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Abstract

Objective: To evaluate the association between characteristics of non-carotid plaque and embolic
stroke of undetermined source (ESUS) on computed tomography angiography (CTA) in patients
with unilateral anterior circulation infarction with artificial intelligence (AI). Methods: Patients
with acute unilateral anterior circulation ischemic stroke admitted to the hospital from May 2022
to March 2024 were identified and included as large artery atherosclerosis stroke (LAAS), ESUS, and
cardioembolic stroke (CES). The clinical features of ESUS, LAAS, and CES patients were compared
and Al-based on CTA images automatically analyzed and compared the differences in ipsilateral and
contralateral carotid plaque features of ESUS patients with ischemic events and explored their cor-
relation. Results: We analyzed 72 patients with LAAS, 50 patients with ESUS, and 30 patients with
CES and found that ESUS patients had younger onset age and lower C-reactive protein levels than
LAAS patients. ESUS patients had more vascular risk factors and fewer abnormal cardiac markers
than CES patients. In terms of imaging, ESUS patients had more mixed or non-calcified plaques in
the ipsilateral carotid artery than the contralateral carotid artery, and the incidence of mixed or
non-calcified plaques in lumen stenosis was higher. Logistic regression analysis showed that both
were independent influencing factors of ESUS. Comparing the features of carotid plaque on the side
of LAAS and ESUS ischemic events, it was found that mixed or non-calcified carotid plaque of LAAS
was more common. Conclusion: The clinical risk factors for ESUS are closer to LAAS than CES, and
mixed or non-calcified plaques are more common on the same side of ischemic events, which may
be a potential etiological marker for ESUS.
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1. 51§

SPEBR A AR O S BB TR R R E R A, )2 4 FH I TOAST (Trial of Org 10172 in Acute Stroke
Treatment) 7 BB ifn 1 25 v 2 N TR FEERG: KBIBk ok FEAE L2 (Large Artery Atherosclerosis Stroke,
LAAS). 42 ZE R (Cardioembolic Stroke, CES). /ML 41 %€ % (Small Artery Occlusion, SAO). HAth &l
Hiff 2 (10975 DR RN A B 2 R TR 2R o E Ol (B, B0 AT S Wi A, 15 25% (1 e i 1 4% v £
T AR o PR o MR AR SR IR T SR RIS BR 44 2E 74 4% 71 (Embolic Stroke of Undeter-
mined Source, ESUS), HZIRAEMiK CT 8t MRI H R I AR BRIEREFERE N,  JoREFE X 38t i 50 ik B 2
(R s B 2 (B A 3R > 50%) AR 3 1 O R MR T [1]. IXEeh SE RPN S ZRLEIE 26, IR 5
B, FEhK S SRR REREAL . AR A S RO AR AL BE R L 0 55 0o LG AN B B FL A PAD )T JEG e ZE 2 1]
REAEO AR, AT AR A, AR A MRS ik HAE ESUS HEEH L, H—SEBEHURRAE,
WPEHRJESE . BEHARIR, BEHepy i, BEBRIS . BEER Qi BB [m] 5 25 50 25 &) H BILAE 05 A% 11 [
MI[2]-[61, AN Jyix S AR @ BEH 1) I 75 42 7 7T e S 80 ZE FAF 1 R 2B o BEE AR AR KR, BEHr4S
HEIFMZEL i m] R A TR0 A I 5 R of =44 B W] S R AR bR S [7] . AR I B AR A R THE LT R S A L i
% (Computed Tomography Angiography, CTA) & £ B8 21 & ki e ESUS B35 rh s kb 22 B2 A
B E . BEVRHIE S A Rk

2. &M E
2.1. ntsg

[N 2022 4 5 H %2 2024 4= 3 HTEI T & 0K 2% Bt & B Bt 1 FE e DX 4 22 3 RIS 00 B A0 T 78 24
itEAE . AN NFRUE: 754 LAAS[8]. ESUS[1]. CES[8]iZWitrt; HEBRARAE: 1) S 2ok F 5 p
KA AEF >500%: 2) M MRI $&7R AR IERESE: 3) HABA A, i, shiiksg . 2 s
SRS, 4) ImRBERIA TR . AHERAT B &R R ftHE(QYFYWZLL29601).

