 kPa for HCC patients (n=4). The
degree of liver stiffness was significantly different between the different disease groups (p<0.001). Liver stiffness was
well correlated with the fibrosis stages (r=0.726; p< 0.001). The AUROC of FibroScan® , the APRI and the AST/ALT
ratio values were of the same order; 0.72, 0.61 and 0.58, respectively, for F>2; 0.92, 0.73, and 0.56, respectively, for F>3;
and 0.97, 0.79, and 0.55, respectively, for F=4. FibroScan® offered the best diagnostic performance both for significant
fibrosis (F>2) and severe fibrosis-cirrhosis (F3-F4).

Conclusions : FibroScan® is a reliable, rapid non-invasive method to diagnose the severity of chronic liver disease
and to predict fibrosis in patients with chronic hepatitis B, in addition to using the APRI and AST/ALT ratio.(Korean
J Med 72:459-469, 2007)
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Figure 1. Liver elasticity measurement by FibroScan®. 3. U7 Az

The elasticity was derived from the velocity of the low ) ) )

frequency elastic wave in a ROI located from 25 to One-dimensional transient elastography& 7]+

4.5cm below the skin surface.

2l
W

“shear elasticity probe”& AF&-3}o] 7tZzZ o2
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Figure 2. (A) Ultrasonic signal envelop is displayed in the A mode display and also as a function of time with a
grayscale in the TM mode display. The operator, assisted by a TM and A mode image, located a liver portion that was
at least 6 cm thick and free of large vascular structures. (B) The Fibroscan is composed of a probe, the dedicated
electronic system and the control unit. The probe acts as a generator of shear waves and as an ultrasound transducer.
(C) Propagation of low frequency excitation (acquisition sequence); radiofrequency lines are acquired at a repetition
frequency of 4000 HZ during the propagation of the low—frequency elastic wave. (D) The strain rate image displays the
strain rates induced in the liver by the propagation of the elastic wave as a function of time and depth. The elastic wave
velocity Vs, is the slope of the wave pattern.
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Table 1. Characteristics of the study patients

A 724 A5

% &9 A561 & 2007 —

Biopsy F3 F4

n=228 n=34 n=18
Gender (M:F) 177:51 31:3 17:1
Age (years) 45.9+10.2 39.4+23.6 48.3+7.3
BMI (kkg/m?) 235%2.7 23.6+3.0 24.3+1.9
AST (IU/L) 37.3+21.9 43.3+25.1 42.7+21.4
ALT (IU/L) 46.5+39.1 70+£59.7 58.5+28.7
Total bilirubin (mg/dL) 1.1£15 0.9+0.6 0.9+0.5
Platelet (10°/mm’) 150£62.9 171456.2 146+42.8
Prothrombin time (%) 88.9+15.5 87.7£17.9 84.3+10.9
Albumin (g/L) 4.3%0.5 4.2+05 4.0+0.6

Diagnosis Fibrous stage”

Inactive Carrier 29 (12.7%) FO 0
Chronic hepatitis 106 (46.5%) F1 4 (11.8%)
LC compensated 63 (27.6%) F2 12 (35.3%)
LC decompensated 26 (11.4%) F3 2 (5.9%)
HCC 4 (1.8%) F4 16 (47.1%)

NOTE. Results are means*SD or n(%)

BMI, body mass index; AST, aspartate aminotransferase

ALT, alanine aminotransferase; LC, liver cirrhosis; HCC, hepatocelluar carcinoma

“Ludwig fibrous stage

= eE o] & (shear velocity) S &43to 24 7+
HE s Sk AF2Me &5 (probe), AA
A~ ®l(dedicated electronic  system), F=%FA7X
(control unit) 2 T4 o] v ©E2}= 75 7](vibrator)
o 1 9ol &% 59937 (ultrasonic transducer)
2 o]FoA ALY 2B). A o] AT
(50Hz)¢] ®t= sk (shear wave)S WAIAI7] 4L, 375 A
] rxAe] Ay S 25 TS ¢4 4000Hz,
2567019] radiofrequency lineES ¥HE-doz A3t}

(pulse—echo ultrasound acquisition) (@ 2C). ©]&] g+

23 AEE Agele] HEAe YR E Bt
SEE 5453 317 o9 o 25~45 mm Zolo] W&
oA Beve) SEzE HuEEE AN F ol
(E = 3pV’, p=mass density). 18 2D 223
Aol shegel Belshel £EE Ad Avy
Zolsh Azkel AAE EAF aRlY A} FEs
SRt

