
Page 1 of 17

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(14):1212 | http://dx.doi.org/10.21037/atm-20-7279

Systematic review of the effectiveness of carotid surgery and 
endovascular carotid stenting versus best medical treatment in 
managing symptomatic acute carotid artery dissection
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Abstract: Cervical artery dissection (CeAD) with an intramural haematoma can lead to stroke risk, 
especially in young patients. We performed comprehensive searches of the Cochrane Stroke Group Trials 
Register, the CENTRAL, MEDLINE and EMBASE to review the effectiveness of surgical and endovascular 
interventions versus best medical treatment alone for symptomatic CeAD. Furthermore, we aim to elaborate 
on the phenotypic individual disease manifestations of spontaneous Cervical Artery Dissection (sCAD) 
and how they translate into stroke and risk of dissection recurrence. Primary outcomes were ipsilateral 
stroke and disability. Secondary outcomes were death, any stroke, or transient ischaemic attack, residual 
stenosis >50%, recurrence of CeAD, expanding pseudo-aneurysm or major bleeding. Our search yielded 
no randomised controlled trials and/or controlled clinical trials (CCTs) comparing either carotid surgery 
or endovascular therapy with optimal medical management; thus there was no evidence to support the use 
of any specific method for management of extracranial CeAD in patients who fail antithrombotic therapy. 
However, despite the absence of controlled studies to compare surgery or endovascular therapy in patients 
who fail antithrombotic therapy, carotid surgery in young patients can be justified as a personalized precision 
approach given the high morbidity and mortality in this age group.
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Introduction

Cervical artery dissection (CeAD) with an intramural 
haematoma can lead to a stroke risk of 2–2.5% (1). CeAD 
accounts for 8% to 25% of stroke in patients under the age 

of 45 years (2,3). Unfortunately, the incidence of stroke has 

increased by 43.8% in the last ten years, especially in those 

aged between 25 and 44 years, which could have profound 

socioeconomic consequences and long-term implications 
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for quality of life (4,5). Furthermore, the actual incidence 
of symptomatic spontaneous CeAD is usually under 
reported, as many cases are undiagnosed because they are 
asymptomatic or associated with mild transient neurological 
symptoms, such as temporary slurring of speech, numbness 
or pins and needles in the face or limbs. In young and 
middle-aged patients, CeAD is particularly belligerent (1). 
The underlying pathogenesis is still not clearly defined, 
therefore, efforts to reduce incidence, recurrence, and 
severity are difficult to implement (6).

CeAD could result in intramural haematoma resulting 
in stenosis or occlusion and cerebral ischemic events. 
These ischemic events are more often embolic rather 
than hemodynamic compromise. Emboli arising from 
the thrombus on the injured intima are managed by 
medical, surgical or endovascular intervention, especially 
for fear of further trashing of the brain (7). Considering 
that most patients present with ischaemic events and 
the pathological process relates to clot formation and 
embolization, antithrombotic and antiplatelet medications 
have been shown to be safe and equivalent (8). As such, 
many physicians opt to treat patients with CeAD by using 
medical therapy alone and reserve surgical or endovascular 
intervention for those in whom neurological symptoms do 
to not resolve, or reoccur (9,10). 

Some authors have demonstrated favourable long-
term outcomes from carotid surgical intervention for 
symptomatic CeAD (11,12). However, others have 
shown poor outcomes (13) and most of them blame these 
unfavourable outcomes on difficulties in the preparation 
of the dissected carotid artery and associated cranial nerve 
injury. Poor surgical outcomes have inspired the application 
of endovascular interventions, despite no clear supportive 
evidence (14-17). Surgical intervention is limited to patients 
who develop neurological symptoms or have a progressive 
clinical course despite medical therapy, as long as they have 
anatomically accessible lesions and endovascular therapy is 
deemed high risk in young patients or is contraindicated (7). 
These clinical management algorithms; however, are not 
based on level one evidence and are influenced by anecdotal 
experience or local expertise.

A previous Cochrane review showed that anticoagulants 
were associated with reduced risk of death and disability 
compared to anti-platelet therapy; however, these apparent 
benefits were offset by a nonsignificant risk of major 
intracerebral and extracerebral bleeding (18). Due to a lack 
of robust evidence, treatment algorithms describing when 
and how to intervene have not been adequately developed for 

patients who remain symptomatic, with evolving neurological 
defects, despite medical management. Factors, which confound 
therapeutic decisions and are particularly pertinent in the 
setting of CeAD include, the patients’ young age, the possibility 
of an underlying connective tissue disorder and the increased 
risk of stroke when surgical or radiological intervention is 
undertaken during the acute phase. As there is no consensus 
on how best to manage patients with symptomatic CeAD, we 
aim to perform a systematic review to assess the effectiveness 
of surgical and endovascular interventions versus best medical 
treatment alone for symptomatic CeAD. Furthermore, we 
would like to elaborate on the phenotype of the individual 
disease manifestations concerning spontaneous sCAD and how 
they translate into stroke and risk of dissection recurrence, and 
set up an algorithm for symptomatic CeAD management. We 
present the following article in accordance with the PRISMA 
checklist (available at http://dx.doi.org/10.21037/atm- 
20-7279). 

