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clinical features that may be risk factors for CD were men-
tioned previously.

Even before specific radiological tests are ordered, some 
assessment of the pretest probability of dissection should 
be made. The demographics of the individual patient, espe-
cially age (usually young), conventional vascular risk fac-
tors (usually absent), and the presence of other symptoms 
mentioned above should raise the consideration of a diag-
nosis of CD.

Imaging of the arterial wall has been emphasized recently 
rather than imaging of the secondary consequences of the 
dissection: luminal compromise, dissecting aneurysm for-
mation, an intimal flap, and resultant stroke. Although these 
secondary consequences are common, they are not universal; 
reliance on them can lead to missed diagnoses. When the 
relative sensitivities of these imaging modalities are being 
interpreted, the comparators need to be considered carefully. 
Some studies of VAD, for example, explicitly excluded sub-
jects unless there was an imaging abnormality.10 This will 
tend to decrease the overall population with dissection and 
thus increase the reported sensitivity of a test. An ongoing 
international study defines the typical radiological appear-
ance of CD or VAD as “mural hematoma, pseudoaneurysm, 
long tapering stenosis, intimal flap, double lumen, or occlu-
sion >2 cm above the carotid bifurcation demonstrating a 

pseudoaneurysm or a long tapering stenosis after recanaliza-
tion.”19 The imaging modalities that are available to detect 
these abnormalities are duplex ultrasonography, CT, CTA, 
magnetic resonance imaging (MRI), MRA, and digital sub-
traction angiography (DSA).

Studies have been hampered by the absence of a gold 
standard given that no imaging test is flawless and that false-
negative studies are possible with all modalities. A reference 
standard, that is, neurological diagnosis of CD, may need to 
be considered in diagnostic research,29 which is more in line 
with clinical practice.

MRI with diffusion-weighted imaging is clearly more 
sensitive than CT for acute infarcts,185 especially if they are 
small and in the posterior circulation. Most strokes caused 
by CD are embolic as opposed to hemodynamic28 and are not 
necessarily related to the degree of arterial stenosis in the 
dissected vessel.29,30

Duplex Ultrasonography
Ultrasonography has the advantages of being noninvasive, 
inexpensive, and widely available. Ionizing radiation is not 
used, and there are few, if any, contraindications. The direct 
signs of CD on ultrasonogram are stenosis (increased veloci-
ties), occlusion, echolucent vessel hematoma, or double 
lumen. The indirect signs are increased or decreased pulsatil-
ity and collateral or retrograde flow.31

In CD, the sensitivity of ultrasonography depends on the 
severity of the stenosis. In severe stenosis or occlusion, it 

Figure 2. Schematic diagram illustrating the neutral anatomic 
alignment of the vertebral artery (top) and stretching of the V3 
segment during lateral rotation and lateral flexion (bottom). 
Reprinted with permission. Copyright © 2013 Trial FX.

Figure 1. The vertebral artery as it passes through the trans-
verse foramina of C6 through C2 and then enters the skull base 
through the foramen magnum (not shown). Arrows indicate head 
movement during lateral rotation and lateral flexion. Flexion, 
extension, and traction may also affect the artery (not shown). 
Reprinted with permission. Copyright © 2013 Trial FX.
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is 100% sensitive, but the sensitivity falls to 40% when the 
stenosis is only mild.32 One study found abnormalities on 
color-flow Doppler in 100% of VADs.11 Others have found 
abnormalities on ultrasonogram in 29 of 31 VADs31 and 24 of 
26 VADs.186 VADs that were normal on ultrasonogram were 
nonocclusive.31 In ICADs presenting only with a Horner syn-
drome, ultrasonogram was abnormal in only 69%.187

The technical expertise needed to identify the more subtle 
ultrasonographic findings of VAD is an important factor that 
limits its use. Other disadvantages include the difficulty in 
distinguishing stenosis secondary to atherosclerosis from dis-
section, the overestimation of subtotal stenosis as occlusion, 
its limited intracranial access, and a decreased sensitivity for 
detecting an expansion of wall thickness and small tears. In 
routine practice, ultrasonography is used less commonly than 
CT, MR, or DSA but may be considered an alternative if other 
anatomic imaging is not available.

