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Histogram analysis of stretched exponential diffusion weighted
imaging model for predicting microvascular invasion of

single hepatocellular carcinoma
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[Abstract] Objective To explore the value of histogram analysis of stretched exponential diffusion weighted imaging
(DWD) model for predicting microvascular invasion (MVI) of single hepatocellular carcinoma ( HCC) preoperation.
Methods Abdominal MRI of 43 patients with single HCC diagnosed by pathology were retrospectively analyzed. The
patients were divided into MVI (+) group (n=22) and MVI (—) group (n=21) according to pathologic findings. DWI
was analyzed with stretched exponential model to obtain the histogram parameters, including apparent diffusion coefficient
(ADC) . distributed diffusion coefficient (DDC) and heterogeneity index (a). Clinical data and histogram parameters were
compared between the groups. Receiver operating characteristic (ROC) curve of parameters being statistically different
between the groups were drawn to evaluate the efficacies of predicting MV, and multivariable logistic regression was used
to analyze the independent predictors of MVI. Results Significant differences of HCC diameter, the 5th percentile (5th) of
ADC, and the mean, 5th, 25th and 50th percentiles (5th, 25th, 50th) of DDC were found between groups (all P<C0. 05), while
there was no statistical difference of other histogram parameters (all P>>0. 05). The area under the curve (AUC) of DDC 5th for
predicting MVTI was 0. 86, higher than that of the 25th, 50th and mean of DDC, ADC 5th and HCC diameter (Z=1. 96—2. 91,
all P<<0.05), while there was no significant difference of AUC of other parameters (Z=0. 12-1. 91, all P=>0.05). The 5th of
DDC was the independent predictor for MVI ( P=0. 005). Conclusion Histogram analysis of stretched exponential DWI model
was helpful to preoperative prediction of MVI of single HCC, and the 5th of DDC had the best diagnostic performance.

[ Keywords | carcinomas, hepatocellular; diffusion magnetic resonance imaging; neoplasm metastasis; microvascular
invasion; stretched exponential model

DOI:10. 13929/j. issn. 1003-3289. 2021. 12. 020

R 45 R B AN A AR R AR B 5 77 B 43 A R
B % BT 40 B 9= S I = 30

ZMLEZELCEAMN LK OHLE O OFL.HFLH
<1.%ﬁi%liﬂjt%lﬁﬂ‘)%’mﬁlil%ﬁkﬁﬂ‘ﬂ A fwM 35000152, BT ERLK
M EREGTO.) R I 510515)

[ ZE] HBY  IPAS RS BOE B R E0UIN A LS (DWD B 5 B 43 B A i 1510 24 % BT 40 8 (HCO) i i & =2 8 (MVD
W E. Ak B HF 43 G120 B2 5 8 HCC BE M IE TR MRI. AR 955 BE4E IR 70 MVIGH) 4 (n=22) il MVI

[(B&TB ] iy T EER R H (2020QNA032) AW &R K B 2T H (2020QH1090)

[E—1EE] REMA992), B mamM AL B+, B, #5807 10 AR Wi . E-mail: 1161522390@qq. com
CEEEE ] B¥ 2055 A0 d RS S B A ES Be BCH A, 350001, E-mail: xueyunjing@126. com

[ BT 2021-03-18 [f&E HH#I] 2021-07-25



[ BE A AR AR 2021 AR5 37 %5 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12 e 1845 -

(=) H =21, R HHLMHEEE L 537 DWI, K15 2 Wik B R E(ADC) | 431 7R # & £ (DDC) FK 43 F & ] 57 BT Pk (o)
B S8 LR AL R 58k X 5 7 B S 8025 57 5 32 1038 TARRHE (ROC) 26 4301 22 5 B Se 15 28 S S 80 B0
MVI 55 fg, 7 LA Z BE E Logistic MIA4HT MVI I BINE R . SR AREME ER  ADC % 5 H 4741 (5th) .DDC
55 5.25.50 T4 8L (5th.25th . 50th) BOPHE 2 B F I ERE L (P<0.05) KA H T RS ERB TG ¥E X
(P¥1>>0.05). DDC 5th #ill MVI (% 1 & T A (AUC fie K, - 0. 86, 15 T DDC(25th.50th) & F-#{H . ADC 5th. & &
#(Z=1.96~2.91, P3¥<<0.05) , KRS M L K EZ R B LS ¥ B X (Z=0.12~1.91, P ¥>0.05), DDC 5th /&
MVT [ 57 Fl K 28 (P=0.005), &5 i ffidE 4 DWI B3 B J5 & 4 b A B TR §T B0 82 % HCC 19 MV, Bk DDC

