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[Abstract] Objective To analyze the correlation between tortuosity of extracranial internal carotid

artery (EICA) and extracranial vertebral artery (EVA) and acute ischemic stroke, so as to discuss the causes

of vascular tortuosity and the mechanism on inducing stroke. Methods This study included 103 patients

with acute ischemic stroke and 103 patients without acute ischemic stroke whose manifestations were

headache and dizziness. CTA was used to measure the tortuosity index (TI), deviation degree (DD),

tortuosity degree (TD) and angular number (AN) of EICA and EVA. Pearson correlation analysis and

Spearman rank correlation analysis were used to analyze the correlations of arterial tortuosity with risk
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factors for ischemic stroke and vascular morphology. Univariate and stepwise multivariate Logistic
regression analysis were used to screen related risk factors for tortuosity of EICA and EVA. Results The
stroke group had higher TI (P =0.000, 0.000), DD (P =0.000, 0.000), TD (P =0.002, 0.000) and AN (P =
0.019, 0.000) of EICA and EVA than those in control group. According to the site of infarction, the stroke
group was divided into anterior circulation infarction (ACI) subgroup (N = 73) and posterior circulation
infarction (PCI) subgroup (N = 30), and there was no significant difference in above - mentioned vascular
morphological indexes between 2 subgroups (P > 0.05, for all); in each subgroup, there was no significant
difference between infarct side and non-infarct side of EICA, and between left and right EVA (P > 0.05, for
all). Nevertheless, the TI (P =0.000), DD (P =0.000) and TD (P =0.045) of EICA in ACI subgroup were
higher than those in control group; TI (P = 0.000), DD (P = 0.000), TD (P =0.000) and AN (P = 0.046) of
EVA in PCI subgroup were higher than those in control group. In stroke group, correlation analysis
revealed that TI of EICA was positively correlated with age, cervical artery atherosclerosis (CAS), EICA and
EVA morphological indexes (except DD of EVA; P <0.05, for all), but was negatively correlated with male
(r.=-0.253, P =0.010); TI of EVA was positively correlated with age, hypertension, morphological indexes
of EICA and EVA (P <0.05, for all), but negatively correlated with male (r.=-0.276, P =0.005). Univariate
and stepwise multivariate Logistic regression analysis showed that female (EICA: OR = 1.458, 95% CI:
1.111-5.166, P =0.016; EVA: OR =9.092,95%CI: 1.294-63.872, P = 0.026) and age (EICA: OR = 1.050,
95%Cl: 1.013-1.088, P =0.007; EVA: OR =1.084, 95%Cl: 1.003-1.138, P =0.001) were independent risk
factors for tortuosity of EICA and EVA. Conclusions There are no significant differences between left
and right side, anterior and posterior circulation on tortuosity distribution of patients with ischemic stroke.

The EICA and EVA morphological indexes of stroke patients was significantly higher than that of non-stroke
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patients. Female and age are independent risk factors for tortuosity of EICA and EVA.
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Figure 1 Various phenotypes of tortuous vessels included
curving, angulation/kinking, looping and spiral twisting from
left to right.
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Figure 2 Three
dimensional

reconstruction
image was used to measure vascular morphological indexes.
Measurement of TI: the actual distance of EICA was 111 cm,
the linear distance was 60.90 ¢cm, and Tl was 82.27% (Panel
2a). Measurement of DD: the vertical distance from the
furthest point of the ideal straight line of EICA to the ideal
straight line was 14.74 c¢cm (Panel 2b). Measurement of TD:
the angles of EVA from bottom to top were 102°, 89°, 9°,
147°, 135°, 52°, 50° and 123° respectively, the TD was Level
5; measurement of AN: there were 8 angles with TD = Level
2 (angle < 150°, Panel 2c¢).
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Table 1. Comparison of clinical data between 2 groups

Ttem Control Stroke Statistic P value
(N=103) (N=103) value
Sex [case (%)) 0.000  1.000
Male 70 (67.96) 70 (67.96)
Female 33(32.04) 33(32.04)

Age (x £, year) 58.59+15.87 58.35+£14.75 0.114 0.910

Hypertension [case (%)] 41 (39.81) 57 (55.34) 4983 0.026
Coronary heart disease 6(5.83) 1(0.97) 2366  0.124
fease ()]
Diabetes [case (%)] 16 (15.53) 25(24.27) 2467 0.116
Hyperlipidemia [case (%)] 17 (16.50) 16 (15.53) 0.036  0.849
Smoking [case (%)] 30 (29.13) 44 (42.72) 4133 0.042
Drinking [case (%)] 13 (12.62) 26 (25.24) 5.345 0.021
Platelet (x s, x10°/L) 187.24 £69.51 174.60 +54.56  0.417 0.677
CAA [case (%)] 37 (35.92) 19 (18.45) 7.946  0.005
CAS [case (%)] 19 (18.45) 46 (44.66) 16.386  0.000
PVD [case (%)] 14 (13.59) 3(291) 7.758  0.005
EICA

