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A B S T R A C T   

Background: Cervical artery dissection (CAD) is a relevant etiology of transient ischemic attacks and strokes. 
Several trials explored the significance of specific antithrombotic treatments, i.e. oral anticoagulation (OAC) 
versus antiplatelet treatment (APT), on recurrent ischemic complications and clinical outcomes. As overall 
incidence rates of complications were low there is still controversy which antithrombotic treatment should be 
used. However, up to now there has been no systematic investigation among CAD-patients with ischemic stroke 
specifically comparing clinical course and outcome of patients with anterior versus posterior CAD. 
Methods: We performed an individual participant data analysis of patients with CAD and ischemic stroke. Over a 
five-year period we pooled data from three sites (i.e. West China Hospital, Chengdu, China as well as Erlangen 
and Giessen University Hospitals, Germany) and enrolled patients with CAD-associated ischemic stroke. Patient 
demographics, clinical and in-hospital measures as well as radiological data were retrieved from institutional 
databases. Clinical follow-up was over 6 months and included data on recurrent ischemic strokes and hemor
rhages as well as clinical functional outcome assessed by the modified Rankin Scale dichotomized into favourable 
(mRS=0–2) and unfavourable. 
Results: A total of 203 patients with CAD were included of which n=112 had anterior and n=91 had posterior 
CAD. Patients with posterior CAD were younger (46.0 vs. 41.0 y; p<0.001) than patients with anterior CAD and 
showed less often arterial hypertension. (42.0 % vs. 28.6 %; p<0.048). Antithrombotic treatment with APT and 
OAC was similarily distributed among patients with anterior and posterior CAD and not significantly differently 
related to ischemic or hemorrhagic complications during follow-up (all p=n.s.). Main difference between Chinese 
and German patients were mode of antithrombotic treatment consisting predominantly of APT in China 
compared to OAC in Germany. Functional outcome overall was good, yet worse in patients with anterior CAD 
compared to posterior CAD (80.2 % favorable in anterior CAD vs. 92.2 % in posterior CAD (p=0.014). 
Conclusion: This study provides evidence that anterior and posterior CAD show baseline imbalances regarding 
age and comorbidity which may affect clinical outcome. There are no signals of superiority or harm of any 
specific mode of antithrombotic treatment nor relevant discrepancies in clinical outcome among Chinese and 
German CAD-associated stroke patients.   

1. Introduction 

Cervical artery dissection (CAD) is a relevant etiology of transient 

ischemic attacks and strokes [1–3]. The mean age of patients affected by 
dissection is 44–46 years and among this age population CAD represents 
the cause of stroke in 25 % [1, 4]. Randomized trials such as the CADISS 
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trial, as well as meta-analyses, provided evidence for both, (i) an overall 
very low risk of recurrent stroke in patients with CAD, and (ii) a 
non-significant difference regarding an antithrombotic treatment either 
using platelet inhibitors (antiplatelet treatment, APT) or oral anti
coagulation (OAC) [5–10]. 

Up to know, there has been no systematic analysis of ischemic stroke 
patients comparing CAD of the anterior versus posterior circulation. To 
address this issue – and to further shed light into potential ethnic dif
ferences among Caucasian and Asian patients – we performed an indi
vidual participant data analysis pooling acute stroke-patients with CAD 
from Germany and China. We sought to investigate possible differences 
in demographic and clinical parameters, specifically focusing on 
antithrombotic management and clinical outcomes, among stroke pa
tients with CAD affecting anterior versus posterior circulation and 
among both countries. 

2. Methods 

2.1. Patient selection and study design 

All consecutive patients with the diagnosis of ischemic stroke 
admitted to tertiary stroke centers (West China Hospital, Sichuan Uni
versity, Chengdu, China; Department of Neurology, Friedrich-Alex
ander-Universität Erlangen, Germany; Department of Neurology, 
Justus-Liebig-Universität, Giessen) were included into institutional 
prospective databases which were approved by the local institutional 
ethics committees. Within a 5-year period we identified those patients 
with acute ischemic stroke and enrolled those into the present study 
with evidence of internal carotid or vertebral artery dissections as 
verified by CT angiography (CT-A), or magnetic resonance angiography 
(MR-A). Patients were followed-up at each participating center on a 
regularly basis 6 months after incident stroke. 