ARYES ZARA 19 ol el AT AR

o7 %F3 FEdtel AyHom <ozl 7hxAL
Hematoxylin—eosin® Masson’s trichrome 928 %t
T+ B Hegapt #esiqivh 2 AAE AlY
g BxK(329) ] A e Q) A 8ke] A E+= Ludwig
7ol wet 0~49A Z, 0 Al(no fibrosis), 19
(portal fibrosis), 2%+ (periportal fibrosis), 37 (septal
fibrosis) 18]3L 497 (cirrhosis) & F-#3F31Th

o

5. @, daisty HA & dF 7iy

o 5%

&t EX| X}

APRL: [AST (x upper limit of normal) x 100/platelet
count (10%/L) 1 x 100

6. =4

SAA B4 SPSS 11.0 (SPSS, Version 11; Chicago,
IL, USA)& AH&3tSiTh 2t Adte] 3t Hi 2 253
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Table 2. Liver stiffness according to the clinical diagnosis

Disease group Stiffness (kPa) p value
Inactive carrier 7.04£2.7
Chronic hepatitis 8.26+5.3 0.453
LC compensated 15.9+8.3 <0.001
LC decompensated 31.8+20.3 <0.001
HCC 4514345 <0.001
NOTE. Results are means+SD
LC, liver cirrhosis; HCC, hepatocelluar carcinoma
i an.
B &l
g g
E 48 g 40
o 20
E = - e B
0,
o
LC compaeaing [ F1 FZ Fa Fa
ERSESE— LG deccasy Fibeosis stags

Figure 3. Liver stiffness values for the clinical d1agr1051s
The top and bottom of the boxes are the 25 and 75™
percentiles, respectively. The length of the box represents
the interquartile ranges (IQR) within which 50% of the
values are located. The lines through the middle of each
box represent the median. The error bars show the
minimum and maximum values.

Az EAGon, 7 e Has RARAY
A
o

(ANOVA) =2 t-testd ATt 2} ®ieEke 4
FAA Y] A= Spearman A 2 3 AEAS
AHEst] AEstdon, 7F SAY 194 p 32 005

vo 2 )5l
oH 98Mde A

1:1

R 9 Asebd A S A
=371 918k ROC (receiver operating
sahslt

[e}
characterastic) 541& ©]

4 =}

% 20890 BA7} Aol FEHAT i DR
228W 9] HAH S 459MF e FulE 1779519
oloith. gRITEE HBEHR A 299 (127%), W

Figure 4. Liver stiffness values for each flbr051s stage
The top and bottom of the boxes are the 25 and 75™
percentiles, respectively. The length of the box represents
the interquartile ranges (IQR) within which 50% of the
values are located. The lines through the middle of each
box represent the median. The error bars show the
minimum and maximum values.

334 1068 (46.5%), tI’d7d WS 639 (27.6%), Ml

[e)
A RS 26W(114%) Le]al FHAESE 49
(1.8%)°1Att. A AAE Al A5 HTAH L
394X 3 7HdH3 A= 1A (portal fibrosis)E= 4™
ot

(11.8%), 2¥+Al(periportal fibrosis):
Al(septal fibrosis)¥= 29 (5.9%) 18] a1 497 (cirrhosis)
= 167 (47.1%) 01 AU THEE 1).

2 ANEEIY AeEES 22

A} 70427 kPa, W34
A% 159483 kPa, HI4Ad

WS 31.8420 kPa 183l FHAIES 4514345 kPa
olglom], 7 #xbol] BANHOE frold AolE nY
hH(p<0.001) (& 2, 1§ 3)
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Table 3. Correlations between liver stiffness and the biochemical parameters

Correlation coefficient” p value
AST 0.29% <0.001
ALT 0.033 0.616
Total bilirubin 0.436 <0.001
Platelet -0.323 <0.001
Prothrombin time -0.493 <0.001
Albumin -0.618 <0.001

*Spearman’s correlation coefficient
AST, aspartate aminotransferase; ALT, alanine aminotransferase

Table 4. Liver stiffness in the patients with complications of cirrhosis

Stiffness (kPa)

