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the pathological features such as steatosis cells, inflammatory cells, and fibrosis. Methods Sixty-five hematoxylin-eosin (H-E)
stained and 65 picrosirius red stained pathological sections of liver tissues of 65 NAFLD mice were selected, and digital
pathological sections were obtained by digital scanning. For H-E stained sections, 2 images of the lesion site were taken after
200, 300 and 400 times magnification using CaseViewer 2.3 software, and 390 pathological images of steatosis cells and 390
pathological images of inflammatory cells were obtained; the images were uploaded to the Horizope annotation platform for
manual annotation, and then 2 340 images of steatosis cells and 2 340 images of inflammatory cells were obtained after data
enhancement; and they were divided into training set, validation set and test set according to 4 : 1 : 1, of which training
set (1 560 images) and validation set (390 images) were used for learning training and parameter iteration of U-Net deep
learning model, and test set (390 images) was used for identification and analysis. Dice’s similarity coefficient (DSC), mean
intersection over union (MIoU), mean accuracy (MA), and sensitivity were used to evaluate the performance of the model.
For the picrosirius red stained sections, CaseViewer 2.3 software was used to perform full field interception after 50 times
magnification, and color feature extraction algorithm was used to identify fibrosis. Artificial NAFLD activity score (NAS) and
machine score were performed on 130 digital pathological sections, and the proportion of fatty degeneration cell area (PFA),
density of inflammatory cell (DIC), and ratio of fibrotic area (RFA) were calculated and analyzed. Results The DSC, MloU,
MA and sensitivity of the NAFLD pathological feature recognition model based on Al algorithm were 0.87, 0.80, 0.88 and 0.84
for identifying steatosis cells, respectively; and 0.84, 0.78, 0.85 and 0.80 for identifying inflammatory cells, respectively. The
PFA, DIC and RFA of the 65 digital pathological sections were 0.371 (0.013-0.743), 288 (19-894)/mm’ and 0.048 50.025 4,
respectively. PFA, DIC and RFA were all positively correlated with the machine score and artificial NAS score (7,=0.953 and
0.928, 0.883 and 0.869, and 0.887 and 0.749, all P<<0.001). Conclusion NAFLD pathological feature recognition model
based on Al algorithm has good performance, and it can help pathologists identifying pathological features, so as to improve
recognition efficiency and accuracy.
[ Key words | non-alcoholic fatty liver disease; steatosis; inflammatory cells; fibrosis; U-Net; deep learning
[ Acad J Naval Med Univ, 2022, 43(9): 1000-1006 ]

JEREAE D AR R85 22—, 7R AR
KSR R T RE . MR A5 38 5 A 2 PR
F, — RPN A, ISR R T
REMI I . ARSI i M P (non-alcoholic fatty
liver disease, NAFLD ) %; —J&JH {7 495 4%,
53R RIS FOG ARG AE, Horh R A8 45 4
MRS . TR M AR | SRR Rk 3 AR
JF#ENP A, SEAER ARG A . IR 40 i
L FREROE BT LA PR RRT-RE 2 R A
£ NAFLD i 228 5o 72 o 3 3 25 10 B 3 MhRRAIE: i
WAstE . RAERLF AL o FFRAIL KA 2
ARAETE BB . i AR RN A 4 AL R B 1 EE 2T
Bl XIS RIARA R A H-E Je (s, WEAR YL o il
Masson 4 {8, = (L (A5 R, RE A 11 1 W7 i 2H 21
RAETG SN | PR ANE A e AL AR, 8 nT AR PE 5L
PR R IR ARPRLT Y o 5l G e B Uk 2m e 0 55 L)
PE— AT IR RIS

ARk, FZ 3T CT. MRI S B4R 24
AWM FEERZE T NAFLD B8 f 0 MrRFiE, X sepff
FEIH AL G G Ak s As 2 ) SRR U PR 2 52 AR
Hh AR AE SR EA T 200 Y TR R D) A R R

FHF NAFLD i BUFAE B9 4 BT il 52, (H 25U 5847
FEH— RS, FIRECAREY R IT & —
Rl 4xTE B . MERGAY F 3h1k NAFLD 430 R 46, fghs
SR I RIS SR S . ARSI i N TR
RE L ABCF W BT X NAFLD (1) 3 Fig BUSAE
(BEWAEVEANA . RAEANMIFNET2ifl ) AR5,
P2 T N T BERIL 1 NAFLD 5 FEARF S 5145
R, LS Bl B S U 4 25 1R NAFLD J BURRAE 9
BOR SRR