2.2. Parameter acquisition and outcome measures 

Clinical data were retrieved from the respective institutional data
bases and included the following parameters: patientś demographics, 
medical history (hypertension, diabetes mellitus, history of smoking / 
migraine / trauma and other comorbidities) and National Institute of 
Health Stroke Scale (NIHSS) on admission, the use of single and dual 
APT (SAPT/DAPT) and OAC during hospital stay and thereafter until 
follow-up. 

During follow-up visits data on recurrent ischemic strokes and 
hemorrhages were recorded and clinical outcome assessed by scale- 
trained physicians 6 months after stroke using the modified Rankin 
Scale (mRS) [11]. Endpoints of this study were (i) analysis of event rates 
(i.e. composite of ischemic and hemorrhagic complications as well as 
respective separate analyses) according to (a) site of dissection and (b) 
mode of antithrombotic treatment, and (ii) mRS-outcomes at 6 months, 
stratified into favorable outcome, defined as mRS 0–2, and unfavorable 
outcome (mRS 3–6). Ischemic lesions included ischemic stroke based on 
manifest imaging findings or persistent focal deficit of sudden onset 
lasting for >24 h, as described previously [12]; further, ischemic lesions 
also included TIA, defined as focal neurologic deficit of sudden onset 
lasting <24 h [13]. Hemorrhagic stroke was defined according to 
established criteria and included symptomatic, nontraumatic intrace
rebral hemorrhage [14]. 

2.3. Statistical analysis 

Statistical analysis was performed using SPSS statistical software 
package 28.0 (SPSS Inc., USA). Categorial variables were presented as 
frequency and percentage, comparison between groups was done using 
Pearson chi square or Fisher’s exact test. Distribution of data was 
established using Kolmogorov-Smirnov test. Data with normal distri
bution are presented as mean ± standard deviation (SD) and compared 

using Student’s t-Test. Data without normal distribution are presented as 
median and range and compared using Mann-Whitney U-test. All sta
tistical tests are two sided, the significance level was set at α=0.05. 

3. Results 

3.1. Baseline characteristics 

Fig. 1 presents the study flowchart, Table 1 provides the baseline 
characteristics of all included patients. In total, 203 patients were ana
lysed of which n=112 had with CAD of the anterior versus n=91 with 
posterior circulation ischemic strokes. Baseline characteristics revealed 
essentially no significant differences among patients with anterior versus 
posterior circulation CAD, except for (i) age and (ii) presence of arterial 
hypertension, i.e. patients posterior CAD were younger (46.0 
(42.0–54.0) vs. 41.0 (36.0–48.0) years; p<0.001) and suffered less often 
from hypertension (47/112 (42.0 %) vs. 26/91 (28.6 %); p<0.048). 

Comparing patients from China and Germany (supplementary Table 
1) showed the following significant differences: patients from China 
tend to be younger (43.0 [37.0–48.0] vs. 47.0 [41.0–56.5]; p<0.001), 
less often female (21.6 % vs. 46.7 %; p<0.001) and had a worse 
neurological status on admission (NIHSS 2 [1–5] vs. 1 (0− 5); p=0.041). 
Regarding comorbidities, patients from Germany showed a higher rate 
of hypertension (50.0 % vs. 24.3 %; p<0.001) and a higher rate of 
hyperlidipemia (32.6 % vs. 12.6 %; p<0.001). Regarding site of 
dissection there were no relevant significant differences. CAD was 
verified more often using CT-imaging in China compared to more 
MR-imaging in Germany (supplementary Table 1). 

