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Development of medical image quantification software

for hepatocellular heterogeneity and nodularity:
Its assessment in chronic liver disease
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AR 2] dAY Adg #AEE 5 A#RoE PYs AdsAY dXse=d F 9TES
g 4 vk wAEE S-S QAdEhE Gold StandardE £ 2 Ao A W A17EA . B] &0 SwoA A
Mol itk dA v tEd AdS 9] Hd Adstar = AAbs iAol JddAg et o
< Ao HuHn FE4AEHA S AARE S A AHPAET HAE Adge e SHgA X
AHAANE A7 e AT o] aFHn & AFdAs F538H gaidds &8st HAx
AT ARAL Ak A% BT F ok AZEOE Awan wARAS I o
2 4% Ahgozd 94Bs AsAe HAsnd d
1. MB Aoz A Ak webd dAPALR vt oA
AAA o= w72 3 (chronic liver disease) ¥A4= S ol i R I A R R o R
7b whd Frbeta Qokn B a gloh A ss o e AR a0d w Aldste Gz
©7& Q9o BRI 9 CEFA volHx, dag A 2e3HUS), A4S GEEQCD), A7 EEIA
Abgo] B ol 9eexSo] A vy w73 (MRD, ¥d# W& @3 ZYPET) o] glon gzt
Sape] Ao FZ Aol 7b7WZ(cirrhosis), 7Hgo® Ag gt vebd = e 7R3 (fibrosis) 9t 214
Atz NMErt gobAe Aow Hud, weba vy S R ohyEr gkl T, Ak, fAA, e, 72
AL z7)o) BAse] AAI Desd 2= 7R3 g Ao §F B e "ol fF & AFA T
oz AWFE BAZ FuHAY As=d 2 soda ok Aveed o4k AR PALel wn 24
P AAE A E AGg g Fgo] aTH T k.
DANAS FAES Qo R 7H)%S Hrtslr] 9 FEATAALE o] &3 WA A WdH FF
A Wdol Adetn g A HgAE AL G E A4S AT AR dARESs Fe oF
AR, 2AA4 Fol gk 7 % 2AAA wyge oAtk Sugae WUl wxs) dAdME ans
A%S #AH3E Gold Standard o1 A%k AR A AI7E AlZkol 2o ¥ JAEehs oAbe] SEmel ATl 9
A, HlEA Rl S AFAe] glom AL ¥ 55k d FFE e o Ak wE A5dE dAHRE 28
o Al7te] B3t} o]eldt o] G uwio] whAzAsie A sto] wEmofoA MRS Y AxZ AT F A 4
WA A HSA Adetn Q= 7% AApue 3 FeA AdE Ageta Bk A& AdE s B
A HAL (blood test)o]™ 7re] @F ¥ £4S AW, oA, & = 7 e 2w 2ZEME JdEe Ale Yl
Hrtstm U e e Saaith el 8ol A abo) A A Fae JHX7E ddvka ddkE 53 R rE s s
A AFx] 2gdl o] AAAL Wl EakA uEhdy  oef o] A%, 7+AA (liver parenchyma) W G215 Wk
30%7+4 ol2thil W uETh AT 1 oA oA o Ho] Yels 3HAIE o] E A (heterogeneity, (2 A%
2 oln 9= 7+A3le] WA= AL oF 190 Eu}a ETdA)H A THAE ZHEA (nodularity, 1HelE &2
A B g Fo3 dRE gEA drh
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= ] ‘l—]:]— Analysis for quantification:
Heterogeneity, Nodularity

<38 1> ZhMlz o[ H M ZFH 24 1 (f4)

oA T tAaAE 2016W1-2018d Yo starE o
dg gz S o4 six F 299 ol wAAES FF
Lo WE AREIFE 029 FIB-4 44 Axd wzl ot

S ol Al IF(GL G2, G BF Itk (Gl
non-significant fibrosis group <1.45; (G2) significant fibrosis
group 1.45-3.25; (G3) advanced fibrosis group >3.25.

