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Abstract

Background: Extracranial artery dissection involving either internal carotid artery or vertebral artery is a major cause
of stroke in adults under 50 years of age. There is no conclusive evidence whether antiplatelets or anticoagulants are
better suited in the treatment of extracranial artery dissection.

Objectives: To determine whether antiplatelets or anticoagulants have advantage over the other in the treatment of
extracranial artery dissection for secondary prevention of recurrent ischemic events or death.

Methods: Present meta-analysis followed Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) 2020 statement. Database search was done in Medline, Cochrane Central Register of Controlled Trials (CEN-
TRAL) and ClinicalTrials.gov from inception to May 2021 using pre-defined search strategy. Additional studies were
identified from reference lists from included studies, reviews and previous meta-analyses. Outcome measures were
ischaemic stroke, ischaemic stroke or transient ischaemic attack (TIA), and death.

Results: Two RCTs and 64 observational studies were included in the meta-analysis. While the outcome measures
of stroke, stroke or TIA and death were numerically higher with antiplatelet use, there were no statistically significant
differences between antiplatelets and anticoagulants.

Conclusion: We found no significant difference between antiplatelet and anticoagulation treatment after extracra-
nial artery dissection. The choice of treatment should be tailored to individual cases.

Keywords: Internal carotid artery, Vertebral artery, Extracranial artery dissection, Aspirin, Anticoagulants, Secondary
prevention, Meta-analysis, Stroke

Background

Cervical artery dissection is an important cause of stroke
in patients under 50 years of age [1, 2]. It involves dissec-
tion of either internal carotid artery or vertebral artery or
both and can be unilateral or bilateral or multi-vessel [3].
It is estimated to affect 2.6 to 2.9 per 100,000 individuals
per year [4]. While it can resolve spontaneously within 3
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to 6 months, it can recur in a minority of individuals and
mortality has been reported up to 5% of the affected indi-
viduals [4].

In severe cases, especially in multi-vessel dissections,
interventional treatment with stenting may be needed.
Conversely, in milder cases, conservative treatment with
medication and regular follow-up till spontaneous reso-
lution is indicated [5]. However, the choice of medication,
in the form of antiplatelet or anticoagulant agents, is still
largely dependent on the treating physicians’ preference
and evidence to support one treatment over the other
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is lacking. Recent randomized controlled trials (RCT)
have been limited in sample size [6, 7] and meta-analyses
aggregating the data have not been conclusive [8-13].

It is the aim of the present study to include recent clini-
cal trials to update the data and determine whether anti-
platelets or anticoagulants have advantage over the other
in the treatment of extracranial artery dissection for the
secondary prevention of ischaemic events or death.

Methods

Present meta-analysis followed Preferred Report-
ing Items for Systematic Reviews and Meta-analysis
(PRISMA) 2020 guidelines [14].

Data search

An electronic database search was made in MEDLINE
database and CENTRAL and ClinicalTrials.gov from
inception to May 2021. The search words used and the
steps involved for MEDLINE database search is shown in
table S1 [Please see the details in Additional file 1] and
it was adapted for searches in CENTRAL and Clinical-
Trials.gov. Titles and abstracts from search results were
scrutinized to determine the eligibility of a result to be
included in the analysis. Additional search was made by
reviewing references from previous meta-analyses and
review papers. Subsequently, selected studies were then
read in details for data extraction.

Screening, study selection and data extraction were
done by a team of two investigators (CJC and JCWL)
and independently reviewed by another team of two
investigators (EZT and NNL). Any disagreement on
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study inclusion and data extraction were resolved by
discussion. Summary of methods involved is shown in
Table 1.

Inclusion and exclusion criteria

Studies are included in the analysis if it fulfills following
inclusion criteria—1. The study must provide evidence
of dissection by either magnetic resonance imaging
(MRI) or magnetic resonance angiography or computed
tomography (CT) angiography or digital subtraction
angiography. 2. The outcome data allows comparison
between patients on antiplatelets and anticoagulants. A
study is excluded—1. If there are four or less cases, 2.
If cases with severe traumatic causes of arterial dissec-
tions, for example, motor vehicle collision, could not be
excluded. Dissection associated with minor trauma, for
example, recreational activities or sport related minor
injuries are allowed to be included in the meta-analy-
sis. 3. If concurrent intracranial dissection could not
be excluded, 4. If cases treated with stents or surgical
repairs as first treatment could not be excluded, and 5.
If the study population comprises of children.

Outcome measures

Outcome measures for analysis include death related to
carotid or vertebral artery dissection, ischaemic stroke
and a composite outcome of stroke or TIA. If a study
is to be included in the analysis, it must report at least
one of the outcome measures.

