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Hepiinyn

YnoPaOpo: Evod 1 avtimnkriky Ogpaneio amotelel kald edpatmwpévn Bepomeio yio tnv
TPOANYT TOL EYKEPOAKOD EMEIGOOI0V HETA OO SLUYWPIGUO TOV OVYEVIKDV
aApTNPIOV, TPOCPATES LEAETEC £XOVV TPOTEIVEL TN YPNON AVTIOLOTETOAAKDOV
QOPUAK®V AOY® TNG GLYKPIGIUNG OMOTEAEGUOTIKOTTAS TOVG KO TOV YOUUNAOTEPOL
Kvduvou apoppayiog. H €pguva pog a&lodoyel T cuyvotnTo TOV EYKEPAAKOV Kot
QLLOPPUYIKAOV ETEIGOOIMV HETA 0md dtapopes avTifpopuPoTikég Bepaneieg o€ avTONg
T0VG acbeveic.

Mé0odou: [Ipaypotonomoape cuotnuatiky avaljtnon otig Pacels dedopévev
PubMed, Scopus ka1 Cochrane yio cuykpitikég HeAETEG TOL OPOPOVV 0GOEVEIS e

S ®PICUO QLYEVIKAOV apTNPLOV 01 0TToiot EAAPOV OVTITNKTIKG Kot
AVTIOUOTETOAOKE @dppoka. Ta KOpLo amoTEAEGHATO TAV TO TOGOGTE EYKEPOAIKMV
EMEIC0O1MV KOl ALLOPPAYIKADV YEYOVOT®V. O1 GUYKEVTIPMTIKEG EKTIUNCELG TOV
OTOTEAECUATOV EVOLOPEPOVTOG TPONADAY LECH TOV LOVTELOL TUYOH®V ETOPACEWV.
AtevepynOnke avédAivon vToopddmy yio vo, eEETaoTEL 1) ETOPAOT SLOPOPETIKMY THTWV
OVTUTNKTIK®OV KOl O1pOP®V GYNUATOV OVTIOHOTETAAKNG Oepameiog.
Amoterléopata: 22 peréteg, cuvoaka pe 5.180 acbeveig mov Ehafav
OVTIOUOTETOAMOKE @dppoKka, aviaymviotés Prrapivng K (VKA) kot véoug amd tov
oToUATOG avTINKTIKOVS Tapdyovies (NOACS) yio tnv TpOANYN TOV SEVTEPOYEVOVG
gYKEPOAKOD €MEG0di0V, TANpoVGAV Ta Kprthplo Evtaéng. H ocuyvotta tov
eykepolkadv encicodiov (OR: 0.85, 95% CI: 0.62-1.19, p=0.35), g £VOOKPAVIOKNG
(OR: 0.70, 95% CI: 0.32-1.55, p=0.38) kot eEwkpoviakng apoppayiog (OR: 0.74,
95% CI: 0.23-2.41, p=0.62), kab®g Kot Ta. tocootd Bvnoyottag (OR: 1.09, 95% CI:
0.33-3.59, p=0.89), dev mapovciocay GTATIOTIKA CNUAVTIKES dlapopég LeTa&h TG

OLLASOG OVTITINKTIKAV Kot TNG OHAd0S ovTioponeTaAlakmv. H ocbykpion tov
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avtoponetolokdv pe tovg VKA (OR: 1.46, 95% CI: 0.79-2.72, p=0.23) ko
ATOKAEIGTIKA TNG aomipivng pe Toug VKA (OR: 1.26, 95% CI: 0.48-3.29, p=0.64) dev
Ol Vel ONUAVTIKEG OLAPOPES MG TTPOG TOL EYKEPAAKE ETEIGOON. ZVUVOAKAEL, TOL
QLLOPPOYIKE ETEIGOOIO NTAV ALYOTEPO GLUYVE GTIV OUAON TV OVTIOUOTETOALOLKMDV
ovykprtikd pe tnv opdda VKA (OR: 0.40, 95% CI: 0.17-0.91, p=0.03). Ot opddeg
TV VKA kot NOACs dgv gaivetat va mopovctdlovy StapopeTIKG TOC0GTA
EMOVOKOVOAOTTOIN GG KO OLULOPPOAYIKDV ETEICOOIWMV.

Yvpumepaocpoto: H aviummitikn Bepaneio mapovstdlel cuykpicipuo T1o06ootd
EYKEPOUAMK®DOV ETEICOOIMV, EVOOKPOVIOKNG KOl EEMKPAVIOKNG aLploppayiog Kot
Bvnoottog pe v avtoponetodoky Oepaneio. H atopikn npocéyyion,
Aappdvovtag vroyn Tov Kivouvo arpoppayiog kot Opodppwons tov acbevoig, yio Tov

KaBopiopd g avtiBpopupwtikng Oepaneiog Tapapével 1) OOVIKT TPOGEYYIOT).

AEEEIG-KAELOLE: Aoy ®PIoUOG OVYEVIKDY OPTNPLOV, KOPMOTIOIKT apTNpic, GTOVOLAIKN

aptnpio, OVTITNKTIKE, OVTIOHOTETOALNKA, avTiBpoppwtikng Bepaneia
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Abstract

Background: While anticoagulation is a well-established treatment for secondary
stroke prevention in cervical artery dissection, recent studies have suggested
antiplatelet agents as treatment due to their comparable effectiveness and lower risk of
bleeding. Our research assesses the incidence of stroke and hemorrhagic events
following various antithrombotic treatment in these patients.

Methods: We systematically searched PubMed, Scopus and Cochrane for
comparative studies reporting on patients with cervical artery dissection who received
anticoagulants and antiplatelet agents. The primary outcomes were the stroke rates
and the hemorrhagic events. Pooled effect estimates for the outcomes of interest were
derived using the random-effects model. A subgroup analysis was conducted to
examine the impact of different types of anticoagulants and various antiplatelet
treatment schemes.

Results: 22 studies involving on a total of 5180 patients treated with antiplatelets,
vitamin K antagonist (VKA) and new oral anticoagulants (NOACs) for prevention of
secondary stroke, fulfilled the inclusion criteria. The incidence of stroke events OR:
0.85, 95% CI: 0.62-1.19, p=0.35), intracranial (OR: 0.70, 95% CI: 0.32-1.55, p=0.38)
and extracranial hemorrhage (OR:0.74, 95% CI: 0.23-2.41, p=0.62), and the mortality
rates (OR:1.09, 95% CI: 0.33-3.59, p=0.89) were not statistically significant different
between the anticoagulant and antiplatelet group. The comparison of antiplatelets to
VKA (OR: 1.46, 95%CI: 0.79-2.72, p=0.23) and exclusively aspirin to VKA (OR:
1.26, 95%CI: 0.48-3.29, p=0.64) shows non significantly difference in terms of stroke

Overall hemorrhagic events were less frequent in the antiplatelet compared to VKA
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group (OR: 0.40, 95%CI:0.17-0.91, p=0.03). The groups of VKA and NOACs do not
seem to present different recanalization and hemorrhagic events rates.

Conclusions

Anticoagulation demonstrates comparable rates of stroke, intra and extracranial
haemorrhage and mortality with antiplatelet therapy. Individual approach considering
patient’s bleeding and thrombotic risk in order to define the antithrombotic treatment

remains reasonable.