3.2. Antithrombotic management 

Table 2 demonstrates antithrombotic treatment in patients with 
anterior versus posterior CAD-associated ischemic strokes. In the ma
jority of all patients APT was used as secondary prevention without 
significant differences among patients with anterior versus posterior 
CAD (APT anterior CAD: 77/112 (68.8 %) vs. 65/91 (71.4 %); 
p=0.678). The rate of patients with DAPT and OAC was not significantly 
different. Comparing patients from China and Germany revealed that 
APT was used in nearly all CAD-patients from China (APT use in 
91.9 %), thereby having relatively balanced patient-numbers on SAPT 
or DAPT (supplementary Table 1) and with low rates of subsequent 
chance in antithrombotic treatment. Contrary, in Germany the majority 
of patients received OAC (56.5 %) 32.6 % SAPT and only 10.9 % DAPT. 
Overall, the most frequent chance in antithrombotic treatment was 
replacing an initiated DAPT by a subsequent SAPT (supplementary 
Table 1). 

Fig. 1. Flowchart of included patients.  
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3.3. Clinical outcomes 

Any ischemic or hemorrhagic event during follow up occurred in 10/ 
112 (8.9 %) patients with anterior vs 9/91 (9.9 %) in posterior CAD 
(0=0.815; Fig. 2A). Subanalysis did not show significant differences in 
the rate of ischemic or hemorrhagic complications among patients with 
anterior vs posterior CAD (Fig. 2A). Any ischemic or hemorrhagic event 
during follow up occurred in 6/61 (9.8 %) patients with OAC vs. 13/142 
(9.15 %) in APT-patients (p=0.878; Fig. 2B). Subanalysis demonstrated 
that 5/61 (8.2 %) patients with OAC suffered from repeat ischemic 
stroke compared to 1/142 (0.7 %) in patients with APT (p=0.01), 
whereas hemorrhagic complications were not significantly different 
among patients with OAC (2/61; 3.3 %) and APT (12/142; 8.45 %) 
(p=0.236; Fig. 2B). 

Functional outcome analysis at 6 months revealed that 87/111 
(78,3 %) of patients with anterior CAD vs. 83/90 (92.2 %) with poste
rior CAD showed favourable clinical outcome (p=0.007; Fig. 3). Sub
analysis of functional outcome among patients from China and Germany 

revealed no significant different outcomes with 82.9 % of all patients 
from China and 85.3 % of all German patients having mRS scores of 0–2 
(supplementary Figure 1). Additionally, we performed a subanalysis on 
the topography of cerebral ischemia within the group of patients with 
anterior circulation dissections only, i.e. ischemia within the anterior 
versus middle cerebral artery (ACA/MCA). Of 37 patients available for 
this analysis, ischemia was present in ACA territory in 3 patients and in 
the MCA territory in 34 patients. Exploring functional outcomes of these 
patients revealed non significantly different mRS scores (ACA: mRS 
0 (0− 0); mean 0.333 ± 0.58 versus MCA: mRS 2 (0− 3); mean 1.71 ±
1.45; p=0.118). 

4. Discussion 

The present study compared patients with ischemic stroke associated 
with anterior versus posterior circulation cervical artery dissections. 
Pooling individual participant data from China and Germany (i) 
revealed that baseline characteristics among anterior and posterior CAD 
patients were similar, with posterior CAD patients being significantly 
younger, (ii) provided evidence that antithrombotic management was 
not significantly different between anterior and posterior CAD, while 
Chinese patients were predominantly treated with antiplatelet treat
ment, whereas German patients were more often oral anticoagulated, 
(iii) established that ischemic and hemorrhagic complications were not 
statistically different among patients with anterior versus posterior CAD, 
and among OAC- and APT-patients respectively. Finally, (iv) clinical 
outcome was more often favourable in patients with posterior CAD, 
without differences when comparing Chinese to German patients. Some 
aspects emerge from the data. 

