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[Abstract] Objective To explore the influencing factors, biomarkers, etiology and imaging features
of cancer-associated ischemic stroke. Methods The clinical data of 693 patients with ischemic stroke
from April 2018 to January 2019 were retrospectively collected. The patients were divided into ischemic
stroke with active cancer (cancer group, N = 31) and traditional ischemic stroke (control group, N = 662).
The sociodemographic data, risk factors for stroke, National Institutes of Health Stroke Scale (NTHSS) scores
on admission, platelet count, D-dimer, fibrinogen and C-reactive protein (CRP) level, features of infarcts on
diffusion - weighted imaging [DWI, which was acute multiple ischemic lesions located in more than one

vascular territories (AMIMCT)|, and the tumor type and histological classification in cancer group were
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recorded. Univariate and multivariate backward Logistic regression analysis were used to analyze the
influencing factors of cancer-associated ischemic stroke. Results Compared with control group, patients in
cancer group had older age (x*=2.148, P =0.032), lower proportion of hypertension (x*=5.425, P =0.020)
and hyperlipidemia (Fisher exact probability: P = 0.000), and elevated levels of serum D - dimer (Z =
2687.500, P = 0.001), fibrinogen (¢ = 2.402, P = 0.022) and CRP (Z = 3669.000, P = 0.001). There was
significant difference between 2 groups on TOAST (Fisher exact probability: P =0.000). Patients in cancer
group had lower proportion of large artery atherosclerosis (LAA; Fisher exact probability: P = 0.000), but
higher proportion of stroke of undetermined etiology (SUE; x° = 175.418, P = 0.000) and AMIMCT (x’ =
22.560, P = 0.000). Multivariate backward Logistic regression analysis showed having no history of
hyperlipidemia (OR = 0.188, 95% CI: 0.048-0.730; P = 0.016), SUE (OR =29.854, 95%CI: 10.310-86.449;
P =0.000), elevated levels of D-dimer (OR = 1.663, 95%Cl: 1.294-2.137; P = 0.000) and fibrinogen (OR =
1.785, 95% CI: 1.294-2.137; P = 0.000) were risk factors for cancer - associated ischemic stroke.
Conclusions It is usually lack of evidence of LAA for cancer-associated ischemic stroke. Elevated D-
dimer and fibrinogen, and SUE demonstrated that hypercoagulability and microembolus embolism may be
the possible mechanism of cancer-associated ischemic stroke.

[Key words] Stroke; Brain ischemia; Carcinoma; Regression analysis

This study was supported by the National Natural Science Foundation for Young Scientists of China
(No. 81100243, 81502181), Guidance Fund of Key Research and Development Plan of Liaoning Province,
China (No. 2017225027), and Science and Technology Fund of Shenyang, Liaoning Province, China (No.

- 355 -

17-230-9-17).
Conflicts of interest: none declared

A H A % R 27 2013 4F & AT 1 4 3R 1 41
(GBD) Ge it i 45, Ml 988 A6 1= 24 & 4 35 58 R 4 B )
159 ', i 3% B R 58 T B2 4 SE R R 1Y
26.44% AL JE T A R T AL o A BT R iR 1Y
FRIERAR KRR E FIHAFH SR LE MY BT
R BRI, T 40 ek g S8 3 T 3 B MR 1 B 8 R R
AR5 109 PN B 52 R A 1 Dt DA, R A e e ot 4 2 e
A i Je 40 L P B B o AT AR ORG D A AE Ak AT i O
5 2 i L MR R SRR R A e ot M AR e A Rl
TE U (H R RE A 56 Bl i P A4S o (CATS) 1 R G TR I A
F 50 1R N R W IE o A SCHLXT 2018 4E 4 ) &
2019 4F 1 H v [ BE AR A7 B s 25 — B2 Be i &2 B2
W 536 97 1 693 1] 2Pk S i P 4 Hp g 3 0 I AR 9 et
HEAT AT BT 43 A7, LA L A 98 A AH DG Bk i 1k A% o 55 4 B
[ (1 R R = T e’ 2 i =8 - A [ NP5 e SN R
2 A ) REAR 22 5 R AT BB TR 5 & R HL
il , ARG PRA2 W 5 36 97 100 32 AL BB AR 4 .