SthiZ Wi RE e

[R8IA ] A s R ARG IR R s IR RS 5 B AT (R AL 5 47 b 95 Hope 1Y

[E4KS] R735.7; R445.2 [XHERIREB] A

T 21 g 985 Chepatocellular carcinoma, HCC) & & &
AR L AN AR DI BRI L R R YT O vk SCERY Y R
L2 70% 0 HCC FEARJE 5 AE N % i HCC fif i 4
{248 (microvascular invasion, MVD #{ A B 2SR5
HEMERAG RN EERNER, a2 £, 2%
HCC 18 MV 9 8 32 55 w5 AR AR BTS2 18 2 R BRI
MR Ty fig i 1% 45 £ AR BT # HCC MVI 5 45 F] 1l
SEVRIT TR K MG T . PR R o Ry 4 M T
FHF PR IR A G A 2 AT TS ARG B4R B 1 4
BOUR EOMAL 1% (diffusion weighted imaging, DWI) 5 %
H7 B S BrAR AT BN B % HCC MV N E.,

1 #BRE5FE

1.1 — %R WOE 2017 4E 8 H—2019 4F 4 H 43
T R K 2 B R R e KR O R R K SE R O IR
B2 A G2 8 HCC B, 5 40 B, & 3 6] 45
34~72 %, (51.3+9. 6) % . GASRIE: OARATHEZ
B Z W A MR 58 KA X £ b {6 DWI; @Q MR K #r
5FARYIBR I B A 4 8 O RAR 2 Tk WoRs
fEE A HOR R K I i Dk g 4% . HEBR A o . O AR i 422
Z I SR IR YT s @ BHGBT  AS s PR BB 2K
1.2 {Y#8 5 ¥ R Philips Achieva 3.0T MR
10, FBL 45 16 38 18 AH = PR IA AL B, 1T LIRS . =
e T2W/ e MM #l T2W, TR 1 250 ms. TE 80 ms/
TR 1 307, TE 80 ms,)Z /& 5 mm; 2 K I 5 2% 7K Bg
B FY] . TR 3.3 ms, TE 1/TE2 1. 18/2. 1 ms, J2 )&
3 mm;Z b {H DWI, R 508U F- T8 15751, b ]
351 0,10,20,40,80,200,400,600,1 000 s/mm’,
TR/TE 2 062/63 ms, FOV 375 mm X 302 mm X
150 mm, i 256 X256, /2% 5 mm, 24 30,NEX 2,
ZJE AT EE 2 ml/s 28 IR0 ik 0 56 % BE R AL 2E R — 4N
(Primovist,Bayer)0. 1 ml/kg & Fi &, % T1 & 05
2 1) [a) PR 25 BRIk 9 AT sh B Y SR . TR/TE
3.2/1.53 ms,JZ)& 3 mm,

[(XEHS]

1003-3289(2021)12-1844-05

1.3 Mgt £ b {EH DWI S A MATLAB 2014
A (http://www. mathworks. com/), 1 2 % EH A
10 4 LA E AR S2AR 2712 Wi 22 30 1 AT B2 00 45 5 A for
T2WT 1Y 5 49 4 P50 & 5 5 459 45 8T 118 389 b 12
T2WT H i bR fe K AR, T4l 2 DWI(h =1 000 s/
mm?*) 3% 2 3 ) | E 2 R AE S ROTL 87 | 33k
15 4908 R AR B (volume of interest) (A 1), I M HE
FLAHFE B AL 5524 30 Sb/S0=exp[ — (b X DDC) J*
H 3h A4 B % W 9% B & % Capparent diffusion
coefficient, ADC) 4370 X #L 2 £X (distribute diffusion
coefficient, DDC) FI7K 43 F 4% 1] 5 it 14 Calpha, o) B9
HTESE AR E T - A B 5 5.25.50.75.95 A
S EL(5th, 25th, 50th, 75th, 95th) | - 3 {H | fi# & Al
WERE XL B SECM R 3 W, DA R AR O
AT LA AR BB A S e