Table 1 PICOs framework and applied inclusion and exclusion criteria

PICOs Inclusion Criteria

Exclusion Criteria

Population
to recreational activities or sport related minor injuries)

Intervention

Adults with extracranial internal carotid or vertebral artery dissections (spontaneous or due

Antiplatelet treatment (single or dual) including aspirin, indobufen, dipyridamole, ticlopi-

Cases with severe traumatic causes of
arterial dissections

Intracranial dissections

Children

Stents or Surgical repairs as first treatment

vs Compari-  dine, clopidogrel, sulfinpyrazone
son Anticoagulant treatment (traditional or newer agents) including heparin, coumarin, warfa-
rin, dabigatran, rivaroxaban, apixaban
Outcome Ischaemic stroke
Ischaemic stroke or TIA
Death
Study design  Randomized controlled trials (RCT) Systematic review

Controlled clinical trials (CCT)

Non-randomized studies including observational studies and cases series

Must provide evidence of dissection

Meta-analysis
Case overlaps
Less than five cases

Outcome data allows comparison between antiplatelets and anticoagulants

Databases: Medline, CENTRAL, ClinicalTrials.gov
Search period: Inception to May 2021

PICOs = Population, Intervention, Comparison, Outcome and study design, TIA =transient ischaemic attack, CENTRAL = Cochrane Central Register of Controlled Trials

The above table (Table 1) with its legend should appear at the end of the Data Search sub-section and before Inclusion and Exclusion Criteria sub-section under

METHODS section
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Data extraction

Patients with surgical treatment or switching from one
treatment group to another or receiving both antiplate-
lets and anticoagulants were excluded. In circumstances
of studies with overlapping populations, the study with
the most complete data or larger sample population was
selected. Patients were grouped as either receiving anti-
platelet or anticoagulation, most times using vitamin-
K-antagonists, depending on the initial treatment they
received. In cases with initial treatment with heparin, it is
classified as in anticoagulant group if it is prolonged and
used anticoagulation dose and it is classified as in anti-
platelet group if it is given only for the initial days before
transitioning to antiplatelet treatment. Data extraction
was done with the aim to get as much complete data as
possible, i.e. per-protocol data as much as possible.

Data analysis

Data analyses were done using Review Manager (ver-
sion 5.4) developed by The Cochrane Collaboration [15].
Risk difference (RD) with 95% confidence interval (95%
CI) was used since it was expected that there will be zero
outcome events and Odd Ratio (OR) or Risk Ratio (RR)
could not be calculated for each study before pooling the
data in the meta-analysis. Nevertheless, ORs based on
total population and outcome events were calculated for
each outcome measure.

Results

The database and registries searches were done on 22nd
June 2021 and the search was limited to end of May 2021
from the inception of the database and the registries. The
search identified 3402 results after removing duplicates.
After initial screening of titles and abstracts, 336 articles
were selected for full reading. Subsequently, 286 articles
were excluded with reasons of less than 5 cases (139),
study population being children (6), review articles (25),
treatment comparison not possible (63), severe traumatic
cases and intracranial dissections could not be excluded
(24), population overlaps (15) and article not available
(14). As a result, 50 articles were available to be included
in the analysis [6, 7, 11, 16—62]. Additional searches done
from the reference list of the included articles identi-
fied a further 16 articles and were added to the analysis
[63-78]. The steps involved in article selection process is
shown in Fig. 1.

There are only two RCTs [6, 7]—Cervical Artery Dis-
section in Stroke Study (CADISS) and Biomarkers and
Antithrombotic Treatment in Cervical Artery Dis-
section (TREAT-CAD) — and the rest is made up of
mostly observation studies in the form of case reports,
case series, and diagnostic studies. There are 25 studies
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[16-19, 21-24, 27, 31, 32, 35, 46, 47, 50, 61, 63-69, 71,
73] reporting outcomes on internal carotid artery dissec-
tion only, 13 studies [20, 26, 28-30, 33, 34, 42, 52, 56, 57,
62, 70] reporting outcomes on vertebral artery dissec-
tion only and 28 studies [6, 7, 11, 25, 36—41, 43—45, 48,
49, 51, 53-55, 58-60, 72, 74—78] reporting outcomes on
both. There were two studies [41, 52] with overlapping
cases of vertebral artery dissection and data is taken from
the study [52] published later in time. And the data on
carotid artery dissection is taken from the other study
[41] published earlier in time since it included both
types of dissections. The follow-up period in each stud-
ies varies from less than 1 month to more than 3 months:
49 studies [6, 7, 11, 17-20, 22, 24, 25, 27, 29-31, 33-35,
38-52, 54, 57, 59, 63-66, 68-70, 72—78] with follow-up
period of 3 or more months and 17 studies [16, 21, 23, 26,
28, 32, 36, 37, 53, 55, 56, 58, 60-62, 67, 71] with follow-up
period of less than 3 months.

For CADISS RCT, data is taken from the results [10]
published in 2015 and not the results [79] published in
2019. The reason for this is that there are many individu-
als who are not still on the initial treatment given at the
start of randomization and it could not be certain that
the effects of that treatment continue to exist. In TREAT-
CAD RCT, there are clinical outcomes as well as MRI
surrogate findings [11] and the MRI findings of acute
ischaemic lesions without clinical symptoms have been
taken as ischaemic stroke.

Ischaemic stroke

There are 63 studies included in the analysis for the out-
come of ischaemic stroke [6, 7, 11, 16—36, 38-50, 52—77].
There are 3418 individuals in total and 1119 individu-
als received antiplatelets and 2299 individual received
anticoagulants. There are 43 (3.84%) and 60 (2.61%)
ischaemic stroke outcomes in antiplatelet group and anti-
coagulant group, respectively (OR 1.49). The risk differ-
ence was not statistically significant (0.00 [—0.01, 0.01],
p=0.77). Random effect model was used and there was
no significant heterogeneity (I*= 0%, p=1.00) (Fig. 2).