First, regarding different baseline characteristics and clinical func
tional outcome of patients with anterior versus posterior circulation CAD, 
our findings are in line with previous reports on vertebral artery dissec
tions and the relatively low age and few comorbidities of these patients 
[15]. This aspect may be one of the major drivers contributing to the 
overall better functional outcome observed in posterior CAD. Another 
aspect refers to the different clinical severity of lesions within the cere
bellum compared to affection of the supratentorial middle cerebral artery 
territory; cerebellar lesions often appear clinically subtle with only minor 
or no measurable symptoms upon NIHSS assessment [16]. Further, in line 
with previous analyses, we found non-significant evidence that patients 
with cerebral infarcts in the territory of the anterior cerebral artery may 
have better prognosis than those patients with infarcts in the territory of 
the middle cerebral artery [17]. Additionally, this study adds value to the 
field as above findings were consistent when comparing Chinese and 
German patients. Hence, posterior CAD-patients in the setting of acute 
ischemic stroke and dissection may nonetheless be informed about the 
overall benign prognosis of the disease. 

Second, with respect to the ongoing debate, and varying guideline 
recommendations, on whether CAD patients should receive APT or OAC, 
there have been numerous trials and meta-analyses [15]. Specifically, 
the CADISS trial did not reveal differences in outcome events and 
recanalization among APT and OAC-patients with CAD [6,18]. Of note, 
the majority of CAD-patients were either suffering from TIA or ischemic 
stroke, hence a comparable patient contingent as in the present study. 
Contrary, the TREAT-CAD trial, that also substantially enrolled patients 
with CAD but no intracerebral ischemic lesions, failed to document a 
noninferiority of APT compared to OAC [19], though overall event rates 
were low irrespective of treatment. Both studies however did not spe
cifically focus on a comparison between anterior and posterior CAD, and 
did not exclusively include ischemic stroke patients, why the present 
study verifies comparable safety and efficacy profiles of APT and OAC in 
this specific patient population in both anterior as well as posterior CAD. 
These data fit well into the updated recent meta-analyses that overall 
argue in favour of APT, with preference of OAC in those CAD patients 
with vessel occlusion and ischemic stroke at CAD-onset [6–10, 18, 
20–22]. 

Table 1 
Baseline Characteristics of patients with anterior versus posterior CAD.  

Patients with dissection 
(n¼203) 

Anterior 
circulation 
(n¼112) 

Posterior 
circulation 
(n¼91) 

P Value 
(P<0.05) 

Age, y ǂ 46.0 (42.0–54.0) 41.0 (36.0–48.0) <0.001 
Female sex * 41 (36.6 %) 26 (28.6 %) 0.226 
Asian (Chinese cohort) 54 (48.2 %) 57 (62.6 %) 0.040 
Previous comorbidities 
Hypertension * 47 (42.0 %) 26 (28.6 %) <0.048 
Diabetes mellitus * 4 (3.6 %) 4 (4.4 %) 0.764 
History of smoking * 32 (28.6 %) 23 (25.3 %) 0.599 
History of hazardous 

alcohol use * 
25 (22.3 %) 21 (23.1 %) 0.898 

Hyperlipidemia * 22 (19.6 %) 22 (24.2 %) 0.436 
History of Migraine * 7 (6.3 %) 5 (5.5 %) 0.820 
Admission status 
NIHSS on admission ǂ 2 (0− 7) 1 (1–3) 0.171 
pre-MRS ǂ 0 (0− 0) 0 (0− 0) 0.465 
Location of dissection 
Left ICA * 51 (45.5 %) - - 
Right ICA * 50 (44.6 %) - - 
Both ICA * 18 (19.8 %)- - - 
Left VA * - 39 (42.9 %) - 
Right VA * - 34 (37.4 %) - 
Both VA * - -11 (9.8 %) - 
Diagnostic imaging 
CT + Angiography * 45 (40.2 %) 42 (46.2 %) 0.475 
MRI + Angiography * 60 (53.6 %) 46 (50.5 %) 0.777 
Digital subtraction 

angiography * 
5 (4.5 %) 3 (3.3 %) 0.733 

Baseline characteristics of the study population stratified by anterior vs. poste
rior CAD. Abbreviations: mRS: modified Rankin Scale; ICA: internal carotid ar
tery; VA vertebral artery. 

Table 2 
Antithrombotic management of patients with anterior and posterior CAD.  