CT and CTA
The advantages of CTA include excellent spatial resolution, 
very rapid acquisition, widespread availability, noninvasive-
ness, and lower cost compared with MRI and DSA. Although 
not universally agreed on, a study that assessed radiolo-
gists’ preferences for imaging studies done in routine prac-
tice suggested a preference for CTA over MRI in VAD but 
equivalence for CD.188 In this study, there were no CTA false-
positives for occlusion. Vessel wall irregularity was seen in 
24 of 25 dissected arteries; 4 pseudoaneurysms and 8 intimal 
flaps were detected that were missed with MRA; and vessel 
wall thickening was detected in 96%. Lum and colleagues189 
defined the suboccipital rind sign as dorsal thickening of the 
arterial wall against the adjacent fat in the V3 section of the 

VA. In patients with VAD, the arterial wall was significantly 
thicker by ≈3 mm compared with that in normal controls with 
no difference in luminal diameter. This finding is not spe-
cific for dissection, as it can be seen in giant cell arteritis.190 
All VADs were associated with an increased external vessel 
diameter on CT.

Contraindications to CTA include impaired renal func-
tion, contrast allergy, and pregnancy. In addition, CT entails 
exposure to radiation, and CT is much less sensitive for brain 
infarction than MRI, especially in the posterior fossa.

MRI/MRA
One of the major advantages of MRI for VAD is the associated 
benefit of highly sensitive diffusion-weighted sequences for 
detection of parenchymal infarction. MRA, especially with 
contrast enhancement, has excellent spatial resolution and is 
not as affected by bony artifact as CTA. This is highly rel-
evant in the V3 and V4 segments of the VA and in the ICA as 
the artery enters the skull base. MRI of the soft tissue of the 
neck using axial T1-weighted fat-suppressed images, which 
are not usually part of a routine MRI, can detect the methemo-
globin of the intramural hematoma. The hematoma is initially 
isointense on T1 and T2, then hyperintense on T1, and later 
hyperintense on T2. It is eccentrically located; may appear 
curvilinear, crescentic, or simply adjacent to the lumen; and 
may enhance slightly. The arterial diameter should widen on 
the soft tissue imaging. Any of these changes can persist for 
months and then normalize.191 Any of these findings are better 
established in the ICA than in the VA, which is smaller and 
surrounded by an epidural venous plexus with similar, but not 
identical, characteristics.58 Newer high-resolution MRI may 
be able to distinguish between the surrounding perivertebral 
venous plexus and the crescent signal intensity changes of a 
mural hematoma.29

Contraindications and limitations of MRI/MRA include 
older pacemakers and other implanted metal, cost, prolonged 
scanning time, claustrophobia, body habitus, and susceptibil-
ity to motion artifacts. The specific limitations for MRI in 
VAD include the tortuous course of the artery, variability in 
normal vessel caliber and frequent asymmetries, the small size 
of the mural hematoma, and the potential pitfalls caused by 
the adjacent perivertebral venous plexus.29

Digital Subtraction Angiography
The gold standard for luminal imaging has long been con-
ventional DSA. The frequent association of luminal abnor-
malities with VAD has led many to consider this imaging 
modality to have the highest positive and negative predic-
tive values. However, imaging of the arterial wall with the 
newer ultrasonography, CT, and MRI techniques described 
above has demonstrated that DSA can be falsely negative 
in as many as 17%.173 The common DSA signs of dissec-
tion are pseudoaneurysm (≈5%),10 usually ovoid, parallel to 
the lumen, and variable in size; an intimal flap (<10%),191 
that is, elevation of the intima from the arterial wall; double 
lumen, that is, a channel of blood parallel to the native lumen 
(rare)192; and a smooth or irregular tapering (66%)10 or occlu-
sion (28%).10

Figure 3. Thrombus from a nonocclusive dissection becoming 
dislodged and embolizing downstream. Reprinted with permis-
sion. Copyright © 2013 Trial FX.
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Disadvantages of DSA include the time, expense, required 
technical expertise, need for contrast administration, and pro-
cedural complications, which are rare (<1%) but potentially 
severe (eg, stroke). The wide availability of sensitive, high-
quality noninvasive imaging at referral centers, in conjunction 
with the potential for procedural complications with DSA, has 
limited the use of DSA for solely diagnostic purposes. If an 
intervention is needed or in those instances when diagnosis 
remains ambiguous and treatment decisions will be altered by 
the findings, then DSA is considered.