Keywords: Cervical dissection, carotid artery, vertebral artery, anticoagulants,

antiplatelets, antithrombotic treatment
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Abbreviations

EAD: extracranial artery dissection
INR: International normalized ratio
LMWH: Low molecular weight heparin
MRI: Magnetic Resonance

mRS: modified Rankin Score

NOAC: Novel oral anticoagulants
RCTs: Randomized controlled trials
SAH: subarachnoid hemorrhage

VKA: Vitamin K antagonist

UFH: Unfractionated heparin
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General Section
Introduction

The occurrence of cervical artery dissection is responsible for approximately 1-
2% of all ischemic cerebrovascular events overall. However, in younger patients, it
accounts for 10-25% of strokes!2. It follows an intimal tear or rupture of the vasa
vasorum. The dissection can extend either to the carotid or the vertebral artery. This
can lead to an intraluminal thrombus, vascular stenosis, occlusion, or dissecting
aneurysm formation. Studies suggest a heightened risk of secondary stroke (15-20%)
in individuals with carotid dissection, presenting either localized symptoms such as
headaches or Horner's syndrome, or experiencing transient ischemic attacks?.
Alternatively, it may lead to less frequent occurrences of retinal or spinal cord ischemia,
usually emerging several hours or days after the initial localized symptoms appear. The
occurrence of subarachnoid hemorrhage (SAH) in extracranial artery dissection (EAD)
is extremely rare and typically occurs when the dissection extends into the intradural
portion of the artery?.

Most strokes seem to manifest shortly after the initial symptoms due to embolic
events following a thrombus formation at the dissection site. The significant rate of
early recurrence has led to the adoption of antithrombotic therapy to reduce the risk of
subsequent strokes*. While some argue for anticoagulant therapy as more effective in
preventing embolic events resulting from soft thrombus formation, others advocate for
antiplatelet therapy, citing comparable effectiveness and a lower risk of significant
bleeding®®. Despite the abundance of studies, the available data remain unclear.

The CADISS study (Cervical Artery Dissection in Stroke Study), is a
prospective randomized trial comparing the effects of anticoagulant and antiplatelet

therapy on stroke occurrence following dissection of the extracranial carotid or

11
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vertebral artery and involves 250 patients randomized into two groups of
antithrombotic treatment™’. One group received anticoagulant therapy (initially heparin
and later warfarin with a target INR of 2-3), while the other received antiplatelet therapy
for a minimum of 3 months. A total of 22% of patients received exclusively aspirin,
28% received both aspirin and clopidogrel, 33% received clopidogrel alone, 16%
received aspirin and dipyridamole, and one patient had only dipyridamole. The risk of
stroke within the first year was 2.4% in the overall population, with no significant
differences in stroke occurrence at both 3 months and the first year of follow-up. In the
181 patients with diagnosed dissection and comprehensive imaging, no variation was
observed in the incidence of stenosis or occlusion between the two therapy groups.
Therefore, antiplatelet therapy with clopidogrel (75 mg daily), aspirin (75-150 mg
daily), or their combination may serve as the primary antithrombotic treatment in acute
internal carotid or vertebral artery dissection, considering its simplicity and potentially

superior bleeding profile compared to anticoagulant therapy with coumarin drugs.

Special Section

Objective

Various meta-analyses have consistently highlighted the comparability between
antiplatelet therapy and VKA regarding stroke prevention, major intra- or extracranial

hemorrhage, and death!%-12

. To summarize the most updated data from the current
literature on the major clinical outcomes in patients with cervical artery dissection
treated with antithrombotic therapy, we conducted a systematic review and meta-
analysis with direct comparison of the efficacy of antiplatelets, VKA and NOACs. Our

research aims to provide conclusive evidence and assess the efficacy of various

antithrombotic therapies through rigorous mathematical methodology.

12
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Methods
Study design and PICO criteria

The present systematic review and meta-analysis are in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses)
guidelines'® and were submitted in advance in the International Prospective Register of
Systematic  Review (PROSPERO) database with registration number:
CRDA42024535906. The research question was defined by applying the PICO
(Population, Intervention, Comparison, and Outcome) criteria:

1. Population: Patients with cervical artery dissection (extracranial carotid artery,
vertebral artery).

2. Intervention: Antiplatelet agents

3. Comparison group: Anticoagulant agents (DOACs, VKA)

4. Outcomes: The primary outcomes were the stroke rates and the hemorrhagic
events. The secondary outcomes were the rates of mortality, recanalization rate, and
modified Rankin score (mRS).

Stroke events were classified as either ipsilateral or contralateral, cortical,
vertebrobasilar or ischemic. The hemorrhagic strokes were included in the hemorrhagic
events. The review included original clinical studies, both randomized clinical trials
and non-randomized prospective or retrospective comparative studies, reporting on the
secondary prevention of outcomes of interest in patients with diagnosed cervical artery
dissection treated with antiplatelets and anticoagulant agents. The exclusion criteria
were defined as follows: (i) irrelevant articles, (ii) non-comparative studies with fewer
than two arms, (iii) studies not referring to the outcomes of interest, (iv) studies
reporting on patients with intracranial artery dissection (v) animal or in-vitro studies,

(vi) case reports, (vii) case series with less than 5 patients in each group, (viii) narrative
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or systematic reviews and meta-analyses, letters to the editor and comments, (ix) non-
English language articles and (x) published abstracts without published full text. The
identified studies were systematically assessed for overlap and in cases where multiple
studies covered the same population, only the larger study, in terms of participants, or

with the highest quality of data was included in the meta-analysis.

Literature search strategy

Systematic search through the MEDLINE (via PubMed), Scopus, and Cochrane
Library databases, with last search: Mars>™, 2024, was conducted using the following
qalgorithm: ((antithrombic drugs[MeSH Terms]) OR (agents, antiplateletfMeSH
Terms])) OR (anticoagulant drugs[MeSH Terms])) OR (anticoag*)) OR (antiplatel*))
OR (antiagreg*)) OR (antithromb*)) OR (platelet antiaggregants[MeSH Terms])) AND
(((artery dissection, vertebral[MeSH Terms]) OR (carotid artery dissection[MeSH
Terms])) OR ("cervical artery dissection")). We did not apply any filter in our search.
Two independent investigators screened titles and abstracts and assessed their full-text
eligibility. We resolved the disagreements through discussion with a third reviewer.
Additionally, the reference list of the included studies was ultimately searched for
potentially eligible studies using the snowball methodology'#. The Covidence reference
and article manager software was used in the title, abstract and full text screening

attaining the final study selection'?.

Data extraction and assessment of the risk of bias

Patients’ baseline characteristics and the outcomes of interest were independently
extracted and collected by two investigators into a pre-designed standardized table.
Concerning the Randomized controlled trials (RCTs) we used the data from the

intention to treat analysis. The Risk of Bias in Non-Randomized Studies of

14
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Interventions tool (ROBINS-I) was systematically used to assess the quality and
address the risk of bias in non-randomized studies, while the revised Cochrane risk of
bias tool for randomized trials (RoB 2) was applied to evaluate the RCTs!®!7, The
studies were categorized based on their characteristics into low, moderate, serious, or
critical risk of bias using the ROBINS-I tool and low, some concerns or high risk of
bias with RoB2 tool. Two independent reviewers assessed the risk for bias and any
disagreements were resolved by a third reviewer who evaluated the data making the

final decision.

