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Deep Learning Elastography for Assessing Liver Fibrosis
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Abstract: [ Objective] To assess the diagnostic performance of deep learning elastography (DLE) for liver fibrosis.
[ Methods] Totally 545 chronic liver disease patients with liver biopsy were retrospectively enrolled. The results of DLE,
two dimensional shear wave elastography (2D-SWE ), serological markers and transient elastography (TE) were collected.
Area under receiver operating curve (AUC) was calculated and inter—compared while evaluating liver fibrosis. Then we
tested the diagnostic performance of the trained DLE model in different validation groups when evaluating the same liver fi-
brosis stage, respectively, to assess the stability of DLE.[Results] DLE showed statistically significantly (P<0.05) better
results than any other methods. When evaluating F=4, F>3 and F>2, the AUC of DLE was 0.99, 0.98 and 0.92, respec-
tively. 2D-SWE showed a second high diagnostic performance, while the AUCs were 0.89, 0.86 and 0.86, respectively.
Little difference in diagnostic performance was showed among other methods, while the highest AUC was no more than
0.81. Besides, no statistical difference was showed among the three validation groups, while accessing the same liver fibro-
sis stage. [ Conclusions] DLE can be used to accurately assess liver fibrosis, whose diagnostic performance is higher than
that of 2D-SWE, serological markers and TE. Moreover, with good stability, DLE is expected to become a new method for
noninvasive assessment of liver fibrosis.
Key words: deep learning; shear wave elastography ; liver fibrosis
[J SUN Yat-sen Univ(Med Sci),2021,42(2):294-301 |

W #5 B #5:2020-12-24
EETE ) ARH EARAHORNITE 24 (B2019097)
VEE T A - FE S0, 1+ AEBE BRI, E-mail - chenwbo6@mail2.sysu.edu.cn; FRAEEE B EVER , 204% , E-mail : zhengrq@mail.sysu.edu.cn



A5 23] WRSCIE, 45 TR BE 27 >0 S A7 B U s MG Al T2 4k Ak 295

1€ 1195 (chronic liver disease , CLD ) & 2% fit i
JIES i B GEAR , 2 I 4 JHTJUE 8 P SR AR A G AE , o 2L
I RT3, A6 PR P s e A iayr " . H i irer
HEAL PP AR B HIAOAR ) METAVIR fig B 2%
PRIE:FOF1.F2 . F3 F4, £F e AL A2 FEAR U &
HEBR VAL 27 Ak, X T48 SR 97 PR RO
J S VR X A o S (L 2 R A
(RABVERA , 5y 7 A0 SN RE A, AP
TERURE IR 2270 RO F B2 22 W TR PFA
F Bt A 1L/ M EE {H (AST to platelet ratio index,
APRI) \FIB—4 4§ #{ (Fibrosis—4 Score, FIB—4) , Ju 3
i BsF 53 B0 4% (transient elastography, TE ) F1 — 4k 5
I 58 PE 114 (two dimension shear wave elastogra-
phy,2D-SWE) , 15 2 Ilfi K FI Ak 248 pa #f 7 7  {H
APRIFI FIB-4 12 Wi RERLAR , 1T TE /55 5 JC iR
RGE 3 A PO /NS R BRPE , 2D-SWE
ARV FE A [ il 3 78 2 TR A7 R R i 22 S M
VTAERSAR 20 2 VPG & A ik 4, DL TE R
P AT T E S AT HE SRR A, S 0. HN
HheEE FIEAR L7 R 27 A HEA T PEAL TR
#.0.82~0.90, fic i Z 1 TAE ML T 1 R (area un-
der the receiver—operator—characteristic curve, AUC)
0.87~0.97"""" . X LEBFFLAIAT Jas BR A%, A B A7 4120
PR AR E REAS R /N SRR AR AN 40 2D~
SWE 5 HFEF4ifb ¢ R B H 55 . I, IR~ 7y
M 85 1) 3% 3 Pk K 1% (deep learning elastography,
DLE) A 7] B8 5 it 2D-SWE £ A Jm B4 2 i1 12 Wit
BURE , ST 4 AR T VEAR

