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Embolism causes and imaging characteristics of patients with embolic stroke of undetermined source
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[ Abstract ]| Objective To investigate the embolism causes, and the imaging and clinical characteristics of patients
with embolic stroke of undetermined source (ESUS), and analyze the differences of acute ischemic stroke with large vessel
occlusion (AIS-LVO) caused by large artery atherosclerosis and cardioembolism. Methods A total of 127 patients, who
were admitted to Department of Emergency of our hospital from Jan. 2018 to Dec. 2019 with anterior circulation AIS-LVO
suggested by multimodal computed tomography (CT) and underwent endovascular treatment, were retrospectively included.
Twenty-nine patients had ESUS, 40 had large artery atherosclerosis and 58 had cardioembolism. The scores of National
Institutes of Health stroke scale (NIHSS) and Glasgow coma scale (GCS) on admission, the volumes of infarction core and
ischemic penumbra, Alberta Stroke Program early computed tomography score (ASPECTS) and hypoperfusion intensity
ratio (HIR) were compared among the 3 groups. Multivariate logistic regression model was used to evaluate the differential

value of imaging features for ESUS and large artery atherosclerosis. Results There were significant differences in the NIHSS
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and GCS scores on admission, infarction core volume, ASPECTS and HIR between the ESUS, large artery atherosclerosis
and cardioembolism groups (all P<<0.05). The results of multiple comparison showed that the GCS score on admission in the
ESUS group was significantly lower than that in the large artery atherosclerosis group, and the infarction core volume and HIR
were significantly higher than those in the large artery atherosclerosis group (all <<0.05); there were significant differences in
the NIHSS and GCS scores on admission, infarction core volume, ASPECTS and HIR between the large artery atherosclerosis
group and cardioembolism group (all P<<0.05); while there were no significant differences in the NIHSS and GCS scores on
admission, infarction core volume, ischemic penumbra volume, ASPECTS or HIR between the ESUS group and cardioembolism
group (all P>0.05). Multivariate logistic regression analysis showed that HIR had independent predictive value for ESUS
in patients with anterior circulation AIS-LVO (odds ratio=9.757 0, 95% confidence interval 1.203 4-79.107 2, P=0.03).
Conclusion Compared with the AIS-LVO caused by large artery atherosclerosis, the imaging characteristics of ESUS are more

similar to those of AIS-LVO caused by cardioembolism, suggesting that most ESUS may be caused by cardioembolism. HIR has

guiding value for the judgment of the etiology of anterior circulation AIS-LVO.

[ Key words |

embolic stroke of undetermined source; intracranial embolism; large vessel occlusion; large artery

atherosclerosis; cardioembolism; imaging characteristics; hypoperfusion intensity ratio
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A R A BRI ) 2014 45, Hart %
it T AN B PR A ZE PR i 4 TR (embolic stroke of
undetermined source, ESUS) MIHEE, HIFICER
PEVEZE D WESEIN G2 ESUS AR AR 2E, 1
A R 22 B0 T 150 A B .0 RS R, ESUS
FO AT RE A AEAR R S B, X T ESUS W32 47t
BEIGYT IO 2P/ IMIG YT BT T E s, HaEmRys
R A BB A PR e

WFFE RN, L8 ESUS J2& Hi I R 7 B g |
Bt ol . ARBIAG H R Co JIURESE | B (B FLA PA] B
FERET RSN, T 55— L 02t AR PR 1 R S ik sk
AL 32 Bl DK o A A8 A B S koS Ao B 7 1f 4
PSR . IR A ALS (A SRR
1422 SR B ESUS 19 n] e PRl S ki A7 ) 9 3¢
15, DN Byl PRAEAT ALS H5 K FI W7, 248 CT
J& H G PR b ALS 528 A i A KAl i 25
B, —uhi BN CT &S &5 = I e it
OITRERS T | THERG DA ALS F8 2 A ZH 2% ik
MR o AR T 208 CT B i AIS 4
HINA LWL JATE F o, 456 B Al RAE AR

[ Acad J Sec Mil Med Univ, 2022, 43(1): 29-34 ]

PTG ESUS 83 BOBEZEAFE, I Hri5 ok
Skt FERE A S O IR PR 28 ATS-LVO 5 ML ST
LA 225, LIRSl PR W S8 & B0 DR TR ¥
AT I %

1 FRIFTE

L1 smblgeAr EBPEIEL A 2018 4F 1 H =
2019 4 12 F FRBE 228021 . 2858 CT KA
/NHIEER AIS-LVO HAT MLE NIRYT B & 127 .