Stroke or TIA

There are 58 studies included in the analysis for the out-
come of stroke or TIA [6, 7, 11, 16-20, 22, 24—36, 38—40,
42-48, 50, 51, 53, 55-59, 61-78]. There are 2961 individ-
uals in total and 1007 individuals received antiplatelets
and 1954 individual received anticoagulants. There are 79
(7.85%) and 91 (4.66%) stroke or TIA outcomes in anti-
platelet group and anticoagulant group, respectively (OR
1.74). The risk difference was not statistically significant
(0.00 [—0.02, 0.02], p=0.82). Random effect model was
used and there was no significant heterogeneity (I*= 8%,
p=0.30) (Fig. 3).
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Records identified from databases
& registries:
Medline (n = 3396)
ClinicalTrials.gov (n = 6)
CENTRAL (n= 341)

I

Records screened
(n =3402)

Records removed before screening:
Duplicate records removed
(n=314)

Records of Cochrane Protocol
removed (n = 27)

Records identified from
other sources:
Previous reviews and
meta-analysis (n = 56)

Reports assessed for eligibility
(n =336)

Records excluded
(n = 3066)

Reports excluded:
Case reports with less than 5
cases (n=139)
Study populations being children
(n=6)
Treatment comparison not
possible (n = 63)
Severe traumatic cases and
intracranial dissections could not
be excluded (n = 24)

Case overlaps (n = 15)
Article not available (n = 14)

Reports of included studies (n =

66)
63 out of 66 articles reported
ischaemic stroke outcome
58 out of 66 articles reported
stroke or TIA outcome

(n = 56)

Reports assessed for eligibility

Reports excluded:
Duplicate (n = 34)
Treatment comparison
not possible (n = 6)

63 out of 66 articles reported
death outcome

Fig. 1 Study flow chart

Death

There are 63 studies included in the analysis for the death
outcome [6, 7, 11, 16—44, 46-53, 55-58, 60—78]. There
are 3128 individuals in total and 989 individuals received
antiplatelets and 2139 individuals received anticoagu-
lants. There are 8 (0.81%) and 17 (0.79%) deaths in anti-
platelet group and anticoagulant group, respectively (OR
1.02). The risk difference was not statistically significant
(0.00 [—0.01, 0.01], p=0.84). Random effect model was
used and there was no significant heterogeneity (I =0%,
p=1.00) (Fig. 4).

Subgroup with RCT data alone

Analyses with data from the only two RCTs on this topic
were performed. For ischaemic stroke outcome, there are
higher numbers of ischaemic stroke events in antiplatelet
group compared to anticoagulant group (7.81% vs. 4.49%,
respectively; OR 1.80, p=0.20), but this did not reach
significance (Fig. 5). Similarly, for the combined stroke

and TIA outcome, there are higher number of events in
antiplatelet group than in anticoagulant group (8.85% vs.
7.30%, respectively; OR 1.23, p=0.65) but this did not
reach significance (Fig. 6). No deaths were reported in
both RCTs.

Subgroup analyses with carotid artery or vertebral artery
dissection alone

Analyses with data on carotid artery dissection alone and
vertebral artery dissection alone were performed as well.
There are no risk difference to minimal risk difference
with no statistical significance in the analyses for carotid
artery dissection alone: in favour of antiplatelet treat-
ment for ischaemic stroke outcome (total 1403 subjects
in 36 studies; — 0.01 [—0.02, 0.01], p=0.52), no risk dif-
ference for ischaemic stroke or TIA outcome (total 1030
subjects in 29 studies; 0.00 [—0.05, 0.05], p=0.93), and
no risk difference for death outcome (total 1347 subjects
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Fig. 2 Forest plot for ischaemic stroke outcome
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Antiplatel Anticc Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Fisher1978 0 1 0 2 0.0% 0.00[-0.73,0.73] 1978 ¢ +