Yes/None Yes None p value
. 0.174
Varix 28/47 30.5+22.0 20+14.1 0,002
History of ascites 13/48 36.9+21.7 20£14.6 039
History of variceal bleeding 12/48 27.3+21.6 22.4+16.7 0,015
Splenomegaly 66/21 22.8+£16.4 13.7+6.3
Child-Pugh class <0001
A 71 17.8411.9
B 12 35.4+19.3
C 2 67.7£10.2
3. M7sl dxY e Tol FX (O 4) i, o] T &N Zhavt ek e} b ek g

w2 A Ais Arol me duEre) 3

THZ 1A= 7.95%1.9 kPa, 20H7A= 82438 kPa, 3
o =

o)

GHA = 102456 kPa, 49HAE 2954229 kPao| it} 7t 9| A

dene dfstel Ard we sAtHen fo7 wuigt O AF FWFE FolA Bel 347
Fe] FAAAE BH o (r=0.726, p<0.001)(L¥ 4), A G5} v B2 S whel B4Te heelS 0 1)
5 1, 26709 3 4TS £ TOR Hol IVARE WA Firgel F 2 AoldlA FARALE §ol
Hlﬂé}?i% o 1, 29 AI(16%)0l A 81434 kPa, 3, 4% @ Fo]Z 1A .o.m(p=0002, p=0.015), Child-Pugh
A(18B)el A 2732254 kPai F i ol EAFH 0.

%
of wheh UEle W A, B, C i 7kl BAS AR f
2 fol@ Aol E BATHp<000). o g AfolE WATHP<000D). AT AEA ‘;ﬂ% i

4, @ U MBS SIAED ZER T B

M71s& el o984 Qaks F AST, & 2
gl ERHle] AdATE 242 0.295 (p<0.001)<}F 0.436 (p<
0.00D)Z Foldt AeaAE Bt 4% Z2EEY
AIZY, AR e) JaAgE 47 -0.323 (p<0.001), -0.493 g 5v M#st 2 RSl iE
(p<0.001), 0618 (p<O.00DE o3 AATAE g Avd AFEZ Yeh)i= ROC F4lolt) 1t
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Table 5. AUROC and the 95% CI for Liver Stiffness, and the APRI and the AST/ALT Ratio, according to the

Fibrosis stages

F>2

F=3 F=4

Stiffness

AST/ALT

0.72 (0.58-0.86)
APRI 0.61 (0.39-0.82)
0.79 (0.67-0.90)

0.92 (0.86-0.99) 0.97 (0.93-1.00)
0.73 (0.61-0.87) 0.79 (0.67-0.90)
0.56 (0.42-0.70) 0.55 (0.49-0.69)

APRI, aspartate transaminase to platelet ratio index

AST, aspartate aminotransferase; ALT, alanine aminotransferase

Table 6. Correlation of liver fibrosis and the liver stiffness, the APRI and the AST/ALT ratio

Correlation coefficient” p value
Sitffness 0.726 <0.001
APRI 0.379 0.027
AST/ALT 0.303 0.081

“Spearman’s correlation coefficient
APRI, aspartate transaminase to platelet ratio index

AST, aspartate aminotransferase; ALT, alanine aminotransferase

FO-F1 va. F2-Fa{Fz2),

fuasuag
Kynpisueg

FO-F2 vs. F3-Fa{Fz3),

FO-F3 vs. F4[Fud},

Apansuag

1 - Specificity b

Figure 5. ROC curves for Fibroscan®

1 - Specificity

1 - Bpecificity

¥ the APRI and the AST/ALT ratio for different fibrosis thresholds: (A) FO-F1

vs. F2-F4 (F>2), (B) FO-F2 vs. F3-F4 (F=3), (C) FO-F3 vs. F4 (F=4).

Al O)HEF=2,F0-F1 vs. F2-F4), 1Hd53} 327 o]
(F>3FO-F2 vs. F3-F4), W43} 497, & HEA¥F
(F=4F0-F3 vs. FA)& 3171918 18 29| area
under the curve (AUC)3- 247+ 0.72 (95% CI, 0.58~
0.86), 0.92 (95% CI, 0.86~0,99), 0.97 (95% CI, 0.93~

LO)E 327 o]de] st 3 IFEHTANAM =2 3
@ AL E HATHE 5).