BREHE

— A S HEBR AR v

LAAFRHE (1) 2Esi 2 b 2 Wi as & Oh
] Pl ol R i A< a2 iR i R 2018) L (2) 16 B i
AT E N, 12 W kI A 2 v i B2 T T 6 A
H W2 W sl E AR IR T, sl B M R sl 7% 1

RGBT () I > 18 B . (4) AR E,
BEFRIA Jay kP i 22 Ty B Sk 5 RE AR 5 AR AE (R T
T B AR Ty SRR L R AR AR ) A 8Ok 4 T
P2 T RE B o (5) 52 A8 BT UL 57 AF 9 kR BURE R
PRAEFESE > 24 ho (6) &9 2 A BEHT ] <7 do (7) BT 0
I H 28 v [ B B K A B I AR — S B A 1 A B
2 WAL UE , BROE B8 X 45 TR A I ) T
BB EA

2. HEBR AR E (1) Bk = ik 25 o R A A A, A
24 h A0 LR 2 M B 2 1A R 0 Bl L I A AR
1% [ 2 15 Z2 3 8 75 (TCD) ORUI 351 20 ik A1 AfE 3h ik
HFE  OMRA L CTA 557 Il 5% 145 1% 52 R (DSA) .
(2) % 5 P oG B i & A (TIA) BIAN 5 1L . (3) CT 46 ¢
7 Al W R B kB E L 7 B Bl = B B0 A AR
BDWD) FEREE o (4) A JR& M s gk & M oAk b 42
Z 45 Wb 988 S8 i B 4% (TBI) 3 o (5) A7 78 R 16 ol M
S B 1LV 0V i IR

3R 201844 H 220194 1 HEE
Bt pit 22 PN BHISCIA 19 693 19 2 Pk dike i 1 A BRI R
BERE, I 43 Sy e il P A eb P T S g AE 2H (O R 2
31461 ) A% 5 2 P i PR A rp AN B A 4 (X R A
662 i) .

= R 5k

LOERHIREE  IESR A AR E S A28



. 356 - o BRI 2 B 24 5 2019 4 5 156 19 5 S

Chin J Contemp Neurol Neurosurg, May 2019, Vol. 19, No. 5

it LGV AR AR 4R B (BMID) i A A A A
2 (W il Fs | OB IR L 5 B RO R A
P 5 10 VR B8 A v 48 ) 5 9 DL SE [ [ T T AR A
% BE A v i 3 (NTHSS) PE M A Bt < 24 h R i #: 4
J R B 5 R RE 2HRR T R B SR R R kA R
FREAHY

2. MYE2AAGI T A BT H i R R A R K il
2 ml, 53 A I /N Al T B AR 4l A R D- R K
i C-J I 8 1 (CRP) K-

3R R A T R A BE S ¥ Sk
MRI K 25 , 6045 T\WI. T.WI. FLAIR i % . DWI 1 %
WY H R B (ADC) | 9 i 41 8 3 6] B 17 MR 3 5 4
i DUHE B B & PR B4k & PR i b2 RGP . R
FH 48 [ Simens 2 7] 42 77 1 Trio 3.0T MRI 3 {3 i
A7 5% RAV A0S T 1143 (T WL ToWT F FLATR 4%
DWIFIADC, LA K 4L-— 2 = e T B RR (Gd-DTPA) %
R LR I SRR I ESETES R Ui N o
i 20 21 (1) Ty W1: B 52 I [8] (TR ) 400 ms .\ [8] 3¢ ][]
(TE) 2.72 ms. JZ % B} [8] (T1) 7.60 ms, 4 # ¥F
(FOV)240 mm x 180 mm ., 4 [ 320 x 320, 1 Hii |2 J&
5 mm, £ HHH 20 )2, Gd-DTPA #| i 0.10 mmol/kg.
(2)TWI: B & i} 8] 6000 ms . [2] 3 15} 7] 93 ms, 74
ML 240 mm x 180 mm HH 4 320 x 320 . i )2 )E K
5 mm, 2L H 20 2 . (3) FLAIR B 1% . 8 & B 0]
8000 ms . 8] ¥ i [A] 110 ms, $9 4§ W0 ¥F 4 240 mm x
180 mm . A [ 320 x 320 . A4 JZJE N 5 mm, F T4
20)2 . (4)DWI: 5 & B[] 3300 ms ., [A1 3 B [H] 91 ms,
FH L 240 mm x 240 mm 45 B 192 x 192, 434 )2
JZ5 mm, LT 202 . (5)ADC: B & I [E] 3300 ms.
5] 9 15 18] 91 ms, 459 48 A0 BF 240 mm x 240 mm . FE 4
192 x 192 )2 E 5 mm, L HH#520 2. H 4 DWI
JIT UL P e e o P A e R A S T RO ot
R i B[R] B L T — 0 AT O 2R S 08 26 AR BE AL
E R 2k £k PE B e AE (AMIMCT) |, JL &
AMIMCT 23L& 7l R £ /R 14 ZE ML .

