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Abstract

Spontaneous cervical artery dissection is a rare cause of stroke in general,
but it is a major cause of stroke in young adults. While connective tissue
abnormalities and minor trauma may be involved, to this date, its pathogenesis
remains unclear. Genetic mutations may also play a role and a seasonal
pattern as well as associations with migraine, high plasma homocysteine
and chiropractic manipulative therapy have been found. Clinical presentation
comprises of local and, more importantly, ischemic symptoms, but only recently
randomized controlled trials have been started to assess thrombolysis and
antithrombotic treatment. Because early diagnosis could possibly prevent or
alleviate ischemic manifestations, these patients should be assessed quickly
and accurately. The following review aims to provide a well-rounded insight into
the disease.
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Introduction

First pathological reports of cervical artery dissection (CAD)
date back as far as 1872, but the condition was only recognized as a
cause of stroke as late as the mid-1950s [1]. While at first considered
a rather rare disease [2], CAD has gained a lot of attention over the
past decades and is now recognized as one of the most important
etiologies of stroke in young people [3], accounting for more than 2%
of strokes in the general population and about 20% in adults under
the age of 45 [2,4,5], therefore being an equally frequent cause of
stroke as cardiac embolism [3].

Pathology

CAD is defined by the presence of an intramural hematoma in
a cervical artery, mostly the internal carotid artery or the vertebral
artery. The relatively high frequency of dissections in cervical arteries
compared to dissections in other arteries of the same diameter
maybe partially explained by their greater mobility. This led to the
recognition of CAD as a more or less independent pathology [2].

Two kinds of pathomechanisms have been postulated to lead to
CAD: Either, for unknown reasons, the tunica intima tears apart,
and blood enters through the tear and forms a false lumen within
the tunica media with the subsequent development of an intramural
hematoma [2]. Or, after initial rupture of the vasa vasorum, the
primary formation of an intramural hematoma causes the intimal
tear [6].

The dissection itself usually appears distally to the tear [5,7]. A
subintimal entry of blood is thought to lead to primary dilatation
of the vessel wall into the original vessel lumen causing stenosis
or occlusion while a sub-adventitial hemorrhage would primarily
dilate outwardly and form a so-called dissecting aneurysm [2,8].
While these aneurysms sometimes have been referred to as

pseudoaneurysms or false aneurysms, these terms should not be used
because a pseudoaneurysm is not contained by the arterial wall, but
by the surrounding tissue, in contrast to the dissecting aneurysm, the
boundaries of which always partially include the blood vessel [2,8].

Cervical artery dissections are divided into three subtypes (Figure
1): They may present as stenotic in about half of all cases and occlusive
as well as of dissecting aneurysmal form in about one-fourth each,
but numbers may vary and combined forms occur [8-10]. The higher
the degree of stenosis, the more likely are ischemic events, while
aneurysmal forms are thought to cause more local symptoms [10,11].
Aneurysmal dilatation occurs usually in the sub-petrous segment of
the internal carotid artery [10]. Aneurysms are described as either
saccular (pouchy) or fusiform (dilating) [8].

In almost all cases, the affected vessels are the internal carotid
and the vertebral artery. Internal carotid artery dissection (ICAD)
is usually restricted to the cervical portion of the artery, most
cases starting from about 2cm above the carotid bifurcation and
not exceeding its entry into the petrous part of the temporal bone.
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Figure 1: Stenotic, occlusive and aneurysmal cervical artery dissection.
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Vertebral artery dissection (VAD) usually occurs proximal to the
dural part and mostly in the pars transversaria (V2) and the atlas loop
(V3), however all segments can be affected [12]. It has been noted
that ICAD is generally located at the transitory region between elastic
and muscular artery type and ontogenetic factors might therefore be
involved in its development [13].

Cervical artery dissections have also been subcategorized into
spontaneous, iatrogenic and traumatic, the latter owing to a higher
incidence after major trauma to the neck as for example in motor
vehicle accidents [14]. Major trauma may be the cause of dissection
in up to one fourth of cases [15]. But while in these settings the
connection is compelling, in most cases patient history only includes
trivial or no trauma at all and the nearly endless list of everyday
activities associated with trivial trauma (ranging from playing golf
over sneezing to prolonged rotation of the head during a phone call)
and the disease would necessarily lead to an incidence much higher
than so far reported, eliminating the possibility of trivial trauma being
the sole cause [16]. Spontaneous cervical artery dissections therefore
include cases in which minor injury has occurred [17].