72 EXAS2 Hlu

ALT H] 2 APRIZ ROC F4& o]&3lo] Hn3lH S
u, AUC #t-& 753} 2844 ool 22 0.72 (95%
CI, 058~0.86), 0.61 (95% CI, 0.39~0.82), 0.58 (95% CI,
0.36~0.80)01 2™, 113} 3dA| o] el A Z+2} 0.92
(95% CI, 0.86~0,99), 0.73 (9% CI, 0.61~0.87), 0.56 (95%
CL, 042~0.70)°] o™, 1HdfF3t AGAIFEHF) el A
Z+2}+ 097 (95% CI, 0.93~1.0), 0.79 (95% CI, 0.67~0.90),
0.55(95% CI, 0.49~0.69)2 Rt} ez o] AUC
Zkol AST/ALT H] 2 APRIS v w @& w) 2784
DAkl Aol Mt =2 AdsS

a9 5).



2007 —

%

311]7
2 H
A5 &
=

o:ﬂ

A 5

1

o
Aoret=A

7o

Murﬂ

=% =

Muﬂrr_rﬂo}

EHE%(,@E7P

mﬂmnﬂﬁwo,ﬂzwe

wuzﬂoﬂmww&%;lau

Zﬂiﬁﬁmﬂoﬂoﬁaﬁ

ﬁ%wammwwow%%

g%%@w%@@%ﬂgﬂﬂ@
B ~ —_—

mmgw%MEQQWﬁW@;wﬂ

ww@wwﬂw%q%}MHw%w T

017 NE ]hojwr;o,_. 90| .y

Mw.mlﬁmv.ﬂlloowa\am..v%wﬂw%.mzoﬂ

ﬁLH@LﬂLﬂMHHOMOH-O‘_‘Dv‘lU‘QTMﬂHd-

ﬂldﬁo‘_lrcwb‘.uﬂlo ﬂuOMﬂﬂL%@A%,ﬁlToi

ﬂlgusgﬂ@%@}w;_sh o o

OE%@AA i oéo ﬂﬁznv@@&:w_o&

oy iy e ) &OU%, { ﬂ,u_l]r/‘w.._ﬂ‘_]ﬂ/rm?

= T ﬂgao w oy @ _A;,ge o X w5 T %o #%

ﬁa%oLEEﬂrﬂm@wwﬂovAmuHa@t xﬁ%}owzo? no_:

L_;a;f#z zaﬁzﬂ@ %%wEﬂ 7L§i;§1mw
muwgﬁgmﬂ 5 anmmaﬂ%q@moﬁw%T% =
.T_.rﬂyﬂAw..wﬂmAﬂMMmﬂ..vuem7ﬂmmﬂAﬁ&.. 2 Mo
Wmvo_ﬂLKMDH%MMW>4? Wuz%oquxoeﬁaﬂwﬁ nﬂoiﬂ
T dvn%o]_:zﬁ Wi«tnﬂ%z@WETéEgAGSﬁ mﬂgl,@
‘ﬂ%‘.mm 7LP‘W,UF1.A1 OEA‘.._ %71_@;1## O&JIPO‘OIZOAOM = Nﬁ.} =
o_n;oﬂ %Lm11on§ ?tAﬁE1§E/erﬁl " lﬂkamﬂ =
]Ee T & Lyg_o)oioﬂﬁ] TﬂAﬂro,JlL a TE ™
@u]xr,b} Afﬂﬁmaﬂmwxoﬁﬁswrhﬂxz oﬁcﬂﬂobp#
~ ogV 4 ?ﬂocoﬁeﬁuruﬁ.ﬂ}%moAkﬂ7o = td.k}ovlf_&
iﬂmx ..r_l\/ Pm] 7L,DrJIHﬂL7 ;E‘_QF_ELHJIE#O o U‘_Xq‘ ﬂ,m_ﬂ
x & Eﬂr.éﬂ Zaﬁa_or quoL m.ﬂ%%%@ dhmmﬂ%mﬂqu,EE
ﬂ@A} NUBO_LL Lw:ﬁmnawuém: Ekzz Lkn?]orczm %0
}LomM}2}§4 SMAO ?Eﬂ%l éu? ELB m_a@ S
ZOEE ~ ﬂu_zo Hﬂgor ]412.} ﬂhﬁ.w L%X:L il
) ,a1o_uo\w1,,wﬂoﬁef oWdMiﬁ-lxﬁlﬂl7ﬂrw‘ﬂkaﬁompM
E..rnmnﬂﬁlllxq,ﬂ H._: qﬂHUwHMA ATﬁOOMB‘L‘Em}ooL 4_
,muXELP]o_uﬂJo 1ﬂ1r1r PEL = 1»541r]1 WL%HZ MO,oW
Gﬁﬁ%u@ﬂﬂ%ﬁr&azg Ko bxﬁoa&ﬂ.x-ﬂmm;ré%c%ﬁ;.i%w@
o%ﬂuawabio_uﬂoﬁi%ﬂoﬁ ua«ﬁ%&%m%ﬁaﬂomﬂsﬁxrwﬁ
Bov}.%é1ﬂﬂ1Ur @ElezTi Elyjlmélzc F g Aﬂﬂmw
41mmw%ww wqaaaqgml p@w%z%wapwnmwomr
M.OQL,A T\HAH)OEOOHEZHE‘AOGE] _ﬁ M_IELHL ﬁJ%Mrulnﬂi‘_LH.#\/R
EBL _ﬂﬁhomo ﬂ_ﬁ urﬂoéﬁ zm},l o T ol T A 2
L|,NLZ|M%10417J W]P@MIL.:LOL 1ﬁJﬂ_8 CEM ,Llé..%L.;MﬂE?wm
< = N Lwa_ﬁédr%ayég ﬂ7%_§ &éaeldn@ooi
ElmaaRSo4zo Lﬂiﬁzle = # qrﬂowm‘ = = ﬁo.x
ao,L%aMﬂmoﬁoL Legeéb igeﬂro B = oﬂ.nmnoﬂm M,E.m.ﬂu -
Hﬁw.uam?ﬂWEM.ﬁ:H?EqMﬁ.ﬂH& ﬂm.og 1&%%%4141%9%?
@@az;;waaawqw%ﬁ%m%@m %a@ww # mmﬂm@m@