TI (x s, %) 2.08+ 091 2.71+ 0.80 -5.304 0.000

DD (x s, cm) 7.66+ 3.86 12.06+ 4.19 -7.838 0.000

TD [M (P2, Prs), grade] 3.00 4.00 -3.089  0.002

(2.00,4.00)  (2.00, 4.00)

AN (x +5, number) 1.84+ 0.89 2.14+ 0.93 -2.367 0.019
EVA

TI (x £5, %) 141+ 075 2.14+ 0.65 -7.472 0.000

DD (x s, cm) 6.34+ 276 10.17+ 3.03 -9.464 0.000

TD [M (P2, Prs), grade] 3.00 4.00 -3.815  0.000

(2.00,4.00)  (2.00, 4.00)
AN (x £5, number) 264+ 197 3.85+ 243 -3.938 0.000

Two-independent-sample ¢ test for comparison of age, platelet, TI,
DD and AN of EICA and EVA, Wilcoxon rank sum test for
comparison of TD of EICA and EVA, and X’ test for comparison of
others. CAA, cervical artery atherosclerosis, 3 8l ik #5 F¢ fifi fk ;
CAS, cervical artery stenosis, 31 2l Ik # % ; PVD, peripheral
vascular diseases, J& [l Ifil. 45 J% 7 ; EICA, extracranial internal
carotid artery, 8 P 3) Ik 51 4h BE ; TI, tortuosity index, i i 15 41 ;
DD, deviation degree, fi & J& ; TD , tortuosity degree, i Hi J& ; AN,
angular number, J A 805 EVA, extracranial vertebral artery, it
Bk s B

0.000) Fb i &5 F Xt B 41, 20 3h fik o B i Ak (P =
0.005 ) 1 J [l i %8 5 42 (P = 0.005) Eb i IK X B8 41
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Table 2. Comparison of vascular morphological indexes of ACI subgroup (between infarct side and non-infarct side) and
PCI subgroup (between left and right)

ACI (N =73) PCI (N =30)
ftem Infarct side of EICA Non-infarct side of EICA ¢ or Tvalue Pvalue  Left EVA  Right EVA ¢or T value P value
TI (=5, %) 2.69 +0.89 2.69+0.84 -0.420 0967  2.11+0.85 204+0.61 0.642  0.526
DD (% +s, cm) 12.29+4.88 11.98+4.49 0.557 0579  9.65+3.97 10.43+4.00 -1.057  0.299

TD [M (P2, Pr), grade] 3.00 3.00 -0.258 0.796 4.00 3.00 -0.936  0.349
(2.00, 4.00) (2.00, 4.00) (3.00, 4.00) (3.00, 4.00)

AN (¥ £5, number) 2.13+£1.01 2.24+1.02 -1.239 0.219 3.73+£2.42 4.17+£2.38 -1.257 0.219

Wilcoxon signed rank test for comparison of TD, and paired ¢ test for comparison of otherso ACI, anterior circulation infarction, i f§ ¥ 1
Bt ; PCI, posterior circulation infarction, Jii 7 ¥ ## 4E ; EICA, extracranial internal carotid artery, 201 P4 8} ik /iii 4 Bt ; EVA, extracranial
vertebral artery, #E )] ik /il b BZ 5 T1, tortuosity index, i # #§ % ; DD, deviation degree, i &5 & ; TD, tortuosity degree, if #fi & ; AN, angular
number, B 5L

R3 HIEIAAEFCY 5 5 6 PR AR FE Y 241 58 5 148 ] 25 2 45 A 1 HE

Table 3. Comparison of vascular morphological indexes between ACI subgroup and PCI subgroup*

EICA EVA
fem ACI(N=73)  PCI(N=30) torTvalue Pvalue  ACI(N=73)  PCI(N=30) tor T value P value
TI & +5, %) 2.88+ 0.81 2.87+ 0.81 0.086  0.931 2.35+0.64 2.29+0.71 0.448  0.655
DD (% +s, cm) 13.08+13.08  12.95+12.95 0.115  0.908 10.59+£3.40  10.69+4.37 -0.127  0.900
TD [M (Pss, P:s), grade] 4.00 (2.00, 4.00) 4.00 (3.00,4.00) -0.061  0.952  3.00(2.00, 4.00) 4.00 (3.00,4.00) -1.043  0.297
AN (¥ =5, number) 216+ 0.93 207+ 1.14 0453  0.651 4.12+2.68 4.07+2.89 0.102 0919