Methods 

This systematic review was undertaken in accordance with 
the recommendations described in the Cochrane Handbook 
for Systematic Reviews of Interventions (19-21). 

Careful consideration was given to the participants, 
interventions, comparators and interventions (PICO). 
PICO was then used to formulate the review question, title, 
objective and search strategy, and provide a rationale for the 
objective of the review (22) (Appendix 1).

Search methods for identification of studies

We employed the search in the Cochrane Central Register 
of Controlled Trials (CENTRAL) (Cochrane Library; latest 
issue) in the Cochrane Library, MEDLINE Ovid (from 
1946), and Embase Ovid (from 1974). The subject strategies 
for databases were modelled on the search strategy designed 
for MEDLINE Ovid. Subsequently, we also searched 
the ongoing trials registers: US National Institutes of 
Health Ongoing Trials Register ClinicalTrials.gov; World 
Health Organization International Clinical Trials Registry 
Platform; and Stroke Trials Registry.

In an effort to identify further published, unpublished, 
and ongoing trials, we conducted the secondary searches: 
bibliographies of included studies and any relevant systematic 
reviews identified for further references to relevant trials 
and used the Web of Science cited reference search to 
forward track relevant references; contacted original authors 

http://dx.doi.org/10.21037/atm-20-7279
http://dx.doi.org/10.21037/atm-20-7279
https://cdn.amegroups.cn/static/public/ATM-2020-CASSPT-08-Supplementary.pdf


Annals of Translational Medicine, Vol 9, No 14 July 2021 Page 3 of 17

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(14):1212 | http://dx.doi.org/10.21037/atm-20-7279

for clarification and further data on trial reports that were 
unclear; and contacted experts, trialists, or organisations in 
the field to obtain additional information of any unpublished 
or ongoing clinical trials data and/or information.

Criteria for considering studies for this review

Types of studies 
The methodological approaches undertaken in this review 
were agreed on a priori. Only the RCTs and controlled 
clinical trials (CCTs) were employed to determine the 
effectiveness of an intervention. Well-designed RCTs 
seek to overcome selection bias for participants by using 
strict inclusion criteria and random sequence generation 
and allocation concealment. CCTs work on the same 
principles as RCTs, and although they do not include 
random sequence generation and thus may be open to 
bias, the prospective methodology reduces the likelihood 
of recall bias. The inclusion of CCTs was seen to be 
worthwhile to expand the number of possible studies 
without compromising objectivity, once they were subject 
to rigorous assessment of bias testing. 

Types of participants
Participants’ were chosen to maintain a sufficient clinical 
equipoise on optimal clinical management. Patients 
presenting with CeAD are treated by clinical consensus with 
antithrombotic medication. However, if this medication fails 
the choice on the mode of intervention that best serves is not 
yet evidence-based.

Types of interventions
The interventions of interest were endovascular intervention 
(angioplasty and/or stenting) and open carotid surgical 
repair. These interventions are reflective of contemporary 
clinical practice, and treatment options available. 

Comparator intervention

The comparator was antithrombotic therapy and included 
anticoagulant, antiplatelet and thrombolytic therapies, none 
of which required invasive intervention. 

Outcomes

The clinically relevant outcomes were based on clinical 
experience and international guidelines and outcomes, 
which were deemed most reflective of the impact on 

individual patients and healthcare resources (22-25).

Primary outcomes
(I) Ipsilateral stroke (26). 
(II) Disability defined according to the modified Rankin 

Scale (27). 
Endpoints were assessed at early (0–1 month), midterm 

(1–3 months), late (3 months–1 year), and extended (>1 year) 
time points, as applicable.

Secondary outcomes
(I) Death;
(II) Any stroke, or TIA, residual stenosis (>50%);
(III) Recurrence of cervical dissection, in either the same 

artery, or any of the other three extracranial cervical 
arteries; 

(IV) Expanding pseudoaneurysm;
(V) Major bleeding. 

Study eligibility criteria

Inclusion criteria 
All RCTs and CCTs assessing the effects of open surgical 
repair and/or endovascular repair of symptomatic 
extracranial cervical dissection compared to medical therapy 
alone were eligible for inclusion. Participants with a clinical 
diagnosis of symptomatic extracranial carotid artery and/
or vertebral artery dissections were eligible for inclusion if 
associated with active neurological symptoms. Neurological 
symptoms included stroke, TIA or local neurological 
deficit, haemodynamic brain ischaemia, and/or expansion of 
concomitant pseudoaneurysm with neurological symptoms.

We included trials comparing surgical and radiological 
interventions with best medical therapy and considered 
the following comparisons: radiological intervention 
plus medical therapy versus medical therapy alone; 
and surgical interventional plus medical therapy versus  
medical therapy alone. Thrombolysis was not examined 
specif ical ly,  but patients  who have had a tr ial  of 
thrombolysis prior to surgical or radiological intervention 
were not excluded.

Exclusion criteria 
We excluded studies that failed to include at least 
one primary outcome, reported on a single treatment 
modality, had three or fewer cases, consisted of reviews 
summarising case series, series with data already reported 
in previous citation, and studies in which discrimination  
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could not be made between common carotid artery, 
internal carotid artery, vertebral artery or intracerebral 
artery dissection. We did not exclude studies based on age, 
gender, stage or severity of the condition, aetiology or co-
morbidities.