Follow-Up Imaging
Follow-up imaging may be needed to confirm retrospectively 
the presumed CD diagnosis. Atherosclerotic stenoses are 
unlikely to recanalize or to improve with time, whereas an 
improvement in vessel caliber on follow-up imaging is com-
mon in CD.

The European Federation of Neurological Societies has 
concluded that MRI should be the initial imaging procedure,193 
but we suggest that no single test should be seen as the gold 
standard. In particular, brain tissue itself can be assessed with 
MRI for small or subtle infarction that would go undetected on 
head CT. MRA should be ordered for both the intracranial and 
extracranial circulation. CTA has high resolution for detecting 
CD, particularly those involving the VAs. Multiple comple-
mentary tests, often repeated and compared over time, may 
be needed for an accurate diagnosis and treatment planning.

Treatment of CDs
A systematic review of the literature found no randomized tri-
als that specifically evaluated the treatment of CD associated 
with CMT or CDs related to any other origin. Most reports 
on treatment are part of case series encompassing a variety of 
causes in which CMT-associated dissections are also included. 
Because the pathophysiological mechanisms leading to throm-
bosis and embolism are presumably similar, it stands to reason 
that no distinction should be made in the selection of treat-
ment of the acute event or for subsequent prevention strate-
gies. Treatment of ICAD and VAD is similar for the most part. 
However, dissections of the intradural portion of the VA have 
a great chance of tearing through the subadventitia, leading 
to SAH, which may cause a sudden fatal outcome. Moreover, 
those patients with extracranial VAD with intracranial exten-
sion or with intracranial vertebrobasilar artery dissection pre-
senting with SAH have a high incidence of rebleeding, often 
in the first 24 hours. In such patients and under some circum-
stances, endovascular or surgical intervention, in addition to 

limiting the use of antithrombotic agents, particularly among 
those with aneurysmatic intracranial vertebrobasilar artery 
dissection, may be considered.171,172,179,194–202

Treatment can be categorized as acute management and 
secondary prevention. Acutely, treatment is focused on the 
re-establishment of blood flow to brain tissue at risk. Specific 
strategies include those that can be used for ischemic stroke 
from other causes, namely thrombolysis with tissue-type plas-
minogen activator, and, under some circumstances, endovas-
cular therapies using a variety of techniques. Anticoagulants 
and antiplatelet agents are generally used to prevent early and 
late stroke recurrence. As for other causes of ischemic stroke, 
secondary stroke prevention recommendations should be fol-
lowed when applicable.203

Acute Management

Endovascular Treatment
There are no randomized trials of endovascular treatment 
in patients with CDs associated with CMT or any other 
causes.165,194 Several case reports document the success of 
endovascular intervention to reestablish blood flow in patients 
with severe stenosis or occlusion at the site of the CD.66,204–206 
A recent systematic review of stenting reported the results in 
140 patients with ICADs (16% iatrogenic) and 8 patients with 
VADs (20% iatrogenic).207 Failure of medical management and 
contraindication to anticoagulation use were the most common 
indications for endovascular treatment. Procedural complica-
tions and recurrent strokes were uncommon.207 However, it 
remains unproven that endovascular treatments improve CD 
outcomes, and the long-term complications from stenting in 
patients with CDs are not known.

Thrombolysis
There has been theoretical concern that thrombolysis with tis-
sue-type plasminogen activators could worsen the dissection 
and patient outcome. This has been noted in rare instances208 
and is unlikely to be common. Thrombolysis with tissue-type 
plasminogen activator appears to be safe in patients with 
acute ischemic stroke secondary to CD. A recent meta-anal-
ysis of 180 patients with CD and acute stroke did not show 
any increase in complications, including intracranial hemor-
rhage, when outcome in thrombolyzed patients was compared 
with that of control subjects from the Safe Implementation 
of Thrombolysis in Stroke–International Stroke Thrombosis 
Register (SITS-ISTR).209 In another study of thrombolysis in 
488 patients with acute stroke secondary to CD in the United 
States between 2005 and 2008, there was no increase in the 
risk of intracranial hemorrhage compared with patients with-
out arterial dissection.210 Patients in whom CMT was associ-
ated with the CD were not reviewed separately in either report.