Statistical Analysis
Data Pooling

Continuous and categorical variables were summarized as means with standard
deviations (SDs) and frequencies with percentages, respectively. When medians and
ranges were provided, the means and SDs of continuous variables were estimated using
the methods of Hozo et al. and the Wan et al. for median and interquartile ranges,
respectively!®!”. The outcomes of interest were extracted and entered into tables. While

the data were analyzed cumulatively.

Meta-Analysis

We derived odds ratios (ORs) and 95% confidence intervals (CIs) concerning
the outcomes of interest of each individual study based on the extracted data, using 2 x
2 tables categorical outcomes. OR greater than 1 indicated a higher frequency of the
outcome in the antiplatelets group. For studies with zero cell frequencies, we applied
treatment arm continuity correction?’. Heterogeneity among studies was assessed
through Cochran Q statistic and the I? statistic, with I> greater than 50% and p<0.1
denoting significant heterogeneity. Due to the significant heterogeneity across studies,
we used the random-effects model (DerSimonian—Laird) to calculate the pooled effect

15
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estimates for all outcomes?!. For each outcome we created graphically a forest plot to
display visually the pooled estimates. To confront with potentials distortions from
exaggerated effect sizes we used the leave-one-out statistical methodology conducting
multiple meta-analyses by systematically excluding one study at a time. Publication
bias were evaluated via funnel plots and Egger’s test was employed when at least 10
studies were included for a particular outcome with a p value less than 0.10 indicating
potential publication bias. Subgroup analyses were performed according to the
comparison of antiplatelets versus vitamin K antagonists, aspirin versus vitamin K
antagonists, NOACs versus vitamin K antagonists, and the expansion of the dissection
only in the carotid artery. Statistical analysis was conducted using Stata/SE version 18

(Stata Corp, College Station, TX, USA).

Results
Study and Patient characteristics

The literature search identified 1369 possible eligible articles after duplicates
were removed, of which 38 underwent full-text evaluation. A total of 3 studies were
excluded due to overlapping populations, including 2 which were subgroup and long-
term analysis of CADISS and TREAT-CAD trials®?*?. We identified no study
reporting on propensity matched pair of patients. 1 study was excluded because the
available full text was written in Russian language, and through the abstract, the data
extraction and the assessment of risk of bias were not feasible?*. Also, 2 studies were
excluded due to non extractable data and missing outcomes of interest>>2. 1 study was
detected through the snowball methodology?’. Finally, 22 studies reporting on a total
of 5180 patients with cervical artery dissection treated with antiplatelets, VKA and
NOAC: for secondary stroke prevention, met the inclusion criteria and were analyzed

in our quantitative data synthesis, as indicated in the PRISMA flowchart (Figure 1)*
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62745, The baseline characteristics of the included studies and the patient's

demographics Table 1 and Supplementary Table 1, respectively.

Study quality and publication bias assessment

Of the 22 studies included in the final analysis, 20 were non-randomized
observational studies (4 prospective and 16 retrospective)**’*° and 2 were randomized
controlled trials>®. All the 20 observational studies were considered with moderate risk
of bias, with four of them containing domains with no information given
(Supplemental Figure 1). The two RCTs were considered with some concerns in terms
of deviation from the intended intervention (Supplemental Figure 2). The funnel plots
assessing for publication bias are presented in Supplemental Figures 3-5. While the
Egger’s test and the visual assessment of the funnel plots did not identify any potential
publication bias concerning the mortality, possible bias were indicated regarding the

stroke and hemorrhagic events (Supplemental Figure 3-5).

Outcomes of interest
Stroke

The overall secondary stroke rates were available in 18 studies, reporting on a
total of 4925 patients, 3458 treated with antiplatelets and 1467 with
anticoagulation™-627-29-3234-37.39-45 "1 the pooled analysis, the incidence rate of stroke
between antiplatelets and anticoagulation was 4.8% (167/3458) and 3.7% (55/1467),
respectively, with no statistically significant difference between the two groups (OR:
0.85, 95% CI: 0.62-1.19, p=0.35) (Figure 2). There was found no statistical
heterogeneity (I>= 0.00%). Even though excluding the large study by Yaghi S. et al %
increases the OR from 0.85 to 1.15 in favor of antiplatelets, the non-significant

difference remains (95% CI: 0.85-2.65, p=0.17) (Supplemental Figure 6).
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Intracranial Hemorrhage

Eleven studies reported on the events of intracranial hemorrhage®6-27-30-31.35:40-
4245 The rate of intracranial hemorrhage was not statistically different between the
antiplatelet (1.6%, 9/566) and the anticoagulation group (1.5%, 10/653) (OR: 0.70, 95%
CI: 0.32-1.55, p=0.38) (Figure 3). The statistical heterogeneity was not considerable

(12=0.00%).

Extracranial Hemorrhage

The overall rates of extracranial hemorrhage were available in 9 studies,
including 1 hemorrhagic event in antiplatelet group (0.2%, 1/486) and 4 in
anticoagulation group (0.7%, 4/570)>627.3035,37:4142.45 © There was no statistically
significant difference between the two treatments (OR:0.74, 95% CI: 0.23-2.41,

p=0.62) and the heterogeneity remained low (1>=0.00%) (Figure 4).

Any Hemorrhage

The overall hemorrhagic events following the antithrombotic treatment were
reported in 12 studies, including 30 events following antiplatelets (0.9%, 30/3202) and
37 in anticoagulation (3.7%, 37/1005)%6.27:29,31,34.35,39.41-43.45 Patients under antiplatelets
had a significantly lower risk of any hemorrhagic event compared to those receiving
anticoagulation and the statistical heterogeneity was low (OR: 0.34, 95%CI: 0.20-0.56,
p<0.001, I’=0.00%) (Figure 5). By excluding the large study by Yaghi S. et al *° the
statistical significance remains with higher odds of any hemorrhagic event in the

antiplatelets group (OR: 0.49, 95% CI: 0.25-0.97, p=0.041) (Supplemental Figure 7).

Mortality

The overall mortality rates were reported in 10 studies>6-31:34.38:40-4244.45 " Tp the

pooled analysis, the incidence of mortality rates of treatment with antiplatelets
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compared to anticoagulation was 1.1% (6/560) and 0.8% (4/509), respectively, with no
statistically significant difference between the two groups (OR:1.09, 95% CI: 0.33-
3.59, p=0.89) (Supplemental Figure 8). There was no found statistical heterogeneity

(2= 0.00%).

Modified Rankin Score

In total 6 studies provided sufficient data regarding the modified Rankin
Score®31:36:39:4042 /386 (72.8%, 386/530) patients in the antiplatelet and 285 (84.1%,
285/339) in the anticoagulation group were reported with mRS from 0 to 2, with
statistically significant lower rates in the antiplatelet arm (OR: 0.53, 95% CI: 0.36-0.79,
p<0.001) (Supplemental Figure 9). There statistical heterogeneity remained low (I>=

0.00%).