1 #EFTE %

1.1 ## 65 H NAFLD /I B T 41 23 9% B2 )
i ER 1 v I 2 R A R e R R e R Vg HE A B
W, AT B 5 ¥ 48 4 28 1 3D HIETECH 2>
F Pannoramic 250 FUF LG TIHE, IR1SEL
FIRHEY Fr o BRI R A SRAE: (1) B
IR FLA R 195 78 1 440 e % 2 9 440 if 5 NAFLD f9 3
FEARAE;  (2) JRERY) A PP B e d . I
(3) JRERYI R ey s | TEWiEEE . RS
ABRER H-E J% (8 R IR AR L1 (2 50 300
% 655K,



* 1002 -

WK 2022429 H 58 43 4%

12 HIEEHE  BUH-E Qe OBC7 0 B A, fl
H CaseViewer 2.3 X FFERLR 200, 300, 400 £5)5
BRI AR A R 45 2 9k, FEsk U0 A AR AL 5
JIE 7 728 M 200 R ) R 6 ke L B S AT 1 (BT 45
6 5K, SR 1920 3R X1 000 5% . K150
390 5K A 115 728 1 44 s B EE R 390 5k 498 5 41 it J
PREMGA BCEEAE, FH T 105 785 P 40 it R 9 A 441 i
FRI T .

HOARLT YR REMII Y, (] CaseViewer2.3
BAFAETOR 50 £ 5 2T LB gk, Ak AT
L 4~6 5k AL T 4L i B, Fe & 3Lk

370 KL AEAL G T IR 4E A iR s 5% .

1.3 BEMgAFE R BE AR b i R 5 722 M 4 i 1 45
I AE AN % 4% = Horizope bt V-5, HZ4
EBEEIHAT Fahtnld:, e lifah 1 £ E A&
55 1 VR BRI AT 2B JRb T AR AR RO R
FHB B 7 FIEURSE, JCAbRE . ¥4 Horizope
{0 S DN A £ WL w1 9 Sl e S 7 0 A Y 7 D =
() JSON 3C 4 ) 38 i Python 1R A % 1k A v] F T 1%
JE2E YR bR % EUR, #8200 PNG. GG EE .

Horizope #nid - 6 FridE BUGR Kb 28 EGOR 61 LI 1

A T

|B

B1 JFEHEE®R (A . Horizope tRiFTFEFREE KR (B) REFEEEE (C) T4l

Fig1 Examples of original images (A), Horizope platform annotations (B) and label images (C)

The upper 3 pictures are pathological images of steatosis cells with hematoxylin-eosin staining (300 X) and the lower 3 pictures are

pathological images of inflammatory cells with hematoxylin-eosin staining (200 X).
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Fig2 Schematic diagram of U-Net network structure

Conv: Convolution; ReLU: Rectified linear unit.

JFEF 4B S NAFLD [ — g BRERAE, HIE
ASERE 5 S E A AR A A i 2 S
H s/ NI AT AR LT YL 0 R R, 2K
ARARLLYL A5 A AR FF R JC A W . Rk, AT
WHEALGIR, A EARIE AR T ACR FH IR
JE2E 2Bk, MR R B AR RS BGX — &5 T
BHeEIRGA
1.7 AT ATTH AR A %69 NAFLD J% 22 4 212 5] A2
Aoy MR T IR UE A TR B TE NAFLD
S BRRFTE R A R, LA Horizope BRiEF- 15 A
TAREEMG bR, 7EMEE NG 5 A8 1 40 B G D
RIEHMMENZR L, RH 4 8 H T 22 B S
B ERG TE BE R PR AR B PR RE A TVEAL, A2
Dice #H{bl Z%1( Dice’s similarity coefficient, DSC ) "
SE-449%2 5 H( mean intersection over union, MIoU ) ',
S ¥ UE 6 £ (mean accuracy, MA ) F1 R 8 &,
DSC=2TP/ (2TP+FP+FN) , MIoU=TP/ ( TP+
FP+FN) , MA= (TP+TN) / (TP+TN-+FP+
FN) , REEE=TP/ (TP+FN) , H TP HEH
PEFEAZL, FP M FHEAEASESL, TN S B A AL,
FN B BATERE AL, BT 2R 4Rk Y 2 A%
GEEUG AL, A AR AR R, R R R TPk
RETEA .