Age [year] x AST [U/L]

platelet count [10%/L]x VALTIU/L

* The upper limit of normal (ULN) AST was 35 in this study.

FIB-4 =

A7) G4 (MRDS 3221 E53d3 3T MRI %
H] (Achieva; Philips)E o] &3le] F 5319tk 55 MRI
44+ T1 high-resolution isotropic volume excitation Z
2 FBPE AMEEden o AW E ol &tk
TR/TE= 3.39/1.57 ms, flip angle 10°, FOV 360x360 mm?®
matrix size 576x576, slice thickness 5 mm. ZFAIE o] &
A AR BAEALS 5HAA A OF 1 24E 9
3l ANOVA #43} Tukey AFF#4& o] &35t

<ED YA Ao Ay 57

Gl (n=9) | @ (n=10) | @8 (n=10) | pvalue’

Age (year) 50.3£14.9 | 66.8£15.8 73.0%£8.9 |0.004(ab)
AST (IU/L) 26.0+£13.1 | 41.6%£34.3 | 59.0£27.2 |0.041(b)
ALT (IU/L) 31.74£26.1 | 33.0£19.1 | 46.3£45.7 |0.554

Platelet count | ,. . s
(10%/ 1) 223.9452.3 | 175.6+64.7 | 154.1£48.7 |0.034(b)

Data are presented as mean £ SD.
* The difference among three groups was analyzed by the ANOVA with
Tukey test: a= Gl vs G2; b= Gl vs G3; c= G2 vs G3.

3. A7 Z3f

ZEA X o] F A (heterogeneity)
A% #@xte] MRI HlolHE 94
o)t} (Fig. 2). ZHAIE o] A Az
sk A A #xk 3y F H
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<l 2> ot
(A) Raw MRI data, (B) Bias field correction, (C) Boundary detection,
(D) Liver binary image, (E) ROI extraction, (F) Quantification

M7baleh shab AAEA DhA:

(ANOVA, p<0.01). ztAE o]dAd 443, Glage
G2 (p=0.022), G3 (p=0.014)¢} Z}7+ vl sle] {23k o]
& YEtR oY G29F G31F 7F Abel= gt (p=0.981).
A4 BAAT, BT B FEEEL Gl ovs G2
(p<0.001), G1 vs G3 (p<0.001), G2 vs G3 (p=0.004)=
217k ol g Aol WAL utebd] A ol A4 A4
AR e E 9AE Aol Fkskel A
28 A4 ARZA HEHHE FAF 5 U

| Non-significant fibrosis (G1) Significant fibrosis (G2) Advanced fibrosis (G3)

Heterogeneity

2
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GL (n=9) | €2 (n=10) (n=10) | p-value’
Heterogeneity(%) | 5.52+0.88 | 6.74£0.75 6.82+£1.11 | 0.009(ab)
Nodularity 0.90+0.04 | 1.10£0.03 1.20£0.09 [<0.001(abc)

Data are presented as mean £ SD.
* The difference among three groups was analyzed by the ANOVA with
Tukey test: a= Gl vs G2; b= Gl vs G3; c= (G2 vs G3.
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sl Ao RS x5 U Fstn Qs
Agolr] wWie] WAL R4S B AFEL A%
S AR & Qe FAPTHel Bas FFolt ojlw
oM 2H7A] Aol Felgate pasge
AA A7 ojele el FRAGAAE AFED
¥ 5 Qb MRS mEdTW F%3 wels ¥ 5 9l
2 ppor wudn

AN Ee AP ZRaPe JRGPS
Al AE oY} AR ANE AFT F Aot
=8 WA A 2 FFE Bl gdold e 4
Feg ey R F8% A% AL FAH
o A4 dguleld Bkl ol A e Fu A
o BEAAE WAYTHE FelA 2 gelsh Arty By
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