HR4E Org 10172 2 MG 76 AT iE: ( Trial of Org
10172 in Acute Stroke Treatment, TOAST ) %5
53 BUNG B 51 RSBk AR AL AIS-LVO ., 0
Pk ¥ %€ AIS-LVO I ESUS 7' 3 4. ESUS f& 1§ 1
I W i A T (s o i A A 2 CT A At /s B
N AEAEAL AR <1.5 cm 5 MRI ¥ 4F g 7~ 451 58 AL
HAA<2 cm WM #E3E ) HHEFR LLH 1 B 19 AIS-
LVO: (1) ik ifn DX 6 R 1) st ] #b 30 ik 2 A= o8
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coma scale, GCS) PF43. AM5E I o & B =221
HIZ: 514 dit (CHEC2021-022) .

12 #BF4hE ZEECTHRAMTECT V.
THEHL T 2 41 4 14 A& ( computed tomography
angiography, CTA) . 11 8 #L Wr J2 43 #5 #E & W
1% ( computed tomography perfusion, CTP) , 3J°% H
256 JZ CT {¥ ( Brilliance iCT Elite FHD, fuf *% Philips
2w P CTFH: RN 120kV, FHLEA
350mA, JZ/EN Smm, CTP#ifr: HHUEN 80KV,
BH N 180 mA, 15 AMEIR, BASTEHR A
B [E] oA 0.33's, [B] B BF[E] 4 4s, J2E 8 5 mm,
458 By 128 mm, B 220 mm X220 mm;
I K E AR B (20 G) , AU & i 5
A AR A B A S R W R R (R
370 mg/mL ) 50 mL, 7ESHERH 5 mL/s, HEHZE

J& IAH TR RN 20 mL 0.5% S AENE SR A .
CTA K. CTP 43445 55 37 R P R by de: 55
W 45 mL, TESTHEN 5 mL/s, B DU RS R 4
20 mL 0.5% SALETE SR R as, T A shfil k5
ARIAHE, BHIE R 120 kV, & HIE K 300 mA, 2
JE=5 1 mms,
1.3 BEatr bt CTFHKRUGL &AL
P A ERE (ZEHR S mm, ZHEEER S mm)
AT, FHTHEBRIG H 1L

CTA EUZ R 256 J2 CT AXECE Y Philips #XF
PHTERE, JZE RN 1 mm, ZEEEN 1 mm; HEE
FEUE AL 3 Philips TAESGHEAT /A0 HE, 753248
IS K R IR, Tt Kahbk (42
55 250 PN Bk A B R N B . KT BN Tk A1 B &
Kigrhshik M1 FIM2 Br) @IFZERAL (1A

e: 55 mL e: 362 mL

Hypoperfusion Index (

1 1% ESUS BEH SESITEE R E G
Fig1 Multimodal computed tomography image analysis of an ESUS patient

Female, 55 years, unconsciousness with right limb weakness for 1.5 h. National Institutes of Health stroke scale score was 31, and

Glasgow coma scale score was 11. A: Computed tomography angiography showed that left intracranial artery was occluded and left

middle cerebral artery was not displayed; B: Computed tomography perfusion showed that the volumes of infarction core (CBF<<30%)

and ischemic penumbra (mismatch volume) were 55 mL and 307 mL, respectively; C: Alberta Stroke Program early computed

tomography score was 4; D: Hypoperfusion intensity ratio (hypoperfusion index) was 0.6. ESUS: Embolic stroke of undetermined

source; CBF: Cerebral blood flow; 7,,,,: Time to maximum; C: Caudate nucleus; IC: Internal capsule; L: Lentiform nucleus; I: Insular