2.2. FRYER

W B IR VERL, B N DG AR (RS . M) M SRR R (R ME . PR w0 )
JHEE S I S) . LR MR (e . AR SRR E (A AT, RS D- Rk, C
M A RE . ol = Ee. (%% B & 1 [ BE(Low Density Lipoprotein Cholesterol, LDL). &%
J i 25 14 JE [ 8% (High Density Lipoprotein Cholesterol, HDL). JE&5H a. ik, Wifbmr & E. &H
REPRERR . KRR MIEHS MIEEE) . O IEDIREAH AR R (AR 2o il a4t A0 &F5K EDT. /&
DEEFKINAE E'e). & H E 7 B A 7T Bt 42 Hh & 3K (National Institutes of Health Stroke Scale, NIHSS) 73+
H e 2 R Rankin 3 (modified Rankin Scale, mRS)i¥-4) .

2.3. RBERITM

L CTA NI M 25, H CTA R LA EHOPRIECT 6 M T 174l LAAS A1 ESUS &
B BN IRAE REPE S SN KRB RS AL o B B R — 3K Clat i [ 58 24 i M B B S I HE A el AL
P, L7 S SR N ARV 20 7 b X35, L 5 S K0 B I R AR R 10 B 370 M Sl ik 25 B
MIPRAETERE . BEBAAL B R (P AL BEEe . TR BEER. AR5 BESY), 7w rai R 1. 18 2. XF
Ko AR X SUA) K LB Al 2 R I AER I, B R E WA R R R B SR AR T 2023 4
Radiology 7% 5 /) 2 Lo iE 50 L3R WA LR FEE 27 2] S0 mT DLAERA MLt 8 1A B A B2y 28, JF H 52504+
B B BRI AR B A RIS A2 PR RE[9] . BRATTIE K AM B ik B (U sk« SN Bk C1 B) K 3ih

DOI: 10.12677/acm.2025.153868 2327 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.153868

RN 25

Bk KB A RRE . Sl KBTS L B HURRAE .

FHCBER ~

BEPE 2 (%

AR v
BERE 72 %
FHCBER ~

BERE 10 (%

i%ﬁiﬁ

Figure 1. (A) Examples of narrow plaques; (B) Examples of non-narrow
plaques
1. (A) BREBHRG; (B) IEIRETERRA

Figure 2. Examples of carotid artery plaque distribution: (A) Calcified
plague, 37% stenosis; (B) Mixed plaque, 16% stenosis; (C) Non-calcified
plague, 37% stenosis

2. WMENEKBER ARG (A) $5ULBHR, IRERE 37%; (B) B
BEHR, RERE 16%; (C) IFISUBER, IKERE 37%

2.4. AR

K SPSS 26.0 it ATGtit . FFE ISRV IS + fRfEERR, AR IES
Gy T B BORE DA L ORI DU S A B R R R, PRAHLIES oA . 7 2250 VE U BCR RIS R t K05, AL
AR IR A BT 228558 LEEESK A Mann Whitney U A3 THECBURE VBN 1 73 38, LI ELAECR
A o SR i P AP R 00 S50 K RS L D i R HLZE {E RS 0 A R AT RE X (222 t e
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o ZEAE AN G IEZS 2040 WK A5 Rk ARG o o 28 6 2 [] 0] 600 600 B R AR A 1 % 2E 36 LU AR H
McNemar f55 . B2 /32K 2 H 5 Logistic B2 i€ 5 ESUS M LAAS A X HIBE A 2,
FEHEAL# EE (Odds Ratio, OR)AI 95% & 1% [X [H] (Confidence Interval, Cl), P {4 < 0.05 W\ NH EEMEER.

3. &R
3.1, IGRIFAE

PRI B HEBRARAE, A AN 152 9 /38 . Ho, LAAS 83 72 4], ESUS 2H &35 50 i,
CES ZH &34 30 . 5 LAAS 4B # ML, ESUS A 38 B AEHR(p =0.024), C [V H /K F 5 A% (p = 0.02),
W7 1. ESUS ¥ 5 CES B M E AT REMM . 1l, Feeiids i, /MRS, & R B b i /K
P, FERR A AR AR ARG, O ERAR, WIREAR . o0 E S B A0 s T R AR
FeUEEP K IIEE E'e J71HI, ESUS AT CES 3, Wik 2. 45 B/ ESUS B # 5 LAAS 4%
FE I PRAERAE 3 AR AL

Table 1. Comparison of clinical features between LAAS and ESUS patients

5= 1. LAAS 5 ESUS B & IR R4FELL

A LAAS 41 ESUS 41 P 1A

UNEE W<
FW(B) 70 (63.25~77.75) 64.42 + 11.67 0.024
FE(n, %) 55 (76.4) 38 (76) 0.960
NIHSS ¥4 1.5 (1~3.75) 1(0.0~3.0) 0.253
mRS -5 1(1~2) 1(1.0~1.0) 0.058