Luken 1979 0 2 0 1 0.0% 0.00[-0.73,0.73] 1979 ¢ +

Friedman 13980 0 1 0 4 0.0% 0.00 [-0.66, 0.66] 1980 + +

Sellier 1983 0 13 0 16 0.9% 0.00[0.13,013] 1983

Chen 1984 0 6 0 1 0.0% 0.00 [-0.63,0.63] 1984 4 >

Vanneste 1984 0 1 1] 4 0.0% 0.00 [-0.66, 0.66] 1984 + >

Biller 1986 0 5 1 6 0.1% -017 [-0.54,0.21] 1986 +

Mokri 1986 0 9 0 6 0.3% 0.00[-0.23,0.23] 1986

Landre 1987 0 3 0 2 0.0% 0.00[-0.53,0.53] 1987 + +

Manc 1987 0 1 0 6 0.0% 0.00 [-0.63,0.63] 1987 + >

Bogousslavsky 1987 0 2 0 19 0.1% 0.00 [-0.43,0.43] 1987 ¢ >

Mas 1987 0 2 4 11 0.1% -0.36 [-0.87,0.14] 1987 +

Lepojarvi 1988 0 4 1 7 0.1% -0.14 [-0.52,0.23] 1988 ¢

Mokri 1988 0 9 0 7 0.3% 0.00[-0.22,0.22] 1988

De Bray 1989 0 4 0 14 0.2% 0.00 [-0.28,0.28] 1989 # 15

Muller-Forell 1989 0 1 0 1 0.0% 0.00[-0.85,0.85] 1989 + +

Eljamel 1890 0 1 1] 4 0.0% 0.00 [-0.66, 0.66] 1990 + +

Kaps 1990 0 2 0 4 0.1% 0.00 [-0.50, 0.50] 1990 + +

Schievink 1980 0 5 0 2 0.1% 0.00 [-0.48,0.48] 1990 ¢ >

Josien 1992 0 3 0 6 0.1% 0.00[-0.38,0.38] 1992 ¢+ >

Ast 1993 0 21 1 30 1.5% -0.03[-0.13,0.08] 1993 —

Sturzenegger 1993 0 1 0 1" 0.0% 0.00 [-0.61,0.61] 1993 + >

Srinivasan 1996 1 8 0 9 0.2% 0.13[0.15, 0.40] 1996 *

Treiman 1996 0 6 0 12 0.3% 0.00[-0.22,0.22] 1996

Pego 1996 0 2 0 6 0.1% 0.00 [-0.46, 0.46] 1996 + 4

Landini 1996 0 5 0 2 0.1% 0.00 [-0.48,0.48] 1996 * +

Plaza 1996 0 4 0 2 0.1% 0.00 [-0.50,0.50) 1996 + +

De Bray 1997 0 2 1] 2 0.0% 0.00 [-0.60, 0.60] 1997 + >

Biousse 1998 0 1 0 3 0.0% 0.00 [-0.68, 0.68] 1998 ¢ >

Han 1998 0 1 0 1 0.0% 0.00 [-0.85,0.85) 1998 + +

Engelter 2000 0 8 2 25 0.4% -0.08 [-0.27,0.11] 2000 *

Droste 2001 0 4 0 15 0.2% 0.00[-0.28,0.28] 2001 + >

Beletsky 2003 1 23 2 7 1.7% 0.02 [-0.08,0.11] 2003 —

Dziewas 2003 0 9 1 113 0.7% -0.01 [-0.15,013] 2003

Touze 2003 1 18 1 279 1.2% 0.05[-0.05,0.16] 2003 —

Campos 2004 0 6 2 33 0.3% -0.06 [-0.27,0.15] 2004 +

Caso 2004 1 20 1 18 0.7% -0.01 [-0.15,0.14] 2004

Arnold 2006 0 38 3 24 0.7% -013[-0.27,0.02] 2006 4

Arauz 2006 3 44 2 14 0.4% -0.07[-0.27,012] 2006 ¢

De Bray 2007 0 N 0 71 6.3% 0.00 [-0.05, 0.05] 2007 T

Nyberg 2007 0 15 1 21 08% -0.05 [-0.18, 0.09] 2007

Pieri 2007 0 25 0 35 3.3% 0.00 [-0.07,0.07] 2007 T——

Simoes 2007 0 13 0 29 1.2% 0.00 [-0.11,0.11] 2007

Rigamaonti 2008 0 1 0 1 0.0% 0.00 [-0.85,0.85] 2008 + g

Georgiadis 2009 0 96 1 202 40.7% -0.00[-0.02,0.01] 2009 -

Schwartz 2009 6 50 7 127 1.4% 0.06 [-0.03,0.16] 2009 ]

Metso 2009 0 8 0 281 0.6% 0.00[-0.15,015] 2009

Weimar 2010 5 32 12 196 0.8% 0.10[-0.04,0.23] 2010

Divjiak 2011 0 1 0 20 0.0% 0.00 [-0.60, 0.60] 2011 # >

Kennedy 2012 1 59 1 28 2.4% -0.02 [-0.09,0.06) 2012 IR

Arauz 2013 0 26 0 23 2.4% 0.00 [-0.08,0.08] 2013 —_—T

Machet 2013 0 13 0 N 1.2% 0.00[-0.11,011] 2013

Kelly 2014 1 2 0 1 0.0% 0.50 [-0.32,1.32] 2014 # >

Caprio 2014 1 40 3 109 42% -0.00 [-0.06, 0.05) 2014 1

Yamaoka 2014 0 3 0 1 0.0% 0.00 [-0.68, 0.68] 2014 + +

Markus 2015 3 1M 1 96  9.2% 0.02[-0.02,0.06] 2015 —re—

Shanmugalingam 2016 0 5 0 1 0.0% 0.00 [-0.64,0.64] 2016 + >

Brunser 2017 0 17 0 24 1.6% 0.00 [-0.09, 0.09] 2017 —

Daou 2017 6 148 1 75 8.3% 0.03[-0.01,0.07] 2017 )

Ramchand 2017 1 39 1 36 26% -0.00 [-0.08,0.07] 2017 —_—

Baldino 2020 0 3 4 14 0.1% -0.29[-0.68,0.11] 2020 4

Chen 2020 0 4 1] 2 0.1% 0.00 [-0.50,0.50] 2020 + *

Engelter 2021 12 91 7 82 1.6% 0.05[-0.05,014] 2021 —

Total (95% CI) 1119 2299 100.0% 0.00 [-0.01, 0.01]

