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ABSTRACT

Objective To explore the diagnostic value of deep learning (DL) technology for obstructive stenosis of
extracranial and intracranial artery. Methods The study retrospectively included patients suspected
with acute ischemic stroke from January 2020 to June 2021, who underwent both CTA and DSA within
one month. Degrees of stenosis were classified as normal (0%), mild stenosis (<50%), moderate
stenosis (50-69%), severe stenosis (70-99%) and occlusion (100%) on patient-based and vessel-based
analysis. Obstructive stenosis was defined as diameter stenosis > 70%. Diagnostic performance was
assessed through AUC, sensitivity and specificity with DSA as reference standard. Results In patient-
based analysis, the AUCs of DL technology and radiologists in detecting obstructive stenosis were
0.781 [sensitivity and specificity were 0.934 and 0.627]and 0.840 respectively, and there had no
statistical significance (P=0.074). In vessel-based analysis, the AUCs of DL technology and radiologists
were 0.923 [sensitivity and specificity were 0.885 and 0.962]and 0.932 respectively, and there had no
statistical significance (P=0.393). The median analysis time of DL technology was 8.67 minutes, which
was significantly lower than 29.55 minutes of radiologists (P<0.001). Conclusion DL technology, with
less time-consuming, can accurately assess extracranial and intracranial artery stenosis and will be a
promising method to optimize risk stratification and guide treatment strategies.
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MR 2 2IRE — ARG MER, LRSEHARENTIERRE", R AMmNM
RINEBR IR I EHOAN RS RRIEAT AR FRIEHT o BUMNZEHALS (european
stroke organisation, ESO)AREFEARIZPRALEAER M AP ELIBRAILLE (north
american symptomatic carotid endarterectomy trial, NASCET)“39##E3I3AshEk
EERELLLE(70-100%) 0 B E1TMERKRARTIFRAR (carotid endarterectomy, CEA)®]
PR ZE AP XIS, A, SRR G AR A IR EFE E XS SRR 22 (acute
ischemic stroke, AIS)Z FEMRTRM A (E(transient ischemic attack, TIA)BEEBE
TEN, IHESEETMCEARMERN AT KR, HATEREENENES",
S5#HF R MEEF (digital subtraction angiography, DSA)#ELL, ITEVEEME S
% (computed tomography angiography, CTA)EEXLEIM. SRHE. SRMEIE
(negative predictive value, NPV)IZ FREVEELZ MR, EFEMAINIBIEER AT
BERSHEREY, AT, CTARSNFRZERNKGRIEERN, FHEEELE
BYlE<. 2 EmERMER—BRIESFE S AL,

HER, REF S (deep learning, DL)IANNAMRHEZ, GESKEERN
TECL mRsSsAmEREORN, AISEETENTN S, WH—SHOH
RKA, DLEAWFRMEIBCTANMEFEEMPRD X FEHNIZEHMHESERFEN
BEAFGERRA—K """, AW, RLOBWALUDSAN “SHE” TEETFCTAKDL
RARIZENERY, Eit, SHREHEUDSANSENE, TMEETFEHERHEME
(convolutional neural network, CNN)BIDLEZANTmRIMND AR EhRKEE%E R 12 B BE.
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K&, CTHIFEEMNEIBKS EIAMINER, AN LEFIRERAR
HITCTARR, THEMMRIFILREBX, H®EN220 HU,
FEENESE IS (UlichETFBIRAE, EE) LUSmL/sHE
EESHRE3205370mg/mLEViA T OB (RFIBRHIZ, 8L St
$E(FEEZD, EE)50mL, FEEMAERESTRE FNEEEK
45 mL, FTEHBERENREEYF0.625mm,