oH - parey ;,_I‘_. o ~
ﬂ.fwuome_o@gﬂmav_waé @W%}k@] .mgwfifwg
ﬂEW%T%.%{a@iﬂ@ﬂzhamu g%aﬂgg%@ g%@%&@
ﬁﬂai4mog@ﬂwﬂo§4o Ewoﬂgé ﬁxlovﬂﬁgiaqmw ﬂ%4m
dr.MT_u& 5 ﬂmﬂb4dﬂ?ﬂ£ mﬂuﬁ = éuomc E%L
r > TN & %%; % @ wrﬂfogiwbyb ﬂrﬂ
utS}oLwLZTZTAﬁoW L.age;odz.uw ﬂ,ﬂnoﬁ_.q AZ]fn o
Mn\7L‘.tL.ADdI L.;ﬂﬁ]ﬂdﬂlltx_ Lljl‘ﬂl].ﬁlb AX_lbf‘ol OU_u.I o
" ) oy %0 5 R 5 T - s ¢ o 0 G ia & dn T = & e s

Ea. g &bow om?;HkaO imﬂuﬂu_ﬁoomﬂ}? unuz.l

Eog1wof o,qml:nlb%%aam_ yﬂ%5ﬁl ﬂ%ﬁd
ﬂmoEimﬂo_ué% uo,Ofmou_ ﬂoogE @7M#oﬂa¢oki w

i zc._ Kdaﬂrﬁu] E.%_Pﬁ.ﬂ] iovﬂlzm.zo oy
ZvLT ﬁ‘.kl\.kloE “07E+HI17LLLLIHA_IE o\.,mu‘wm"lﬁ‘_m?xos_
oEﬁﬁ]ﬂ Lo#AM:oJIEA uaoﬂd:}L@ﬂo %Tl
drmmwﬂdu.wu@ﬂ_. JVaroLﬂﬂqut{Jl ﬂ.Lm_xLouwoo»
ZEwri%%ﬂnwaezzﬁ-axﬂrxﬁd _x_EAT
é%mnﬂbaﬁxﬂaﬁmﬁzg,ﬂq ﬂodﬂ.M:anﬁPﬂL
N s iy .ﬂwL = ﬁ ﬂ‘._ O E._ R :.L., i v 17M 50 o N o N m_owa
I WL Eavﬁ umami]stmo;.ﬂﬂo%

vooﬂﬂezo,lﬂ]E]]Xﬁ] o o-n,w,‘_
Hw._ot ,A_;u_.o EoozzL_&uoLMﬂ o
wkﬁﬂm@gﬂ go,+k @ﬂoL
ATl7ﬁo 10}150 7}5??}&
o,%y.cfbvo ™ o Est
@amréLAﬂomo;Hzﬁu:@d
Ea}ufem@?oﬂ%t
moourV]%uuHmo 5 H,HAru
quszJ Qﬂmzoﬂmc
zoﬂnwuﬂw.% owmmoiummﬂ
@aaww%%%zeﬂ%