#One side of EICA and EVA with higher TI, #£ % EICA Fl EVA i i 45 805 & 19—l . Wilcoxon signed rank test for comparison of TD,
and paired ¢ test for comparison of otherso EICA, extracranial internal carotid artery, 3 [N 8l ik i 7} B ; EV A, extracranial vertebral artery,
M 8h ik /i M BE 5 ACT, anterior circulation infarction , Hi #f ¥R 3E ; PCI, posterior circulation infarction, i i§ FRHEFE ; TI, tortuosity index , i
F8 %50 DD, deviation degree, fiil 5 B ; TD , tortuosity degree, iF #i & ; AN, angular number, 5% ff >4
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Table 4. Comparison of vascular morphological indexes of ACI subgroup, PCI subgroup and control group*

EICA EVA
ftem ACI(N=73)  Control (N=73) torZ value P value PCI(N=30) Control (N=30) ¢or Z value P value
TI ®+s, %) 2.88+0.81 2.27+0.92 4329 0.000 2.29+0.71 1.55+0.67 4130 0.000
DD @ s, cm) 13.08£5.12 8.09+4.05 6.534  0.000 10.69 +4.37 6.58 +3.42 4.058  0.000
TD [M (Ps, Pr), grade] 4.00 (2.00,4.00) 3.00 (2.00,4.00) -2.006  0.045  4.00 (3.00, 4.00) 2.00 (1.00, 4.00) -3.253  0.000
AN (@ =5, number) 2.16+0.93 1.92 +0.88 1.649  0.101 4.03+2.28 2.83+2.28 2.040  0.046

#One side of EICA and EVA with higher TI, ¥4 EICA Fl EVA T i 45 2048 = i — ] . Wilcoxon rank sum test for comparison of TD, and
two-independent-sample ¢ test for comparison of others. EICA, extracranial internal carotid artery, 5 P 8l ik /i 4} Bt ; EV A, extracranial
vertebral artery, HE Bl bk 151 4 Bt 5 ACT, anterior circulation infarction, Hij 7§ ¥ 88 %€ ; PCI, posterior circulation infarction, J&i 1 A BT 5 T,
tortuosity index, iF 5 %10; DD, deviation degree, fiil 5 £ ; TD , tortuosity degree,iF #i & ; AN, angular number, 5% ff 1~ 5
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RS MU T AR S B PR A v A TR 3OR A I A TR 2 SA 8 AR B AR 5G40 B (N = 103)

Table 5. Correlation analysis of TI with risk factors for ischemic stroke and other vascular morphological indexes (N =103)
Stroke Control
Ttem EICA TI EVATI EICA TI EVATI
roorrvalue P value roorrvalue P value r.orr value P value roorrvalue P value
Male* -0.253 0.010 -0.276 0.005 0.190 0.054 0.224 0.023
Age#t 0.443 0.000 0.547 0.000 0.492 0.000 0.465 0.000
Hypertension* 0.176 0.075 0.322 0.001 0.197 0.046 0.225 0.022
Coronary heart disease® 0.043 0.664 -0.015 0.881 0.046 0.644 0.042 0.675
Diabetes* 0.119 0.230 0.108 0.277 0.053 0.597 0.254 0.010
Hyperlipidemia* 0.039 0.697 0.079 0.426 0.048 0.627 0.107 0.281
Smoking* -0.129 0.193 -0.096 0.333 -0.051 0.609 0.004 0.971
Drinking* -0.070 0.485 -0.030 0.763 0.085 0.396 0.081 0.415
Platelet# -0.040 0.687 -0.094 0.343 -0.168 0.092 -0.005 0.956
CAA* 0.195 0.048 0.056 0.577 0.103 0.302 0.130 0.191
CGASF -0.068 0.495 0.007 0.945 0.091 0.359 0.082 0.412
PVD* -0.054 0.585 -0.050 0.619 0.020 0.845 0.065 0.516
EICA
T1# — — 0.560 0.000 — — 0.489 0.000
DD# 0.648 0.000 0.417 0.000 0.785 0.000 0.481 0.000
TD* 0.851 0.000 0.492 0.000 0.873 0.000 0.514 0.000
AN# 0.595 0.000 0.339 0.000 0.612 0.000 0.347 0.000
EVA
TI# 0.560 0.000 — — 0.489 0.000 — —
DD# 0.002 0.980 0.236 0.016 0.028 0.776 0.457 0.000
TD* 0.493 0.000 0.677 0.000 0.381 0.000 0.689 0.000
AN# 0.474 0.000 0.583 0.000 0.428 0.000 0.741 0.000