Prevention of Stroke Recurrence

Antithrombotic Therapy
There are no randomized trials of early or long-term antithrom-
botic therapy in CD. The Cervical Artery Dissection in Stroke 
Study (CADISS) is an ongoing study determining the feasi-
bility of a clinical trial comparing antiplatelet therapy with 
anticoagulants in the acute treatment of patients (≥18 years 

Table 3.  Diagnostic Conclusions

Diagnosis of CD should be suspected in patients with an appropriate clinical 
syndrome, especially when patients are young and without conventional 
cerebrovascular risk factors.

Diagnosis of CD is supported by the absence of radiological findings typical for 
other cerebral arteriopathies (eg, atherosclerotic cerebrovascular disease).

No single test must be viewed as a gold standard.

Imaging of the arterial wall is advisable.

Repeat imaging studies over time are often required.

CD indicates cervical artery dissection. 
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of age) with extracranial CD (ICAD or VAD) with symptom 
onset within 7 days.211 Antiplatelet and anticoagulant treat-
ments are used for both the prevention of local thrombus prop-
agation and secondary embolism. The Cochrane systematic 
meta-analysis of nonrandomized studies is a useful resource 
on outcomes with antiplatelet agents versus anticoagulants.194 
Comparison across 36 observational studies (1285 patients) 
showed no difference in the rates of subsequent stroke or 
death between the 2 treatment modalities. Few studies have 
reported treatment in patients with CD associated with cervi-
cal manipulation. In the largest case series from Germany, 35 
of 36 patients with VAD were treated with intravenous heparin 
for 12 days. This was followed by oral warfarin for 6 to 12 
months in 31 of 36 patients and aspirin in 3 patients.101

In a United Kingdom–based survey, CDs were always treated 
with anticoagulants by 50% of the physicians, 30% of physi-
cians always used antiplatelets, and 15% used either anticoagu-
lants or antiplatelets.212 A meta-analysis showed no advantage 
of anticoagulants compared with aspirin for the primary out-
come measures of death or disability.213 The choice of an anti-
platelet or anticoagulant is empirical and is often determined 
by the treating physician’s experience and personal preference. 
Antiplatelet treatment is preferred in certain scenarios such as 
in patients with large cerebral or cerebellar infarctions, in those 
with intracranial extension of dissections, or when anticoagula-
tion is contraindicated.165 Similarly, some physicians may pre-
fer anticoagulation over antiplatelets in the presence of a severe 
underlying arterial stenosis in the dissected vessel, thrombus in 
the arterial lumen, or pseudoaneurysm formation.165

The optimal duration for antithrombotic therapy has not 
been well studied. If anticoagulant therapy is used, it is gen-
erally discontinued after 3 to 6 months of treatment. Arterial 
recanalization/remodeling, if it is to occur, is generally com-
plete by 6 months. It is unclear whether antiplatelet agents 
warrant long-term continuation, especially in spontaneous CD 
with no clinical evidence of an underlying connective tissue 
disorder. Long-term antiplatelet treatment may be considered 
in the setting of residual arterial stenosis, vessel wall irregu-
larity, or persistent occlusion despite the lack of evidence 
for a high risk of recurrence of stroke in such situations.165 
Patients with underlying connective tissue disorder, a history 
of recurrent CD, or a family history of CDs should probably 
be maintained on indefinite antiplatelet therapy. Which anti-
platelet is best also remains undetermined. Aspirin is the most 
commonly used agent in antiplatelet-naïve patients (75–100 
mg/d).214 Recommendations for the treatment of hypertension 
and the use of oral contraceptive pills or hormone replace-
ment therapy among patients who have had an ischemic stroke 
resulting from CD should be followed according to other AHA 
guidelines on secondary stroke prevention.203 Women with CD 
who are taking oral contraceptive pills or hormone replace-
ment therapy should discontinue them as part of their treat-
ment. There is no indication for statin use in the typical CD 
population without known high-risk cardiovascular risk fac-
tors. Our management conclusions are summarized in Table 4.

Outcome and Prognosis
The outcomes and prognoses in patients with CD can be 
divided into clinical outcomes (after recovery from initial 

presentation), long-term status of the dissected arteries, and 
risk of recurrence of CD or cerebral ischemia. Overall, there 
is limited information about outcomes and prognosis focused 
specifically on patients whose CD may have been associated 
with CMT. Outcomes and prognoses are thus described for 
mostly spontaneous CDs (although many case series did not 
separate out traumatic cases), and when possible, specific 
mentions of those cases associated with CMT are highlighted.

