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ABSTRACT

Objective To explore the application value of 3.0T Magnetic Resonance 32-Channel based on 3D
Convolutional Neural Network (3D-CNN) in the diagnosis and treatment of Acute Ischemic Stroke (AIS).
Methods Patients diagnosed with AIS according to the early treatment guidelines between November
2022 and June 2023 were selected as research subjects, with a total of 280 study samples included.
Each patient underwent a 3.0T MRI scan in the acute phase of the stroke, with sequences including
T1, Tlc, T2, CBF, CBV, DWI, Tmax, and TTP. The image resolution was 2x2x2 mm?3. MRI data from
180 patients were used as the training set, and 100 patients who had undergone MRI examinations
constituted the test set. The 3D-CNN model was used to train the training set and predict the test
set, outputting the segmentation results of AlS lesions. AIS lesions consist of the ischemic core and
the surrounding penumbra, with the brain tissue in the ischemic core being completely necrotic
and irrecoverable. This algorithm can identify both the core and the penumbra, not just the
penumbra. The performance of this algorithm was evaluated based on the DICE coefficient, accuracy,
sensitivity, Average Symmetric Surface Distance (ASSD), and Hoffman distance. Results The algorithm
demonstrated high segmentation performance on the test set, with a DICE coefficient of 0.8710.05,
accuracy of 0.91+0.04, sensitivity of 0.85+£0.06, ASSD of 1.23+0.32 mm, and Hausdorff distance of
1.56+0.41 mm. Compared with manual marking results by imaging experts, there was no significant
statistical difference (P>0.05). Conclusion The 3.0T Magnetic Resonance 32-Channel based on 3D-CNN
has high application value in the diagnosis and treatment of AlS, effectively segmenting AIS lesions,
and providing more accurate and faster diagnostic basis for clinical doctors.

Keywords: Acute Cerebral Infarction; Penumbra; 3D Convolutional Neural Network; 3.0T Magnetic
Resonance; 32-Channel

2 MBS (AIS) 2—FE MNMARAER, mEREALNEENES", RIE
R DEARNSIT, SEFHI500F ARERZF, HA80%HAISTY, AISHERE
METEELKEERNZE LF#EE, FPESELBRTERY, AISHETERFENSISMMm
BEESHNARRMRE, #s M ARINEERE", AISHISKALTE
BERE. ERIEN, URARER L BIRGNESEENETRSE,

MEEEIRAUE (MR 2—FE0). TiE4T. BOMENEEIRE S %, EBIZHS
MEINRDE S, REAISHREREE, MRIGESSRAISHFEIL AN, S,
WE. BE. MFET. kST 8. ARRHSREE, HAISHISE. S, FETE
MariESReEEERE"", R, MRINEGOMEERBFEEERNEBRNY
Wr, FFEIEEMM. F—BMMERENRE, ks, MRINEGRESISHEERN
200, WEIELL. TEHE. OB, BHREONS, SHEGRER. KEM
BE, FBMET EGamnema s,

RT R DR, EER, ATEERAREMRIBEGSFTHEE T 2R B
ERM, ATHEERARGEBF B ASHNIENS2ANEE, SHNMRIEGN BN,
WA FRS AL HLIE, 125 TEGNREMSFINED, 2, FEXI2—MHE
FLEHEMENNRE I A%, 4EBMEBNEGRIIETR A hiZIE R R BT,
3DHIME ML (3D-CNN) 2—FETFIDEIZIREL ISR, AEBREIE RGNS
BRRERS, RLYEGNEEEIESMY, 125 TEGNRRENNSEBEDS, &
i, 3D-CNNTEAISHIEHE SR REIR AR, LHEESHERMNS EEHNMRIEE -8
RFERIRE, ZEEMRIGEBFAS MIINEEERES, BNTEENEZEE
MRSE, BETRENKBE, Be7TEGNREN—%KE", A, SHEMN%EE
HIMRIBES FAISHIEE IR MR MSUERE, AETFIRE3D-CNNI RIS,

AR SERITETF3ID-CNNE3.0THTEIR32BEIEAISIS T R R BN &, FIFH
3D-CNNIE RIS 55 17381 2 @ MIMRIBHR B ATAISHRIL B 2, B E S B MR
B, H5EEEROFDTCERBITILR, RITHTEEMERL.