Patients with dissection 
(n¼203) 

Anterior 
circulation 
(n¼112) 

Posterior 
circulation 
(n¼91) 

P Value 
(P<0.05) 

Single Antiplatelet therapy 
(SAPT) 

41 (36.6 %) 43 (47.3 %)  0.125 

Dual Antiplatelet Therapy 
(DAPT) 

36 (32.1 %) 22 (24.2 %)  0.211 

Anticoagulant therapy 
(OAC) 

35 (31.3 %) 26 (28.6 %)  0.680 

Switch of therapy (n¼30) 
OAC → DAPT 1/19 (5.3 %) 1/11 (9.1 %)  0.607 
SAPT → OAC 1/19 (5.3 %) 0/11 (0.0 %)  0.633 
DAPT → SAPT 17/19 (89.5 %) 9/11 (81.8 %)  0.611 
OAC → SAPT 0/19 (0.0 %) 1/11 (9.1 %)  0.367  
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Third, regarding clinical long-term outcome, the data presented here 
corroborate that functional outcome is favourable in CAD, even in those 
patents with ischemic stroke [23]. Although we detected differences in 
outcome among patients with anterior and posterior CAD, we here 
wilfully avoid any overinterpretation given that we did not adjust for 
imbalanced baseline characteristics. Yet, we observed some interesting 
side findings when comparing Chinese and German patients. Specif
ically, antithrombotic management varied such that Chinese patients 
predominantly received APT, a management strategy that may have 
grown in clinical routine based on higher rates of hemorrhagic com
plications in Asian people under OAC [2, 24–27]. Larger studies 
including ethnicity aspects in choosing APT versus OAC in CAD appear 
warranted. 

Our study has several limitations. Most importantly, it lacks a pro
spective design with intensive follow-up on every patient. Our data of 
recurrent strokes and hemorrhages is limited to hospital re-admissions 

and reporting of each patient on follow up. Furthermore, our data 
have been extracted from the hospital reporting system using the data of 
regularly visits to both centres and no systematic assessment of reper
fusion of occluded vessels has been performed. Thus, these results have 
to be interpreted with caution. Of note, contrary to previous analyses on 
antithrombotic management in patients with CAD, this study for the first 
time solely focussed on ischemic stroke patients with dissections and did 
not enrol CAD patients without concomitant ischemic stroke. In light of 
this specific aspect, the event rates, notably ischemic stroke, appear 
higher than in previous reports, a finding most likely linked to above 
aspect and the fact that we also scored transient ischemic events as 
stroke [28,29]. 

5. Conclusion 

In summary, our data verified similar rates of ischemic and hemor
rhagic complications among patients with anterior versus posterior 
circulation cervical artery dissections. Moreover, there was no differ
ence in patients treated with APT or OAC, while Chinese patients 
received more often APT compared to OAC in German patients. Clinical 
outcomes were slightly better in CAD-patients with posterior stroke, 
while outcomes were comparable when focusing on mode of antith
rombotic treatment or an inter-country comparison. 

Ethical guidelines 

This study was performed according to ethical guidelines and was 
approved by the local institutional review boards and ethical commit
tees of all sites. 

Fig. 2. Event rates of ischemic and hemorrhagic complications among follow-up period Percentages of ischemic and hemorrhagic complications as well as 
composite of both is presented for patients with anterior versus posterior CAD (A) and mode of antithrombotic treatment, i.e. OAC versus APT (B). (A) Composite 
endpoint of anterior vs. posterior complications: p=0.815, recurrent ischemic stroke (anterior 5/112 (4.5 %) vs. posterior 1/91 (1.1 %); p=0.227). Hemorrhagic 
complications: anterior 6/112 (5.4 %) vs. posterior 8/91 (8.8 %); p=0.337. (B) Numbers of events in patients with OAC vs. APT: composite: OAC 6/61 (9.8 %); SAPT 
10/84 (11.9 %); DAPT 3/58 (5.2 %); recurrent ischemic stroke: OAC 5/61 (8.2 %); SAPT 0/84 (0 %); DAPT 1/58 (1.7 %); hemorrhagic complications: OAC 2/61 
(3.3 %); SAPT 10/84 (11.9 %); DAPT 2/58 (3.4 %). 