JIIN=SEA SSE S

ML (n, %) 51 (70.8) 33 (66) 0.571
PRI (n, %) 16 (22.2) 15 (30) 0.332
L9 (n, %) 8 (11.1) 3 (6) 0.522
JE A BE(n, %) 22 (30.6) 12 (24) 0.427
WA 52 (n, %) 31 (43.1) 25 (50) 0.449
R SE (n, %) 19 (26.4) 20 (40) 0.113
FELR A [ (mmHg) 156.57 + 23.85 149.92 + 21.07 0.115
FELLE K R (mmHg) 85.17 + 13.98 85.78 + 12.42 0.804

S R Y
H 4 A5 (10%/L) 7.22 (6.27~8.54) 6.97 + 1.50 0.096
/N £ (10%7L) 241.03 + 73.63 248.56 + 66.66 0.565
- FfAk(ng/mL) 370 (295.0~537.5) 330 (270~400) 0.056
C KR H F(mg/L) 2.82 (0.84~7.77) 1.4 (0.76~2.41) 0.020
J JIEL [ B (mmol/L) 421+1.21 4.03+0.92 0.362
i =& (mmol/L) 1.25 (0.91~1.57) 1.16 (0.79~1.55) 0.255
fRE A a (mg/L) 206.15 (98.43~433.93) 164.1 (92.73~280.28) 0.274
LDL (mmol/L) 2.81+1.06 2.56 +0.78 0.150
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HDL (mmol/L) 1.05 +0.24 1.07 +0.21 0.675
2% i 1 4 (mmol/L) 5.18 (4.73~5.92) 4.96 (4.59~6.38) 0.500
A RARE 4= 6 (5.55~7.0) 5.8 (5.3~6.7) 0.173
I 284 2F Jik (2 (umol/L) 12.6 (10.05~17.0) 12.2 (9.88~15.83) 0.608
JRT (umol/L) 290.27 + 80.42 295.5 (258~352) 0.234
13555 (mmol/L) 2.20+0.13 2.20+0.88 0.790
& % (mmol/L) 1.13+0.18 1.18 £0.14 0.198

L EAR SR bR
Fi R AN Bk (pg/mL) 127.0 (53.15~302.25) 75.9 (36.05~155.0) 0.073
7r 5 T JE A% (cm) 3.84+0.35 3.79+0.27 0.432
Fe Ry R(n, %) 34 (73.9) 28 (71.8) 0.827
e 03 S L4345 (%6) 60 (60.0~61.0) 60 (60.0~62.0) 0.101
FE 0 EEF5K EDT (ms) 219.91 + 29.47 212.93 + 30.57 0.357
f L EEFFIRIIAE Ee 12.1 (11.1~13.3) 11.2 (10.6~12.2) 0.054

Table 2. Comparison of clinical features between CES and ESUS patients
% 2. CES 5 ESUS B IERIFIEEL 3
B3 CES 4 ESUS 41 P 1H
UNEE: San 2

(%) 67.97 +11.20 64.42 + 11.67 0.186
FHE(n, %) 17 (56.7) 38 (76) 0.071
NIHSS 4> 2 (0.75~3) 1(0.0~3.0) 0.537
mRS 35 1(0~1) 1(1.0~1.0) 0.485

IIR=SEA PSS
= I (n, %) 15 (50) 33 (66) 0.157
HE PRI (n, %) 9 (30) 15 (30) 1.000
L (n, %) 3(10) 3(6) 0.667
TR BT (n, %) 5 (16.7) 12 (24) 0.438
WA 52 (n, %) 5(16.7) 25 (50) 0.003
R (n, %) 4(13.3) 20 (40) 0.012
L4 s (mmHg) 135.83 + 20.63 149.92 + 21.07 0.005
FLL 475K K (mmHg) 82 (74.75~101.5) 85.78 + 12.42 0.881