1 ®EE55ZE
1.1 —REH FsHRACMMERR, ESERCEZRSNER, R8T EENNE
EE. #EF2022F118F2023F6 A ERNKIEAISEHI2AEEMIZHBEFANE

(55—1FE&]
(ERfEE]

=k, B, TREM, TEHRFME:
[Sbaki3

22 -

BRSSP R B A R AR RRYIZET. E-mail: 373403080@qqg.com



R, HPN2800IAFAFA. HPBE15201, ZiE12861, F
keSEE735~82%, TIFERN62.4110.2%, FREBRBWEL
WE6/NIRNER3.0T MRINE, TEMTEN2IUHHER
Gim. WRIBRNEBERNTE, K2806)EE D NillZREMNH
&, NEEEEIfIEE, MXEaF1006EE,

o

©

CHINESE JOURNAL OF CT AND MRI, DEC. 2024, Vol.22, No.12 Total No.182

PINATHE: 20229118 F2023E6 B ERMRE  KIEAIS
2HLRIEE RISHEE, HRRE: MRIKEREERE R
REBE, BEHTHN,; BEMMDEFRNES, ML, X
. RER. WIMGE, ZMAISHILNIRG; AT BB
hEHERHNE, FMEGNEENSE,

®

E1A-E1D HAEEEG], 1A SHEMAEERKMNTIFLAIRE (; 1B: SMRIAEEKBNTIVE R, 10 A% RAESE KR HNDVIER; 1D: 3D

IR 4 4528 e VAR A A 25 DO B DV TR

1.2 A% MRIKERA3.OTHEIR( (United Imagine, FE),
FER32BELMEE. FHEFETIMNEE(TWI). TIINAE
BIMEREF(T1c). T2I0RBEER(ToWI). BXIAE (CBF). A
BFE(CBV). REUNAE & (DWI). & ABYIE](Tmax)F0 @i B a]
(TTP)e BEBSMER2X2X2mm?®, EER2mm, ERHRO0
mm, FOVF240X240mm’, 4EFEF120X120, E&RER 8
RYL5D5h, BGEIEUDICOMERZHE, HXERGIME LR
™, HEANITHER G S AZIMATLABIR 4 (MathWorks, EEH)
TN IR D E,

FABEREUTSE: (1)XNENFHINEGHTERME
58, FERIE/IIHEEENLMAESESEW(HE) A%, RaE
BINERIEANLEE. QWETFINEGETRE, FREE
B(MNERNMBINEES, FRAFTIEAFF)EATIRIER, 5
RINZFE(LSERMRAAE, BETFYINEGRERIT.WILE,
SHRREGZENEUNTR., )NEMNEFNEGHTIA—1,
FRZIDHE*®, BEINFINEGNGRERRAYERO, 15
HEENINESHG, HEEGZENBEER. 4)NENFTIN
BT, FRAKFEKRG)AE, B8N FIINEGHNES
BoEk, RERERIXE, B TRNERMNITES,