Fig. 3. Functional outcome after 6 months stratified for patients with anterior 
vs posterior CAD. 

Y. Zhang et al.                                                                                                                                                                                                                                   



Clinical Neurology and Neurosurgery 243 (2024) 108381

5

Funding sources 

This study was not supported by any sponsor or funder. 

CRediT authorship contribution statement 

Stefan Lang: Software, Resources, Methodology, Investigation. 
Stefan Schwab: Writing – review & editing, Validation, Supervision, 
Resources, Conceptualization. Hagen B. Huttner: Writing – review & 
editing, Validation, Supervision, Investigation, Conceptualization. Ste
fan Gerner: Software, Methodology, Investigation, Formal analysis, 
Data curation. Sophie Lehmann: Resources, Methodology, Investiga
tion, Formal analysis, Data curation. kilian froehlich: Software, 
Investigation, Formal analysis, Data curation, Conceptualization. Yang 
Zhang: Software, Resources, Methodology, Formal analysis, Conceptu
alization. Tobias Bobinger: Writing – review & editing, Writing – 
original draft, Investigation, Formal analysis, Data curation, Conceptu
alization. Yanan Zhang: Writing – original draft, Project administra
tion, Methodology, Conceptualization. Li He: Writing – original draft, 
Supervision, Data curation, Conceptualization. Iris Muehlen: Software, 
Resources, Methodology, Formal analysis. Anne Mrochen: Resources, 
Project administration, Methodology, Formal analysis. 

Declaration of Competing Interest 

The authors have no conflicts of interest to declare. 

Acknowledgements 

This manuscript contains essential parts of the medical thesis of 
Sophie Lehmann. 

Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.clineuro.2024.108381. 

References 

[1] V.H. Lee, R.D. Brown Jr., J.N. Mandrekar, B. Mokri, Incidence and outcome of 
cervical artery dissection: a population-based study, Neurology 67 (10) (2006) 
1809–1812. 

[2] S. Debette, A. Compter, M.A. Labeyrie, M. Uyttenboogaart, T.M. Metso, J. 
J. Majersik, et al., Epidemiology, pathophysiology, diagnosis, and management of 
intracranial artery dissection, Lancet Neurol. 14 (6) (2015) 640–654. 

[3] G.J. Redekop, Extracranial carotid and vertebral artery dissection: a review, Can. J. 
Neurol. Sci. 35 (2) (2008) 146–152. 

[4] B. von Sarnowski, U. Schminke, U. Grittner, F. Fazekas, C. Tanislav, M. Kaps, et al., 
Cervical artery dissection in young adults in the stroke in young Fabry patients 
(sifap1) study, Cereb. Dis. 39 (2) (2015) 110–121. 

[5] S.C. Larsson, A. King, J. Madigan, C. Levi, J.W. Norris, H.S. Markus, Prognosis of 
carotid dissecting aneurysms: Results from CADISS and a systematic review, 
Neurology 88 (7) (2017) 646–652. 

[6] H.S. Markus, E. Hayter, C. Levi, A. Feldman, G. Venables, J. Norris, Antiplatelet 
treatment compared with anticoagulation treatment for cervical artery dissection 
(CADISS): a randomised trial, Lancet Neurol. 14 (4) (2015) 361–367. 

[7] B. Daou, C. Hammer, N. Mouchtouris, R.M. Starke, S. Koduri, S. Yang, et al., 
Anticoagulation vs Antiplatelet Treatment in Patients with Carotid and Vertebral 
Artery Dissection: A Study of 370 Patients and Literature Review, Neurosurgery 80 
(3) (2017) 368–379. 

[8] F. Kennedy, S. Lanfranconi, C. Hicks, J. Reid, P. Gompertz, C. Price, et al., 
Antiplatelets vs anticoagulation for dissection: CADISS nonrandomized arm and 
meta-analysis, Neurology 79 (7) (2012) 686–689. 