SIS = R A
20 v 25 (109/L) 7.21+2.16 6.97 + 1.50 0.562
IR THE(109/L) 213 (167~251.25) 248.56 + 66.66 0.03
D-— %44 (ng/mL) 355 (287.5~502.5) 330 (270~400) 0.239
C xR # H (mglL) 1.25 (0.6~4.30) 1.4 (0.76~2.41) 0.886
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5 JIH [ B2 (mmol/L) 4.44 +0.91 4.03+0.92 0.050
“H ¥l =& (mmol/L) 1.11 (0.75~1.66) 1.16 (0.79~1.55) 0.952
fe® A a (mg/L) 213.55 (113.3~339.78) 164.1 (92.73~280.28) 0.185
LDL (mmol/L) 2.88+0.85 2.56 £0.78 0.088
HDL (mmol/L) 1.18 +0.24 1.07+0.21 0.031
25 I iM% (mmol/L) 5.57 (4.84~6.01) 4.96 (4.59~6.38) 0.311
A IRARE = 6.1 (5.5~7.5) 5.8 (5.3~6.7) 0.188
[7) 84 2 JjE 22 B2 (umol/L) 9.7 (8.78~11.23) 12.2 (9.88~15.83) 0.003
SR (umol/L) 294 (233.5~330.5) 295.5 (258~352) 0.411
I3 #5 (mmol/L) 2.21+0.11 2.20+0.88 0.717
137 W% (mmol/L) 1.13£0.19 1.18+0.14 0.273
AR SR AR
Ji R R (pg/mL) 1160 (485.5~1830) 75.9 (36.05~155.0) <0.001
e T JE AR (em) 4.35 (3.93~4.98) 3.79+0.27 <0.001
KRN, %) 27 (96.4) 28 (71.8) 0.009
A0 Z 5 43 %0(%) 58 (55.25~60) 60 (60.0~62.0) <0.001
B = &K EDT (ms) 192.22 + 37.07 212.93 + 30.57 0.100
fe B EFIKDIRE E'e 16.06 +7.27 11.2 (10.6~12.2) 0.024

3.2. RBFES

KB Geit J7 i i ESUS 4 8838 s i o4 [m 00 BT U Sis ik e SRR . BRYEE . Sl ik sk
AE RO R R BE B 5 A R I 22 57 o 2 FE B BE AL BT 70 % DL S h Bk B e 22 5 b T S8 ik 4> XAk 7 2 JEK~F
T3 2 K, PAT UM A S E Bk GRS Bk S Bk C1 BB A FE I R BEHL A AT T L. 455042
7k ESUS 21 55 35 i ifn 5 [R50 5 ik VR A B AR A5 AL BE SR B B e MU BE 22, 30 ok g e A A VR 5 B AR5 4L
BERRAE R T S, 4RSI SR, WE 3. 402K Logistic A4 TR IR & B AES A B S bR
(OR = 2.545; 95% Cl: 1.082~5.986; P = 0.032). 2z ik sk 4% kb ik & s AR5 1L B H(OR = 5.469; 95% CI:
1.883~15.884; P = 0.002)/2 ESUS LM A &, WA 4. UL LAAS 483 J ESUS 2 3 sk I S
[F U ZRA K PESARFAE A I, LAAS AL E Sl ko A AR B2 T . TR A BRARES A PE P 3k, 22 5.

Table 3. Comparison of bilateral carotid plaque in ESUS group
= 3. ESUS B3 WM S ah BKBER EL 42

ESUS (n = 33)
Bl P1E
R oAl
BBl kP A2 72 B (%) 35 (14~41.50) 30 (18~60.0) 0.137
FLA B 2020 Bk B A A5 2 (%) 23 (2~34) 13 (0~23.50) 0.755
B AKBEEHE R () 4 (2~5) 3 (1~6) 0.848
Fiu 4 B 205 ok B B () 2 (1~3) 1(0~2.5) 0.369
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TR A BB A BEHL R (AY) 1(0~1) 0 (0~1) 0.033
BEHLR A2 (n, %) 32 (64) 31 (62) 1.000

AL BEUR 22 (n, %) 25 (75.8) 30 (90.9) 0.180
TREBEHR A2 (n, %) 16 (48.5) 8(24.2) 0.057
JEESBEHUR A (n, %) 9 (27.3) 6 (18.2) 0.549

TR A BB AL BEER R A2 2 (n, %) 22 (66.7) 14 (42.4) 0.077

PRSI E ik Ak 7 Ab TR G BRI BE HUR A2 % (n, %) 20 (74.1) 12 (52.2) 0.180
I Bk P A TR & BRI R AR 3R (n, %) 21 (65.6) 9(28.1) 0.002

Table 4. Binary Logistic regression analysis of ipsilateral plaque characteristics of ESUS ischemic events

= 4. ESUS BRI FHEMIBHRFEFHER) — 5T Logistic BV 54

AR OR 95% ClI P1A
TRA AR BT 2.545 1.082~5.986 0.032
BTN Bk e 5% 78 AL TR A B ARES AL BBk 5 AR R 5.469 1.883~15.884 0.002

Table 5. Comparison of ipsilateral carotid plaque between patients in LAAS group and ESUS group
7 5. LAAS A8 & 5 ESUS A FHER M F A EMBEhAKBER EEER