Data extraction and management

It was planned for data to be extracted independently from 
the included studies, using an adapted data extraction 
form. The authors independently screened titles and 
abstracts of the references obtained as a result of our 
searching activities. We obtained the full-text articles for 
the remaining references retrieved, and review authors 
(SS, NH) independently screened the full-text articles 
and identified whether studies were eligible for inclusion, 
and identified and recorded reasons for exclusion of the 
ineligible studies. Any disagreements were resolved through 
discussion and when required, a third author (FJ) was 
consulted. Multiple reports of the same study were collated 
so that each study, not each reference, is the unit of interest 
in the review. Subsequently, selection process was recorded 
to complete a PRISMA flow diagram.

Assessment of risk of bias in included studies

Two review authors (NH, and SS) planned to independently 
assess risk of bias for each study using the criteria 
outlined in the Cochrane Handbook for Systematic Reviews 
of Interventions (19). Any disagreements were due to be 
resolved by discussion and by involving another author (FJ). 
The risk of bias were due to be assessed according to the 
following domains: random sequence generation, allocation 
concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome data, 
selective outcome reporting, and other bias. The risks of 
bias for each domain were due to be graded as high, low or 
unclear, and information from the study report was expected 
to be provided with a justification for our judgment in a ‘Risk 
of bias’ table.

Measures of treatment effect 

Results of the dichotomous outcome measures were due 
to be expressed using risk ratio (RR) and associated 95% 
confidence intervals (CI) to reflect uncertainty of the point 
estimate of effects. For continuous outcome measures, we 
planned to calculate mean and standard deviation with 

the corresponding 95% CI. Standardised mean difference 
(SMD) with 95% CI was due to be employed to combine 
outcomes from trials that measure outcomes using different 
scales (19). Similarly, survival analysis was planned to be 
used to report time-to-event data and the intervention effect 
expressed as a hazard ratio (HR) and associated 95% CIs. 
Methods planned to be used to analyse time-to-event data 
were to be guided by those described by Parmar et al. (28) 
and Tierney et al. (29).

Dealing with missing data

Missing and unclear data were due to be recorded for each 
included study. Where possible, all analyses was due to 
be performed using an intention-to-treat approach, i.e., 
anticipated analysis of all participants and their outcomes 
within the groups to which they were allocated, regardless 
of whether they received the intervention. When necessary, 
study authors were contacted to request missing data.

Assessment of heterogeneity

Assessments of clinical heterogeneity would have been 
determined by participant data, the intervention and 
outcomes of individual studies. Visual inspection of forest 
plots and examination of the Chi² test, I2 and Tau2 statistic 
was planned to be used for determining heterogeneity of 
the outcomes (19). Statistical heterogeneity was considered 
as substantial if an I² is greater than 50% and either the T² 
is greater than zero, or there is a low P value (less than 0.10) 
in the Chi² test for heterogeneity.

Assessment of reporting biases

Funnel plots were due to be employed as recommended by the 
Cochrane Handbook for Systematic Reviews of Interventions (19) for 
publication bias.

Data synthesis

RevMan® 5.4 was planned to be used for pooled analysis 
using a fixed-effect analysis for synthesizing data where 
it is reasonable to assume that trials are estimating the 
same underlying treatment effect (30). If there were 
clinical heterogeneity sufficient to expect that the 
underlying treatment effects differ between trials, or 
where substantial statistical heterogeneity was detected,  
random-effects analysis would have been employed 
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to produce an overall summary where the average 
treatment effect is clinically meaningful. If there was 
identified substantial clinical, methodological or statistical 
heterogeneity across included trials, a narrative approach to 
data synthesis would have been used instead of the pooled 
outcomes (19).

GRADE

Five GRADE considerations (study limitations, consistency 
of effect, imprecision, indirectness and publication bias) 
were planned to be used to assess the quality of a body 
of evidence as it relates to the studies that could have 
contributed data to the meta-analyses for the pre-specified 
outcomes (31). Justification would have been made on all 
decisions to down- or up-grade the quality of studies using 
footnotes, with comments to aid the reader’s understanding 
of the review, where necessary.

Subgroup analysis and investigation of heterogeneity

Subgroup analyses were anticipated to be limited to primary 
outcomes. Planned subgroup analyses included, (I) vertebral 
artery dissection versus carotid artery dissection, (II) single 
versus multiple concomitant cervical arterial dissection, (III) 
presence versus absence of connective tissue disorder, (IV) 
traumatic (including iatrogenic), i.e., as a result of injury 
versus spontaneous, i.e., without a precipitating cause, and 
(V) surgical intervention with optimal medical management 
versus radiological intervention with optimal medical 
management.

Sensitivity analysis

We planned to repeat the analyses including high quality 
trials only. For the purpose of this review, trials judged 
‘low risk of bias’ for sequence generation and allocation 
concealment would have been classified as high quality 
trials. 

Results

The search generated 8,082 references. A total of 463 
duplicates were identified and removed. The titles and 
abstracts of the remaining 7,619 studies were then reviewed. 
Of the 7,619 studies reviewed, we only carried forward 42 
studies to full text review, and included or excluded studies 
based on study type and PICO, as outlined in the PRISMA 

flow diagram (Figure 1). 