DEEFEUTSE: (1)HE3D-CNNER, FHKerask
(Google, EE)%EHM, BREMEMNELIFRT, H=1B94AH
B REDES. FRISESFBAEKERE, RIEBANNEFTIRAR,
ENERREIERNIDEREN—NIDRAMLE, BREMN
HIANAIX3IX3, FKALIXIX], ERAR Isame, M
SEREAReLU, BAMUBRMUZANE2X2X2, TKAH
2X2X2, REIBESAIEH A—N32X32X 32X 256H4FERE, fi#
BESHmED ERERAR, SN EREREE—I3DLREE
MANIDBERNE, EXRFENERFEERFN2X2X2, FHNE
HiEESZE. ENENSRSRIDSEER, RRENEEN—
240X240X 120X 1M EIE, BEXIEZERIGRBBNENEIR
B4 S RRFD 2R AU Y _E SRAFIRBVI N AT HHE, 1IN TISEN
ZHMMERME, BRHIRKRIN — TR XME(BCE), fikiEn
Adam, ¥3%E#0.001, HEA/NAL, ERXE100, (2)3F
SERTING, FREIEIERE(DA)AE, MEMNFIINEGHET
BENEVEES:. P, BN, BNERAIEE, T HIENHENS
B, BETEBANEE, IGFENS MEERS N FTINE G
AR, ERREMEN, BEEERFIIFCHAISEILEGRER
RENEY, ERYEBES, JIGIED, FH10%893)I%4REE
RIS, WNRE A REFISRIE o (3) 3T MRS 17T,
FERIIZGIFIRE, STNRENE MEREITOE], MEAISHKEL
HAEIER, DELERAH—240X240X 120X 1IN EEK, H

FENNGRERTAISHEL, EANMGERTESMALR,

1.3 MBIAF MBI EELUITAE: (1)DEIMEERE, BT
HE3D-CNNIER D EIR, BIEDICERH. BE. REE.
T3 FRREEE (ASSD)FHoffmaniEE, DICERFZ—FhE
FEEXEMIET, RMTPIERSERERN—BIEE, B
EEEANO~1, Bl RTHIT. BER—METERS LN
Ir, RELT DEERPERIBFINGR S SEGRNEG, BET
EA0~1, 1R, RBER—FMETEMBMRIER,
RELT DEERPERBBIMAISHEILEE SELAISHLEEN
Ebfl, BRESEEN0~1, MiZR1RR#IF, ASSDE—METE
EEEMIET, RMT HBERSELERNRE 2 BN FIYE
B, BETEEAN0~o, HMiFF0XRR#MIF, HoffmanEE 22—
SZETRAEBNESXFNIER, RBMTHELERE5ELLER
HEAEBINE, BETEERNO~o, BiEFI0RT#T. 2)IRFKR
X¥gtR, BFHE3ID-CNNERIGERNE, BIFAISHEILE
A B, FSNmAETRS. AISEENEREIESEER
FAISHEH G ENHBRIUSMRENGIR, B Hmm’, KR
TAISHEMEB AN, 5ER2ENTEERX. AISHILNAIERIENE
HERPAISHIEGENTBIYIE, RETAISHEENDSE, 585
BERFITHEEM B X, AISHEEHNFEERIEN EILERPAISTHE ML
BENLARIR, RETAISKEMEBNNSG. REMRAMNREE,
S52FNREBERVNETAREX. AISHEIENMAETRER
P BERPAISTHFILEENCBF. CBV. TmaxfTTPE, RIER
TAISHEMNMAE., MAE. ERNENELNE, 582&EH
FRIMAZE A AT MR X

1.4 ZEit¥A5% BASPSS 22.0%4(1BM, EE)#THITES
Mo P ENEBEIBMBBIB LIS L7 EE (Mean£SD) R,
Bt Wilcoxon#Mie i HTRABMNIE, FRERER
E P (ANOVA) B Kruskal-Wallis HIQ I #H1TZ A B AILLES,
BERIEXAI(NHEIEREEXE (0) #HITHEXMEDT. Ik
RE X IEIRBIBUE LUAER (n) B DL (%) &/x, BREAKRKRE
FisherfgHt0 i T ABI R Z AR, P<0.05R~ERE
FIHERN

24 R

2.1 —f&FE RIERTIGEEMNREPBEN—RELTLE
EZER, BE0H%(P>0.05),

2.2 DEIMEE R2EFRTID-CNNERENRE EHNDEIEEETS
THER, URSESERFIFICERNLLE, AIUEY,
3D-CNNREENRNE LBETRENDEIEEE, EEATNE
BEIDICER#. BE. REE. ASSD. HoffmanlEEES® KT