Total events 43 60

it 2 — s 2= - - R - I } il 1
Heterogeneity: Tau®*= 0.00; Chi*= 2247, df=62 (P=1.00); F=0% 02 01 ) 01 02
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Antiplatelets  Anticoagulants Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Fisher 1978 1 1 0 2 01% 1.00[0.27,1.73] 1978 —

Luken 1979 1 2 0 1 0.1% 0.50[-0.32,1.32] 1979 »
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Biller 1986 0 5 1 6  03% -017 [-0.54,0.21] 1986 ¢
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Bogousslavsky 1987 0 2 0 19 0.3% 0.00[-0.43,0.43] 1987 ¢ >

Landre 1987 0 3 0 2 02% 0.00[-0.53,0.53] 1987 + >

Marx 1987 0 1 0 6 01% 0.00 [-0.63,0.63] 1987 + >

Mas 1987 0 2 0 11 0.2% 0.00[-0.44,0.44] 1987 ¢ >

Mokri 1988 0 9 0 7 1.0% 0.00[0.22,0.22] 1988

De Bray 1989 0 4 0 14  06% 0.00[-0.28,0.28] 1989

Eljamel 1990 1 1 1 4 01% 0.75[0.03,1.47] 1990 —_—— ¥

Kaps 1990 0 2 0 4 0.2% 0.00 [-0.50,0.50] 1990 + >

Schievink 1980 0 5 0 2 02% 0.00[-0.48,0.48 1990 ¢ >

Josien 1992 0 3 0 6 0.3% 0.00[-0.38,0.38] 1992 ¢ »

Ast 1993 0 21 2 30 32% -0.07 [[0.18,0.05] 1983 T

Sturzenegger 1993 0 1 0 11 0.1% 0.00[-0.61,0.61] 1993 + +

Landini 1996 0 5 0 2 02% 0.00[-0.48,0.48] 1996 ¢ >

Pego 1996 0 2 0 6  0.2% 0.00 [-0.46,0.46] 1996 + >

Plaza 1996 0 4 0 2 02% 0.00 [-0.50,0.50] 1996 + >

Srinivasan 1996 1 8 0 9 06% 013[0.15,0.40] 1996 >

Treiman 1996 0 6 0 12 1.0% 0.00[-0.22,0.22] 1996

De Bray 1997 0 2 0 2 01% 0.00 [-0.60,0.60] 1997 ¢ >

Biousse 1998 0 1 1 3 01% -0.33[1.10,0.43] 1998 ¢ >

Han 1998 0 1 0 1 01% 0.00 [-0.85,0.85 1998 + >

Engelter 2000 0 8 3 25 1.1% -0.12[-0.32,0.08] 2000

Droste 2001 1 4 2 15 0.2% 0.12[-0.34,0.57] 2001 »

Beletsky 2003 2 23 3 71 2.7% 0.04 [-0.08,0.17] 2003 —

Dziewas 2003 6 9 2 113 05% 0.65(0.34,0.96] 2003 -+

Touze 2003 B 18 2 279 1.0% 0.33[0.11,0.54] 2003 —_— ~»

Campos 2004 0 6 2 33 1.0% -0.06 [[0.27,0.15] 2004

Caso 2004 1 20 1 18 21% -0.01 [[0.15,0.14] 2004 —

Arnold 2006 2 38 6 24 1.3% -0.20 [-0.38,-0.01] 2006 *

De Bray 2007 0 31 0 71 11.6% 0.00 [-0.05, 0.05] 2007 B

Nyberg 2007 0 15 1 21 2.3% -0.05[-0.18,0.09] 2007 —

Pieri 2007 0 25 0 35 77% 0.00 [-0.07,0.07] 2007 —r

Simoes 2007 0 13 0 29 35% 0.00[0.11,0.11] 2007 T

Rigamaonti 2008 0 1 0 1 0.1% 0.00[-0.85,0.85] 2008 >

Georgiadis 2009 2 96 9 202 135% -0.02 [-0.06,0.02] 2009 -1

Metso 2009 0 8 11 281 1.9% -0.04 [-0.19,0.11] 2009 —

Schwartz 2009 6 50 9 127 3.9% 0.05[-0.05,0.15] 2009 e

Divjak 2011 0 1 0 20 01% 0.00 [-0.60,0.60] 2011 + »

Kennedy 2012 4 59 1 28 44% 0.03[-0.06,0.13] 2012 1

Yaghi 2012 3 31 1 16 1.8% 0.03[0.12,019] 2012 —

Machet 2013 0 13 0 kil 3.6% 0.00[0.11,011] 2013 B E—

Kelly 2014 1 2 0 1 0.1% 0.50[0.32,1.32] 2014 >

Yamaoka 2014 0 3 0 1 0.1% 0.00 [-0.68,0.68] 2014 + >

Gensicke 2015 10 43 I 25 1.0% -0.05[-0.26,0.17] 2015

Markus 2015 5 101 4 96  9.0% 0.01 [-0.05,0.07] 2015  a

Shanmugalingam 2016 0 5 0 1 0.1% 0.00[-0.64, 0.64] 2016 * >

Brunser 2017 1 17 0 24 22% 0.06 [-0.08,0.20] 2017 E—

Daou 2017 13 148 7 75 57% -0.01 [-0.08,0.07) 2017 S R

Baldino 2020 0 3 5 14  03% -0.36 [-0.76, 0.05] 2020 ¢

Chen 2020 0 4 0 2 02% 0.00 [-0.50,0.50] 2020 + »