A LAAS 4 ESUS 4 PE
WAEFEFE (%) 63.60 + 31.40 35 (14~41.50) <0.001
ANk BE P AL = (1) 4 (3~5) 4 (2~5) 0.206
Fili o B2 B ik B R i () 2 (1~3) 2 (1~3) 0.800
TRA B BRI S = () 1(1~1) 1(0~1) 0.008
AL BEHUR A2 (n, %) 54 (90.0) 25 (78.1) 0.131
TREPEH R A2 (n, %) 32 (53.3) 16 (50.0) 0.760
AEESTEH R (N, %) 27 (45.0) 9 (28.1) 0.114
VR E BARE AL BT R A2 2 (n, %) 56 (93.3) 22 (68.8) 0.004
PN BB ik A 7 AR G B AR S B HUR A2 % (n, %) 52 (92.9) 20 (74.1) 0.034
AN Bk B AR A RS A BE R AR e (n, %) 41 (68.3) 21 (65.6) 0.792

4. ¥hig

W TR WIS AN MRI L 35030 ik R (K S 2 T 25 AR A A P ST SR R 2R, HAVE B IR 4
1] o XoF EE i 70 MRI B R B3 bl S AN RS B3R, CTA T4 5 345 HAE A R ZH0h o @t b g 7 %
(K1 HB o HHEAT o DIBEAE CTA EARBIAIPE AL AR A A% P S A0 K LB K R HERE AR I R oK BE AN SE T - CTA
PR B R, ORISR . R . RIS A, (HAEIRIR SR TR
BERTHREN T, NS B AEEARRIGS AL, 1448 CT MG BB Bie, et BA A5 A0
HRAE SRR T, B AR 20— 2D R0 AR 2o W B AR B, 6 T <50%2k 7= ) S50 fik B Bk
AR R 2 LD s TSR, CTA _ERARSR A VE SIS KPR 5 R A% s AR 5C, (HAR A I G 1) CTA
PEHURHIE . BEE Al B, DARHLES 5 IR B 25 AR 7 I U S, HLAE SRaTER sl Jikopk A% 58 (12 i
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VBT A, JTIH S P A A BE 77 TR ORI H BT 1 AT 5 [10]-[12]. Al HiAR BESE Sl 25 45 i MR VP4l i
[FI[13] $&miZ W SR e R P [14], FRPURSRAE M) 2 215 B [15] [16]. A Fidd Al #4508k
ELE LAAS J2 ESUS B35 38k CTA SLAGRRIE, Hod i WLARIR BE 2 21 nl 3 320 A 220 ik s B 72 R
ISR BN K BE LR IR 43 A S M5, Bl A B 4 SR LIS Lo B AE Sl KA A A P 2 0 Mok L 7 B v PR A A
AU, HRETHMARTERMEH. £S5, Sk N2 5 B E YA DG LR 3 1 Bk
RRAE, T HA AR 3 Bl A0S KB Y ()45 2 AN A28 AR & . PARISK (KBS BEER) A i BH IPH A77E A1
SPEHUATR S R VE R BRI PR A HrEl TIA AHDG, T2 A A0 I B AN & B Ge it = e R 2%
[17]. BATE BN KBE S E MRS BE S TRAPEH S ARES LB, PPl T ESUS B3 A XU 30 50 ik B
BB R A RV RS B %, 45 R ] ESUS s vh Bk I S R VR B AR b R SR s % |
KA S, IANKE s k AE Ab TR A SR A PR R AR 2 i TR, L R AR o R A O
P, IXRIX LR A BRI AT AR /2 ESUS B MR R, H SRS & 5 B Ra e YA S I R4
PERFE . FRATTECA I ESUS SB35 R GT0 250 3 Fik pit 4 b B A B HRUR R AE A AT o] 2 22 e, RV ) A fis
BERERE . PESHCE ROR & BEARESABEHUR AE LU i T, E TGt 2 5, — /AT RER R PR X
FhAHT BN JIA R o 34 CTA BUGE1E B LA IR G RIS, (H— AR sl kB He 5| i i
MAEF R, EFREE T TR P IPREANFMIER S HAH TR AEAREE DN, FMEER A 5
KPS ESUS DGR I W] R 75 2250 R 22 ot o HTHE B0 IR S