1.8 JRIEAFAEAL AT AN TR RRREIEXT
130 SRBCFAELD e AT B AE 1 O A 280
B, (1) BB As v 4h B i A 5 L6 (proportion of
fatty degeneration cell area, PFA) : Xf 65 5Kk H-E
eI R UK 400 £ #4704, 5K H-E Qe tad)
F BEAILIE B 10 A5 R4 T B 5 A2 P A MR 1, O
THE BRI S VA A AR 5 A T AR A A L, BOF
YEAR R JmER PFA; FEARHEOL8T T AR S 8 sk U R T
B H W6 R RAE R 2R PFA M L (2) RIE
YHMfI%E ( density of inflammatory cell, DIC) : X}
65 5K H-E B U] KUK 400 5 f5 #4750 B, BEAL
PEER 20 N ALHFHEA T 25 A BT ), T 9 AE 40 g
RSB IR AY LA, BOFES 253 DIC;
PR 8L T AR 5 B sk U) R T AR LU G &R, 4R
BEARHDIC™ . (3) kiP5 H (ratio of
fibrotic area, RFA) : Xf 65 5k KIRFELL YA )
K 50 1% )5 BEAT 4 IR B OB S £F e AR, 115
AR S S AR R A 4 b, BDCA RFA
H 2 4 {F Bt B2 il A 4 NAFLD i ) i f14

( NAFLD activity score, NAS ) g &P RS
FRAfEIRT 65 9K H-E YR BIY) i BT TS
9 725 P 240 R R S A MDY S, DA BORE 65 5K RAR AR
LY RCE IR BY) AT N LR e oy, T



* 1004 -

WETESR AR 2022459 H 5543 4%

NAS P& m P Rg e — &l T A TR e

ARG P B0, BOALESPF43: X 65 5K H-E 4+
U] M4 PFA A1 DIC 433l HE 47 i i 28 4 20 i
S RE 240 M 19 3F 43, PFA<<0.06 1 0 4%, 0.06~0.33
i1 48, >0.33~0.66 it 2 43, >0.66 it 3 4r;
DIC<<100/mm’” it 0 4%, 100~400/mm” it 1 43, >
400~700/mm” it 2 ¥, >700/mm’ it 3 43, H T
NAS P 1T R4, HRAE RFA XF 65 5K RARLL
Yeta ] B - T e pLES P4y, RFA<<0.01 310 47,
0.01~0.07 1+ 1 43 (45 M 1A, 1B, 1IC%) , >
0.07~0.10 it 2 45, >0.10 i1 3 43

1.9 %itsabz® i SPSS 26.0 Hi#T4 1
G381 Z PEo i R
TTIEASMRR, # N IERSMLL x+s TR, 28 1
Ao GER) Rox. HHEE 3Bk H

A B

B3 ATIEseEExIE R4 AaF0 5 i 4

Spearman FRAHIC /AT, Kudi/KHE (o) 24 0.05,
2 & R

2.1 AT AIH A %69 NAFLD J% 22 435 4247 3 AL
Aegir s R FEMERER G AR A2 P20 i A
RACAMEIEA TR, B AR g 5 AN T8 1
ARG AT L, N T BB A 6T R 1 A P 4 i
FISERE AH AL U3 25 5 5 43 B = VI Bl v iy 45 21
- (E3) o AT AR R e B E 1Y
PERETTAL 25 SR R, ZEIMRAE R 5 28 T 40 i el 1% L
DSC 4 0.87, MloU 2} 0.80, MA &y 0.88, 7 J
0.84;5 TEIHE R AE 41 RS - DSC 2y 0.84,
MIoU 7 0.78, MA Jy 0.85, R (K 0.80, fELF
YAl PG AT AR fb iR, A T8 RES L
X RFLF e iR A e s m (K 4)

B =

BEIIR B4 R

Fig 3 Recognition results of artificial intelligence algorithm on steatosis and inflammatory cells

A: The original pathological images; B: The recognition results of the U-Net deep learning model; C: The annotation images of the

resident physicians. The upper 3 pictures are pathological images of steatosis cells with hematoxylin-eosin staining (300 X) and the

lower 3 pictures are pathological images of inflammatory cells with hematoxylin-eosin staining (200 X).

B4 ANIEREEMFFELAIRNER (50X)

Fig4 Recognition results of artificial intelligence algorithm for liver fibrosis (50 X)

A: The pathological image with picrosirius red staining; B: The recognition results of the color feature extraction algorithm.
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