4. 2k i M A b s Rl A A () B i P
A gy A AL 3 K HE A L CTA MRA 8¢ DSA, U
T 2 M B 28 45 8 7R 0 s B 24 b sl A0 FL R AR R
PS5 A, TOAST 43 B P 20 A8 3 R A7 i ot P 2% v 4y
AU, S5y Sy 5 R BRD K 2l ik ok B AL (LAA) BY 0 8 1
e 3 (CE) #L /N3l ik P41 %€ (SAO) 7Y L Ath BH aff 5 R
(SOE) T, LA S AN B K (SUE) 7Y (2) i dgg 43 Y . F
MR 5| AT 2E F B 4 21 B2 A A

WY, I & 202 290 B % 0 43 B 94
S W, B DL SR s 4 b e e i e S 2R 00
5.9 A ik SR SPSS 22.0 48 it k4 ik
TPRCHE AL B 5 0 B o 52 0E 2 0 A B F R DL Y
B AR dE 2 (v 5) TR AT AEAR 1 K 305 52
A 1E 25 4 A 1 1 BEORE L b AL BOR Y A3 B LM
(Pss, Prs) 13678, 2K H Mann-Whitney U ¥ 5% 5 71 %0 9%
AELLAH X B B FE (%) 8% (9% ) Ron , 47 x° K 36 5
Fisher fiff UJ 1 58 7% 5 52 i K 22 40 B ok FH SR L X L 2
K 2= J5 1B 5 Logistic 10109 23 B , 3% A5 51 By 228 5 9 A5
HEHar=0.05,a:=0.10. AP <0.05 H2ERHAE

eSS
& R

— R

FE2s N 2R BEORE b A, A BB E AR IR (P =
0.032) . A Bt B} NTHSS PF 43 (P = 0.044) & T % B84
oG A v s Bz R 26, 9 0 4 R IR (P = 0.020) 1= IR
MLAE (P = 0.000) 8 & H AR T X5 B 5 1L 36 27 46 Ar
FEAE AL B A AE R R (P =0.022) . D- k(P =
0.001) Al CRP(P =0.001) /K V- # & F 4 B 4 5 52 1%
KA, DWI A 8 AMIMCT # 9% 0 20 5 54.83%(17/
31) AT HE AL & 19.349%(128/663) , Bi 4l 2% 5% HL A 4t
1253 L (P =0.000) ; TOAST 43 8 9 21 22 5 A 4i 3
FE X (P =0.000), H 8 E 20 LAA % (Fisher £
YIME# 5 - P =0.000) Ik F, 11 SUE B (x* = 175.418,
P =0.000) Eb 1] 55 T XF BE A 5 o4 45 545 A 4 1] 22 5%
gt R P>0.05,%1),

R Hh 20 2805 B 2 G A 5 SR | g i AL 12 R Il 9
H o 41.94% (13/31, B8 12 61 /N4 g 1 ), I
i 16.13% (5/31, ¥ 0 4 Mo 98 ) , FLAR 9 6.45% (2/
31, ¥R B ), B 16.13%(5/31, ¥ 4 iR
i) LA B O W A LR L 2 IR G5 T R B T R
S S W B e DR B b R A LR R B R A
3.22%(1/31) o AE b 3R g 20 21 43 2 vp DL 96 35
%, %15 61.29%(19/31) .

= R S b

1. B [ &K Logistic M0 43 B M 41 f8 3% 4F i
(P =0.032) . @& Il J& (P =0.023) Fl & JE 1ML %E (P =
0.000) , LAA & (P = 0.000) , SOE % (P = 0.045) #l
SUE ® (P = 0.000) , IfiL % £F 4 5 (A )50 . D- — AR A
CRP /K- (3 P=0.000) , LA K2 AMIMCT(P = 0.000) 55
HNERK,ZRARIT¥EX(FP<0.05;%£2,3),



o E A A 2 G 2 2019 4E 5 A4S 19 455 5 1)

Chin J Contemp Neurol Neurosurg, May 2019, Vol. 19, No. 5 . 357 .