AR T =B EIGREE, 4558878, ESUS 45 LAAS 4B EE4ER K CRP /K FAEES
a2 R . ESUS ALEE KW FR /N, 1X 5B 7R ] ESUS BE% WL T4E40 B A — 5 [18]. W7tk
B AR I R R IETE BT, BRI TS BEIRI . FERE RO S5 A% G f s R 3R A A SR 6 1 T
Gb, REZBUEF IR FRRBIA I o FEAA A LS SR, BREIEIKRE . OIRERR ZEIL S
M 9 FOMEE AR 2540 VB« B [ FL AR AR Ik 1M A4 T2 B S5 [19] [20], 75 4826 Hh 1) 22 A% o 5 A
Al N ESUS T 7EIR LR LR 2 . AWFFE b ESUS B35 M5 LAAS Hi# CRP K F ¥ 1K, CRP 2&—
Rl AEAEIbR S, HRIEKTHORBEE S PE[21] [22], SABT K I LAAS 4LHI# ESUS 4118 & 5L
A BE WA — . AR, WIGREE. O OUURSE IR T AT R 2& ESUS ke Tk
Pz —, ETRATHIHE TR ESUS B35 1O IR 4s & &7 5K B AR 0 T CES B3, FAETE 2 DU S84
Z5to WA, HRTESXT ESUS B I PRIR LS 1 ARAESE CUIRPTEEZS, aoRRIDHE. 3k LIt K BT iR vb B
AT R T B =] DC AR [23]-[26] Rk AT RESE 75 B0 IR v (1 JXURE 43 J2 388 3ol 7 2 S W R 5 %, I B
VEPERE TR NI AEAR ZERIF AT et o FRATTHIT 7050 3 T8 B 2% >0 (1 84 e Bk %o 3903 kdE AT VR 40 73 17
CFEIBN KB A TR E . SEN KB HEL H & A KB I e 1 . WHC A DL RRRE: 1) AHF TR
FROHEEE, FEARR/DN, XTI RE S E R R I RTRE . 2) RIATE B A ORI
A, IXAIRESE 7 AR AE B Bk BEE T ESUS [52m,  [RIRHMIGA 7OV AR 76 ESUS 95 R 241
Fo 3) FRATTI X #0050 ki e B A8 FE T BB A5 4k AEES AL RRAEREAT T 20 HT, I8 i v 20 R I 3
PRSAGRAR MBI . PR L SERRE, S EBEPURIE eI . FLIR,  FRATLARE W I (1 77 S0P Al 1
ESUS i3 rf [R50 7 P4 20 sl ik B e () S 2 o TRk, TR HR 2 BR IR0 000 () ke 45 BB v e e 3 25 S 8k
MAPES B AR IR . [RItk, FRATAIRT T 45 S mT REARAS 1 FE8e A PR30S ik B e 5 (R0 26 o 2 8] 1)
PR o, BTN S RIEYE, A RERERR.

5. &

ESUS Il K fa i X 3 B 23 LAAS A& CES. & ESUS &, S F R0 )R & s E45 1k
SA KPR B S BB K e AR AR 5 BRARS AL B SR A A R T i, RS AR XU AT ARG, Al

DOI: 10.12677/acm.2025.153868 2333 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.153868

RN 25

B CTA 43T 0]y ESUS i (R P g S A S A TR, (R I PR B 75 ek wir s PRI T — B 30 IE

SE K

[1]

[2]

(3]

(4]

[5]

(6]

[7]

(8]
[°]

[10]

[11]
[12]
[13]
[14]
[15]

[16]

[17]

[18]

[19]

Hart, R.G., Diener, H., Coutts, S.B., Easton, J.D., Granger, C.B., O’Donnell, M.J., et al. (2014) Embolic Strokes of
Undetermined Source: The Case for a New Clinical Construct. The Lancet Neurology, 13, 429-438.
https://doi.org/10.1016/s1474-4422(13)70310-7

Zhang, L., Guo, Y., Zhou, W., Zhu, S., Chen, Z., Dong, G., et al. (2022) Characteristics of Non-Stenotic Carotid Plaque
in Embolic Stroke of Undetermined Source Compared with Cardiogenic Embolism: A Retrospective Cross-Sectional
Observational Study. BMC Neurology, 22, Article No. 315. https://doi.org/10.1186/s12883-022-02846-4

Larson, A.S., Nasr, D.M., Rizvi, A., Alzuabi, M., Seyedsaadat, S.M., Lanzino, G, et al. (2021) Embolic Stroke of Un-
determined Source. JACC: Cardiovascular Imaging, 14, 506-508. https://doi.org/10.1016/j.jcmg.2020.08.007

Mikail, N., Meseguer, E., Lavallée, P., Klein, I., Hobeanu, C., Guidoux, C., et al. (2022) Evaluation of Non-Stenotic
Carotid Atherosclerotic Plaques with Combined FDG-PET Imaging and CT Angiography in Patients with Ischemic
Stroke of Unknown Origin. Journal of Nuclear Cardiology, 29, 1329-1336.
https://doi.org/10.1007/s12350-020-02511-8