Included studies

None of the studies met the inclusion criteria.
Following full text review, we excluded all the final  

42 studies from further analysis. Twenty studies were excluded 
based on wrong study design [Arauz, 2006 (32); Biller  
1986 (33); Biousse 1994 (34); Biousse 1988 (35); Bogousslavsky 
1987 (36); Campos 2004 (37); Caplan 2008 (10); Ehrenfeld 
1976 (38); Guillon 1999 (39); Jensen 2017 (40); Lee 2006 (41);  
Lichy 2015 (23); Mokri 1990 (42); Mokri 1986 (43); Molina 
2000 (44); Schievink 1994 (45); Sturzenegger 1995 (46); 
Vanneste 1984 (47); Watridge 1989 (48); Zelenock 1982) (49)]; 
16 studies based on wrong intervention [Bakke 1996 (50); 
Bassetti 1996 (51); Beletsky 2003 (52); Campos 2007 (53); Caso 
2004 (54); Cervical Artery Dissection in Stroke Study Trial 
Investigators 2007 (35); Cimini 2004 (55), Engelter 2012 (56); 
Engelter 2000 (57); Engelter 2009 (58); CADISS Investigators 
2015 (8); Kennedy 2012 (59); Machet 2013 (60); TREAT-
CAD 2014 (61); Touze 2001 (62); Weimar 2010 (63)]; 4 studies 
had the wrong outcomes [Bassi 2003 (64); Biousse 1995 (65); 
Larsson 2017 (66); Pieri 2007 (67)]; one study was based on 
wrong indication [Arnold 2009 (68)] and one study was based 
on wrong patient population [Marnat 2016 (69)] (Table 1).

Characteristics of the excluded studies 

Studies awaiting classification
No studies are awaiting classification. 

Ongoing studies

There are no on-going studies that specifically investigate 
surgical or endovascular intervention for patients who have 
failed medically therapy.

Discussion

There is a lack of evidence in the management of CeAD 
once medical treatment has failed. The only randomised 
controlled trials that were found in this systematic review 
were those, which enrolled patients with CeAD and 
randomised them to either anti-platelet medication or 
anticoagulation. Since the patient population for these 
trials was those presenting with their first CeAD, i.e., they 
had not yet had the opportunity to fail medical therapy, 
therefore, they did not match the PICO for this review and 
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were not analysed. 
The CADISS study was the only noteworthy RCT in this 

field (8). This trial compared anti-platelets to anticoagulants 
in patients with CeAD, which became clinically apparent 
within 7 days prior to randomization. The primary outcome 
in this trial was ipsilateral stroke or death of all causes 
within 3 months. The trialists found no difference in 
efficacy of antiplatelet and anticoagulant drugs at preventing 
the primary endpoint of stroke. They conclude that stroke 
in both groups is 2%, and that this rate was lower than 
seen in observational trials. At first glance, one could argue 
that this undermines the need for the systematic review, as 
there is seldom a need for either endovascular or surgery. 
However, on closer inspection, it was noted that 52 patients, 
consisting more than 20% of the study population, were 
incorrectly diagnosed. On central review of the imaging, 

these 52 patients did not have radiographic evidence of 
CeAD and should therefore not have been enrolled in the 
study. Not only does this weaken the power of the study 
conclusions, it potentially underestimates the requirement 
for secondary intervention, because once these patients 
were excluded the stroke rate rose by 50%. 

One of the issues with an RCT in CeAD is that in 
order to sufficiently power a study, large numbers of 
patients are required for the clinical endpoint of stroke 
or neurological symptoms. This is all the more pertinent 
when attempting to enroll patients in whom medical 
therapy has failed because the population at risk is even 
smaller. Estimates based on the meta-analyses, in particular, 
four meta-analyses, which are based on observational 
studies comparing antiplatelet  to antithrombotic 
medication, suggest that an RCT based on pure clinical 

Records after duplicates  
removed (n=7,619)

Full-text articles assessed for 
eligibility (n=42)

Studies included in qualitative 
synthesis (n=0)

Studies included in 
quantitative synthesis 
(meta-analysis) (n=0)

Records screened (n=7,619) Records excluded (n=7,577)

Full–text articles excluded, 
with reasons (n=42)

20 Wrong study design 
16 Wrong intervention 
4 Wrong outcomes 
1 wrong indication 
1 wrong patient population

Records identified 
through database 

searching (n=8,082)

Additional records 
identified through 

other sources (n=15)

Figure 1 PRISMA flow diagram.
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Table 1 Characteristics of all the excluded studies with reason for exclusion

Study (reference) Reason for exclusion

Arauz 2006 (32) Case series from a registry

No treatment by surgery or endovascular

Arnold 2009 (68) Case control study

Looked at risk factors and pathogenesis but did not assess intervention

Bakke 1996 (50) Case series

Assessed diagnosis and did not assess treatment outcomes

Bassetti 1996 (51) Prospective cases series of 81 patients
Recurrent dissection was documented in 3 of 74 patients. 
No surgical or radiological interventions were reported