Subgroup Analysis
Single or Dual Antiplatelet treatment versus Vitamin K Antagonists

Thirteen studies reported data regarding stroke events in patients treated with
single or dual antiplatelet therapy compared to exclusively vitamin K antagonists™-3%
32,34.36,37.40-44 and 7 studies included data in terms of any hemorrhagic event™6-31:3441-43,
Stroke rates were 4.1% (30/773) in antiplatelets versus 3.1% (21/896) in vitamin K
antagonists’ group and hemorrhagic rates 1.5% (8/547) in antiplatelets versus 4.4%
(19/434) in the vitamin K antagonists with no statistically significant difference was
detected in terms of stroke (OR: 1.46, 95%CI: 0.79-2.72, p=0.23) (Supplemental
Figure 10). The overall hemorrhagic events were significantly lower in the antiplatelets

group (OR: 0.40, 95%CI:0.17-0.91, p=0.03) (Supplemental Figure 11). The

heterogeneity remained in both endpoints low (1>=0.00%).

Exclusively Aspirin treatment versus Vitamin K Antagonists
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Eight studies reported data regarding stroke events in patients treated
exclusively with aspirin compared to exclusively vitamin K antagonist™-6-30-37:40-42:44 g
4 studies included data in terms of hemorrhagic events>%#42, Stroke rates were 3.1%
(14/445) in aspirin versus 1.5% (9/582) in vitamin K antagonists group and
hemorrhagic rates 0% (0/312) in aspirin versus 0.7% (2/272) in the vitamin K
antagonists with no statistically significant difference was detected in terms of stroke
(OR: 1.26, 95%CI: 0.48-3.29, p=0.64) (Supplemental Figure 12) and overall
hemorrhagic events (OR: 0.49, 95% CI:0.08-2.97, p=0.44) (Supplemental Figure 13).

The heterogeneity remained in both endpoints low (12=0.00%).

Vitamin K antagonist versus NOACs

There were two studies with direct head-to-head comparison between vitamin
K antagonists and NOACs***, with a total of 132 and 45 patients in each group,
respectively. Only one of them provided data regarding the recurrent stroke events®.
Complete recanalization rates were 46.3% (57/123) in vitamin K antagonists and 39%,
(16/41) in NOACs group (OR: 0.78, 95% CI:0.17-3.62, p=0.75) with moderate
statistical heterogeneity (I>= 48.82%) (Supplemental Figure 14). Hemorrhagic events
were reported in 9.1% (12/132) patients in vitamin K antagonists and 4.6% (2/43) in
NOACs (OR: 3.37, 95% CI:0.73-15.43, p=0.12) with no statistical heterogeneity
(I’=0.00%) (Supplemental Figure 15). No statistically significant difference was
identified between the two treatments regarding the complete recanalization and the

overall hemorrhagic events.

Aspirin versus vitamin K antagonists in carotid artery dissection

In total 4 studies provided data regarding the stroke rates in patients with carotid
artery dissection3%374%42 " comparing the aspirin to the vitamin K antagonists. Stroke
rates were 1.9% (3/155) in aspirin and 2% (5/252) in vitamin K antagonists group, with
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no observed statistically significant difference between (OR: 0.42, 95%CI: 0.1-1.84,

p=0.25) and low statistical heterogeneity (I>=0.00%) (Supplemental Figure 16).

Discussion

Our research included a total of 22 studies reporting on 5180 patients with
cervical artery dissection, comparing directly different types of antithrombotic
treatment, aspirin, VKA and NOACs as secondary stroke prevention. The results of this
meta-analysis suggest that the incidence of stroke events, intracranial and extracranial
hemorrhage, and the mortality rates were not statistically significantly different
between the two treatment groups. Otherwise, the rate of the combined overall
hemorrhagic events appears to be significantly higher in the group of anticoagulants.
To address the heterogeneity between studies, we performed subgroup analyses based
on the particular antiplatelet and anticoagulation agent. The comparison of antiplatelets
to VKA and aspirin to VKA shows no significant difference in terms of stroke. Overall
hemorrhagic events were less frequent in the antiplatelet group compared to VKA.
Meanwhile, the groups of VKA and NOACs do not seem to present different
recanalization and hemorrhagic events rates.

The results of our study seem to be in accordance with the previously published
meta-analysis by Chowdhuri M et al, indicating no difference between anticoagulant
and antiplatelet agents in terms of stroke, mortality, intra and extracranial
hemorrhage!!. However, the rates of the reported stroke in the antiplatelet compared to
anticoagulants group, 1.74% and 1.43%, respectively, were lower compared the results
from our study, 4.8% in antiplatelets versus 3.7% in anticoagulants. Moreover, in our
study, we proceeded to a further analysis of the total hemorrhagic events, intracranial
and extracranial, concluded in statistically significant difference with higher odds in the

anticoagulant group. Additionally, all of the included studies were observational case
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series, as it is with all the meta-analyses conducted before 2015, date of publication of
the first RCT regarding the antithrombotic treatment in cervical artery dissection*¢4°.

The meta-analysis by Hagrass A et al. proceeded to a different analysis of
primary and recurrent stroke events, finding no statistically significant difference
between the two-treatment therapies °°. However, this distinction was only available in
8 studies, all of which are retrospective observational studies. Thus, we are under the
impression, that such a distinction may be subject to clinical errors, due to the accuracy
of the existing data. However, the clinical influence of the symptoms, with which the
patient appeared in the hospital and their respective antithrombotic treatment, would be
of great interest and it should be in the analysis of future clinical trials. We choose, also,
to not proceed to the subgroup analysis according to the type of study, like the RCTs,
as it is already analysed in previous systematic reviews and meta-analyses!, and the
data from only two RCTs are not sufficient for a safe conclusion.

In order to address the impact of the location of the dissection, we decided to
do a subgroup analysis in terms of stroke events, in patients with only carotid artery
dissection, and no statistically significant difference was indicated between antiplatelet
agents and anticoagulation. Unfortunately, data for a similar analysis in patients with
vertebral artery dissection alone were scarce and were only provided by one study*.
Our result is in accordance with the previous meta-analysis of The EZ et al., but it is
noteworthy to mention that in their analysis they included 24 studies with a total number
of patients, in the two groups, less than 10°2. Thus, by including studies with such a
small number of patients, we considered their analysis as with great heterogeneity and
very difficult generalized results in clinical practice. Moreover, the severity of the initial
presentation and the different types of dissection aneurysmal, stenotic, or occlusive,

when comparing the effects of antiplatelets and anticoagulants in the medical treatment,
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could affect the rates of the final outcomes of interest. Unfortunately, the existing data
are not adequate to perform a subgroup analysis and examine the heterogeneity of the
aforementioned factors between the two treatment groups.