1.3 CTAAI S # EHNELETfEiL(Advantage TIELL, AR
A54.7, GEEST; Syngo.via v.4.1, I JFEST; Intellispace Portal
TEuk, FR456.0.3.13200, ¥FEEST) XCTABGHITO M,
RIENASCETHRE, EEEMME KFRAIMIMADIRIEETE
ESAERE0%). BEME(< 50%). RERAE(50-69%). EE
BEAE(70-99%) FAIZE(100%) ", BHEMEEE N AERREX
=70%,. FIIMHBKEIEINMIZRA sk FIAETIRK, FIACHEX EIEE
JERBhBK K XXM A B g shAk (anterior cerebral artery, ACA)A1-2
E&. KB zhRk(middle cerebral artery, MCA) M1-2E&FIA/N
bRk (posterior cerebral artery, PCA) P1-2EZ,

AR DANEIFEMIOFEREEGIZHELRNRF R EEEN

BB TGN AR ERRE, ERA—HNIE
NH—E B 16FLNNESE ARG R EEHTTHIN,
14 B9 8. ERRDLEREEFRE FlACerebralDoci
(Fumflsy, bR)ETAIN. FMARTE sIBKIRZE XN B a1,
RHEBETF=ZRREEResU-NetiBE, JEBRBRAAHTDIEN
Mg, BEZREKTNERTHERME D EHEIR, BARMETE
%, EAMAMANshAK D BINEM E, XE=4#88 AT Eabk
i, SBHREOEUFER(Imm)EEZ—H60X60&ETA,
RERORES, WRBE%ESR (straightened rendering, SR)E
%o BoOEFHU-netEMFNIE IR L HBIResU-net iz BB F SR
BGLIiEEs R, ARG, BiRHNZAENEREshiel
BRANBATFERESIER, TEENRNREERE(E2).

HE1 jA2r. B2 DLEAR R FER.

1.5 Fit¥E 9T RASPSS 26.0fMedCalc 19.6. 4 #1745
toth. ERLEREESHESHH(EHAKolmogorov-
Smirnovi€if), IBRAFHE T IEET P AP EE
BE(IQR)e EXNHANILREAMIBEATRE, FESHH
AR ERMann-Whitney Ui, 2ET2LIH5(%)%*R
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™, FECRIEETIR. ARENDEKT, BEIZRET
YE4HIE (receiver operating characteristic, ROC)#h%k FED
(area under the curve, AUC). UM, 2. FEMFNE
(positive predictive value, PPV)FINPVHEEIZHTERE. KA
Delongte 3o tt DL A S SR EIMMAUCER BRIt ER
Xo RFAKappaZtitERITMDLEAR,. MEHIEMFDSAZIER
—Ht, PENF0.05HBHITEE N,

24 B

2.1 IRHNREE FREEET, 19741(79.4%) BEEZEHEEY
W7, SIEEENMESENL, AEYREEEEESNER
(Z = -2.449, P=0.014)M = MmFELAI(( x = 30.101, P<0.001), H
lEREREEZELTRITFESR (P19>0.05), EAIIREL

R1 ARNRIGKFE
B1t(n=248) FEEMMAE(n=197) IEEEMHZEN=51) P
Fi (%) 67 (60, 72) 68 (60, 73) 65 (61, 68) 0.014*
31 - no. (%) 167 (67.3) 134(68.0) 33(64.7) 0.653
IEPRAEIR - no. (%) 214 (86.3) 172 (87.3) 42 (82.4) 0.359
SiE 165 (66.5) 148(75.1) 17(33.3) <0.001*
Shuls 83(33.5) 67(34.0) 16(31.4) 0.722
HEPR I 85 (34.3) 67(34.0) 18(35.3) 0.863
AR MERESE  35(14.1) 31(15.7) 4(7.8) 0.149
BEERIZEARSE 19(7.7) 16(8.1) 3(5.9) 0.592
IR AR 51(20.6) 43(21.8) 8(15.7) 0.333
IRE 70(28.2) 55(27.9) 15(29.4) 0.833

2.2 BEKEST EEEKFP, ROCHLEERDLERSK
SRIE AT FRAE S HAF 2R BIAUCES 50.781510.840,
HADLERIZHAISRE. 2%, PPVENPVS5150.934,
0.627. 0.906%10.711(5%2, E3). £DSAIESE, DLEARIZHLER
FREPAM (true positive, TP)FMEPAM (true negative, TN)EE
I3 7918445(74.2%)F03241(12.9%).
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BI3A-I3B DLACA o [E J 0 B 2 8 (3 o (3B) ACT Ep i B M
HE(GT00 T REREBED L, 8% TER D LEHT.