L4 48 ZERRMEERGRE ST &%
FAPON i 2 ZREE EAREM P REE 1 2L
WHLY) H L LUBE R Al W HCC & B F 40 40 rp A9 1] ik
S IDK JTE 3l kL I A R ok LA AT s A 400 T O A7 B
Bff 14 PN B A BT B 2% L EL PR HR R A B I 98 A2 A K i
A MVICE) s H3E B0 85 50 5 MVICH) 4 (n=22)
I MVIC—) 2 (n=21) , g s H il 3 H IR 3 1 L HCC
HAR K I I RESE

1.5 Bt et R SPSS 20. 0 fl MedClac 18. 2
GEit oty . L o4 s RoRAF A RS 1T B
BEATHSEAE A ¢ K5 X I BOR RLR T o A  Bl
Fisher K MR 047 LA, LA N AH OC R 2L (intra-
class correlation coefficient, 1CC) PEAl 2 4% B Ui il &
RN — ., R HZ IR HE T AE R AE (receiver
operating characteristic, ROC) [l £k P-4 41 (8] 22 7 5
it XS HCC & 4 MV B sfe . 5
H A28 F 1 FX Carea under the curve, AUC) ., [H{H .4
JEEE R B, JF DL Delong #5608 % 2 80 AUC



+ 1846 -

o E B 2R R B R 2021 AR5 37 #5258 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12

MR, BFARERARIT¥EXNSHAAZHE
Logistic 819 43 41, 3815 12 W 24 EZ48., P<
0.05 BZEFHGI¥E L.
2 #R

2.1 i [A]— g BE R} L AR
F MVIC—)H (P=0.045) ., &
(P¥j>0.05),WF1,

2.2 HIEZE 2 ZBEINNES T ESH8N—
HE ICCH 0. 797~0. 963 (P ¥<C0. 05), #1[a] DDC
SEHIE K 5th.25th ,50th Al ADC 5th 22 3 ¥45 G2

PNT=]

Hie B

MVI(+) %4 HCC HE2 KR
S LG I F e L

1A
1oy
0.9
08
07

* MR

— fufiphk

il 0.6

# o5
15 0.4
0.3
0.2

0.1

0 100 200 300 400 500 600 700 800 9001 DO(

B (P ¥<C0.05) .0 MH T ESEE R LG
BN (P#>>0.05), L% 2,
2.3 ROC &kt dEZRAEZIT%EBE XS

$rb, DDC 5th #ii MV B AUC £ K (0. 86) , [ {4
B 0. 58X 10 * mm”/sHf, H A2 W SRR BE K RF S5 5 43 3l
95, 45% K 66.67% , WLF% 3 XKl 2, Delong ki
75, DDC 5th 1 AUC & T DDC(25th 50th) & F- 3
fi.ADC 5th f1 HCC H #& (Z = 1.96 ~ 2.91,
P ¥<<0. 05) , KRS MM LK 2 R LGt 28 X
(Z=0.12~1.91,P ¥>0.05),

1C

B1 #EP.52%,HCC,MVI(+) A.
Bz DWI(b=1 000 s/mm?), &4 X 38 N
ROIL; B. gl T2WI; C. gh& 5% MR
JHREI B A% s D, Hir {45 B 8 40 & i 2&
& 5 E. % B CHE, X 400) 7% 45 J85 P4 95 200 Jid
GEED  (RERRED

bl
#£1 MVICHE MVIC—) Lk HCC B#H — MR K
50 (D H G B (D
el AR ()
Ll 5’8 <8.1 ng/ml 8.1~400 ng/ml ~>400 ng/ml
MVI(+) 4 (n=22) 49.6+10. 1 20 2 5 8 9
MVI(—) 4 (n=21) 53.040.1 20 1 11 7 3
1/ 8 1.158 <0. 001 5.296
P1{A 0. 254 0. 999 0.071
Ji 98 43 G (o)) T &E 4 9% () T 9 B R (f5i)) S TS (D
e Jip e B A -
Zel Gl GiGi Cem) Child-  Child- o P BT R® EWAF
7 7 B g Pugh A Pugh B % R IRiXia S
MVI(+) 2 (n=22) 19 3 3.21+1.76 21 1 22 0 22 0
MVI(—) 4 (n=21) 20 1 2.30=%1. 00 21 0 19 2 20 1
/5 1H 0. 227 —2.083 - - —
P 0. 634 0. 045 =0.999 0.233 0. 488

s : Fisher KiiiAlE 3%



[ BE A AR AR 2021 AR5 37 %5 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12 o 1847 -
#2 MVICHH MVIC—)Hk HCC BE A KIS HUH LA
DDC(10® mm?/s)
20 5
SR 5th 25th 50th 75th 95th g It B
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