Guo, D., Lv, S., Wu, G,, Li, H., Wei, B. and Yang, J. (2022) Features of Non-Stenotic Carotid Plaque on Computed
Tomographic Angiography in Patients with Embolic Stroke of Undetermined Source. Frontiers in Cardiovascular Med-
icine, 9, Article ID: 971500. https://doi.org/10.3389/fcvm.2022.971500

Giuricin, A., Rapillo, C.M., Arba, F., Lombardo, I., Sperti, M., Scrima, G.D., et al. (2024) Prevalence of Non-Stenotic
Vulnerable Carotid Plaques in Embolic Stroke of Undetermined Source. Neurological Sciences, 46, 239-247.
https://doi.org/10.1007/s10072-024-07744-w

Saba, L., Saam, T., J&ger, H.R., Yuan, C., Hatsukami, T.S., Saloner, D., et al. (2019) Imaging Biomarkers of Vulnerable
Carotid Plaques for Stroke Risk Prediction and Their Potential Clinical Implications. The Lancet Neurology, 18, 559-
572. https://doi.org/10.1016/s1474-4422(19)30035-3

Gao, S., Wang, Y.J., Xu, A.D,, Li, Y.S. and Wang, D.Z. (2011) Chinese Ischemic Stroke Subclassification. Frontiers in
Neurology, 2, Article No. 6. https://doi.org/10.3389/fneur.2011.00006

Fu, F., Shan, Y., Yang, G., Zheng, C., Zhang, M., Rong, D., et al. (2023) Deep Learning for Head and Neck CT Angi-
ography: Stenosis and Plaque Classification. Radiology, 307, €220996. https://doi.org/10.1148/radiol.220996

Hedderich, D.M., Weisstanner, C., VVan Cauter, S., Federau, C., Edjlali, M., Radbruch, A., et al. (2023) Artificial Intelligence
Tools in Clinical Neuroradiology: Essential Medico-Legal Aspects. Neuroradiology, 65, 1091-1099.
https://doi.org/10.1007/s00234-023-03152-7

Yang, J., Xie, M., Hu, C., Alwalid, O., Xu, Y., Liu, J., et al. (2021) Deep Learning for Detecting Cerebral Aneurysms
with CT Angiography. Radiology, 298, 155-163. https://doi.org/10.1148/radiol.2020192154

Bradshaw, T.J., Huemann, Z., Hu, J. and Rahmim, A. (2023) A Guide to Cross-Validation for Artificial Intelligence in
Medical Imaging. Radiology: Artificial Intelligence, 5, €220232. https://doi.org/10.1148/ryai.220232

Omoumi, P. and Richiardi, J. (2024) Independent Evaluation of Commercial Diagnostic Al Solutions: A Necessary Step
toward Increased Transparency. Radiology, 310, €233299. https://doi.org/10.1148/radiol.233299

Obuchowski, N.A. and Bullen, J. (2022) Multireader Diagnostic Accuracy Imaging Studies: Fundamentals of Design and
Analysis. Radiology, 303, 26-34. https://doi.org/10.1148/radiol.211593

Rajpurkar, P., Chen, E., Banerjee, O. and Topol, E.J. (2022) Al in Health and Medicine. Nature Medicine, 28, 31-38.
https://doi.org/10.1038/s41591-021-01614-0

Bennani, S., Regnard, N., Ventre, J., Lassalle, L., Nguyen, T., Ducarouge, A., et al. (2023) Using Al to Improve Radiologist
Performance in Detection of Abnormalities on Chest Radiographs. Radiology, 309, e230860.
https://doi.org/10.1148/radiol.230860

van Dam-Nolen, D.H.K., Truijman, M.T.B., van der Kolk, A.G., Liem, M.l., Schreuder, F.H.B.M., Boersma, E., et al.
(2022) Carotid Plague Characteristics Predict Recurrent Ischemic Stroke and TIA: The PARISK (Plague at RISK) Study.
JACC: Cardiovascular Imaging, 15, 1715-1726. https://doi.org/10.1016/j.jcmg.2022.04.003

Perera, K.S., Swaminathan, B., Veltkamp, R., Arauz, A., Ameriso, S., Marti-Fabregas, J., et al. (2018) Frequency and
Features of Embolic Stroke of Undetermined Source in Young Adults. European Stroke Journal, 3, 110-116.
https://doi.org/10.1177/2396987318755585

Ekker, M.S., Boot, E.M., Singhal, A.B., Tan, K.S., Debette, S., Tuladhar, A.M., et al. (2018) Epidemiology, Aetiology,
and Management of Ischaemic Stroke in Young Adults. The Lancet Neurology, 17, 790-801.
https://doi.org/10.1016/s1474-4422(18)30233-3