2.3 MEKFRH ELEKFF, DLEARSHEREMBAUC
B9 5190.92370.932, ZRELARITFEN(P=0.393), FDLE
ABBRME. 155 M. PPVRNPV450.885. 0.962. 0.756
#10.984 (&2, E3), &DSAIESE, DL ARIZUTLRBTPHINP
BE ST H285%(10.4%)F12314%(84.8%), 92 MERFAM (false
positive, FP)ARFENFEANFEANEFETRAXETR
(n=46, 50.0%), LAHSHEKRERE % (n=42, 45.7%). 37 MRAM
(false negative, FN)WEERHFDOLEAX MENHIRIRGo
DLEARSTAIAII I R E EBENZHAKIZSHI K3, ROCH
2R, DU AREMAEIBKF MM sHEKEE MR T IZ M IAUCHE
250790.917#00.914, EFMCARAUCERS(0.946), HEIZHH
B4R
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MEKF EDLERSDSAMKkappafE}0.789, DLIFASHEIE
JMfYkappaf@#90.831,

L, DLERARSHSIEMZ BN —HIEIMFOLERARSDSA, HA
R2DLER, BSEMERENME KT

X TFRHEMAE(>T0%) RS2 E R4 DLER, BHENEFMDSAZ EN—BitEKappad it
BEIKTE MmEKF BEIKFE MEKF
DLEA HETERE DLEA THETERE DLvs.DSA DLvs. W&{E4 DLvs.DSA DL vs. BETESE
TP () 184 18 285 285 WEREENE  0.599 0.717 0.688 0.746
FP (n) 19 14 92 53
i ari=] 0
FN (n) 13 9 37 37 RAEIEE> 70% 0.587 0.717 0.789 0.831
TN (n) 32 37 2314 2353 3 DL, FE¥3); DSA, iFREmMEEE R,
AUC (95% Cl) 0.781 0.840 0.923 0.932
(0.724-0.831) (0.788-0.883) (0.913-0.933) (0.921-0.941)
Sensitivity ~ 93.4(88.7-96.3) 95.4 (91.2-97.8) 88.5 (84.4-91.7) 88.5(84.4-91.7)
(95% Cl)
Specificity ~ 62.7 (48.1-75.5) 72.5 (58.0-83.7) 96.2 (95.3-96.9) 97.8(97.1-98.3)
(95% Cl)
PPV (95% CI) 90.6 (85.6-94.1) 93.1 (88.4-96.0) 75.6 (70.9-79.8) 84.3 (79.9-87.9)
NPV (95% Cl) 71.1(55.5-83.2) 80.4 (65.6-90.1) 98.4 (97.8-98.9) 98.5 (97.8-98.9)
S DL, RES; TP, HAM; FP, {BIAY; FN, {BIAY; TN, ERME; AUC,
Hh4 TEAD; Sensitivity, SUEME; Specificity, $58M4; PPV, PEMTRIE;
NPV, FRFNIE,
=3 DLEIA Y AP SN BhBk BE A IR A (=>T0%) Kig B 238

A4 hBK FRINEBK ICA VA BA ACA MCA PCA
TP (n) 186 99 101 85 21 7 56 15
FP (n) 59 33 17 42 3 8 11 11
FN (n) 20 17 11 9 5 3 5 4
TN (n) 727 1587 367 360 219 478 434 466
AUC (95% Cl) 0.914 0.917 0.929 0.900 0.897 0.842 0.946 0.883