#Spearman rank correlation, Spearman Tk # 5 53 M7 ; #Pearson correlation, Pearson #1943 M7 . EICA, extracranial internal carotid artery, 3
N 20 i A0 B 5 TT tortuosity index, iF #4540 ; EVA , extracranial vertebral artery, HESl B f5i b Bt ; CAA , cervical artery atherosclerosis, 33|
K HE FERE AL s CAS, cervical artery stenosis, 3 8l Ik B %5 ; PVD , peripheral vascular diseases , J& Fil Ml %% 2% ; DD , deviation degree , ffi £ J£ 5

TD , tortuosity degree,3E & ; AN, angular number, 5% f 4~ %L

19—, BEICA i th 45 % 5 4F 0% | 30 8 ik oks A% B Ak |
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T 48 B85 A i A T A 2 48 A ) ) AR Ak

VU i A8 A R D R A

LR Logistic 181 H 43 87 2755, 2 1 FAE 18 )2

EICA i A G fa 6 I 2 (¥ P<0.05;%6,7) ; Lotk
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0.05;%6,8) . #F—H1TZINEZHIL Logistic M-
ST R, Pk (EICA: OR = 1.458,95%CI: 1.111 ~
5.166, P = 0.016; EVA: OR = 9.092,95% Cl: 1.294 ~
63.872,P =0.026) FI4E#% (EICA : OR = 1.050,95%CI:
1.013 ~ 1.088, P = 0.007; EVA: OR = 1.084, 95%CI:
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Table 6. Variable assignment of related risk factors for vascular tortuosity
Assignment (score) Assignment (score)
Variable Variable
0 1 0 1

Sex Male Female Smoking No Yes
Hypertension No Yes Drinking No Yes
Coronary heart disease No Yes CAA No Yes
Diabetes No Yes CAS No Yes
Hyperlipidemia No Yes PVD No Yes

CAA, cervical artery atherosclerosis, 201 2l ok oks BE 8 AL 5 CAS, cervical artery stenosis,

J A% . The same for Table 7 and 8

7 EICA T A S AE I H 3 9 B[R R Logistic [T 43 4
Table 7. Univariate Logistic regression analysis of risk
factors for tortuosity of EICA

0 3h ik B % 5 PVD, peripheral vascular diseases, &l o

F8 EVAIE AR fE 5 N R 1 R #E Logistic [81 1 434

Table 8. Univariate Logistic regression analysis of risk
factors for tortuosity of EVA

Variable b SE Waldx® Pvalue ORvalue OR95%CI Variable b SE Waldy® Pvalue ORvalue OR95%CI
Sex 0.545 0449 1473 0025 1725 1.715-4.161 Sex 1455 0588  6.124 0.013 4284 1.353-13.562
Age 0.048 0.015 9838 0002 1049 1.018-1.081 Age 0.078  0.019 16937 0.000  1.081 1.041- 1.121
Hypertension  0.686  0.410 2797  0.094  1.986 0.889-4.438 Hypertension 1285 0458 7.875 0.005  3.615 1.473- 8.871
glosré)an;ry heart 0634 0501  1.603  0.205  1.886 0.706-5.034 dCer;n;ry heart 2610 10342 1552 0901  23.638 7.364-71.269
Diabetes 0393 0582 0455 0500 1481 0.473-4.633 Diabetes 0342 0529 0418 0518 1407 0.499- 3.967
Hyperlipidemia  0.686  0.410 2797  0.494  1.986 0.889-4.438 Hyperlipidemia -0.545  0.569  0.636 0425  0.635 0.208- 1.938
Smoking -0319 0408 0.610 0435 0727 0.327-1.618 Smoking -0.105 0494  0.045 0.831 0900 0.342- 2.371
Drinking -0.194 0461 0.176  0.675  0.824  0.334-2.035 Drinking -0417 0437 0912 0340  0.659 0.280- 1.551
Platelet -0.002  0.004 0294 0587 0998 0.991-1.005 Platelet -0.001  0.004 0.094 0759 0999 0.991- 1.007
CAA 0388 0541 0513 0474 1473 0.510-4.257 CAA 0519  0.610 0725 0395  1.681 0.508- 5.559
CAS -0353 0407 0752 038  0.703 0.317-1.560 CAS 0.076 0437 0.030 0862  1.079 0.458- 2.541
PVD -1.183 -1.242 0907 0341 0306 0.027-3.496 PVD 21638 1245 1731 0.189  0.194 0.017- 2.230