DOI: 10.12677/acm.2025.153868 2334 I A [ 2 3k


https://doi.org/10.12677/acm.2025.153868
https://doi.org/10.1016/s1474-4422(13)70310-7
https://doi.org/10.1186/s12883-022-02846-4
https://doi.org/10.1016/j.jcmg.2020.08.007
https://doi.org/10.1007/s12350-020-02511-8
https://doi.org/10.3389/fcvm.2022.971500
https://doi.org/10.1007/s10072-024-07744-w
https://doi.org/10.1016/s1474-4422(19)30035-3
https://doi.org/10.3389/fneur.2011.00006
https://doi.org/10.1148/radiol.220996
https://doi.org/10.1007/s00234-023-03152-7
https://doi.org/10.1148/radiol.2020192154
https://doi.org/10.1148/ryai.220232
https://doi.org/10.1148/radiol.233299
https://doi.org/10.1148/radiol.211593
https://doi.org/10.1038/s41591-021-01614-0
https://doi.org/10.1148/radiol.230860
https://doi.org/10.1016/j.jcmg.2022.04.003
https://doi.org/10.1177/2396987318755585
https://doi.org/10.1016/s1474-4422(18)30233-3

RN 25

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Aslam, A., Khan, U., Niazi, F. and Anwar, I. (2022) Etiology and Risk Factors of Stroke in Young Adults: A Multicentric
Study. Annals of Medicine & Surgery, 82, Article ID: 104647. https://doi.org/10.1016/j.amsu.2022.104647

Lodh, M., Goswami, B., Parida, A., Patra, S. and Saxena, A. (2012) Assessment of Serum Leptin, Pregnancy-Associated
Plasma Protein A and CRP Levels as Indicators of Plaque Vulnerability in Patients with Acute Coronary Syndrome.
Cardiovascular Journal of Africa, 23, 330-335. https://doi.org/10.5830/cvja-2012-008

Wang, B., Dong, L. and Qi, Z. (2022) Carotid Plaque Vulnerability Assessed by Contrast-Enhanced Ultrasound and
Clinical Risk Factors. Journal of Stroke and Cerebrovascular Diseases, 31, Article ID: 106598.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106598

Geisler, T., Poli, S., Meisner, C., Schreieck, J., Zuern, C.S., Négele, T., et al. (2016) Apixaban for Treatment of Embolic
Stroke of Undetermined Source (ATTICUS Randomized Trial): Rationale and Study Design. International Journal of
Stroke, 12, 985-990. https://doi.org/10.1177/1747493016681019

Diener, H., Sacco, R.L., Easton, J.D., Granger, C.B., Bernstein, R.A., Uchiyama, S., et al. (2019) Dabigatran for Preven-
tion of Stroke after Embolic Stroke of Undetermined Source. New England Journal of Medicine, 380, 1906-1917.
https://doi.org/10.1056/nejmoal813959

Marinheiro, G., Araljo, B., Rivera, A., Monteiro, G.d.A., Santana, L.S., Leite, M., et al. (2024) Direct Oral Anticoagu-
lants in Embolic Stroke of Undetermined Source: An Updated Meta-Analysis. Journal of Thrombosis and Thrombolysis,
57, 1163-1171. https://doi.org/10.1007/s11239-024-03017-7

Hart, R.G., Sharma, M., Mundl, H., Kasner, S.E., Bangdiwala, S.I., Berkowitz, S.D., et al. (2018) Rivaroxaban for Stroke
Prevention after Embolic Stroke of Undetermined Source. New England Journal of Medicine, 378, 2191-2201.
https://doi.org/10.1056/nejmoal802686

DOI: 10.12677/acm.2025.153868 2335 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.153868
https://doi.org/10.1016/j.amsu.2022.104647
https://doi.org/10.5830/cvja-2012-008
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106598
https://doi.org/10.1177/1747493016681019
https://doi.org/10.1056/nejmoa1813959
https://doi.org/10.1007/s11239-024-03017-7
https://doi.org/10.1056/nejmoa1802686

	单侧前循环梗死患者非狭窄颈动脉斑块特征与来源不明栓塞性卒中的关联性研究：基于人工智能的CTA分析
	摘  要
	关键词
	Association between Non-Stenosis Carotid Plaque Characteristics and Embolic Stroke of Undetermined Source in Patients with Unilateral Anterior Circulation Infarction: A CTA Analysis Based on AI
	Abstract
	Keywords
	1. 引言
	2. 对象和方法
	2.1. 研究对象
	2.2. 资料收集
	2.3. 影像资料评估
	2.4. 数据分析

	3. 结果
	3.1. 临床特征
	3.2. 影像学分析

	4. 讨论
	5. 结论
	参考文献