1 #¥E57*

.1 —fREN

WA 2012 4F 11 F & 2016 4F 10 H IR YL RBHIfG IR
W2 47T 2D-SWE K 25 9 CLD B3, 98 Adnifi . D
R AR U CLD; @) 4E =18 % ;B 17T E4L
LU fIIE K . HEBR AR E : D 2D-SWE EHME %R
423 BURE B MG F 45RO FBHA . A
W5 Sk 1B 43 BT, TC 3k B BB AN TR & 2
A HEZE b1 2L , T AE Clinical Trails b B (8
#5 :NCT03221049)
1.2 BRFE
1.2.1 2D-SWE #:4E5 B A 1 300 {15 4 4 7
K 20, 76 MBS 5 F AT i 50 1] 2D-SWE

K, A 48— br e AL B AR i R K AR v E 4T 2D~
SWE Kt illl gk " 247 2D-SWE #4245 i P
AF B PR E U6 T 10 45 Y 1R AF WS R I A B
TR P & . KA Supersonic Aixplorer B 7
21 (Supersonic Imagine , SSI, France) , £ 45 SC6—
1R Bk R IR T Ll 1.0~6.0 MHz. X4
FMFBCEANT : YK ERBOR 2 120% , RIE
TESem, REFRET6cm, BESEES~12h,F
VAR S s S o 1= I R S I 1B SA K 9L A DN
LS54 T 54, VRS RIR S TE TS B 10 DX ik
BB 20 mm A IEOGHR D B A0 S IR, SR
FH AR ESOE DA M s

122 &FF#hdE ELR2D-SWE K&K RTE —
SN B2 2R LA - 23 I 4 TN L 2 (alanine
aminotransferase , ALT) \ﬁﬁfﬁ/ﬁ@@(aspartate ami-
notransferase , AST) | Il /N 31 %X (platelets, PLT) |
SBLLER HEEMLLR (AL R A AL IR |
TG 1M T DT B R A L R PR BRI B R
APRI=[ (AST/AST IE# {E_EFR)x100J/PLT; FIB-4=
(AEH#XAST)/(PLTXALT") . HH1, AST  ALT H14i
#95 TU/L, PLT 534 2 10°/L, AST 1E % {# 1R A 40
U/L.

123 TE #0MAREH BEHIT T TE(Fi-
broScan; Echosens) i #6 #x . i B oK 5 2D-SWE
—&, RAEN B S 2D-SWE — 2, BE M T
2.5 em ~ 6.5 em, #EFFAMAE Xk 2D 10K
A RO 5 @ S B3 >60% 5 B) PU 43 i/
1i%I<30%

124 DLE #iff FO~F4 2% 31 & % Ho ) — B ai
PEN I AN ) 5B T BE R 23 e
H,—H IR, 5 —H SR I ZRdang 2 T
BE4] . DLE LAY 57 F Ubuntu 16.04 #21/E R 48
(Canonical Group Limited, London, United King-
dom) , i /il GeForce 980 Ti (NVidia Corporation,
Santa Clara, California, United States) [ 6G & JE Ak
PRAR R 22 S HEZE A Keras (Version 1.4, Frangois
Chollet, California, United States) , Ji7 ¥fij .& Tensor-
flow (Version 1.3, Google, Inc., California, United
States) . i AR M 22 0 28 T 1k, AL 248 FH I
ZRULAY 2D-SWE KR, 25 B AR s ok 328
TR RS R A IR (& 1)

1.2.5 R I IRA A Y W 50 S 4% 2D-
SWE 5 TE KA i Y AHT 0L o i BARAS i P



296 HlR AR 2 (R AR ) H42%

% Non-Cirrhosis (FO-F3)-(0.15)
Cirrhosis (F4)-(0.85)

Fully C ted
Input Layer Convolution Layer ~ Pooling Layer ~ Convolution Layer Pooling Layer bt L;)}I,l;ec ¢
1*¥250%250 16%248*248 16*124*124

P 32%122*122

32%61*61 ¢ 32%1*1

1 DLEWE®GLEREE
Fig.1 Image processing of DLE

it 6 A6 1S BB BE A2 1S W, 2 4 RN — 2, )
A5 3T 10 R 2 W 0 i R R I A 758 4 .
1.3 &#ERlh

1.3.1 DLE #9# wracat (S 4 IR E 2% )
BA T U0 Uk 20 rh PP Al 25 27 ek, R 53 S
OB FH 2D-SWE | IfiL 5 27 A5 5 4 TE B A2 Wi sk
REMEAT LA