23



RECTRIMRIZE 20244128 5224 $ 1287 £ 5518248

REIMCERHFTHR, ERTHRITFEEN(P>0.05), ER2ER
T3D-CNNER S EERFIRICERE N E EBIROCH L
LUK ek TERAUCELLE, ERTHITFEEN(P>0.05),

2.3 IGFRENX #3ER 7 3D-CNNIERIR 4 B4 R AAISTH I HIE
. MUE. FSHIREIRENGIER, UKSEREBEERF

FREX(P>0.05), 3D-CNNERM D ENERFAISHIMNUETE
DHEESREERFITICERNUEDHER, ERERUFE
X (P>0.05)o 3D-CNNRERDBIERPAISHENTSEZEL
RFITICERNES D HEMN, ERERITFEEN(P>0.05)
3D-CNNREM D RIERPAISHIENMREIRSERBEER

IR ERMLE R, ATUEL, 3D-CNNRENDEIERFAIS FITCERNMTMEFTRSIHER—, ERTHRITFEX
FRENFEIREESEEETRFINICERNAENVERER ST (P>0.05),
Rl —RBEHHR &3 AISTRAEEE R
—RRFER 452 (n=180) M35 (n=100) PE IR E X IEAT 3D-CNNEE! THRERFHFE PE
FR(%) 62.7+10.4 61.8£9.9 0.54 FFR(mm?) 18.7£15.2 19.1£14.9 0.76
gl 0.88 g 0.99
3 104(57.8%) 58(58%) MCA 69(69%) 69(69%)
kg 76(42.2%) 42(42%) ACA 18(18%) 18(18%)
AFEHEVNE)  3.2%15 3.1+1.4 0.67 PCA 13(13%) 13(13%)
Zh R 0.93 Sy 0.87
RER 72(40%) 40(40%) B Sk ER 82(82%) 81(81%)
E5315) 54(30%) 30(30%) FE 18(18%) 19(19%)
WY 36(20%) 20(20%) MREFRS 0.92
REREY 18(10%) 10(10%) fE* T4(74%) 75(75%)
EEET 16(16%) 15(15%)
=) 2= 10(10%) 10(10%)
|2 R EIERLER
SEIMREREAT 3D-CNNEE! FBRERFFIE PE
DICER¥ 0.87%0.05 0.88+0.04 0.32
BE 0.91£0.04 0.92£0.03 0.21
RYE 0.85%£0.06 0.86£0.05 0.41
ASSD(mm) 1.23+0.32 1.18%+0.28 0.27
HoffmanEEE (mm) 1.56%0.41 1.5140.37 0.35 Q

33 i

ARSI 7 £ TF3D-CNNEY3. 0THE L R32IEEIEAISIS T
BRI FR#ME, FIF3D-CNNIERINT 1758 H %5@E HIMRIEG#1T
AISTEH B S E], TEEDEMREMIEREY, H5EEERN
FMIFRER BT, BITHASEEMERE, AARNTE
AWM

(1)3D-CNNIERFEAISTHEIL B Bl LRI T IS M1 88,
DICER%. ¥E. REE. ASSDFIHoffmaniE B9k E TS
BIKE, SEGERNFHTCEREEEEER, WH3D-CNN
BENSIERSZAERNINE—S, BARSNAIEEME
Mg, X—sER 5" haIREE—%, RA3D-CNNERTE

24 -

B2 ROCH £ th %%

EFEGDE LEEMEMEREME . 3D-CNNRE ZFRLIRE
BEAISHIEN DB EIEREFNMR, ASEUTANAESR
X: B%, 3D-CNNREGEBFENZEREGNZENRAERER,
REEGHNTEENESY, R 7TEKNOREENN D EE
B, HR, 3D-CNN#EAE AT BRERIERML, 18T 15
ZHEMMERNY, R THRENRERNOTZEEN. &RE,
3D-CNNIREUER T HIRIERI %, BT HUENHEN S+
%, BETIMAENAE, BE 7TERENZBEEMR M,
(2)3D-CNNHERFAISTHIM B 2B E BEREMIRKRNE, 8
TN EAISEIE AR, EMMIRAIAISHENUE. /T