lobe cortex; M1: Anterior MCA cortex; M2: MCA cortex lateral to insular ribbon; M3: Posterior MCA cortex; M4: Anterior MCA
territory; M5: Lateral MCA territory; M6: Posterior MCA territory; MCA: Middle cerebral artery.
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CTP Ji 4 bl 28 8 2 i F 3l 1% %3 22 RAPID 4K
4 ( Z£ [ iSchemaView 23 /] ) #E47 & &40, A5
Jii 1. 77 52 ( cerebral blood flow, CBF) <30% A ik
IERFTE] (time to maximum, 7, ) >>6s Mg ZUAk
(& 1B) , #F CBF<<30% () iji 2 21 X s 3 5
BORIBEIX, T,,,>6 s BYIRZH 2 XA E s i AR
BEVEX, CBF<30% 5 T,,.>6 s Z Al A VCHC A4 KiZH
41X 4k ( mismatch volume ) it if 2K wga ", 1t
4b, Jd i RAPID #i 1 F 84k )5 4k BRAR TS Alberta fiki
AR T AL Z 96 PF 2 (Alberta Stroke
Program early computed tomography score, ASPECTS )
N A VE 1 58 B2 L {H (hypoperfusion intensity ratio,
HIR; T,,>10 s FIKNZHLUATLS T,,,>6 s BYfiliZHZ
RBEILEE ™ ) (E1C, 1D) o
1.4 %eit 32 R SPSS 26.0 %1 17 B
AT EIERG IR ROR DL X £s FoR, WA
) FL AR FH ST FEAS ¢ K55 3 2L ) s R B PR
RS, MR BN E 2R, &
P 25 53 A 3 = TR AR AL CF i gL, |k
VU548 ) R, P ] EE#R F Mann-Whitney
UK %; 3 20 [A] Lk % Rk H Kruskal-Wallis H 5 5,
PAPA L3 K H Dunn K56 THECE0R UG ECRTE 43
BER, AR ¢ K. 4 ESUS 45K
B VK oK A B A 2 RE A 1) SR AR 2 8 i v A 4 1) A
s DXL ) B[R 3R Togistic [0 UL, ¥ 5 PR 22 43 B v
P<<0.15 [ AR A FRIE 9 £ [H K logistic [u] 455
R, SrHTAR AR SRR P A S RIN (R A
K Ca) 7 0.05,

2 & R

2.1 —f&FAH 127 BIFTHEH AIS-LVO & 5
67 . 2 60 14, 4E# K 54~89 %, ESUS 4 29 1,

Hr B 15 6], 2o 14 i, FHFER R (68.83+2.17)
% KRkl rErg b4 40 51, Hoh B 21 4, &
19 ], SEHAER N (67.8711.19) %5 MR
FE2] 58 9, Forp 3 31 . 2 27 Hil, SEIAEER R
(69.81+1.46) %, 3 HBHMEN . Fil2E Y
TGt E X (P¥>0.05) .

22 s KAV 2 P AR 4 ESUS. K3 koo #F
B A R R 1 A4 FE 40 T A6 BF AIS-LVO S 35 A Bt
iF NIHSS 3F 43 43 il 2 17 (14, 20) . 13 (11,
16) F118 (16, 19) 4%, APBEH} GCS P44l h
12 (11, 13) . 13 (13, 14) #1111 (10, 12) 5,
3 41 ] A B NIHSS & GCS ¥4 25 5344 Gi 2%
B X (H=10.05. 19.92, P¥1<0.01) ., Z3it W
Fb#, ESUS 4 ABERT GCS PEAME T K ah Ik ok ke hg
b4 (Z=—23.15, P=0.03) , K3k EEff 1L
ZH AL YR PEAR ZELH A B i NIHSS K GCS 14125 5+
WE S8 L (Z=—23.96. 33.31, P#]<0.01),
1M ESUS 40 A BE i NIHSS K GCS 143 5 .0 P e A4
FEHM RG22 L (PY)>0.05) .