F9  FEICA I A G B &R 1) 2 H R & Lk Logistic 14
a3
Table 9. The

multivariate

F10 EVA AR N R B2 H R Z T Logistic 11
V353 #r

Table 10. The stepwise multivariate Logistic regression

stepwise Logistic regression  analysis of related factors for tortuosity of EVA

analysis of related factors for tortuosity of EICA

Variable b SE  Wald x° P value OR value OR 95%CI
Variable b SE  Wald X’ Pvalue OR value OR95%CI

Sex 2.207 0995 4925 0.026 9.092 1.294-63.872
Sex 0.377 0.646 0.341 0.016 1.458 1.111-5.166

Age 0.081 0.025 10.665 0.001 1.084 1.003- 1.138
Age 0.049 0.018 7.233 0.007 1.050 1.013-1.088 .

Hypertension 0.222 0.529 0.176 0.675 1.249 0.443- 3.521
Constant -1.371 1.352  1.027 0.311

Constant -0.930 1.772  0.275 0.600
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& 3zt BR & AR (F)

TeHFE MBI specific pathogen free(SPF)

W NAHE fraction of inspired oxygen(Fi0,)
RGVELLBERIE  systemic lupus erythematosus(SLE)
YA LT extracellular matrix(ECM)

240 M6 300 2 RO R i 4
cyclin-dependent kinase 4(CDK4)

200 W ] 390 A AR A S ) B TR 2A/B
cyclin-dependent kinase inhibitor 2A/B(CDKN2A/B)

T Fefili- 3R AR hypothalamic pituitary adrenal(HPA)
JURH TR 1 1k 2

adenosine monophosphate-activated protein kinase( AMPK)
/NBIKFATZE  small artery occlusion(SAO)
IR IE  cardioembolism(CE)
MAr MR MG AL excitatory postsynaptic potential (EPSP)

HE AU B S DI R A i 2 b B v T Ao U
Efficacy of Virtual Reality Exercises in STroke
Rehabilitation (EVREST) trial

TP 5 - €I A2 YR R PR ECA A 5
selective serotonin and norepinephrine reuptake inhibitor

(SSNRI)
e REPE 5-5 60 e P B RO AR 5

selective serotonin reuptake inhibitor(SSRI)

e 25 T B iR A SO 4 5

selective norepinephrine reuptake inhibitor(SNRI)
ML Bk Z 54l angiotensin-converting enzyme( ACE)
MHZ59%6  moyamoya disease( MMD)
Beck MMl # 3 Beck Depression Inventory(BDI)
A 2253 B O 8 O

mitogen-activated protein kinase(MAPK)
3 — S L&A inducible nitric oxide synthase(iNOS)

WINTE

T tortuosity degree(TD)
LR EL  tortuosity index(TI)
JEL A v R o 2 2R 5 U

primary central nervous system lymphoma(PCNSL)
VCAERE S telerehabilitation(TR)
Wolfiz g HIREM & Wolf Motor Function Test(WMFT)
Fugl-Meyer iz 3 ) RE PP A 1 3R

Fugl-Meyer Assessment Scale-Motor( FMA-Motor)
B A4 ICHE  motor neuron disease(MND)
BE)E KA motor-evoked potential(MEP)

g motor threshold(MT)

iz g )
B BRI direct cortical stimulation(DCS)

ERNEE R QIR G RN S
Chinese Ischemic Stroke Subclassification( CISS)

th iz 245 S/ E] central motor conduction time(CMCT)

motor relearning programme( MRP)

M IRPER F-a tumor necrosis factor-a( TNF-a)

TREMNG ML %94 severe cerebral vascular disease(SCVD)
JAE M4 f5 48 peripheral vascular diseases(PVD)

JH] Rl B 1 5 16 1]

peripheral motor conduction time( PMCT)

HEZh K vertebral artery(VA)

MES K WAMEE  extracranial vertebral artery(EVA)
Cowden ZEH1IE Cowden’s syndrome(CS)
HMNMKRE  interclass correlation coefficient(1CC)

10 m B RAPAT
10 m Maximum Walking Speed(10 m MWS)

I KRB JERSY  maximum intensity projection( MIP)

e KEH R maximum stimulator output(MSO)