Engelter 2021 12 91 9 82  42% 0.02[-0.07,012] 2021 B R

Total (95% ClI) 1007 1954 100.0% 0.00 [-0.02, 0.02]

Total events 79 91

Test for overall effect Z=0.23 (P=0.82)

Fig. 3 Forest plot for ischaemic stroke or TIA outcome

Heterogeneity: Tau®= 0.00; Chi*= 62.10, df= 57 (P = 0.30); F=8%

02 01 0 01 02
Antiplatelets Anticoagulants




Testfor overall effect: Z=0.20 (P = 0.84)

Fig. 4 Forest plot for death outcome
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Antiplatelets  Anticoagulants Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Fisher 1978 0 1 1 2 0.0% -0.50[-1.32,0.32] 1978 4 >

Luken 1979 0 2 0 1 0.0% 0.00[0.73,073] 1979 ¢ >

Friedman 1980 0 1 0 4 00% 0.00 [-0.66,0.66] 1980 + >

Sellier 1983 0 13 0 16 05% 0.00[0.13,013] 1983

Yanneste 1984 0 1 0 4 0.0% 0.00 [-0.66,0.66] 1984 ¢ >

Chen 1984 0 6 0 1 0.0% 0.00 [-0.63,063] 1984 ¢ >

Biller 1986 1] 5 0 6 01% 0.00[0.29,029) 1986 ¢ *

Mokri 1986 0 9 0 6 01% 0.00[0.23,023] 1986 ¢ *

Bogousslavsky 1987 0 2 0 19  0.0% 0.00[0.43,043) 1987 ¢ >

Landre 1987 1 3 0 2 00% 0.33[-0.30,097] 1987 ¢ >

Manc 1987 0 1 0 6 0.0% 0.00[-0.63,063] 1987 ¢ >

Mas 1987 0 2 0 11 0.0% 0.00[-0.44,044] 1987 ¢ *

Mokri 1988 0 ] 0 7 02% 0.00[-0.22,0.22] 1988

Lepojarvi 1988 0 4 0 7 01% 0.00[0.31,031] 1988 ¢ >

Muller-Farell 1989 0 1 0 1 0.0% 0.00[-0.85 085 1989 ¢ >

De Bray 1989 0 4 0 14 01% 0.00[-0.28,028 1989 ¢ >

Schievink 1990 0 5 0 2 00% 0.00[0.48,048 1990 ¢ »

Eljamel 1980 0 1 0 4 0.0% 0.00 [-0.66,0.66] 1990 ¢ >

Kaps 1980 0 2 0 4 00% 0.00 [-0.50,0.50] 1990 ¢ >

Josien 1992 0 3 0 6 01% 0.00[-0.38,038) 1992 ¢ >

Sturzenegger 1993 0 1 0 1" 0.0% 0.00[-0.61,061] 1993 ¢ >

Ast 1993 0 21 0 30 1.3% 0.00[-0.08,0.08] 1993 I E—

Pego 1996 0 2 1 6 00% -0.17 [-0.69, 0.35] 1996 4 >

Plaza 1996 0 4 0 2 0.0% 0.00[-0.50,0.50] 1996 ¢ >

Srinivasan 1996 0 g 0 9  02% 0.00[-0.20,0.20] 1996

Treiman 1996 0 6 0 12 0.2% 0.00[0.22,0.22] 1996

Landini 1996 0 5 0 2 0.0% 0.00[0.48,048 1996 ¢ >

De Bray 1997 0 2 0 2 00% 0.00 [-0.60,0.60] 1997 ¢ >

Biousse 1998 0 1 0 3 00% 0.00 [-0.68,068) 1998 ¢ *

Han 1998 0 1 a 1 0.0% 0.00[-0.85,0.85] 1998 4 »