Clinical Outcomes
Early reports suggested very poor outcomes from CD, but 
they were likely for a highly selective group identified in the 
preangiography era. As noninvasive testing has become more 
sensitive and commonly performed, more patients are being 
identified with CDs with less severe symptoms, and outcomes 
among modern CD cohorts are accordingly better.1,215 Overall, 
death from ICAD or VAD is thought to be ≤5%.1,2,59,98,160 Even 
in an older series of 200 consecutive patients with spontane-
ous CD from 1970 through 1990 seen at the Mayo Clinic, the 
10-year survival rate was 95.5%, with only 2 patient deaths 
likely related to dissection.11

Good or favorable outcome is most commonly defined as 
follow-up modified Rankin Scale (mRS) scores of either 0 
to 1 (little or no residual disability) or 0 to 2 (includes slight 
disability). In general, the majority of patients with strokes 
caused by CDs have good outcomes, with rates that vary from 
70% to 92%.8,59,98,160,215–220 Even a small series of 12 cases with 
3 or 4 simultaneous dissections on initial diagnosis from 3 
European centers showed excellent outcomes (mRS score=0–
1) in 83%.221 Associations with better outcomes include ICAD 
that had shown recanalization215 and lesser initial stroke 
severity.59,160,215,222 Associations with worse outcomes include 
bilateral VADs,216 dissected arterial occlusion (versus steno-
sis),98,160,219 ICA versus VAD,222,223 and older age.16 Despite the 
largely good outcomes, ICAD is a possible potential cause of 
malignant middle cerebral artery syndrome in young patients.224

A case-control study from Bern and Zurich in Switzerland 
matched 46 ICAD cases with severe stenosis or occlusion at 1 
year to 46 controls with only transient arterial stenosis or occlu-
sion, arguing against persisting severe stenosis or occlusion as 
a risk factor for poor outcome. Stroke severity at the 3-month 
follow-up was not significantly different between groups. Most 
patients presented with stroke in both groups; 29% were dis-
abling (mRS score >2) in the persistent stenosis/occlusion 
group versus 18% in the transient steno-occlusive group.225

In a different type of outcome assessment, the clinical 
outcomes in a series of consecutive nontraumatic CDs (87 
ICA, 19 VA, 2 both) from the University Hospital in Bern in 
Switzerland were assessed not only by mRS score but also 
by the more patient-centered Stroke Specific Quality of Life 
(SS-QOL) scale. SS-QOL score was good in 93% of patients 
before dissection but considerably less at 54% after dissection. 
After a mean follow-up of 4 years, the mRS score was 0 to 1 in 
72%. There was a high correlation between the mRS and the 
SS-QOL; however, 30% of patients with little or no disability 
(mRS score=0–1) had poor ratings on the SS-QOL. Predictors 
of poor quality of life were higher National Institutes of Health 
Stroke Scale scores at diagnosis and older age. These findings 
suggest that the mRS may underestimate the impact of CD on 

 by guest on December 28, 2014http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/


3166    Stroke    October 2014

quality of life and that additional or alternative outcome mea-
sures may better capture patient-centered effects.226

A recent series that included 66 stroke patients from 
Italy with ICADs and complete occlusion used transcranial 
Doppler to evaluate the role of collateral circulation on clini-
cal outcomes. When considering the main intracranial arterial 
collaterals (ophthalmic, anterior communicating, posterior 
communicating), patients with ≥2 such collaterals present had 
lower initial National Institutes of Health Stroke Scale score 
and only 5% had mRS scores >1 at 90 days compared with 
77% with mRS scores >1 among those with ≤1 collateral.227