[9] E.Z. The, N.N. Lin, C.J. Chan, J.C.W. Loon, B.Y. Tan, C.S.R. Seet, et al., Antiplatelets 
or anticoagulants? Secondary prevention in cervical artery dissection: an updated 
meta-analysis, Neurol. Res Pr. 4 (1) (2022) 23. 

[10] E. Lounsbury, N. Niznick, R. Mallick, B. Dewar, A. Davis, D. Fergusson, et al., 
Recurrence of cervical artery dissection: A systematic review and meta-analysis, Int 
J. Stroke (2023), 17474930231201434. 

[11] J. Rankin, Cerebral vascular accidents in patients over the age of 60. I. General 
considerations, Scott. Med J. 2 (4) (1957) 127–136. 

[12] R.G. Hart, M. Sharma, H. Mundl, S.E. Kasner, S.I. Bangdiwala, S.D. Berkowitz, et 
al., Rivaroxaban for stroke prevention after embolic stroke of undetermined source, 
N. Engl. J. Med 378 (23) (2018) 2191–2201. 

[13] K.A. Hicks, J.E. Tcheng, B. Bozkurt, B.R. Chaitman, D.E. Cutlip, A. Farb, et al., 2014 
ACC/AHA key data elements and definitions for cardiovascular endpoint events in 
clinical Trials: A Report of the American College of Cardiology/American Heart 
Association Task Force on Clinical Data Standards (Writing Committee to Develop 
Cardiovascular Endpoints Data Standards), J. Am. Coll. Cardiol. 66 (4) (2015) 
403–469. 

[14] J.B. Kuramatsu, S.T. Gerner, P.D. Schellinger, J. Glahn, M. Endres, J. Sobesky, et 
al., Anticoagulant reversal, blood pressure levels, and anticoagulant resumption in 
patients with anticoagulation-related intracerebral hemorrhage, JAMA 313 (8) 
(2015) 824–836. 

[15] S. Debette, M. Mazighi, P. Bijlenga, A. Pezzini, M. Koga, A. Bersano, et al., ESO 
guideline for the management of extracranial and intracranial artery dissection, 
Eur. Stroke J. 6 (3) (2021) (XXXIX-LXXXVIII). 

[16] P.J. Kelly, J. Stein, S. Shafqat, C. Eskey, D. Doherty, Y. Chang, et al., Functional 
recovery after rehabilitation for cerebellar stroke, Stroke 32 (2) (2001) 530–534. 

[17] A. Arboix, L. Garcia-Eroles, N. Sellares, A. Raga, M. Oliveres, J. Massons, Infarction 
in the territory of the anterior cerebral artery: clinical study of 51 patients, BMC 
Neurol. 9 (2009) 30. 

[18] H.S. Markus, C. Levi, A. King, J. Madigan, J. Norris, Cervical Artery Dissection in 
Stroke Study I. Antiplatelet Therapy vs Anticoagulation Therapy in Cervical Artery 
Dissection: The Cervical Artery Dissection in Stroke Study (CADISS) Randomized 
Clinical Trial Final Results, JAMA Neurol. 76 (6) (2019) 657–664. 

[19] S.T. Engelter, C. Traenka, H. Gensicke, S.A. Schaedelin, A.R. Luft, B.G. Simonetti, et 
al., Aspirin versus anticoagulation in cervical artery dissection (TREAT-CAD): an 
open-label, randomised, non-inferiority trial, Lancet Neurol. 20 (5) (2021) 
341–350. 

[20] S. Liu, X. Zhang, X. Bai, Y. Yang, T. Wang, X. Xu, et al., Antiplatelet vs. 
Anticoagulation in cervical artery dissection: a systematic review and meta- 
analysis of randomized controlled trials, Front Neurol. 12 (2021) 745106. 

[21] H. Sarikaya, B.R. da Costa, R.W. Baumgartner, K. Duclos, E. Touze, J.M. de Bray, et 
al., Antiplatelets versus anticoagulants for the treatment of cervical artery 
dissection: Bayesian meta-analysis, PLoS One 8 (9) (2013) e72697. 