Engelter 2000 0 g 1 25 0.2% -0.04 [-0.21,013] 2000

Droste 2001 0 4 0 15  01% 0.00[-0.28,028) 2001 + *

Gonzales-Portillo 2002 0 ] 0 18 0.3% 0.00[0.15,0.15 2002

Touze 2003 0 18 2 279 1.4% -0.01 [-0.08, 0.07] 2003 I

Beletsky 2003 a 23 2 71 1.5% -0.03[-0.10,0.04] 2003 _—

Dziewas 2003 0 ] 0 113 0.4% 0.00[-0.14,0.14] 2003

Campos 2004 0 6 2 33 02% -0.06 [-0.27,0.15] 2004

Caso 2004 1 20 1 18  04% -0.01[-0.15,0.14] 2004

Arauz 2006 4 44 0 14 05% 0.09[-0.04,0.22] 2006

Arnold 2006 2 38 0 24 08% 0.05[-0.04,0.15] 2006 —

Nyberg 2007 0 15 2 21 0.3% -0.10 [-0.25, 0.06] 2007 4

Simoes 2007 0 13 0 29 06% 0.00[0.11,011] 2007

De Bray 2007 0 il 1 71 2.5% -0.01 [-0.07,0.04] 2007 [ m—

Rigamonti 2008 0 1 0 1 0.0% 0.00 [-0.85, 085 2008 ¢ >

Schwartz 2009 0 50 0 127 87% 0.00 [-0.03,0.03] 2009

Georgiadis 2009 0 96 0 202 29.7% 0.00[-0.02,0.02] 2009 -+

Metso 2009 0 g 2 281 0.3% -0.01 [-0.16,0.14] 2009

Weimar 2010 0 32 0 196 41% 0.00[-0.04,0.04] 2010 —

Divjak 2011 0 1 0 20 0.0% 0.00 [-0.60,0.60] 2011 ¢ >

Yaghi 2012 0 kil 0 16 0.9% 0.00[-0.08,0.09] 2012

Kennedy 2012 0 59 0 28 27% 0.00[-0.05,0.05] 2012 I E—

Arauz 2013 0 26 0 23 1.3% 0.00[-0.08,0.08] 2013 I E—

Machet 2013 0 13 0 kil 0.7% 0.00[0.11,011] 2013

Yamaoka 2014 0 3 0 1 0.0% 0.00 [-0.68,068) 2014 ¢ >

Kelly 2014 0 2 0 1 0.0% 0.00[0.73,073] 2014 ¢ >

Gensicke 2015 0 43 0 25 20% 0.00 [-0.06,0.06] 2015 I —

Markus 2015 0 101 0 96 19.2% 0.00[-0.02,0.02] 2015 b

Shanmugalingam 2016 I 5 a 1 0.0% 0.00[-0.64,064] 2016 ¢ >

Ramchand 2017 0 39 0 36 2.9% 0.00 [-0.05,0.058] 2017 I —

Brunser 2017 0 17 2 24 04% -0.08 [[0.22,0.08] 2017

Baldino 2020 0 3 0 14 01% 0.00 [-0.34,0.34] 2020 + »

Chen 2020 0 4 0 2 0.0% 0.00 [-0.50,050] 2020 ¢ >

Engelter 2021 0 91 0 82 147% 0.00[-0.02,0.02] 2021 e

Total (95% CI) 989 2139 100.0% -0.00 [-0.01, 0.01] ¢

Total events 8 17

Heterogeneity: Tau®= 0.00; Chi*= 1047, df=62 (P =1.00), F=0% 3 o o o 0
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Antiplatelets  Anticoagulants Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Markus 2015 3 101 1 96 84.9% 0.02[-0.02,0.06] 2015
Engelter 2021 12 91 7 82 151% 0.05[-0.05 0.14] 2021 I I —
Total (95% Cl) 192 178 100.0% 0.02 [-0.01, 0.06] -
Total events 15 8
Heterogeneity: Tau = 0.00; Chi*= 051, df=1 (P= 0.48); F= 0% 42 Y ) o' o2
Testfor overall effect Z=1.28 (P=0.20) Antiplatelets Anticoagulants
Fig. 5 Forest plot for ischaemic stroke outcome for RCTs
Antiplatelets  Anticoagulants Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Markus 2015 5 101 4 96 73.5% 0.01 [-0.05,0.07] 2015
Engelter 2021 12 91 9 82 26.5% 0.02[-0.07,0.12] 2021
Total (95% Cl) 192 178 100.0% 0.01 [-0.04, 0.06]
Total events 17 13
Heterogeneity: Tau*=0.00; Chi*= 007, df=1 (P=079); F=0% + + T t t
-0.5 -0.25 1] 0.25 0.5
Test for overall effect: Z=0.46 (P = 0.65) Antiplatelets  Anticoagulants
Fig.6 Forest plot for stroke or TIA outcome for RCTs

in 36 studies; 0.00 [ — 0.01, 0.01], p=0.91). [Please see the
details in figure S1 to S3 in Additional file 1.]

Similarly, there are minimal risk differences with no
statistical significance in the analyses for vertebral artery
dissection alone: in favour of antiplatelet treatment for
ischaemic stroke outcome (total 555 subjects in 19 stud-
ies; —0.02 [—0.06, 0.02], p=0.26), in favour of antiplate-
let treatment for ischaemic stroke or TIA outcome (total
237 subjects in 15 studies; — 0.02 [ —0.08, 0.04], p=10.50),
and in favour of anticoagulant treatment for death out-
come (total 448 subjects in 19 studies; 0.01 [ —0.04, 0.05],
p=0.76). [Please see the details in Additional file 1: Figs.
S4 to S6]

Discussion

In the literature, there have been five meta-analyses that
compared the results of using antiplatelets and antico-
agulants in the secondary prevention of cervical artery
dissection [8, 10—13]. Despite the various methodologies
used, there is still no conclusive evidence that either class
of the antithrombotic medication is superior to the other.
Present meta-analysis with updated data also failed to
find statistically significant differences between the two
treatments (Figs. 2, 3, 4). However, it differs from the rest
in that there are two RCTs, CADISS and TREAT-CAD |[6,
7], included in the present meta-analysis. Both of these
RCTs included both internal carotid and vertebral artery
dissections and each failed to show significant differences
between the two treatments. This is in agreement with
the results of the present meta-analyses overall or with

data from just these two RCTs (Figs. 5, 6) or with data on
carotid and vertebral artery dissections separately (Addi-
tional file 1: Figs. S1 to S6).