Some of the CD case series have commented on the proportion 
of cases associated with recent CMT. A series of 27 dissections 
from a stroke service in Arizona described 85% of patients hav-
ing no or only minor disability. The remainder (15%) had mod-
erate disability at a mean follow-up of 58 months. Two of the 5 
“traumatic” CDs included were VADs and were ascribed to CMT. 
However, associations with outcomes in these 2 patients were 
not reported separately.217 A series of 126 patients from a single 
hospital in Münster, Germany, included ICADs and VADs; CMT 
was a risk factor in 16% of cases. After a maximum of 6 months 
of follow-up, 70% had an excellent recovery, 17% had mild to 
moderate disability, 12% had severe disability, and 1 patient died. 
In a multivariate analysis, arterial occlusion and stroke were pre-
dictive of poor outcome, whereas associated CMT was not.98 A 
2003 report from the Canadian Stroke Consortium included 116 
patients (49 ICA and 67 VADs); 17% of cases were associated 
with CMT. Of the 90% available for the 1-year follow-up, 89% 
had good outcome (mRS score=0–2). However, CMT was not 
mentioned as being associated with clinical outcome.218 A series 
of 177 CD patients (211 dissected arteries: 118 ICAs and 93 VAs) 
from Stanford included 19 who had recent CMT and 8 associated 
with self-manipulation of the neck. Four patients (2.3%) died, 3 
of the 4 patients as a result of the initial stroke. Again, CMT was 
not mentioned as it relates to outcome.2

An early series limited to cases thought to be a result of CMT 
described 4 patients from Hamburg, Germany. All 4 patients 
had VADs, 2 were bilateral and 1 was associated with an ipsilat-
eral ICAD. All patients improved clinically after presentation, 
with 1 of the 4 having no residual deficits.228 In 2006, a series 
of 36 VADs associated with chirotherapy of the neck were 
reported from 13 German academic neurology departments. At 
hospital discharge, 73% had a good outcome (mRS score=0–2), 
1 patient died, and another remained in a vegetative state. The 
authors questioned whether these VADs after cervical manipu-
lation had a worse prognosis than those otherwise considered to 
be spontaneous. In this retrospective clinical survey, orthopedic 

surgeons conducted the neck manipulation in half of the sub-
jects. Complications also occurred when the manipulation was 
carried by neurologists, chiropractors, or general practitio-
ners.101 A recent report from the Barrow Neurologic Institute 
in Phoenix, AZ, described the clinical course and outcomes 
of 13 patients with presumptively CMT-associated CDs. Most 
involved the VA, and 9 of 13 (69%) had excellent outcomes. Six 
patients had endovascular interventions, including 5 with stents 
placed and 1 who underwent basilar artery thrombolysis. Three 
cases required emergent cerebellar decompression for edema-
tous infarction-related mass effect (all were left with permanent 
disability), and 1 patient died. The authors suggest that although 
most patients have good outcomes, serious neurological injury 
is not uncommon, may require aggressive interventions, and 
can lead to poor outcomes.66 These data, however, may repre-
sent a biased referral sample of severe cases.

Overall, the clear majority of patients with CDs have good 
outcomes as measured by the mRS, although possibly less so 
if one instead focuses on quality of life. A number of factors 
such as higher initial stroke severity and arterial occlusions 
have been repeatedly associated with worse clinical outcomes; 
collaterals also likely play a role. From the limited information 
available, we cannot make any statements about possible dif-
ferential outcomes among CD patients associated with CMT.

Follow-Up of Dissected Arteries
Many of the case series of CDs have described improve-
ments in arterial patency on follow-up imaging. Estimates 
of overall recovery of arterial patency range from 55% to 
78%.2,217,222,223,225,227 Factors associated with increased chances 
of recanalization include spontaneous (versus traumatic) dis-
sections,229 stenotic vessels (versus occluded vessels),1,2,160,215,221 
dissections in women,2 and VADs versus ICADs.223 Factors 
associated with lack of recanalization were smoking and older 
age.163 A factor specifically identified as not affecting recana-
lization rate was type of antithrombotic therapy.215 Generally, 
neurological outcome depends on lesion localization and the 
presence of adequate collaterals.230

Approximately 10% to 50% of CDs are associated with 
extracranial dissecting aneurysms.65 A French series of 16 
patients with ICAD aneurysms provided routine follow-up 
imaging data for an average of 37 months. Of 20 aneurysms, 
13 remained unchanged, 1 had resolved, 6 had decreased in 
size, and none had ruptured.231 A second series of dissecting 
aneurysms from Paris, France, included 35 of 71 dissections 
(49%) with aneurysmal dilatation; these were more com-
monly seen in patients with multiple arteries dissected. Over a 
span of 37 months of follow-up, 22 of 33 patients had at least 
1 aneurysm remaining. For 22 ICADs that were symptomatic 
and had aneurysms, 46% were unchanged, 18% had decreased 
in size, and 36% resolved. Resolution was significantly more 
common for VAs (83%). There was no history or imaging to 
suggest that any of the aneurysms had ruptured.65 A subset of 
279 dissections from Bern and Zurich included 38 patients 
(14%) with 42 dissection-related aneurysms; 23 of the 42 
aneurysms (55%) were detected on a first angiogram and the 
remainder on follow-up angiograms at an average of 9 months 
later. No change in morphology was noted in 12 patients with 