1.3.2 DLE#9#& 2 1 i W41 [H] FO~F4 5 1 i
G B —EBHTHR R R IR 4 P FO~F4 453 8 5 it
M43 R 344 . 43 3 L DLE BERL AT, b
A 21 () 9 25 57 LR B DLE (A8 P o

133 itk fdi 7 SPSS 20.0 & Medcale 11.2,
Shapiro—Wilk £ 56 41 % K ML 7 2 9 RHR 1B A0, H
TP IE SR T 25 55 1 A i BEORE 22 S A 56 4l Stu-
dent’s t—test, 73 W) {di FH Mann—Whitney UAE 50K
5o TCF 2 VORI YE ] 21 G fb s B G
AR . 7E Medcal H#g #2238 % T 1l £,
LWIRLHE L) AUC R . B4R Y AUC 22 SR I
TEHE Delong test, 014 T Be DAk W] — 21 24 1 g 3L
3T AUC YR LA Bk 4d v 34 H 1PAh £
SEVERT A AUC B ELgs . 285 S 349 35 488 XU 1 1324
5, L P<0.05 M A LS REA G E L.

2 # X

2.1 E&AER

TG BHIG R 512 9117 2D-SWE £ 2 (19 3L 572
ZAS RS B ARG . Horp 27 B H A R
BITRIA T2 B R B 45 R PR AEAR S
BEHERR , fR 2 545 B R E AT (K 2) , 0 d6 27
W% 367 B . A B G g3 P I 45 i) AR A AR
30 1) 25y e F B 5 13 48] TN AR 5% O 1) T RS
JE 43 2 451 oAt 79 ) . AL HE — M RER} | LT B

B YR B G, S R IR 1, IR E R TR
TR J RN ERE AR IE SRR BB R
HRERIC R DU 7 22 7 PR ORER 7R B R T
JAT I H 22 5 Jege i B L (P>0.05) .

Patients included
n=572

Incomplete image
(n=13)

Incomplete serological dat:
(n=12)

Liver transplantation (n=2) |

Patients for analysis
(n=545)
B2 BEANER

Fig. 2 The results of patient enrollments
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x1 BEEZEM
Table 1 Baseline characteristics of the patients
[%+sor M(IQR)]

Training group Validation group

Variabl Z/ P
W (1=305) (n=240) X
Agelyears 38.00+11.11  36.50(18.00) 0.048 0.962
Gender
217(71.1%)  152(63.3%)  3.751 0.053

(male)
FBG/(g/L) 4.91(0.90) 4.94(1.21) -0.105 0.917
PLT/

187.00(89.00)  193.66+63.29 0.213 0.832
(x10°/L)

AST/(U/L)  39.00(38.00)  36.50(52.75) -0.143 0.886

ALT/(U/L) 45.00(64.00)  44.50(71.25) 0.643 0.521

TB/
15.60(10.30)  14.00(11.85)  0.005 0.996
(pmol/L)
DB/
4.90(4.45) 5.05(5.03) -1.217 0.224
(pmol/L)
IB/pmol/L) 9.80(5.40) 9.00(5.87) 1.580 0.114

PTA/% 96.00(19.00)  94.00(20.00)  0.492 0.623

Fibrosis stages

FO-1 130(42.6%)  103(42.9%)  0.005 0.945
F2 70(23.0%) 55(22.9%) <0.001 0.992
I3 54(17.7%) 42(17.5%)  0.004 0.950
F4 51(16.7%) 40(16.7%) <0.001 0.986

FBG: fasting blood glucose; PLT: platelets; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; TB: total biliru-
bin; DB: direct bilirubin; IB: indirect bilirubin; PTA% : pro-

thrombin time activity
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DLE PFAG 21 4k Ak i e PR S5 R L3 5, R Rl 4%
TEZH A4 35645 , IR 5200 DLE 1932 Wizl i (181 5) L 3T
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The red curve and the blue curve respectively represented the
variation trend of the loss function in the training set and the testing set
of convolutional neural network. When the curve dropped to a certain
degree and tended to be stable, the model was considered to be com-
pleted. The optimal number of training iteration for the DLE model was

about 80.
B3 MEREBETUES
Fig.3 The trend of the loss function
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K 1525, KF 80, T HE REREIRE 2~
BEHY | 52 42 AT DL ZMEAS TS TR R s s o i
A T5 (S WAt I LAV A8 L B4 2 51
AN PR ) 4