AlISTE I BT ASH R BRAISTR I B 7B A RDS, SHBERNF
TR REEZES, HA3D-CNNERWHHERS5SEET
ROHI—, EERSHIEEEN, X—£R25 i PR
BARTT, FAA3D-CNNIEEIEAISIS T hE S EBHERMN .,
3D-CNNEE > FRLUBE BB TEAISTR I M D 8| F B E RS MIGFN
&, TESUTAANSEER: B4, 3D-CNNIEEAEBRER
BIAISH BRI RO KA EE S, MRS EE®, XWF
AISEIIZHT . . TS IHMERATTIESEEEEMNE N, il
LR SIEAISHEL R RART IR, FERENRE, ¥
e SIEAISTR I PRRIA RIS ER N, BaAEMENRKE., &
O RADEEE B AN E BRI B RE T AISHIFIRER,
EEREMATY, EMTAISHISE. S, FETERAT
S, B, BROAOKR), FESRA, BAFMCART
IAIS, TSR ATHEEBUFBINE L RAIS, PERER
7, AR, EaHTNEEEMSARIPNAST; Mk
HLREBA, HEEER), BAIFACARPCARISURMAIS, A4k
ROEM R EFRBNATRNAIS, PERERSE, TPERIE,
EEHTRNEENSET, FEit, 3D-CNNIEE A3 FER
BIAISF BB IR O KA EES, HIGREERE T BELE
TSI BTRIE,

Hx, 3D-CNNEEEEBFALHEINEGRES, 25
AISTEIL IS B AT SRR, REIRIRE S AE TS & BRAISBIR
FERIRISE, tNTIWIBESS B RAISHEM B AMINE, T2WIES
SRAISFIE N EEMKS SR, DWIEEHEERAISKILHKSY
HURA, CBF. CBV. TmaxFITTPAENS BRAISHM A M FEE
KRB, BESHEINERSE, EBIRBAISHILNDEHH
SHFERME, Fit, TIWIFIT2WIBESK S AISH I E bk
ERREE, WD, KRG, RES. RIMGE, BETIE
BARISH AL DWIBETSK S AISHI BOER M o0 KA B4,
EETAISKEENDZIMBEMSEN; CBF. CBV. Tmaxil
TTPEEB X HAISHRI I FE RS, 125 TAISKLN S B
BREMIS S, Eit, 3D-CNNIEEAEBF B2 METINEG
B8, HEREERMT B SENEERNSSILSR,

AR ZMET, EREETID-CNNEI3.OTHLR
BEMATFAISEITH, ST WAISHELMENL. Bhek
B ELINDE, BETAISETFHNEENRE, SMRNKSE
EF, FRTSHRNLBENMRIEG, BHTBRINMIESR
B, 1255 73D-CNNIER BRI R, AARBBRETF, #
ABR), PEERFSEHMBERTHR, DELERRSIEHE
ZERWITREE, REEAISKULNEETH, RKBIE3D-CNNE
RSB, SENHREET ARAS, NR
4, BTSN, ZES. SRBNIIE, Hit3D-CNNERE
AISIZ 7RI E % [ A SN E,

£ PRk, ETF3D-CNNAY3.0THEEIRILEEEAISSFHA
BREONBNE, TR EIAISHKEL, HIEREER M4
B B RIS BRI,

2Em

(1] M de, x| &R, B4k 7 47 8 IR 0 2 M AR 28 /5 16 T 3 0 A7 [0 0 Al o 8 ¢
%, 2023,42(6): 605-608.

(20 F5H NRESUEREAFKERFTEXZNHRALRI]. LBES 5
JK,2023,20(1): 128-131.

B3I Aef, KA F, XH 5, F. &l FERAERNEREGGF A U] LR E
&,2023,45 (4): 307-311.

CHINESE JOURNAL OF CT AND MRI, DEC. 2024, Vol.22, No.12 Total No.182

(41 R, T4, Wi, %, BR 20 ARS8 8 B 2 A Jo 8o #k oy 2 Ah Bk i o b
IR E FE AT I]. & RG  Ekm A&, 2022, 39 (10): 872-876.