R I 2H 5 0T BEZH BB VAT 2 R DR s EE AL
Table 1. Comparison of epidemiology and clinical
characteristics between 2 groups

A I
P[4 (% ) ] 1.046  0.306
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(R x5, %) 62.13£12.00 66.84+ 10.07  2.148 0.032
BMI = 28 kg/m’[ (%) ] 107(16.16) 2( 6.45) 1.438% 0.230
ABEHT NIHSS P4 424+ 439 587+ 447 2021 0.044
(x£s,745)
i 4 v A iy PR 2 (491 (96 ) )
U] 315(47.58)  12(38.71) 0.936 0.333
LR 453(68.43)  15(48.39) 5425 0.020
B R 254(38.37) 9(29.03) 1.096 0.295
4 g I AE 329(49.70) 4(12.90) = 0.000
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SOE 9( 1.36) 2( 6.45)
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AMIMCTL (%) ] 128(19.34)  17(54.83) 22.560 0.000

*adjusted x° value, £ 1E x*{H ; —, Fisher exact probability, Fisher
i Ul M R % . x 7 test for comparison of sex, smoking,
hypertension, diabetes and AMIMCT, two - independent - sample ¢
test for comparison of age, NIHSS scores on admission, platelet
count and fibrinogen, and Mann-Whitney U test for comparison of
otherso T3 WA 55 I B FR 95 AT AMIMCT 19 HE 38R T X Ao
By, 4RI A BE I NIHSS P45 i/ 50 2F 4k 28 1 st LR
JH W ST R AR 1 ¢ A6 38, L 4% LG BER T Mann- Whitney U 5 5% .
BMI, body mass index, A F 45 % ; NIHSS, National Institutes of
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Table 2. Variable assignment table of risk factors for cancer-associated ischemic stroke
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ischemic attack, %8 2 P& I Sk 1 & 7E s LAA, large artery atherosclerosis, K3l Bk i FERE AL 5 CE, cardioembolism , /0> JH P4 42 %€ ; SAO, small artery
occlusion, /N 1 Jk 4] Z€ ; SOE , stroke of other determined etiology , H Al B #ff 9 X ; SUE, stroke of undetermined etiology, /I~ W45 [K] ; AMIMCT,
acute multiple ischemic lesions located in more than one vascular territories , 2 1 2 & P ik 1 5% 2%
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Table 3.  Univariate Logistic regression analysis of
influencing factors for cancer-associated ischemic stroke
At b SE  Waldy® P{i ORfH OR 95%CI

E3 0.035 0.016  4.583 0.032 1.036 1.003~ 1.070
15 1L -0.838 0.369  5.159 0.023 0433 0.210~ 0.891
FRIMLEE  -1.897 0.541 12.285 0.000 0.150 0.052~ 0.433
AMIMCT 1.623 0374 18.813 0.000 5.066 2.434~ 10.546

LAA B -2.383 0.542  19.361  0.000 0.092 0.032~ 0.267
SOE %! 1.610 0.804  4.007 0.045 5.004 1.034~ 24.213
SUE %! 3.795 0.425 79.592 0.000 44.476 19.332~102.376

AYEAK 0451 0.127 12.611 0.000 1.570 1224~ 2015
D-—HMk 0678 0.123 30.105 0.000 1969 1546~ 2.508
CRP 0.037 0.007 25871 0.000 1.038 1.023~ 1.053

AMIMCT, acute multiple ischemic lesions located in more than
one vascular territories, & £ 2 & MBI 75 7 s LAA, large artery
atherosclerosis , & 3l ik 35 £ i 1k ; SOE, stroke of other determined
etiology , Hflb B 4 9% & ; SUE, stroke of undetermined etiology, AN
W95 X ; CRP, C-reactive protein, C-JZ W & M1
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Table 4. Multivariate backward Logistic regression
analysis  of influencing factors for cancer - associated
ischemic stroke

s b SE  Waldy’ P ORfE  OR95%CI
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g e -6.539  0.842  60.316  0.000

SUE, stroke of undetermined etiology , A~ B3 [
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induced pluripotent stem cells(iPSCs)
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in situ hybridization(ISH)
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survival motor neuronal (SMN)
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