In real-world clinical settings, novel oral anticoagulants (NOACs) have been
favored over warfarin. This preference stems from several factors, including warfarin's
slower onset of action, increased susceptibility to drug interactions, the requirement for
routine laboratory monitoring, and potentially elevated rates of major bleeding events
compared to NOACs>»>°, The STOP-CAD (Antithrombotic Treatment for Stroke
Prevention in Cervical Artery Dissection) study is a recent multicenter observational
retrospective study that was conducted in 16 countries, comprised of 1918 in single
antiplatelet therapy, 535 in double antiplatelet, 350 in NOACs, 674 in VKA or
parenteral anticoagulation and 159 in combination therapy. The NOACs were
associated with a non significant lower risk of ischemic stroke at 1, 3 and 6 months of
follow up?®. We have identified only two studies with a direct head-to-head comparison
between vitamin K antagonists and NOACs, showing no statistically significant
difference between the two treatments in terms of recanalization rate and hemorrhagic

3343 The missing data concerning the stroke rate and the small number of studies

events
in combination with the moderate heterogeneity and the moderate risk of bias preclude
a safe conclusion. The meta-analysis of Essibayi MA et al., incorporated total 11 single
and double arm studies comparing the vitamin K antagonists and NOACs, identified no
statistically significant difference between the two groups regarding secondary stroke
events, minor and major bleeding and mortality!°. In this context, the imperative for a
head-to-head randomized clinical trial becomes evident to decisively ascertain the

suitability of regular NOAC use for stroke prevention in patients with cervical artery

dissection.
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The TREAT-CAD was a randomized controlled non inferiority multicenter
trial, testing the non-inferiority of aspirin compared to vitamin K antagonists in patients
diagnosed with cervical artery dissection®. Individuals were randomly allocated to
either receive aspirin (300 mg daily) or VKA (with or without bridging using UFH or
LMWH) for 3 months. The clinical endpoints of acute ischemic stroke, major intra- or
extracranial hemorrhage, and death as well as the new cerebral lesions in Magnetic
Resonance Imaging (MRI) were analyzed in per protocol and intention to treat analysis.
The primary analyses comprised 194 patients of which 100 were allocated to aspirin
and 94 were allocated to VKA. The clinical endpoint of stroke occurred in 7 (7%)
patients in the aspirin group and in 0 (0%) in the VKA group®. Comparing the effect of
aspirin and vitamin K antagonist treatment in our pooled analysis the stroke rates were
3.1% (14/445) and 1.5% (9/582), respectively. Our findings appear to be significantly
lower compared to the results observed in the TREAT-CAD study. It remains unclear
the difference in this outcome could be attributed to the higher dose of Aspirin, 300 mg,
used in the TREAT-CAD trial.

The limitations of our research should be addressed. Firstly, as a study-level
meta-analysis we did not have access to patient-level covariates that might confound
our findings. Most of the studies did not provide critical data on revascularization
procedures at the first 24 hours, such as thrombolysis, stenting or thrombectomy, that
could influence the clinical outcomes. Moreover, it is noteworthy to mention that the
difference of points in time at which the outcomes of interest are reported may have
contributed to high heterogeneity between the studies. This fact, along with the
variations in the follow-up schemes and the doses of the treatment across the studies,
might have affected the generalizability of our results. Furthermore, the 20 of the 22

included studies are not randomized. The lack of randomization, allocation
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concealment, and blinding increases the chances of confounding and selection bias. In
addition, there is no existing data regarding the appropriate duration of the

antithrombotic treatment.

Conclusions

This meta-analysis attempts through rigorous mathematical methodology to provide
concrete evidence and compare the efficacy of different antithrombotic therapies. Our
research indicates comparable rates of stroke, intra and extracranial hemorrhage and
mortality between anticoagulant and antiplatelet arms. An individual approach
considering the patient’s bleeding and thrombotic risk, to define the antithrombotic

treatment remains reasonable.
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Figure 1. PRISMA flow diagram
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Figure 2. Forest plot regarding stroke events of antiplatelets versus anticoagulants

agents
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Figure 3. Forest plot regarding intracranial hemorrhage of antiplatelets versus

anticoagulants agents
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Cimini N et al. 0 3 0 7 ;= 1.00[0.01, 87.11] 3.14
Ramchand P et al. 2 37 4 32 —— 0.43[0.07, 2.52] 20.20
Overall ‘ 0.70[0.32, 1.55]
Heterogeneity: 12 = 0.00, 12 = 0.00%, H? = 1.00 }
Test of 6, = 6,: Q(10) = 5.22, p = 0.88 \
Testof 6 = 0: z = -0.88, p = 0.38 j
1/;54 1}4 tll 614
Random-effects DerSimonian—Laird model
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Figure 4. Forest plot regarding extracranial hemorrhage of antiplatelets versus

anticoagulants agents

Extracranial Hemorrhage
Antiplatelets Anticoagulation OR Weight
Study Event No Event Event No Event with 95% CI (%)
Machet A et al. 0 13 0 31 Irl 1.00[0.01, 76.96] 7.42
Janquli M et al. 0 20 0 17 :l 1.00[0.02, 53.75] 8.82
Arauz Aet al 0 83 0 47 :l 1.00[0.02, 60.04] 8.35
Georgiadis D et al. 1 95 2 200 + 1.05[0.09, 11.75] 24.05
Engelter ST et al. 0 100 1 93 - 0.32[0.01, 7.77] 13.84
Markus HS et al. 0 126 0 124 :I 1.00[0.02, 50.80] 9.07
Treiman GS et al. 0 6 0 12 :l 1.00[0.01, 71.22] 7.69
Cimini N et al. 0 3 0 i :I 1.00[0.01, 87.11] 7.02
Ramchand P et al. 0 39 1 35 = | 0.32[0.01, 7.68] 13.74
Overall ? 0.74[0.23, 2.41]
Heterogeneity: T2 = 0.00, I> = 0.00%, H? = 1.00 I
Test of 6, = 6: Q(8) = 0.74, p = 1.00 l
Test of 8 = 0: z =-0.50, p = 0.62 |
164 /4 4 64
Random-effects DerSimonian—Laird model
Figure 5. Forest plot regarding any hemorrhagic event of antiplatelets versus
anticoagulants agents
Any Hemorrhage
Antiplatelets Anticoagulation OR Weight
Study Event No Event Event No Event with 95% ClI (%)
Yaghi S et al. 16 2,437 12 390 —IkL 0.21[0.10, 0.45] 45.12
Machet A et al. 0 13 0 31 f 1.00[0.01, 76.96] 1.37
Vineetha VS et al. 5 131 6 58 4*— 037[0.11, 1.26] 17.15
Janquli M et al. 1 19 0 17 f 3.00[0.10, 86.01 229
Arauz A et al 0 83 0 47 } 1.00[0.02, 60.04] 1.54
Engelter ST et al. 0 100 1 93 —— 0.32[0.01, 7.77] 255
Markus HS et al. 0 126 1 123 H* 0.33[0.01, 8.08] 252
Caprio FZ et al. 2 38 1 59 —a— 0.28[0.06, 1.34] 10.59
Daou B et al. 3 157 1 84 {—-— 1.61[0.16, 15.67] 4.97
Cimini N et al. 0 3 0 7 } 1.00[0.01, 87.11] 1.29
Kennedy F et al. 1 58 0 28 { 2.52[0.06, 112.30] 1.79
Ramchand P et al. 2 37 5 31 —i‘— 0.34[0.06, 1.85] 8.84
Overall < 0.34[0.20, 0.56]
Heterogeneity: T = 0.00, I2 = 0.00%, H2 = 1.00 {
Test of 6,=6: Q(11) =6.72, p = 0.82 I
Testof 8 =0:z=-4.21, p=0.00 {
164 /4 4 64
Random-effects DerSimonian—Laird model
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Tables