Bassi 2003 (64) Prospective multicentre study

Seven surgical and five endovascular patients 

No outcomes reported on the surgical or endovascular patients

Beletsky 2003 (52) Report from prospective registry on 116 patients but outcomes from surgery or endovascular are not reported

Biller 1986 (33) Case series

No report of surgery or endovascular therapy

Biousse 1994 (34) Case series of 65 patients

Examined the effect of presentation on outcome and did not assess treatment

Biousse 1998 (35) Retrospective case series

Biousse 1995 (65) 80 consecutive patients (29 retrospectively, 51 prospectively)

Treatment was not reported and outcomes were not assessed

Bogousslavsky  
1987 (36)

A retrospective review of 30 patients

CADISS Trial 
Investigators 2015 (8)

CADISS Trial Prospective randomised controlled multicentre trial

Intervention was medication rather than surgery or endovascular

Campos 2007 (53) Retrospective

Investigated symptom progression in 54 patients

Surgery and endovascular therapy were not reported

Campos 2004 (37) Retrospective cases series of 48 patients

Surgery and endovascular therapy were not reported 

Caplan 2008 (10) Clinical review paper

Caso 2004 (54) Prospective case series of 48 patients

Intracerebral rather than cervical arteries

Surgery and endovascular therapy were not reported

Cervical Artery 
Dissection in Stroke 
Study 2007 (35)

Clinical trial protocol

Intervention is antiplatelet versus anticoagulation therapy

Table 1 (continued)
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Table 1 (continued)

Study (reference) Reason for exclusion

Cimini 2004 (55) Prospective

Only 10 patients

Surgery and endovascular therapy were not reported

Ehrenfeld 1976 (38) Retrospective case series of 19 patients, 10 of whom had surgery

No comparison between surgical and medical groups

Engelter 2012 (56) International multi-centre database

Examined intravenous thrombolysis, which was not harmful but also not beneficial, thereby, suggested 
mechanical revascularisation might be necessary

Surgery and endovascular therapy were not reported

Engelter 2000 (57) Non-randomised case control study comparing antiplatelet and anti-coagulation

Surgery and endovascular therapy were not reported

Engelter 2009 (58) Thrombolysis of extracranial cervical artery dissection versus nonCAD ischaemic stroke from a stroke database

Surgery and endovascular therapy were not reported

Guillon 1999 (39) Retrospective review of aneurysms secondary to extracranial cervical artery dissection

Surgery and endovascular therapy were not reported

Jensen 2017 (40) Retrospective review of intra-cranial carotid and vertebral dissections

Kennedy 2012 (59) CADISS non randomised arm and meta-analysis

Medication was the intervention

Surgery and endovascular therapy were not reported

Larsson 2017 (66) Systematic review and results from CADISS 

Looked at prognosis rather than at surgical or endovascular intervention

Lee 2006 (41) Population based study on epidemiology

Surgery and endovascular therapy were not reported

Lichy 2015 (23) From CADISP multicentre study

Investigated aetiology rather than therapy

Machet 2013 (60) Wrong intervention

Looked at effect of anticoagulant on cervical arterial wall haematoma progression using MRI

Surgery and endovascular therapy were not reported

Marnat 2016 (69) Report from stroke database

Patient population had intracranial rather than cervical dissections

Mokri 1990 (42) Retrospective review

19 patients had surgery

Surgical outcomes were not analysed

No endovascular therapy reported

Table 1 (continued)
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outcomes may require a sample size as large as 2,000  
participants (18,59,70,71). 

Therefore, alternative surrogate outcome markers may 
be needed to compare treatments in this patient population. 
An example of a proxy marker for ischaemic events 
secondary to CeAD is diffusion-weighted MRI (DWI). 
An RCT comparing surgery to endovascular stenting in 
carotid stenosis demonstrated that usage of DWI as an 
alternative outcome marker revealed equivalent results as 
the clinical study (72). Similarly, when investigating carotid 
revascularisation, adding new silent microbleeds in MRI 
has been shown to be useful as a proxy for intracranial 
haemorrhage (73). The use of imaging endpoints has been 

tested in CeAD, whereby magnetic resonance surrogates are 
being used to compare aspirin to anticoagulant treatment, 
in an open-labelled, multicentre, noninferiority RCT (74). 

Imaging endpoints are not the only ones, which have 
been used to supplement clinical or neurological endpoints. 
The Biomarkers and Antithrombotic Treatment in 
Cervical Artery Dissection (TREAT-CAD) study, which 
has been recruiting patients since September 2013, aims 
at demonstrating non-inferiority of aspirin compared with 
vitamin K antagonists in CeAD patients. The endpoints 
in this study include biomarkers, MMP9 and TIMP2, in 
addition to a composite outcome of clinical or imaging 
endpoints of brain ischemia, bleeds, or death (61). The 

Table 1 (continued)

Study (reference) Reason for exclusion

Mokri 1986 (43) Retrospective case series

Surgery and endovascular therapy were not reported

Molina 2000 (44) Case series using TCD to predict neurological outcomes

Surgery and endovascular therapy were not reported

Pieri 2007 (67) Prospective but looked at epidemiology rather than treatment outcomes

Treatment was medical

Endovascular treatment was reported but outcomes were not analysed

Schievink 1994 (45) Retrospective review of 22 patients

Sturzenegger 1995 (46) Case series of 44 patients
Surgery and endovascular therapy were not reported

TREAT-CAD 2014 (61) On-going Trial

Not completed

Medical Therapy only

Surgery and endovascular therapy were not reported

Touze 2001 (62) Case series of 35 patients with aneurysm secondary to cervical artery dissection

Outcomes were prognostic

Surgery and endovascular therapy were not reported

Vanneste 1984 (47) Case series of four cases

Surgery and endovascular therapy were not reported

Watridge 1989 (48) Cases series of 24 cases. 