) —~
@@%@i%%%?%
OMrbee o]mﬂwr
é@%ﬁﬂﬂoﬂz
]E
aﬁmmhzl%wc
me.“,.JﬂyM
ou

H:,{T
mM.S
A

0.3
7p:0.027) e
» APRI

X
ow(
I

=
=

s

66



o o}m}

h

=

15

5~75 kPa%

L

L

_CH

=2
=]

]

9]

j
a

re)

E]
o

Al
Aol A 7t

B9
=
2]

o gt

[e]

=

0.72, 092, 0.97

L

T9o] AUCsE

et 2 dAE R 061, 073, 0.79

o, xrery

°] AUC

—_
o

B

Plo
ﬁ

TR

joa]
=

GRS

=ie) 5] =
2= gJI—E]T__

=

A2 A%

T

kel
o

H4

o
pu

France)

[e)
PR

A~
= T

= ure
= =)

1 A

A5

o] glo] B}

ot B4, &0l Qlo] AL

]
#pel 7t 71e] glet. AlA,

Fohuel Avle 443

u
gl

RN

HH

o
)
<2
o

)

o

4

5

X

Nr
™
o
"
Al

e

il
o

el

K
o

&8k A2

=1
=

o] 2 2 A A

g FolAY

5

et o

[

1=
o

2471 7

ATE A, A

B
il
~
o]
)

el

r

JAMl Jge Fe

k=)
=

Aslu g

Nr

o meh SAEE o] it

R
A)
=

AL B}

L

.

1, A7, 1A}

AA7} o

e 4

=
(¢}

=9
=]

Q7] wFol Beg 717 Dol A

2
T

Aol A

o

N

o
o
=
)

L=}

=
3

=

g
L‘E.
3l

x
v

Z}

Q

|8

paRel
=

.]

ar

h

0.726; p<0.001). Z+&

ROC

=

HATHr

=

whet QAo 4] 4G A7 E5-5HA

7
2%, APRI 2 AST/ALT ¥

12000 3YNE 9Y7HAl MR AA

(63%) 159483 kPa, H]d]

=
o

oH

B
) 7.0£2.7 kPa, "3+ (10678) 8.3%5.3 kPa, U

el
31.8+20.3 kPa, 1F9H(4H) 45.1£34.5 kPacl 1o

Ludwig®] &5l

k.

- 467 -

7

=

Aol A A

A /3 ¥ SH(steatosis

ki3

o] RHH3tel

AL B Qi ol i gk
=

~7
o] g1l el

=
AEA E(activity) &= AW ¥ SH(steatosis) g =0l
U]_1()*12) A

[€]

aFAA]

S

g Sl A 2Hy

%tk Marianne
RBeltar

=

2 At

7] W2 79831 A= thE ofio]
|

3} collagen?] &Av|H
>60%)2] g}l A

>
A



— The Korean Journal of Medicine : Vol. 72, No. 5

rlo

v 3}+9& wl, AUC (area under the curve) 3t
frs}h 27 o]/\(}—oﬂ/\i Z+7} 0.72, 061, 0.58 ©]}oH

OUJL
3} 47]0l| A 7—|7—']|' 0.97, 0.79, 055# BT e
AST/ALT H] ¢} Rlaigle wf 7H

4
o
w
N
o,
01
_>.:
N
N
N
=
e}
Do
=
39
W
=]
3

Moo A
o Ho mx ox

J‘i r:i

O:

e Awd
AE : w4 BY QBN B fANoR 57
# paEEE Adsa nAFEe PEoE, A9
=
bl

2 oy M
_0|L

REFERENCES

1) Myers RP, Tainturier MH, Ratziu V, Piton A,
Thibault V, Imbert-Bismut F, Messous D, Charlotte
F, di Martino V, Benhamou Y, Poynard T. Prediction
of liver histological lesions with biochemical markers
in patients with chronic hepatitis B. J Hepatol
39:222-230, 2003