DLE A%} F 2D-SWE A WA~ B 8 (35, 56
— ,DLE #9 i A B 2% T %4> 2D-SWE 19 2.5
emx2.5 cm BYJEESER X 3, 55 ., DLE fifi &
2L M HE AR, X 2D-SWE E5 B shALRRiE S U IR




298 HrlR i (B2 Rk i) Ha2 i
%2 DLE.2D-SWE.TE.APRI.FIB-4 1 F=4 {5 BT 2L B
Table 2 Diagnostic performance of DLE, 2D-SWE, APRI and FIB-4, TE for assessing F=4
n AUC Cut—off value Se/% Sp/% PPV/% NPV/%
0.99 95.0 99.5 97.4 99.0
DLE 240 =
(0.97,1.0) (91.2,98.3) (97.2,100.0) (94.2,99.3) (99.7,99.9)
0.89" 83.5 84.1 51.4 96.2
2D-SWE 545 11.4 kPa
(0.86,0.92) (74.3,90.5) (80.4,87.4) (43.0,59.6) (93.8,97.9)
0.74" 87.9 48.5 25.5 95.2
APRI 545 0.4
(0.71,0.78) (79.4,93.8) (43.8,53.2) (20.8,30.7) (91.6,97.6)
0.76" 63.7 78.2 36.9 91.5
FIB-4 545 1.6
(0.72,0.80) (53.0,73.6) (74.1,81.9) (29.4,45.0) (88.3,94.1)
0.81" 92.3 68.7 36.4 97.9
TE 80 8.6 kPa
(0.71,0.89) (64.0,99.8) (56.2,79.4) (20.4,54.9) (88.5,99.9)

AUC: area under the receiver—operator—characteristic curve; Se: sensitivity; Sp: specificity; PPV : positive predictive value; NPV : negative

predictive value. Statistical quantifications were demonstrated with 95% confidence interval, when applicable. AUC of DLE was statistically com-

pared to that of 2D-SWE, APRI, FIB-4 and TE, respectively, VP <0.001.
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Table 3 Diagnostic performance of DLE, 2D-SWE, APRI and FIB-4, TE for assessing F>3

n AUC Cut—off value Se/% Sp/% PPV/% NPV/%
0.98 93.9 93.0 87.5 96.7
DLE 240 =
(0.96,0.99) (88.5,96.2) (88.1,96.1) (82.1,91.4) (90.3,99.1)
0.86" 75.4 81.6 68.1 86.4
2D-SWE 545 9.4 kPa
(0.83,0.89) (68.6,81.4) (77.2,85.4) (61.3,74.4) (82.3,89.9)
0.70" 77.0 52.5 45.9 81.4
APRI 545 0.4
(0.66,0.74) (70.3,82.8) (47.2,57.8) (40.3,51.5) (75.7,86.2)
0.73" 72.7 62.9 50.6 81.5
FIB-4 545 1.1
(0.69,0.77) (65.7,79.0) (57.6,67.9) (44.4,56.7) (76.4,85.9)
0.71" 62.5 80.0 75.8 68.1
TE 80 8.6 kPa
(0.59,0.80) (45.8,77.3) (64.4,90.9) (57.4,89.1) (52.9,80.9)

AUC: area under the receiver—operator—characteristic curve; Se: sensitivity; Sp: specificity; PPV : positive predictive value; NPV : negative

predictive value; Statistical quantifications were demonstrated with 95% confidence interval, when applicable. AUC of DLE was statistically com-

pared to that of 2D-SWE, APRI, FIB-4 and TE, respectively, VP <0.001.
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AT B A SRS B, AR SN R A A I, B4
BEREIERLE
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25 R 7R DLE SRBEH R4 RS v, B et g ik