Surgery and endovascular therapy were not reported.

Weimar 2010 (63) Multi-centre registry. 

Surgery and endovascular therapy were not reported

Zelenock 1982 (49) Retrospective case series of seven patients with three surgeries
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expansion of endpoints and the prospect for reducing 
the scale of the numbers needed to recruit may make it 
more feasible to run RCTs and CCTs, especially in when 
evaluating invasive therapies. 

Endovascular intervention is usually reserved for 
CeAD patients with recurrent ischaemic events despite 
antithrombotic therapy, when ruptured infarction is 
impending, in ruptured dissecting CeAD patients or in 
iatrogenic CeAD (7). Although we did not identify any 
RCTs or CCTs comparing endovascular therapy and 
antithrombotic treatment to antithrombotic therapy 
alone, we did find reports on endovascular treatment using 
angioplasty and stenting in CeAD patients, which did 
not meet the inclusion criteria (15,75-78). The evidence 
pertaining to endovascular intervention arises from case 
reports and case series, which are highly selective and 
publish only successful interventions. Although collation 
of this data demonstrates good technical success, the 
majority of reported cases are on traumatic dissection, 
which represents a different disease aetiology and patient 
population than those with spontaneous dissection (79). 

One systematic review of endovascular stenting in 
extracranial CeAD identified 140 patients (153 arteries) 
with extracranial internal carotid dissection (ICAD) and 
ten patients (12 arteries) with extracranial vertebral artery 
dissection (VAD) (79). The aetiology was mixed with 48% 
(n=64) traumatic, 37% (n=49) spontaneous and 16% (n=21) 
iatrogenic. The combined technical success rate was high at 
99% for ICAD and 100% for VAD with low peri-procedural 
complications (1.3% for ICAD and 0% for VAD). However, 
thrombosis of the stents occurred in 3 ICAD cases (3/150, 
2%) and 1 VAD case (1/7, 14%). Within a mean follow-up 
period of 17.7 months (range, 1–72 months), there were no 
deaths, and neurological complications occurred in 1.4% 
ICAD and 0 cases of VAD. The patient population included 
in these cases was not the same as that chosen in our review, 
i.e., active neurological symptoms despite antithrombotic 
therapy. 

In 70% of al l  the reported cases,  endovascular 
treatment was chosen because of contraindications for 
the use of anticoagulants or because of the severity of the 
hemodynamic compromise with or without failure of the 
antithrombotic treatment. An additional rare indication 
for endovascular stenting was rupture of an extracranial 
dissecting aneurysm (80). From this collated data it would 
appear that endovascular treatment seems relatively safe, 
however, an RCT would be needed to identify superiority 
over antithrombotic treatment alone. In the absence of 

level one evidence, carotid surgery and endovascular 
intervention are reserved for CeAD patients in whom 
antithrombotic therapy has failed, especially those patients 
who demonstrate rapid deterioration with impending 
hemodynamic infarction, and those with ruptured dissecting 
iatrogenic CeAD. However, one must bear in mind that 
these choices are not evidenced based and are subject to 
selective reporting bias and confounded by the experience 
of the operator, their training and individual preferences 
and skills. 

Three studies, which were brought to full paper 
review, but were ultimately excluded, reported on surgical 
intervention (38,42,49). The numbers are small (42,49). A 
Cochrane systematic review reported collated data across 
cases series and found 135 CeAD patients who had arterial 
surgery for ICAD (18). Ten (7.4%) patients died and 7 
(5.2%) had a residual neurological deficit, which rendered 
them disabled. In particular, 7 (5.2%) patients suffered 
from a stroke and 2 (1.5%) experienced an intracranial 
haemorrhage. These morbidity and mortality rates exceed 
those reported from antithrombotic agents. The adverse 
outcomes from surgery more likely represent selection bias, 
because patients who had surgery were likely to be more 
severely affected at presentation, have had more extensive 
disease and demonstrated disease progression despite 
medical therapy, due to severe, recurrently symptomatic 
stenosis or persistent emboli (81). Surgical treatment when 
undertaken reportedly carries risks of early occlusion, 
stroke, and cranial nerve injuries (13). Therefore with the 
observational data that it is available, it seems surgery is 
directed to those cases of progression of symptoms where 
the lesions are anatomically challenging and complex and /
or endovascular therapy is contraindicated (81).