Table 1. Study characteristics
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Author | Year | Center Country | Design Study Comparison | Carotid | Vertebral | Multiple
period Vessels
Yaghi S | 2024 | 63 sites 16 Retrospect | 2006 - Antiplatelets | 1437 1418 -
et al. countries | ive 2023 Vs
Antagonist
vit K vs
NOACs
Beletsky | 2003 Collaboratin | Canada Retrospect | >2000 Aspirin vs 49 67 2
Vetal g members ive and Antagonist
of the <2003 VitK
Canadian
Stroke
Consortium
Machet | 2013 Université France Retrospect | 2004- Aspirin vs - - -
Aetal Paris- ive 2008 Heparin sc
Descartes,
Sorbonne
Paris Cité,
INSERM
UMR 894,
Centre
Hospitalier
Sainte-
Anne, Paris
Weimar | 2010 | 30 Germany | Prospectiv | Septem | Antiplatelets | 130 117 3
Cetal. neurology e ber Vs
centers 2002- Antagonist
Decemb | VitK
er 2006
Vineeth | 2019 | Department | India Retrospect | January | Antiplatelets | 132 68 14
aVSet of ive 2005- Vs
al. Neurology, October | Antagonist
Sree Chitra 2015 VitK
Tirunal
Institute
Janquli 2023 University Ireland Retrospect | January | Antiplatelets | 25 14 3
M et al. Hospital ive 2017- vs Anticoag
Limerick April
2022
Arauz A | 2006 | Stroke Mexico Retrospect | 10-year | Aspirin vs 58 72 0
etal Clinic of the ive period Antagonist
Instituto Vit K
Nacional de
Neurologia
y
Neurocirugi
a Manuel
Velasco
Suérez,
Mexico City
Gensick | 2014 | Department | Switzerla | Prospectiv | Novemb | Antiplatelets | 37 26 5
eHet of nd e er 2009- | vs
al. Neurology may Antagonist
and Stroke 2013 Vit K
Center,
University
Hospital
Basel,
Department
of
Neurology,
34




Inselspital,
University
Hospital
Bern

Georgia
dis D et
al.

2009

Neurologica
1
Departments
of the
University
Hospitals of
Bern and
Zurich

Switzerla
nd

Retrospect
ive

Decemb
er 1987-
Novemb
er 2005

Aspirin vs
Antagonist
VitK

298

Engelter
ST et al.

2000

Department
of
Neurology,
University
Hospital
Basel

Switzerla
nd

Retrospect
ive

<2000

Aspirin vs
Antagonist
VitK

33

Engelter
ST et al.

2021

University
Hospital,
Stroke
Center
Bispebjerg
Hospital
Copenhagen
, University
Hospital,
Stroke
Center
Charite
Berlin,
University
Hospital,
Stroke
Center LMU
Munich,
Kantonsspit
al, Stroke
Center
Aarau,
University
Hospital,
Stroke
Center
Basel,
University
Hospital,
Stroke
Center
Inselspital
Berne,
University
Hospital,
Stroke
Center
Geneva,
University
Hospital,
Stroke
Center
CHUV
Lausanne,
Switzerland

Switzerla
nd,

Germany,
Denmark

RCT

Septem
ber
2013-
October
2018

Aspirin vs
Antagonist
VitK

130

67

14

Markus
HS et al.

2019

39 strokes
center UK
and 7 in
Australia

UK,
Australia

RCT

24
Februar
y 2006-

Aspirin vs
Antagonist
VitK

118

132
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17 June
2013
Yaghi S | 2011 Department | USA Retrospect | January | Antiplatelets | 30 17 0
et al. of ive 2004- Vs
Neurology, Decemb | Antagonist
University er2009 | VitK
of Arkansas
for Medical
Sciences,
Little Rock,
Arkansas
Caprio 2014 | Northwester | USA Retrospect | January | Antiplatelets | 55 105 11
FZ et al. n Healthcare ive 2010- Vs
System August | Antagonist
2013 Vit K vs
NOACs
Schwart | 2009 | Stanford USA Retrospect | January | Antiplatelets | 118 93 27
zNE et Stroke ive 1992- Vs
al. Center, Decemb | Antagonist
Department er 2006 | VitK
of
Neurology
and
Neurologica
1 Sciences,
Stanford
University,
Palo Alto,
California
DaouB | 2017 | Department | USA Retrospect | January | Antiplatelets | 161 118 15
etal. of ive 2005- vs Anticoag
Neurosurger January | vs
y, Thomas 2014 Combination
Jefferson
University
and
Jefferson
Hospital for
Neuroscienc
c,
Philadelphia
Pennsylvani
a
Treiman | 1996 | Division of | USA Retrospect | 1976- Aspirin vs 21 0 4
GS et al. Vascular ive 1995 Antagonist
Surgery, Vit K
Cedars-Sinai
Medical
Center, CA
Gonzall | 2002 | Indiana USA Retrospect | Septem | Antiplatelets | 17 8 2
es University ive ber Vs
Portillo Medical 1995- Antagonist
Fetal. Center August | VitK
2001
Cimini 2004 | Neurology Italy Prospectiv | <2004 Aspirin vs 8 2 0
Netal. Department e Antagonist
of the Vit K
Belluno
General
Hospital
Kenned | 2012 | CADISS UK, Prospectiv | - Antiplatelets | - - -
yFetal non Australia | e vs Anti K
randomized
arm
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Ramcha
nd P et
al.

2017

Hospital of
the
University
of
Pennsylvani
a, Perelman
School of
Medicine,
Pensylvanni
a

USA

Retrospect
ive

Janury
1999-

Decemb
er 2013

Antiplatelets
vs Anticoag

Mustano
jaSet
al.

2015

Department
of
Neurology,
Helsinki
University
Central
Hospital,
Helsinki

Finland

Retrospect
ive

Novemb
er 2011-
January

2014

Antagonist
Vit K vs
NOACs

31

40
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Supplemental Data

Supplemental Table 1. Patients’ characteristics

Authors | AP AC AP AC AP AC AP AC AP AC
Age Age Males | Males | Diabetes | Diabetes | HIN | HTN | Stroke at Stroke at
(years) (years) | no. no. no. no. no. no. admission Admission

no. No.

Yaghi S | 47+13.3 | 47+13. | 1342 197 207 26 865 137 1492 239

et al. 3

Beletsky | - - - - - - - - - -

V et al.

Machet 41.849.6 | 45.748. | - - - - - - 10 19

Actal. 5

Weimar | 50.4 47.7 20 118 9 19 18 74 - -

Cetal

Vineetha | 43.4+13. | 43.5+1 | 103 50 31 20 60 32 104 45

VSetal. |1 2.9

Janquli - - - - - - - - - -

M et al.

Arauz A | - - - - - - - - 83 47

et al

Gensicke | 45.243.7 | 4844 29 18 - - - - 20 13

H et al.

Georgiad | - - - - - - - - 60 150

is D et al.

Engelter | 47.8+£12. | 44.549. | 5 18 - - 1 7 5 15

STetal. | 6 3

Engelter | 46.6+10. | 45.5+1 | 62 61 1 3 32 28 52 49

STetal. | 6 1.6

Markus 49+12 49+12 | 87 87 5 5 29 26 93 101

HS et al.

Yaghi S | 44.5+12. | 44.5+1 | - - - - - - - -

et al. 7 2.7

Caprio 48.1£13. | 41.4+1 |17 21 1 1 8 10 18 38 (25)

FZetal. |2 5

Schwartz | 44+11.1 | 44+11. | - - 0 - - - - -

NE et al. 1

Daou B - - - - - - - - - -

et al.

Treiman | - - - - - - - - -

GS et al.