23 ZHECTHELR  ESUS 4 AL M ZE
ZH AIS-LVO 855 WA% O AR FEAR FRUEE K T K Bh fikoks
FeRE 4k 41 (Z=18.09. —21.56, P1<<0.05) .
ESUS. K 3 Jik ok A A Ak A1 5P 4 ZE 2L JR 35 1)
B R AR E R TG E X (P=0.80) .
ESUS 4 i # 1) ASPECTS 5 K 3 Jik 58 #F 6 1k 1
DR M L 2Z R TG FE L (P>
0.05) , i K3l bk ok A A Ak 41 ASPECTS i T-00 I
PR 2E4H (Z=21.38, P=0.01) . 3 41 HH ) HIR
ERAEGH¥E X (P<0.01) , ESUSZ Fl.
P4 ZE 20 1) HIR 4K T R s kb HE i fb 4 (Z=
20.39, —5.03, P¥J<<0.05) . W% 1.

&1 3ABTER AIS-LVO BEH SIS CT RELERILE
Tab 1 Comparison of multimodal CT findings of anterior circulation AIS-LVO patients among 3 groups

Median (lower quartile, upper quartile)

Feature Large artery atherosclerosis =40 Cardioembolism =158 ESUS n=29 P value

Infarction core volume/mL
Ischemic penumbra volume/mL
ASPECTS

HIR 0.3(0.2,0.4)

20.0 (8.1,31.9) 44.9 (31.0, 58.7)"
149.8 (106.6, 175.9) 148.8 (126.3, 171.3)
8(7,9) 7(6,7) 7(6, 8) 0.02
0.5(0.5,0.6)" 0.5(0.4,0.6)" <0.01

34.8 (17.9,51.8)" 0.01
141.2 (106.6,175.9)  0.80

"P<<0.05, "P<<0.01 vs large artery atherosclerosis group. AIS-LVO: Acute ischemic stroke with large vessel occlusion;

CT: Computed tomography; ESUS: Embolic stroke of undetermined source; ASPECTS: Alberta Stroke Program early computed

tomography score; HIR: Hypoperfusion intensity ratio.
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24 HHFHIESEF BB GENME BE
ESUS 215 KBkt HE il AL A RG24 AIS-LVO &
ISR EAAE R, FEESE WG ZE 055 PR A R R 2R logistic
1A 43 BT B A, o3 A7 245 SR I 7R A% 0 A3 BB A R
ASPECTS I HIR 5 E&WRHA AL (PH<0.15) .
Z A % logistic [1] 19 43 B 25 2 & 7R, HIR X 6/ 1
R AIS-LVO H 34 B9% K 4 ESUS A5 4l 37 15 7 (e
(OR=9.757 0, 95% CI 1.203 4~79.107 2, P=
0.03 ), MitZCAEFLIAFIA ASPECTS YA 2R IA 1)
MR ZE (OR=1.009 5, 95% CI0.996 4~1.022 7,
P=0.13; OR=0.838 8, 95% CI0.670 1~1.050 0,
P=0.12) .

33 #

ARHFFE L5 R LW, BIEER BSUS 5 K h bkl
Efk AIS-LVO 3 1 ABERT GCS P47 . # 0 figE
PR FN HIR ¥4 fir A [m], Hirp ESUS 41 14 A Bt B
GCS PAME T KRBk RERE 2], A% AL AR AN
HIR YK T R ah kb g fb 4l ; i 50 VR Ae 2
HAHEE, ABERTIE AR ZIIREPES> (NIHSS 43,
GCS 1141 ) Mg aatn (R OBEFE AR, Bl
EIEH . ASPECTS, HIR ) 22 G820 X,
Z I 2 logistic [B1 )73 M 45 R R W, HIR XJ {if§
R AIS-LVO % R Ky ESUS 5 K 5 fok ok AL A Ak A
SE TN

ESUS A8 ) Ao U s 2 AR 4 B 5 2 v
SRR SEPERY, DX 2 R AR T RR AP EE IR YT P
Fth. FHTLLEHE, 2 Wk KR ¥ NAVIGATE
ESUS #1 RE-SPECT ESUS 43 4l 8631F T AE 4 £ & K
FEPUR 1 AREE 2 4 5 B ] DT AR T ESUS AT
TR ORT, X 2 BRI AR RERAESUERAYT AT
WA K. e W, H AT ESUS M52 X
TR IRYT . BB IR - ESUS [i2 W £ 22
Hefo 2, W AR b, B, %58
ESUS 5 HAt BI#f A AIS-LVO B A4 EE 1)
2557, KA BT B A PR i A< s R, DA TG
VEPE LT B 1) M