Authors algorithm in management of symptomatic 
patients with acute carotid artery dissection

Over two decades, we have had more than 19,000 carotid 
artery referrals to our vascular laboratory; and we operated 
on approximately 1,100 patients (5.7%). We identified  
73 symptomatic patients (6.3%) with acute carotid 
dissection, all below 55 years of age and 90% are female. 
The majority related their symptoms to trauma, such as 
chiropractor manipulation, stretching on a reformer during 
a pilate session, dental, and hairdresser manipulations. One 
third of the patients had a diagnosis of a connective tissue 
disorder. We operated on 11-post failure of optimal medical 
therapy (15%); two of which, had a genetic disorder. 
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Nine patients had carotid thrombo-endarterectomy with 
synthetic patch, one patient had a biological patch and one 
had an eversion endarterectomy. Over their entire follow 
up, only one patient, who had a biological patch, required 
reintervention with carotid angioplasty and stenting for 
symptomatic recurrent 99% stenosis. There was no stroke 
or death during the follow-up period. 

We have summarised our management strategy in  

Figure 2. Patients presenting with carotid-dynia, headache, 
neck spasm, Horner’s syndrome, with TIAs, RIND or 
stroke will undergo emergency duplex ultrasound scan, 
MRA carotid and brain and start on intra venous heparin 
aiming at APPT of 70–90. In addition, they will begin oral 
clopidogrel and sodium nitroprusside to gently lower the 
blood pressure. Embolisation from thrombus at the carotid 
dissection site plays a major part in stroke pathogenesis as 
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Severe Headache, Neck Spasm, Blurred

Vision, Unexplained Neurological
Symptoms In Young Peopl
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Figure 2 Flow diagram showing the management approach employed in symptomatic patients with acute carotid artery dissection.
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most strokes occur soon after initial onset of symptoms. We 
advocate the use of a combination of anticoagulation with 
a direct oral anticoagulant (DOAC) with clopidogrel from 
presentation up to 6–12 months after dissection. 

If patients’ neurological deficit is not resolved, and there 
is persistence of flow limiting pattern on duplex, a CTA 
carotid is performed, IV heparin is stopped and patients are 
subjected to carotid thrombo-endarterectomy with patching 
under triple neuroprotection (82,83). Post-operative the 
patients are discharged on clopidogrel 75 mg, once daily 
with DOAC for 6 months. 

Furthermore, patients with carotid and vertebral dissection 
can develop pseudoaneurysm, rate of development ranging 
from 5% to 40% (39,62). Notably, post dissection carotid 
pseudoaneurysm must be dealt surgically in young patients. 

Mapping for the future

Spontaneous Cervical Artery Dissection (sCAD) (41) has 
tentative associations with major or minor trauma, recent 
infection, migraine, hypertension, hyperhomocysteinaemia, 
low levels of α1-antitrypsin, and fibromuscular dysplasia (84).  
However, population-based studies, supplemented by 
histopathology, suggest that the underlying cause is unlikely to 
be mechanical, but it may be spontaneous or idiopathic (13,85). 
The spontaneity of this condition and the young age of 
presentation points to an underlying connective tissue defect, 
which has led researchers to explore the possibility of an 
associated specific genetic mutation encoding for a particular 
structural component of the arterial connective tissue (1,86-94). 

Evidence from large-scale studies, undertaken by the 
Cervical Artery Dissection and Ischemic Stroke Patients 
(CADISP) study group support a genetic predisposition to 
sCAD (89). However, the underlying causative candidate 
gene/genes have not been confirmed [111-116]. Candidate 
genes including, COL3A1, ICAM-1, COL5A2, MTHFR 
and PHACTR1 have been investigated, with tentatively 
positive, albeit inconsistent results (84,88). Therefore, 
disease expression, or phenotype needs to be accurately 
established in individual patients because phenotype, even 
in the absence of genotype, will help to determine arterial 
fragility and management options. 

Biomarkers are increasingly used in clinical practice 
as measurable indicators of presence and severity of a 
disease. Understanding the underlying injury and the 
chronological progression of the disease can enhance 
the usefulness of biomarkers. Matrix-metalloproteinases 
(MMPs) are involved in the balance between synthesis 

and degradation of the arterial wall. MMP-2 has been 
shown to have a significant role to play in cervical artery 
dissection, in particular in patients with spontaneous and/
or multiple dissections and can correlate with disease 
severity. Moreover, serum neurofilament light chain (sNFL) 
levels, has been shown to be routinely present in patients 
with stroke, and is correlated with clinical severity and had 
temporal prognostic value relative to the time point of 
blood sampling (95-99).

Contemporary advances to in vivo arterial imaging 
are currently used to quantify macro-function and are 
related to arterial wall structure. In particular, dynamic 
and phase contrast MRI provide quantitative outputs in 
arterial function such as peak flow velocities, flow vectors, 
wall shear stress and arterial compliance. Appreciating 
functional interaction of arterial soft tissue with dynamic 
blood flow is particularly relevant in the context of arterial 
wall dysfunction, which results from connective tissue  
disease (89,95-100).

Combining biomarkers with MRI offers immense 
potential for enhanced diagnostic capabilities. Molecular 
imaging with positron emission tomography, when added 
to MRI, combines biomarkers with imaging to reveal the 
underlying pathological process. This combination is 
particularly useful for patients with sCAD who are being 
managed medically, but in whom an accurate assessment 
of when to definitively intervene is lacking. The use of 
imaging combined with biomarkers of molecular pathway 
will allow identification of stroke-risk, arterial spasm, 
pseudo-aneurysm formation or further dissection. 