Table 4.  Management Conclusions for Extracranial CD

Thrombolysis with intravenous tPA is reasonably safe in the treatment of 
patients with acute ischemic stroke caused by CD within 4.5 h.

For patients with TIA or ischemic stroke resulting from CD, antiplatelets or 
anticoagulant therapy for 3–6 mo is reasonable.

Endovascular therapy may be considered for patients with CD who experience 
definite recurrent cerebral ischemic events while on appropriate 
antithrombotic therapy.

CD indicates cervical artery dissection; TIA, transient ischemic attack; and 
tPA, tissue-type plasminogen activator. 
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angiographic follow-up. Clinical follow-up of all patients for 
an average of 6.5 years demonstrated 3 ischemic strokes, all 
without evidence of aneurysm rupture or as the clear cause of 
ischemia.232 Overall, dissection-related extracranial cervical 
artery aneurysms seem to have a benign prognosis, with little 
evidence of causing later ischemia and virtually never ruptur-
ing. No reports commented on any association with CMT.

The timing of recanalization of dissected cervical arteries is 
also of interest because it may guide decisions about duration 
of antithrombotic therapy. Case series comment that recanali-
zation often occurs within the first 6 months or earlier,1,215,220 
that 82% of healing occurs within the first year with a median 
time to healing of 3 to 4 months,8 and that median time until 
near or total recanalization was 4.7 months.2 Again, no reports 
commented on any association with CMT.

Risk of Dissection or Stroke Recurrence
Asymptomatic dissection recurrence could be identified only 
in series in which routine imaging follow-up was performed. 

In the 200 spontaneous CDs series from the Mayo Clinic, 
the cumulative rate of dissection recurrence was 2% in the 
first month, 3.7% over 2 years, 5% over 5 years, and 11.9% 
over 10 years. The recurrence was symptomatic in almost all 
patients, with younger patients at relatively increased risk of 
recurrence. All of the recurrent dissections occurred in dif-
ferent cervical vessels.11 Table 5 shows many other cohorts 
in which rates of recurrence of dissection or stroke were esti-
mated. Overall, the rates of both events were low, with the 
possibility of ischemic stroke recurrences early after the ini-
tial dissection diagnosis.

In a prospective MRI series from Muenster, Germany, 6% 
of patients with CDs had polyarterial involvement on initial 
MR, and 9 additional patients (25%) had recurrent dissection 
in another artery, 7 of those 9 in the first 4 weeks. The higher 
rate of recurrent dissections compared with older studies was 
hypothesized to be a result of the prospective follow-up (ver-
sus symptom triggered) with sensitive MRI. MRI-identified 
recurrent dissections were asymptomatic in 8 of 9 patients 

Table 5.  Reports of Recurrent Stroke or Recurrent Dissection in Patients With Dissection

Author Method Population Recurrence Risk Comments

Bassetti et al,233 1996 Single-center, prospective 
cohort

81 Consecutive patients with CD All surviving patients had repeat clinical and ultrasonographic 
examinations; 3 of 74 patients (4%) had recurrent ICAD 
over ≈3 y

Guillon et al,231 1999 Single-center, retrospective 
cohort

16 Patients with 20 ICA dissecting 
aneurysms

No aneurysm worsening and no recurrent strokes over mean 
of 37 mo

Touze et al,65 2001 Single-center, prospective 
cohort

35 Patients with ICA or VA dissecting 
aneurysms

No aneurysm worsening and no recurrent strokes over mean 
of 42 mo

Dziewas et al,98 2003 Single-center, retrospective 
cohort

126 Consecutive patients with CD Recurrent CD in 4 patients (3.2%) in the first month, and an 
additional 2 patients (1.6%) from 1 mo–1 y