[22] A.S. Rao, M.S. Makaroun, L.K. Marone, J.S. Cho, R. Rhee, R.A. Chaer, Long-term 
outcomes of internal carotid artery dissection, J. Vasc. Surg. 54 (2) (2011) 
370–374, discussion 5. 

[23] M. Janquli, L. Selvarajah, M.A. Moloney, E. Kavanagh, D.C. O’Neill, M. Medani, 
Long-term outcome of cervical artery dissection, J. Vasc. Surg. 78 (1) (2023) 
158–165. 

[24] C.F. Tsai, N. Anderson, B. Thomas, C.L. Sudlow, Comparing risk factor profiles 
between intracerebral hemorrhage and ischemic stroke in chinese and white 
populations: systematic review and meta-analysis, PLoS One 11 (3) (2016) 
e0151743. 

[25] C.F. Tsai, B. Thomas, C.L. Sudlow, Epidemiology of stroke and its subtypes in 
Chinese vs white populations: a systematic review, Neurology 81 (3) (2013) 
264–272. 

[26] S.J. An, T.J. Kim, B.W. Yoon, Epidemiology, risk factors, and clinical features of 
intracerebral hemorrhage: an update, J. Stroke 19 (1) (2017) 3–10. 

[27] K. Krishnan, L. Beishon, E. Berge, H. Christensen, R.A. Dineen, S. Ozturk, et al., 
Relationship between race and outcome in Asian, Black, and Caucasian patients 
with spontaneous intracerebral hemorrhage: Data from the Virtual International 
Stroke Trials Archive and Efficacy of Nitric Oxide in Stroke trial, Int J. Stroke 13 (4) 
(2018) 362–373. 

[28] Y. Bejot, B. Daubail, S. Debette, J. Durier, M. Giroud, Incidence and outcome of 
cerebrovascular events related to cervical artery dissection: the Dijon Stroke 
Registry, Int J. Stroke 9 (7) (2014) 879–882. 

[29] V. Beletsky, Z. Nadareishvili, J. Lynch, A. Shuaib, A. Woolfenden, J.W. Norris, et 
al., Cervical arterial dissection: time for a therapeutic trial? Stroke 34 (12) (2003) 
2856–2860. 

Y. Zhang et al.                                                                                                                                                                                                                                   

https://doi.org/10.1016/j.clineuro.2024.108381
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref1
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref1
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref1
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref2
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref2
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref2
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref3
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref3
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref4
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref4
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref4
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref5
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref5
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref5
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref6
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref6
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref6
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref7
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref7
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref7
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref7
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref8
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref8
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref8
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref9
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref9
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref9
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref10
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref10
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref10
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref11
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref11
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref12
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref12
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref12
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref13
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref13
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref13
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref13
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref13
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref13
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref14
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref14
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref14
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref14
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref15
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref15
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref15
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref16
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref16
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref17
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref17
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref17
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref18
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref18
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref18
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref18
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref19
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref19
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref19
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref19
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref20
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref20
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref20
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref21
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref21
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref21
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref22
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref22
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref22
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref23
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref23
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref23
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref24
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref24
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref24
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref24
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref25
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref25
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref25
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref26
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref26
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref27
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref27
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref27
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref27
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref27
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref28
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref28
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref28
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref29
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref29
http://refhub.elsevier.com/S0303-8467(24)00268-3/sbref29

	Individual participant data analysis comparing acute stroke patients with anterior versus posterior circulation dissections
	1 Introduction
	2 Methods
	2.1 Patient selection and study design
	2.2 Parameter acquisition and outcome measures
	2.3 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Antithrombotic management
	3.3 Clinical outcomes

	4 Discussion
	5 Conclusion
	Ethical guidelines
	Funding sources
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supporting information
	References