Conclusions

In the absence of robust evidence, CeAD in patients with 
evolving neurological symptoms despite medical therapy 
remains a situation when a bedside clinician should use, 
on a case-by-case basis, a personalised precision approach. 
These patients should be treated in a high deliberate 
practice volume centre, where best clinical judgment, that 
comes with operator experience is executed through a step-
wise care approach. 

Although observational data suggest that endovascular 
therapy can be used in CeAD when antithrombotic therapy 
fails or hemodynamic infarction is impending, intuitively 
carotid surgery should be preferentially considered in 
young healthy patients. In these cases, which are invariably 
acute with active neurological deficit, carotid surgery should 
be performed under triple neuroprotection. Endovascular 
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therapy remains an option if surgery is contraindicated and/
or the lesion is anatomically un-accessible.

The combined use of cervical arterial macro-function 
and 4D MRI with molecular biomarkers, offers immense 
potential for enhanced diagnostic capabilities and 
will allow identification of stroke-risk, arterial spasm, 
pseudo-aneurysm formation or further dissection. These 
further imaging techniques will help in the formulation 
of algorithms for intervention versus optimal medical 
treatment. 

Implications for research

The absence of any evidence points to the need for an RCT. 
However, the logistical difficulties of such an undertaking 
should not be underestimated. In order to recruit large 
numbers and obtain sufficient funding, an international 
collaboration is necessary. This is all the more pertinent 
when trying to recruit a subgroup of patients with sCAD 
who are neurological symptomatic despite antithrombotic 
therapy. Given the anticipated difficulties in recruitment, 
there are high risks of a type II error or of a premature 
cessation of the trial. Even with ample patient numbers and 
fiscal support, several other methodological issues still exist. 
It is likely that in a RCT, the event rate would be lower than 
death and disability rate obtained from meta-analysis of 
historical series, therefore, proxy endpoints such as imaging 
or biomarker endpoints are necessary. 
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Supplementary

Appendix 1: Comprehensive search plan based on population, intervention, compartor and outcomes (PICO) with sample search terms employed 
in Medline Ovid

Details This search is required for the following systematic review:  
Surgical and radiological interventions for treating symptomatic cervical artery dissection.

Population Participants with a clinical diagnosis of symptomatic extracranial carotid artery and/or vertebral artery  
dissections will be included if associated with active neurological symptoms.

Intervention and  
Comparison

Radiological intervention plus medical therapy versus medical therapy alone 
Surgical interventional plus medical therapy versus medical therapy alone

Outcomes Not required for search

Search terms Search terms employed in Medline Ovid:  
1. carotid artery injuries/ or carotid artery, internal, dissection/ 
2. vertebral artery dissection/ 
3. vertebral artery/in or exp neck injuries/ 
4. ((carotid or vertebr$ or cervical) adj2 arter$ adj3 (dissect$ or damag$ or injur$ or lesion$ or laceration$ or  
trauma$ or ruptur$ or wound)).tw. 
5. or/1-4 
6. exp carotid arteries/ or carotid artery diseases/ or carotid artery thrombosis/ or vertebral artery/ 
7. (carotid$ or vertebr$ or cervical$).tw. 
8. 6 or 7 
9. aneurysm, dissecting/ or aneurysm, false/ or aneurysm, ruptured/ 
10. exp wounds, nonpenetrating/ 
11. (traumatic adj5 (dissection or aneurysm or pseudoaneurysm)).tw. 
12. (blunt adj5 (injur$ or trauma)).tw. 
13. dissecting aneurysm.tw. 
14. rupture, spontaneous/ or rupture/ 
15. spontaneous dissection.tw. 
16. or/9-15 
17. 16 and 8 
18. 5 or 17 
19. randomized controlled trial.pt. 
20. controlled clinical trial.pt. 
21. randomized.ab. 
22. placebo.ab. 
23. randomly.ab. 
24. trial.ab. 
25. groups.ab. 
26. or/19-25 
27. 18 and 26

Thesauri to be checked MeSH for CENTRAL and Medline, and Emtree for Embase.

Databases, websites and 
registries

Cochrane Central Register of Controlled Trials (CENTRAL) (Cochrane Library; latest issue) in the Cochrane 
Library; 
MEDLINE Ovid (from 1946)  
Embase  
Ongoing trials registers: 
US National Institutes of Health Ongoing Trials Register ClinicalTrials.gov (www.clinicaltrials.gov/); 
World Health Organization (WHO) International Clinical Trials Registry Platform (who.int/ictrp/en/); 
 Stroke Trials Registry (www.strokecenter.org/trials/).

Database coverage dates To be recorded 

Dates of searches To be recorded

Limits/filters Stated in protocol: “All search strategies deployed will be combined with subject strategy adaptations of the 
highly sensitive search strategy designed by the Cochrane Collaboration for identifying randomised controlled 
trials and controlled clinical trials (as described in the Cochrane Handbook for Systematic Reviews of  
Interventions Chapter 6, Lefebvre 2011).” 
Please note that this is not possible for all search strategies. 

Records retrieved from 
each source

To be recorded

Reference management 
software

Endnote X8.2 and Covidence
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