(S1AR =P AL, B EI X, A7, . BPAW 2 WU 45 . B L AR A o o S 0 4 1 o A 2R
B st e R AT I 2 oh fk T Ak 9 Ak th 4 1] 528 o i 4 o 2%
,2023,31(2): 16-21.

[6]Zhou Y, Huang W,Dong P,et al.D-UNet:a dimension—fusion U shape network
for chronic stroke lesion segmentation[J].IEEE/ACM Transactions on
Computational Biology and Bioinformatics, 2019, 18(3):940-950.

[7]Grivas A,Alex B,Grover C,et al.Not a cute stroke:analysis of rule-and
neural network-based information extraction systems for brain radiology
reports[C]//Proceedings of the 11th International Workshop on Health
Text Mining and Information Analysis, 2020: 24-37.

(81 Z 3% %, ¥k, IREE, F. S MMAESL3. 0T MR ARMS DWIL % #IMS-EPT DWTEI{%
A ). P EEF AR A, 2023,29(3): 231-235.

(91 % =, £ H . SLMRL. DVIAnSWIA A M Jii A 58 W o e 4% 135 7 o i 2R (D). 40
A4 (B F R, 2023, 58 (4): 581-584.

(101 R AR, 7 b 25, 7 AR, 4. 4 M CTH V2 AR X/ MATR AR S U Wi B 4 1 R Bl
B2 A [T0. o I 2 i AL A 2 75, 2023, 29 (2) £ 125-130.

[11]Wirasati I,Rustam Z,Aurellia J E.Cerebral infarction classification
using genetic algorithm neural network and stochastic neural
network [C]//International Conference on Advanced Intelligent
Systems for Sustainable Development.Cham: Springer International
Publishing, 2020: 506-515.

[12]Cui L,Han S,Qi S,et al.Deep symmetric three-dimensional
convolutional neural networks for identifying acute ischemic stroke
via diffusion-weighted images[J].Journal of X-Ray Science and
Technology, 2021, 29 (4): 551-566.

[13]Raghavendra U,Pham T H,Gudigar A,et al.Novel and accurate non—linear
index for the automated detection of haemorrhagic brain stroke using CT
images [J]. Complex & Intelligent Systems, 2021, 7: 929-940.

[14]Sathish R,Rajan R, Vupputuri A,et al.Adversarially trained convolutional
neural networks for semantic segmentation of ischaemic stroke lesion
using multisequence magnetic resonance imaging[C]//2019 41st Annual
International Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC). IEEE,2019:1010-1013.

(ISTIEA o], RAEHE, B %, %. 5 TBPW 4 W 45 0 S AR SE B4 B K M 4 b 8y
e TR AR 55 (3], o E AR E 5, 2018, 21 (12): 1413-1418.

(16] 345 M, 3KAF, M4, 4. CTE & ME AR SE A N A B B 52 18 6 FE it 2 51 5 B o oy
LR LT). SRR A 47, 2023, 39 (1) 1316, 25.

NN EEF 2L, FEEFEZLGENND L, PERGEFLET RN HEHE
VEFRASMNFA. A b A d fF ET o E AR 2023 (7). HE AR
%,2023,18(6): 684-711.

[18]Oman 0,Makeld T,Salli E,et al.3D convolutional neural networks applied
to CT angiography in the detection of acute ischemic stroke[J].European
Radiology Experimental, 2019, 3: 1-11.

[19]1Zhang R, Zhao L,Lou W,et al.Automatic segmentation of acute ischemic
stroke from DWI using 3-D fully convolutional DenseNets[J].IEEE
Transactions on Medical Imaging, 2018, 37 (9):2149-2160.

(200 L 5e, RREM, AR 2T 1830 A e x40 0 S A pl Sk ok S 4 s DW T I 8 O 39 8
[J]. B 3L AR AR, 2023, 14 (7): 121-126.

(WFSEHA: 2024-01-25)
(RRXI4mEE: FHHUK)

+ 25