CADISS was the first RCT to be published with the aim
to determine the feasibility of a clinical trial to compare
the effects of antiplatelets and anticoagulants in cervical
artery dissection [80]. However, it found no statistically
significant differences between the two treatments (in
both per-protocol analysis and intention-to-treat analy-
sis). Nonetheless, it highlighted that the diagnostic imag-
ing criteria of dissection were often not applied correctly
in clinical practice [6]. With the realization of lower
than expected clinical outcome rates in CADISS and the
RCT being underpowered, another RCT, TREAT-CAD,
attempted to overcome this by adding MRI surrogate
outcomes to determine non-inferiority of antiplatelets
to anticoagulation [7]. However, TREAT-CAD found no
significant differences between antiplatelets and antico-
agulants nor non-inferiority of aspirin even after adding
MRI findings, in both per-protocol and intention-to-
treat analyses and despite a generous 12% non-inferiority
margin.

CADISS also made power calculation using their find-
ings on composite outcome of stroke, death or major
bleeding (2.97%, 95% CI 0.62-8.44 with antiplatelets vs
2.08%, 95% CI 0.25-7.32 with anticoagulants) in per-
protocol data to assess the feasibility of another trial.
A sample size of 4876 individuals in each arm will be
required for a study with 0.8 power and 0.05 significance
level [6]. Such a trial would be too resource intensive and
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would take a tremendous amount of time to complete.
As a comparison, it took over seven years to recruit 250
subjects (in total and around 200 per-protocol subjects)
in CADISS (UK alone) and over five years to recruit
194 subjects (in total and 173 per-protocol subjects) in
TREAT-CAD (Switzerland, Germany, and Denmark).

Comparing effects of antiplatelets and anticoagulants in
medical treatment of extracranial artery dissection with-
out taking into consideration of initial presentation, type
of dissection (aneurysmal or stenotic or occlusive) and
other demographic characteristics may be an oversim-
plification of a complex picture. Nevertheless, treatment
with antithrombotics appears to be effective regardless
of the underlying characteristics and may improve the
survival of individuals with internal carotid or vertebral
artery dissections. Rosati et al.reported that individuals
on either antiplatelet treatment or anticoagulant treat-
ment have significantly lowered risk of adverse outcomes
[Hazard Ratio (HR) 0.15, 95% CI: 0.04—0.55, p=0.005
and HR 0.19, 95% CI: 0.04-0.88, p =0.034, respectively]
compared to those without either treatment [81].

Baseline differences in types of dissections could have
introduced some biases and obscured actual difference
between the two treatments, i.e. type II error. In fact,
selection bias was looked at by Ramchand et al. where he
determined that there was a significantly higher degree
of stenosis in individuals on anticoagulants and a non-
significantly higher chance of receiving anticoagulants by
patients with “stroke or TIA”[60] The latter point was a
significant finding in Daou et al. in which patients who
received antiplatelet treatment have the lowest chance of
presenting with stroke compared to those who received
anticoagulation or combined treatments [59]. Another
one factor that increased the difficulty in finding differ-
ences between anticoagulation and antiplatelet treatment
was due to the fact that heparin is commonly used in the
initial phase of treatment in addition to an antiplatelet,
and this (early anticoagulation) was recommended in the
early versions of European guidelines on management of
stroke [82, 83].

Evidence on direct oral anticoagulants (DOAC) are still
limited with very small sample size studies [54, 84, 85].
Similarly, the evidence for dual antiplatelet treatment is
limited. In CADISS, almost half of the participants (28%
received aspirin and clopidogrel, and 16% received aspi-
rin and dipyridamole) received dual antiplatelet treat-
ment. But the outcomes reported did not differentiate
between single and dual antiplatelet treatments. In total
(per-protocol), there were 3% ischaemic stroke outcome,
5% any stroke or TIA outcome and 0% major bleed-
ing outcome. In contrast, in TREAT-CAD, only single
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antiplatelet treatment was used (Aspirin oral 300 mg or
intravenous 250 mg). There were 8% ischaemic stroke,
0% TIA and 0% major bleeding (per-protocol sample). It
is plausible that these differences in outcomes between
these two RCTs could reflect the effects of single and
dual antiplatelet treatments. However, more evidence is
needed to either confirm or refute this.

Given the findings from CADISS and TREAT-CAD,
there has been some consideration that the evidence to
support antiplatelet treatment is weak albeit sufficient
for the treatment of individuals with only symptoms and
without haemodynamic compromise. Nevertheless, early
treatment with either modality has been suggested, based
on the finding that diffusion-weighted imaging (DWI)
lesions have been detected to occur soon after diagnosis
of the dissection [78].

Limitations

Present meta-analysis considered only three outcomes
which did not include bleeding adverse effect which is
a potentially problematic adverse effect associated with
antithrombotics. Also, cases due to severe trauma are
excluded which could be considered as valid clinical vari-
ant that needs equal clinical attention. Cases that were
stented and surgically treated were excluded since they
could potentially be different from medically treated
patients and could introduce further bias into the analy-
sis. Present meta-analysis included studies with follow
up periods less than three months and these could have
altered the actual rates of outcome events and the final
results. Majority of the included studies are observational
studies which are prone to different biases. Per-proto-
col data was favored over intention-to-treat data which
might be a pragmatic choice but can introduce bias.

Conclusion

Present meta-analysis did not find significant differ-
ences between antiplatelet and anticoagulant treatments
despite increased sample size. The choice of antithrom-
botics should be tailored to the patient on an individual
basis.
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