21, DLE PPAS I £F 4k i Wik e 22 R e ge i 2%
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BUREAARL o 16 BH JCTE FRAT T FH W6 2 5 40 4 Ry 36
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Table 4 Diagnostic performance of DLE, 2D-SWE, APRI and FIB—4, TE for assessing F>2

n AUC Cut—off value Se/% Sp/% PPV/% NPV/%
0.92 86.9 80.6 85.6 82.2
DLE 240 =
(0.88,0.95) (81.2,91.2) (72.1,87.5) (77.3,91.6) (73.2,90.3)
0.86" 78.9 76.8 82.0 73.1
2D-SWE 545 7.6 kPa
(0.83,0.89) (73.9,83.2) (70.9,82.1) (77.2,86.2) (67.0,78.5)
0.73” 60.9 72.5 74.8 58.1
APRI 545 0.5
(0.69,0.77) (55.2,66.3) (66.3,78.2) (69.0,80.0) (52.2,63.8)
0.71” 54.2 79.8 78.2 56.5
FIB-4 545 1.3
(0.67,0.75) (48.5,59.8) (74.1,84.8) (72.1,83.6) (51.0,62.0)
0.73” 539 93.3 97.2 31.8
TE 80 7.7 kPa
(0.62,0.83) (41.0,66.3) (68.1,99.8) (85.2,99.9) (18.6,47.6)

AUC: area under the receiver—operator—characteristic curve; Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV : negative
predictive value. Statistical quantifications were demonstrated with 95% confidence interval, when applicable. AUC of DLE was statistically com-

pared to that of 2D-SWE, APRI, FIB—4 and TE, respectively, "P<0.05, P<0.01, ¥P<0.001.
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A: F=4; B: F=3; C: F>2
4 itk DLE.2D-SWE.APRI.FIB—4.TE i FF4F 4L ) ROC #i %
Fig. 4 Comparison of ROC curves among DLE, 2D-SWE, APRI, FIB—4 and TE for the assessment of liver fibrosis
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Fig. 5 Comparison of ROC curves among three groups when DLE model was used, respectively,

for the assessment of liver fibrosis
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Table 5 Comparisons of using different validation groups for DLE to evaluate liver fibrosis

n AUC Se/% Sp/% PPV/% NPV/%
F4
group | 80 0.92 96.2 87.6 99.0 68.2
(0.88,0.95) (92.1,99.2) (80.2,93.2) (97.4,99.9) (60.2,75.8)
group 2 79 0.94 97.6 89.0 97.9 71.3
(0.90,0.97) (92.4,99.5) (82.3,95.6) (94.5,99.7) (63.5,78.1)
group 3 81 0.91 91.3 86.7 90.3 82.7
(0.85,0.96) (86.4,95.7) (80.2,92.1) (82.1,96.8) (74.3,90.2)
F>3
group 1 80 0.90 94.2 86.5 98.2 67.1
(0.83,0.96) (86.3,98.4) (80.3,93.5) (94.6,99.8) (60.2,73.7)
group 2 79 0.89 79.1 88.2 96.1 57.4
(0.83,0.95) (72.3,85.8) (80.4,95.1) (90.5,99.2) (50.3,64.2)
group 3 81 0.88 78.8 88.1 92.1 68.6
(0.81,0.95) (70.8,85.3) (81.5,95.3) (86.3,97.3) (60.3,75.3)
F>2
group 1 80 0.89 89.7 86.8 90.3 84.2
(0.83,0.95) (82.4,95.2) (80.3,93.1) (82.4,97.1) (78.3,90.2)
group 2 79 0.89 76.3 95.4 95.1 58.2
(0.83,0.94) (70.2,82.1) (89.3,98.6) (89.2,98.2) (50.2,66.2)
group 3 81 0.91 90.7 86.0 92.3 84.5
(0.84,0.97) (83.6,96.3) (80.4,91.4) (86.4,98.5) (78.4,90.3)

AUC obtained for each group was statistically compared with the other two groups respectively. For the comparison of group 1 V.S. group 2,

group 1 V.S. group 3 and group 2 V.S. group 3, P values were 0.620, 0.811 and 0.480 (F=4); 0.831, 0.679 and 0.844 (F=3); 1.000, 0.775 and

0.769 (F>2).
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