2) AEw RS SFEXE. g 76-11,
2001

3) Bravo AA, Sheth SG, Chopra S. Liver biopsy. N
Engl ] Med 344:495-500, 2001

4) Afdhal NH, Nunes D. Evaluation of liver fibrosis: a
concise review. Am J Gastroenterol 99:1160-1174,
2004

5) Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F,
Benhamou Y, Poynard T. Biochemical markers of
liver fibrosis in patients with chronic hepatitis C
virus infection: a prospective study. Lancet 357:1069—
1075, 2001

6) Poynard T, Imbert-Bismut F, Munteanu M, Messous

D, Myers RP , Thabut D, Ratziu V, Mercadier A,

Benhamou Y, Hainque B. Querview of the diagnostic

value of biochemical markers of liver fibrosis

(FibroTest, HCV FibroSure) and necrosis(Actitest)

in patients with chronic hepatitis C. Comp Hepatol

31-8, 2004

Fontana R], Lok AS. Noninvasive monitoring of

patients with chronic hepatitis C.  Hepatology

36:S57-S64, 2002

8) Nishiura T, Watanabe H, Ito M, Matsuoka Y, Yano
K, Daikoku M, Yatsuhashi H, Dohmen K, Ishibashi H.
Ultrasound evaluation of the fibrosis stage in chronic

7

-

liver disease by the simultaneous use of low and high

5, 2007 —

frequency probes. Br J Radiol 78:189-197, 2005

9) Aube C, Oberti F, Korali N, Namour MA, Loisel D,
Tanguy JY, Valsesia E, Pilette C, Rousselet MC,
Bedossa P, Rifflet H, Maiga MY, Penneau-Fontbonne
D, Caron C, Cales P. Ultrasonographic diagnosis of
hepatic fibrosis or cirrhosis. J Hepatol 30:472-478,
1999

10) Castera L, Vergniol J, Foucher ], le Bail B,
Chanteloup E, Haaser M, Darriet M, Couzigou P, de
Ledinghen V. Prospective comparison of transient
elastography, fibrotest, APRI, and liver biopsy for
the assessment of fibrosis in chronic hepatitis C.
Gastroenterology 128:343-350, 2005

11) Ziol M, Handra-Luca A, Kettaneh A, Christidis C,
Mal F, Kazemi F, de Ledinghen V, Marcellin P,
Dhumeaux D, Trinchet JC, Beaugrand M. Noninva-
sive assessment of liver fibrosis by measurement of
stiffness in patients with chronic hepatitis C.
Hepatology 41:48-54, 2005

12) Foucher ], Chanteloup E, Vergniol J, Castera L, le
Bail B, Adhoute X, Bertet J, Couzigou P, de
Ledinghen V. Diagnosis of cirrhosis by transient
elastography (fibroscan): a prospective study. Gut
55:403-408, 2006

13) Park BK, Park YN, Han KH, Ahn SH, Lee KS, Chon
CY, Moon YM, Park CN. Long-term outcome of
chronic hepatitis B according to the new histological
classification. Korean J Hepatol 6:287-300, 2000

14) Perrillo R, Hann HW, Mutimer D, Willems B, Leung
N, Lee WM, Moorat A, Gardner S, Woessner M,
Bourne E, Brosqart CL, Schiff E. Adefovir difivoxil
added to ongoing lamivudine in chronic hepatitis B
with YMDD mutant hepatitis B virus. Gastro—
enterology 126:81-90, 2004

15) Cha BG, Kim JW, Kim SJ, Han SP, Kim HJ, Do JH,
Kim JG, Chang SK. Risk factors for hospital acquired
infections in patients with decompensated liver
cirrhosis. Korean J Med 69:69-75, 2005

16) Moon W, Choi MS, Moon YM, Paik SW, Lee JH, Koh
KC, Yoo BC, Rhee JC, Shim SG. Efficacy and safety
of adefovir dipivoxil in patients with decompensated
liver cirrhosis with lamivudine resistance compared
to patients with compensated liver cirrhosis. Korean
J Hepatol 11:125-134, 2005

17) Pilette C, Oberti F, Aube C, Rousselet MC, Bedossa
P, Gallois Y, Rifflet H, Cales P. Non-invasive
diagnosis of esophageal varices in chronic liver
diseases. ] Hepatol 31:867-873, 1999