Kremer et al,225 2003 2-Center, prospective, 
nested, case-control study

92 Patients with either persistent 
(cases) or transient (controls) 
severe ICA stenosis or occlusion 
caused by dissection (at a 1-y 
follow-up ultrasonographic 
examination)

Risk of subsequent stroke was 1.4%/y for cases (average 
follow-up, 6.2 y) and 0.6%/y for controls (average follow-
up, 7.2 y)

Beletsky et al,218 2003 Multicenter, prospective 
cohort

116 Patients with CD Recurrent events occurred in 9 of 105 patients followed up 
for a rate of 10.4%/y; most of these events occurred in the 
first 2 wk after CD

Touze et al,234 2003 Multicenter, retrospective 
cohort

459 Patients with CD During a mean follow-up of 31 mo, 4 patients had ischemic 
stroke and 4 had recurrent CD for rates of 0.3%/y

Lee et al,8 2006 Population-based, 
retrospective cohort

48 Patients with CD No recurrent CD occurred with a mean follow-up of 7.8 y

Arauz et al,223 2006 Single-center, retrospective 
cohort

130 Patients with CD 6 Patients (4.8%) had recurrent nonfatal ischemic stroke in 
the first 2 wk after diagnosis; overall recurrence rate was 
0.15%/y; average follow-up was 19 mo

de Bray et al,219 2007 Single-center, prospective 
cohort

103 Patients with CD Annual recurrence rates of stroke of 0.4% and CD of 2% with 
an average follow-up of 4 y

Georgiadis et al,235 2009 2-Center, retrospective cohort 355 Patients with ICA dissection 1 Ischemic stroke (0.3%) occurred during 3 mo of follow-up 
for each patient.

Metso et al,160 2009 Single-center, retrospective 
cohort

301 Patients with 322 CD 6 (2%) New CDs over 4 y (all in different arteries) and 1 stroke 
from a new CD

Schwartz et al,2 2009 Single-center, retrospective 
cohort

177 Patients with CD 15 Cases (8.5%) of recurrent ischemic events over a median 
of 7 mo (about half of these events were in the first 2 wk; 2 
patients (1.1%) had recurrent CD

Debette et al,222 2011 Multicenter, prospective 
cohort

982 Patients with CD 19 (2.1%) Patients had recurrent CDs and 18 (2%) had a 
stroke within 3 mo of diagnosis

CD indicates cervical artery dissection; ICA, internal carotid artery; ICAD, internal carotid artery dissection; and VA, vertebral artery. 
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(89%); the other patient had a stroke thought to be the result 
of hemodynamic failure.236

Only a few factors have been reported to have an association 
with an increased risk of recurrence. In an additional report 
based on the Mayo Clinic cohort, 50% of CDs with a positive 
family history had recurrence compared with only 6% of those 
without a positive family history.38 The large French cohort 
suggested that having multiple dissections at presentation was 
the only risk factor identified for later stroke.234 The de Bray 
et al219 series found recurrent symptomatic dissections more 
commonly in patients with a diagnosis of fibromuscular dys-
plasia (4 of 17, 24%) compared with those without fibromus-
cular dysplasia (1 of 82, 1.2%). In the Canadian series, despite 
17% of cases potentially associated with neck manipulation, 
there was no mention of an increased risk of recurrence.218

In summary, CD follow-up studies have shown that the risk 
of recurrent stroke is low and that there may be a higher risk 
of early recurrent stroke (often from the initially symptom-
atic dissection) as opposed to late recurrence. Asymptomatic 

recurrent CDs seen on MRI are likely more common than 
symptomatic recurrences, and certain groups (especially those 
with a family history or flow-mediated dilation) may be at 
higher risk of recurrence.

Conclusions
CD is an important cause of ischemic stroke in young and 
middle-aged patients. CD is most prevalent in the upper cer-
vical spine and can involve the ICA or VA. Disability levels 
vary among CD patients with many having good outcomes, but 
serious neurologic injury can occur. Clinical reports suggest 
that mechanical forces play a role in a considerable number 
of CDs, and population controlled studies have found an asso-
ciation of unclear etiology between CMT and VAD stroke in 
young patients. Although the incidence of CD in CMT patients 
is probably low, and causality difficult to prove, practitioners 
should both strongly consider the possibility of CD and inform 
patients of the statistical association between CD and CMT, 
prior to performing manipulation of the cervical spine.
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