NIHSS 43 Fll GCS P14 & I PR IFAl ALS
I REMIRR L AW R A2 T . BEAst &
5 R BB REREAL ATS HLHR, (O IBTER 2E ALS 5
H A B NIHSS P40 35 . GCS P43 AR, #7
O TEPERE 2E AIS B B 2 IhREZ T = |

AW — B IIE T IX—45 0. AN, ABFoess
win, ESUS 4E#E MABLRT GCS ML T K 3)
Pk RERE A2 H 25 5 GeitF X, S .oatese
FEA [LETCIE & NIHSS 438 & GCS 14322 5+
TG E L i BE IRy, TS
KBk kERE{L AIS-LVO Fb4E, ESUS H# Byl R
P THREI AR 5 O R AR JE FR B T

A% U A A8 R I B AR FRUZ T AIS-LVO
R N A 2 i R B Y R AR, SR E TS
WY . BRAEWESE & B0 PRI %E AIS-LVO
R B BRI 2 1 T R O A BE AR R K T K B ik
WOREREfL R Y (AT s R W0 YRk 4 9
AIS-LVO & 1A% U A AL AR R F K 2 ik s A 1
e, (EPE R B R AR R 22 SO B8
B R RE R ANREAE, BRI A
[ B 5 AL S AIS-LVO FIBk 7= A 4] € AIS /35, 1M
AFFEAL A AIS-LVO £ . il i ik — 2P A
ESUS 415005 e ZE 40 A% O SE AR BRI B 1M~
i RF R I 25 R TEE R L X —45 8
FW 5 KB kok FERE L ATS-LVO B HL#, ESUS
R HAZ O BEBE RN O IR AR R B B

ASPECTS 5 1Ifii PR 101 J5 76 4 i o AH Sk, n] —
AR R LN S AE A DL, A& 52 1% ASPECTS
N 32 VA & 2 1) 22 S g 52 g, ] o &k R e
T 1tk 34 F7 AR B B, T AS B 55 R 9 ASPECTS &
i RAPID # 14 A 2l 1k 40 Hr 3k 45 1. BFoE & W,
RAPID 415 1 1Y ASPECTS 5% K140 B U0
— & P (Kappa=0.80, P<<0.05) ') HIR ¥t i
A2 o 20 21 % AR e il 2 S5 N S AR ) BB e S
. HIR>0.5 RFRMISCIEIA2E, BURZOESLATE
KA HIR<0.5 fCFRM G IR ELF, FURZL
FEREsE A ' B, ASPECTS 45 HIR 2%
WL 2 2N S A ) B B8 AR . AP S5 R R,
HIR 7¢ ESUS 2415 K ah kil perdifb 4l 2 0] 22 56 4t
T X, Mi7E ESUS 4150 Ui A 28 40 2 8] JCHH
225, [RII KSR RERE AL 4 5 O TR ZEd
[i] ASPECTS Al HIR 2 S ¥ 4152 X, wllY
Kk tEaEfb AIS-LVO i Hhds, ESUS [E 1
M SAEIR SO IE PR ZE B B R . ILAh, AF
S Z R logistic FIHHT45 R /R, HIR % ESUS
SRR AR AT S NME, R B A BERT
A0 S ARG IR PE 3t L PR 6 311 Fh B2 A e R A 1L
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b BRI A S BB I PR 26 T R AN L2 i 2H 24
FEAFIEAY 225, IFRMA B ERIRIT L BUG IR E,
T JRARREA 3 (I RIS I3 B ESUS F 3 11 IR
T M Hsm R 2R, s/F BT 4 1 Hh A ESUS f#
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VEEVIwE LIS &

Zr LTk, 5Kk FE A fL AIS-LVO &
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BT, R KR4 ESUS ] AE f O PR A 225
. IR R IE HIR X HTE EF AIS-LVO (1)
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