(0895-0.931)  (0.903-0.929)  (0.902-0.950) (0.852-0.932) (0.923-0.964)
Sensitivity (95% Cl) 90.3(85.2-93.8) 85.3 (77.3-91.0) 90.2 (82.7-94.8) 90.4 (82.2-95.3) 80.8 (60.0-92.7) 70.0 (35.4-91.9) 91.8 (81.2-96.9) 79.0 (53.9-93.0)
Specificity (95% Cl) 92.5(90.4-94.2) 98.0 (97.1-98.6) 95.6 (92.9-97.3) 89.6 (86.0-92.3) 98.7 (95.8-99.7) 98.4 (96.7-99.2) 97.5 (95.4-98.7) 97.7 (95.8-98.8)
PPV (95% Cl) 76.0(70.0-81.0) 75.0 (66.6-81.9) 85.6 (77.7-91.1) 66.9 (58.0-74.9) 87.5 (66.5-96.7) 46.7 (22.3-72.6) 83.6 (72.1-91.1) 57.7 (37.2-76.0)
NPV (95% Cl) 97.3(95.8-98.3) 98.9 (98.3-99.4) 97.1 (94.7-98.5) 97.6 (95.3-98.8) 97.8 (94.6-99.2) 99.4 (98.0-99.8) 98.8 (97.1-99.6) 99.2 (97.7-99.7)

(0.870-0.925) (0.807-0.873) (0.852-0.910)

D DL, REF; ICA, HNEIRK; VA, #EEIRk; BA, BB, ACA, KRaizaifk; MCA, KEiFzhbk; PCA, KREzBk; TP, HFAE; FP, fRFAME; FN, RIAM;
TN, EFAE; AUC, BhTER; Sensitivity, BURM; Specificity, $F2M; PPV, PEMFUNE; NPV, BEFNE,

2.5 DLEARSHHHEMSTHNNELR DLEAWEURE MESHEMNPAUREN29.55 (27.76, 31.91)7, ERFES
FRAISMEHRKCTARY /5 A ERAN 2 B R (i1 BY 8] 98.67 (8.35, 8.92)73,  IHEEN(Z=-19.27, P<0.001).

o @ @ 0]

®
B 4A-B4B i, 73%, RELBMHTIERE, {TCTAKDSA 2, DLEL A SR R ZESR (44) FuCPR (4B) | 2 U 37 ) 24 ik A 44 AL B %8 Jis & JE 4% (B
), PEFEHT5-80%, DSAt:E (4D) E SR B E IE EEHE (A A7) ; % SR (4A) F1CPR (4D) B 2~ A MU 31 A 24 ik e A0 R 304 i v JE 4B (1
k), BREELAS55-59%, DSAhE (4D)IEL R A RE (A4 . SR, kWEZ; (PR, MwEZ.
- 157



HEICTRIMRIZRE 2024488 $£22% $£8H5 2517887

33 i

AHZT & TIDLEAR XY AP Shah Bk BE Z2 1 e B 12 U Y B
ERBRE, B OSESGE, BEEANIEKREBEE.

ESHIE, CTAMMKSMEHBKILE R M15 BT A B AR T st
NEEMIEFRZBME WHR, 8% T ERRI AR
M= BARERNTSEABEEGET, BTENEEMES
KR ERR IR T VG EE AT R R,
IMEMBRRE, WM. AFIREEEAEM, MRF,
1£3D-CNNHIEE B T 34137 LR T S B3 Sk 38 Ak S BBk B9 £
M. ERNEAENE, FHTHEMAE, BDLEARNISEYE
ERMETRERAY, X5ZFNShOmRgREs—%",
Eit, DLEARTUEZRERGTHNERAE THENEERE, 7
SR 9 A HAE R B R 3% 2 — R 5 A 2= B9 AP SN BB R B B
ETA,

AR, DLEAREREKT LRI H BTN RHEN
PPV, READLEATNAMMNHIBEEEESRE, A, &
AR BE KT L ERE T I ABZ(0.78 vs.0.86)™, X5
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