Gonzalle | - - - - - - - - - -

s Portillo

F et al.

Cimini N | - - - - - - - - - -

et al.

Kennedy | - - 34 17 4 0 12 1 34 23

F et al.

Ramchan | 47+15 4715 | - - - - - - - -

dPetal

Mustanoj | - - - - - - - - - 68

aSetal.
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Supplemental Figure 1. ROBINS 1 tool for risk of bias assessment (A) traffic light
plot and (B) summary plot.
A.

Risk of bias domains
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D1: Bias due to confounding. b

D2: Bias due to selection of participants. = Moderate

D3: Bias in classification of interventions. . Low

D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. . No information

D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data
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Supplemental Figure 2. RoB2 tool for risk of bias assessment (A) traffic light plot
and (B) summary plot.
A.

Risk of bias domains

> @ © & 6 &6 O©
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Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. ‘ Low
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

B.

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result
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Supplemental Figure 3. Funnel plot regarding stroke events
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Supplemental Figure 4. Funnel plot regarding hemorrhagic events

Any Hemorrhage
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Supplemental Figure 5. Funnel plot regarding mortality rate
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Supplemental Figure 6. Leave one out forest plot regarding stroke events of
antiplatelets versus anticoagulants agents

Stroke
OR
Omitted study with 95% CI p-value
Yaghi S et al. - 1.50[0.85, 2.65] 0.166
Beletsky V et al. ——— 0.84[0.61, 1.18] 0.320
Machet A et al. —————— 0.85[0.61, 1.19] 0.347
Vineetha VS et al. ————— 0.84[0.60, 1.17] 0.305
Janquli M et al. —_— 0.85[0.61, 1.19] 0.347
Arauz A et al —_— e ———— 0.87[0.62, 1.22] 0.417
Gensicke H et al. —— 0.85[0.61, 1.19] 0.342
Georgiadis D et al. — 0.86[0.62, 1.20] 0.368
Engelter ST et al. —_—— 0.86[0.62, 1.20] 0.373
Engelter ST et al. —_— 0.82[0.59, 1.15] 0.249
Markus HS et al. —_—————— 0.83[0.60, 1.16] 0.277
Caprio FZ et al. —_——— 0.85[0.61, 1.18] 0.321
Schwartz NEetal. ———1—— 0.78 [ 0.55, 1.10] 0.157
Daou B et al. ———— 0.83[0.59, 1.15] 0.263
Treiman GS et al. — 0.85[0.61, 1.19] 0.347
Cimini N et al. —————— 0.85[0.61, 1.19] 0.347
Kennedy F et al. ———— 0.86 [ 0.62, 1.20] 0.378
Ramchand P et al. —— 0.85[0.61, 1.19] 0.348
1 2

Randome-effects DerSimonian—Laird model
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Supplemental Figure 7. Leave one out forest plot regarding overall hemorrhagic
events of antiplatelets versus anticoagulants agents

Overall Hemorrhagic events

OR
Omitted study with 95% CI p-value
Yaghi S et al. ® 0.49[0.25, 0.97] 0.041
Machet A et al. 0.33[0.20, 0.55] 0.000
Vineetha VS et al. 0.33[0.19, 0.58] 0.000
Janquli M et al. ° 0.32[0.19, 0.53] 0.000
Arauz A et al 0.33[0.20, 0.55] 0.000
Engelter ST et al. 0.34[0.20, 0.56] 0.000
Markus HS et al. 0.34[0.20, 0.56] 0.000
Caprio FZ et al. ® 0.34[0.20, 0.59] 0.000
Daou B et al. ° 0.31[0.18, 0.52] 0.000
Cimini N et al. 0.33[0.20, 0.55] 0.000
Kennedy F et al. ® 0.32[0.19, 0.54] 0.000
Ramchand P et al. 0.34[0.20, 0.57] 0.000

1/4

1/2

Random-effects DerSimonian—Laird model

Supplemental Figure 8. Forest plot regarding mortality of antiplatelets versus

anticoagulants agents

Institutional Repository - Library & Information Centre - University of Thessaly
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Mortality
Antiplatelets Anticoagulation OR Weight

Study Event No Event Event No Event with 95% ClI (%)

T
Beletsky V et al. 0 23 2 69 & : 0.27[0.00, 17.09] 8.22
Machet A et al. 0 13 0 31 £ 1.00[0.01, 76.96] 7.54
Vineetha VS et al. 1 135 1 63 —.—‘:— 0.47[0.03, 7.58] 18.31
Arauz A et al 4 79 0 47 %—H 7.63[0.25, 229.39] 12.29
Engelter ST et al. 0 8 1 24 L 0.41[0.01, 31.12] 7.63
Engelter ST et al. 0 100 0 94 4*7 1.00[0.02, 51.00] 9.20
Markus HS et al. 1 125 0 124 *{—H 3.01[0.12, 75.19] 13.74
Gonzalles Portillo F et al. 0 9 0 18 L 1.00[0.01, 68.81] 7.95
Cimini N et al. 0 3 0 7 i 1.00[0.01, 87.11] 7.13
Kennedy F et al. 0 59 0 28 # 1.00[0.01, 67.97] 7.99
Overall = 1.09[0.33, 3.59]
Heterogeneity: 12 = 0.00, 12 = 0.00%, H? = 1.00 :
Test of 6, = 6: Q(9) = 2.63, p = 0.98 [
Test of 8 = 0: 2= 0.14, p = 0.89 !

1/1I28 1}8 é 3|2
Random-effects DerSimonian—Laird model
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Supplemental Figure 9. Forest plot regarding modified Rankin Score of antiplatelets
versus anticoagulants agents

Modified Rankin Score 0-2

Antiplatelets Anticoagulation OR Weight
Study Event No Event Event No Event with 95% ClI (%)
Vineetha VS et al. 67 69 39 25 —_— 0.62[0.34, 1.14] 42.76
ArauzAet al 38 45 34 13 —I—t— 0.32[0.15, 0.70] 26.24
Gensicke H et al. 30 13 19 6 —‘l—I—— 0.73[0.24, 2.25] 12.33
Engelter ST et al. 6 2 20 4 ;- 0.60[0.09, 4.12] 4.20
Engelter ST et al. 96 4 90 4 *%% 1.07[0.26, 4.39] 7.79
Daou B et al. 149 1 83 2 " } 0.33[0.07, 1.51] 6.67

|

Overall - 0.53[0.36, 0.79]

Heterogeneity: 12 = 0.00, |2 = 0.00%, H2 = 1.00
Test of 6, = 8;: Q(5) = 3.50, p = 0.62
Testof 8 =0:z=-3.12, p =0.00

18 1/4 12 1 2 4

Random-effects DerSimonian—Laird model

Supplemental Figure 10. Forest plot regarding stroke events of antiplatelets versus
vitamin K antagonists.