18) Nanashima A, Tanaka K, Yamaguchi H, Shibasaki S,
Morino S, Yoshinaga M, Sawai T, Nakagoe T, Ayabe
H. Fibrosis and inflammatory activity in noncancerous

- 468 -



— Hwa Sook Kim, et al : Non-invasive assessment of liver fibrosis —

tissue and mitotic index of cancer tissue in patients

with  hepatocellular  carcinoma’  relationship  to
clinicopathological factors and prognosis after hepatic
resection. Dig Dis Sci 48:1517-1522, 2003

19) Giannini E, Risso D, Botta F, Chiarbonello B, Fasoli
A, Malfatti F, Romagnoli P, Testa E, Ceppa P, Testa
R. Validity and clinical utility of the aspartate
aminotransferase-alanine aminotransferase ratio in
assessing disease severity and prognosis in patients
with hepatitis C virus-related chronic liver disease.
Arch Intern Med 163:218-224, 2003

20) Park SY, Kang KH, Park JH, Lee JH, Cho CM, Tak
WY, Kweon YO, Kim SK, Choi YH. Clinical efficacy
of AST/ALT ratio and platelet counts as predictors
of degree of fibrosis in HBV infected patients
without clinically evident liver cirrhosis. Korean J
Gastroenterol 43:246-251, 2004

21) Reedy DW, Loo AT, Levine RA. AST/ALT ratio >
or =1 is not diagnostic of cirrhosis in patients with
chronic hepatitis C. Dig Dis Sci 43:2156-2159, 1998

22) Sim SJ, Cheong JY, Cho SW, Kim ]S, Lim TY, Shin
DH, Lim SG, Kim YB, Lee KM, Yoo BM, Lee KJ,
Hahm KB, Kim JH. Efficacy of AST to platelet ratio
index in predicting severe hepatic fibrosis and
cirrhosis in chronic hepatitis B virus infection.
Korean J Gastroenterol 45:340-347, 2005

23) Park GJ, Lin BP, Ngu MC, Jones DB, Katelaris PH.
Aspartate aminotransferase: alanine aminotransferase
ratio in chronic hepatitis C infection: is it a useful
predictor of cirrhosis? J Gastroenterol Hepatol 15:
386-390, 2000

24) Wai CT, Greenson JK, Fontana R], Kalbfleisch JD,
Marrero JA, Conjeevaram HS, Lok AS. A simple
noninvasive index can predict both significant fibrosis
and cirrhosis in patients with chronic hepatitis C.

Hepatology 38:518-526, 2003

25) Cales P, Oberti F, Michalak S, Hubert-Fouchard I,
Rousselet MC, Konate A, Gallois Y, Ternisien C,
Chevailler A, Lunel F. A novel panel of blood
markers to assess the degree of liver fibrosis.
Hepatology 42:1373-1381, 2005

26) Sandrin L, Fourquet B, Hasquenoph JM, Yon S,
Fournier C, Mal F, Christidis C, Ziol M, Poulet B,
Kazemi F, Beaugrand M, Palau R. Transient
elastography: a new noninvasive method for assess—
ment o hepatic fibrosis. Ultrasound Med Biol
29:1705-1713, 2003

27) Hui AY, Chan HL, Wong VW, Liew CT, Chim AM,
Chan FK, Sung ]J. Identification of chronic hepatitis
B patients without significant liver fibrosis by a
simple noninvasive predictive model. Am J Gastro-
enterol 100:616-623, 2005

28) AASLD. Accuracy of liver stiffness measurement
(LSM) for the diagnosis of cirrhosis in patients with
chronic liver disease (CLD): a study in 1345
[Abstract]. 56" annual meeting of the AASLD, 2005

29) Arthur M]J. Reversibility of liver fibrosis and
cirrhosis  following treatment for hepatitis C
Gastroenterology 122:1525-1528, 2002

30) Friedman SL. The celluar basis of hepatic fibrosis:
mechanism and treatment strategies. N Engl J Med
328:1828-1835, 1993

31) Shiratori Y, Imazeki F, Moriyama M, Yano M,
Arakawa Y, Yokosuka O, Kuroki T, Nishiguchi S,
Sata M, Yamada G, Fujiyama S, Yoshida H, Omata
M. Histologic improvement of fibrosis in patients
with hepatitis C who have sustained response to
interferon therapy. Ann Intern Med 132:517-524,
2000

- 469 -