Stroke
Antiplatelets Vitamin K Antagonists OR Weight
Study Event No Event Event No Event with 95% CI (%)
Beletsky V et al. 1 22 2 69 "—"l— 1.57[0.14, 18.14] 6.41
Vineetha VS et al. 3 133 0 64 —“'— 5.53[0.15, 207.53] 2.92
Arauz A et al 3 80 3 44 —i— 0.55[0.11, 2.84] 14.24
Gensicke H et al. 5 38 3 22 —q— 0.96[0.21, 4.43] 16.52
Georgiadis D et al. 0 96 1 201 i I 0.40[0.01, 17.58] 2.69
Engelter ST et al. 0 8 2 23 - 0.25[0.00, 17.36] 2.15
Engelter ST et al. 7 93 0 94 *}—'7 15.67[ 0.85, 290.30] 4.51
Markus HS et al. 3 123 1 123 —— 3.00[0.31, 29.24] 7.41
Caprio FZ et al. 1 39 1 69 —P— 1.77[0.11, 29.08] 4.90
Schwartz NEetal. 6 44 7 120 - 2.34[0.74, 7.34] 29.35
Treiman GS et al. 0 6 0 12 ={ 1.00[0.01, 71.22] 2.11
Cimini N et al. 0 0 7 * 1.00[0.01, 87.11] 1.92
Kennedy F et al. 1 58 1 27 —Fj—“ 0.47[0.03, 7.73] 4.87
Overall 0‘ 1.46[0.79, 2.72]
Heterogeneity: T2 = 0.00, I> = 0.00%, H? = 1.00 |
Test of 6, = 6: Q(12) =7.56, p = 0.82 J
Testof 6 =0:z=1.20, p=0.23 ‘
1256 1/8 4 128
Random-effects DerSimonian—Laird model
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Supplemental Figure 11. Forest plot regarding any hemmorhagic event of
antiplatelets versus vitamin K antagonists.

Any Hemorrhage

Antiplatelets Vitamin K Antagonists OR Weight
Study Event No Event Event No Event with 95% CI (%)
|
VineethaVSetal. 5 131 6 58 1— 0.37[0.11, 1.26] 45.83
Arauz A et al 0 83 0 47 : - 1.00[0.02, 60.04] 4.11
Engelter ST et al. 0 100 1 93 —l:— 0.32[0.01, 7.77] 6.81
Markus HS et al. 0 126 1 123 —-I— 0.33[0.01, 8.08] 6.72
Caprio FZ et al. 2 38 11 59 —I:— 0.28[0.06, 1.34] 28.29
Cimini N et al. 0 3 0 7 ; * 1.00[0.01, 87.11] 3.45
Kennedy F et al. 1 58 0 28 ; - 2.52[0.06, 112.30] 4.78
Overall > 0.40[0.17, 0.91]
Heterogeneity: T2 = 0.00, I2 = 0.00%, H? = 1.00 !
Test of 6, = 6,: Q(6) = 1.49, p = 0.96 :
Testof 8 =0:z=-2.18, p=0.03 :
1164 1/4 4 64
Random-effects DerSimonian—Laird model
Supplemental Figure 12. Forest plot regarding stroke events of aspirin versus
vitamin K antagonists.
Stroke
Aspirin Vitamin K Antagonists OR Weight
Study Event No Event Event No Event with 95% CI (%)
Beletsky V et al. 1 22 2 69 —‘-h— 1.57[0.14, 18.14] 15.46
Arauz A et al 3 80 3 44 —.JI— 0.55[0.11, 2.84] 34.37
Georgiadis D et al. 0 96 1 201 Hfi 0.40[0.01, 17.58] 6.49
Engelter ST et al. 0 8 2 23 & : 0.25[0.00, 17.36] 5.19
Engelter ST et al. 7 93 0 94 T:—._ 15.67 [ 0.85, 290.30] 10.88
Markus HS et al. 3 123 1 123 —"1—.— 3.00[0.31, 29.24] 17.87
Treiman GS et al. 0 6 0 12 I 1.00[0.01, 71.22] 5.09
Cimini N et al. 0 3 0 7 d 1.00[0.01, 87.11] 4.64
Overall ‘ 1.26[0.48, 3.29]
Heterogeneity: T2 = 0.00, I2 = 0.00%, H? = 1.00 I
Test of 6, = 6: Q(7) = 5.36, p = 0.62 ‘:
Test of 6 =0:z =0.47, p = 0.64 I
1/256 1/8 4 128
Random-effects DerSimonian—Laird model
45
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Supplemental Figure 13. Forest plot regarding any hemmorhagic events of aspirin
versus vitamin K antagonists.

Any Hemorrhage

Aspirin Vitamin K Antagonists OR Weight
Study Event No Event Event No Event with 95% Cl (%)
Arauz Aetal 0 83 0 47 : ] 1.00[0.02, 60.04] 19.48
Engelter ST et al. 0 100 1 93 ‘ 0.32[0.01, 7.77] 32.28
Markus HS et al. 0 126 1 123 . 0.33[0.01, 8.08] 31.87
Cimini N et al. 0 3 0 7 : L 1.00[0.01, 87.11] 16.37
Overall s 0.49[0.08, 2.97]
Heterogeneity: 12 = 0.00, I2 = 0.00%, H2 = 1.00 !
Test of 6, = 6: Q(3) = 0.34, p = 0.95 i
Testof 6 =0:z=-0.78, p = 0.44 !

164 174 4 64
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Supplemental Figure 14. Forest plot regarding complete recanalization of vitamin K
antagonists versus Novel oral anticoagulants.

Recanalization

Vitamin K Antagonists NOACs OR Weight
Study Event No Event Event No Event with 95% CI (%)
1
Caprio FZ et al. 23 38 11 24 ﬂ— 1.32[0.55, 3.19] 68.53
Mustanoja S et al. 34 28 5 1 = : 0.24[0.03, 2.20] 31.47
|
Overall 0,78 [ 0.17, 3.62]

Heterogeneity: 12 = 0.70, |12 = 48.82%, H2 = 1.95
Testof 8,=6;: Q(1) =1.95, p=0.16
Testof 6 =0:2=-0.32, p=0.75
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Supplemental Figure 15. Forest plot regarding hemorrhagic events of vitamin K
antagonists versus Novel oral anticoagulants.

Hemorrhagic events

Vitamin K Antagonists NOACs OR Weight
Study Event No Event Event No Event with 95% ClI (%)
Caprio FZ et al. 11 59 2 37 y 3.45[0.72, 16.44] 94.99
Mustanoja S et al. 1 61 0 6 2.13[0.00, 1912.84] 5.01
Overall 3.37[0.73, 1543]

Heterogeneity: 2 = 0.00, 12 = 0.00%, H? = 1.00
Test of 6,= 6;: Q(1) = 0.02, p = 0.89
Testof 6 =0:z=1.56, p=0.12
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Supplemental Figure 16. Forest plot regarding stroke events of aspirin versus
vitamin K antagonists in patients with only carotid artery dissection.
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Stroke

Carotid artery subgroup  Aspirin Vitamin K antagonists OR Weight
Study Event No Event Event No Event with 95% ClI (%)
Arauz Aetal 3 42 2 1 4~ 0.39[0.06, 2.65] 60.27
Georgiadis D et al. 0 96 1 201 & 0.40[0.01, 17.58] 15.38
Engelter ST et al. 0 8 2 23 I% 0.25[0.00, 17.36] 12.29
Treiman GS et al. 0 6 0 12 : = 1.00[0.01, 71.22] 12.06
Overall <<l 0.42[0.10, 1.84]
Heterogeneity: T2 = 0.00, 12 = 0.00%, H? = 1.00 :
Test of 6= 6; Q(3) = 0.22, p = 0.97 |

|
Testof 6=0:z=-1.15,p=0.25 i
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