Epidemiology

In one French and two American studies, the annual incidence of
spontaneous CAD has been observed to be about 2.6 to 2.9 per 100 000
population, being higher in urban than in rural areas [9,18,19]. The
separate incidence for spontaneous internal carotid artery dissection and
spontaneous vertebral artery dissection is about 1.7 and 1 per 100 000,
respectively [9]. Increased awareness in clinicians and the availability of
noninvasive diagnostic tools may have raised recognition of CAD [20].
However, these numbers have been stated to be an underestimation
because spontaneous dissection can be asymptomatic, which is known
from incidental findings of CAD [2].

Patients presenting with spontaneous CAD have been reported to be
male in about 57% and female in 43% [21,22]. The mean patient’s age
is about 45 years, but men are approximately 5 years older at the time
dissection occurs [21,22]. VAD occurs about 3 years earlier than ICAD
[22]. A male predominance has been observed especially in children
(<18) and could not be explained by a higher rate of preceding trauma or
physical activity [23].

Between 4 and 40% of CADs extend intracranially [5]. Such
extensions are much more frequent in VAD [5]. Intracranial cases are
often associated with younger age as well as with dissecting aneurysms,
subarachnoidal hemorrhage, more severe infarcts and subsequently a
substantially poorer outcome [5,24]. In at least 15%of patients, more in
women, less in men, multiple dissections are found [5,21,22].

Pathogenesis

After almost two generations of research, the causes of
spontaneous CAD are still not resolved in detail [6,25,26]. An
underlying arteriopathy has been suggested from the very beginning
but has not been identified so far [6]. In the same manner, the
presence of a mechanical factor has been emphasized [27]. Research
nowadays is focused on treatment efficacy and on the identification of
risk factors. Both suffer from the rather poor level of evidence, which
in turn is a consequence of the rather low incidence of the disease, the
statistical comparison with stroke-from-other-cause patients instead
of healthy controls, several forms of bias and conflicting evidence (see

below) [25].

Nevertheless, numerous possible risk factors have been identified,
discussed and divided into two major groups: constitutional and
environmental [25].

Constitutional risk factors

Constitutional risk factors mostly comprise of conditions
attributable to a single or numerous abnormalities of the vascular
system. More recently, the search for genetic predispositions has been
intensified [28]. The origin of this suspicion lies within early reports
of a relatively high number of patients with genetic disorders often
affecting the connective tissue and ultrastructural connective tissue
abnormalities that have been found in about half to two-thirds of
spontaneous CAD patients, leading towards an affected biosynthesis
of extracellular matrix [26,29,30]. Alterations have also been found in
the families of patients, but only in less than 5% of cases CAD patients
are related to one another [29].

Together with the plausibility of an underlying structural defect of
the arterial wall, this has led to the search of an underlying hereditary
connective tissue disease, which could only be identified in about 1-5%
of all cases [2]. These hereditary connective tissue diseases comprise
mainly of Ehlers-Danlos syndrome type IV, Marfan’s syndrome,
Loeys-Dietz syndrome, autosomal polycystic kidney disease, cystic
medial necrosis and osteogenesis imperfecta type I [2,24,26]. Other
disorders were discovered in these patients, foremost fibromuscular
dysplasia in about 10-15% [2,5,15].

The claim of an underlying arteriopathy has been further
supported by a high incidence of vascular abnormalities, such as
increased arterial distensibility, arterial redundancies and intracranial
aneurysms [2]. Importantly, CAD is considered to be distinct from
atherosclerotic disease [29].

The continuous search for risk factors and potential triggering
events now spreads, among others, over low levels of alphal-
antitrypsin, high plasma homocysteine, inflammatory mechanisms,
migraine, gene polymorphisms and mutations and combinations of
any of those, such as the recent promising candidate gene MTHFR/
C677T, which has been linked to hyperhomocysteinemia [17,25,26].

Noteworthy, migraine was found to be associated with a doubled
risk of CAD [31]. This may be plausible, as migraine has been linked
to the vascular system as well as to stroke before [31].

In any case, with for example the MTHFR-gene being supported
by one meta-analysis but contradicted by a second one, substantial
findings have not exactly been made [25,26,32].

Environmental risk factors

A frequently mentioned environmental risk factor is trivial trauma
[2,6]. In many patients, a history of minor trauma is provided, but in
most cases the temporal link remains the only proven one [6]. In only
18% of histopathologic studies traces of mechanical damage could be
found [13]. The role of trivial trauma is probably overestimated and
has been called not an “important and frequent” risk factor for CAD
[29].

Chiropractic manipulative therapy (CMT) is highly disputed and
has been linked to CAD, especially VAD, in some 6% of cases [6].
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Theoretically, the stretching of the vertebral artery during rotation or
the fixation of the internal carotid artery against the vertebrae during
rotation combined with flexion would be held accountable [14,33],
but the forces applied have been measured to not be high enough to
damage the vessel [7]. There is a possibility of confounding bias for
the temporal association between dissection and chiropractor visit,
arguing that CMT might be frequented because of neck pain due to
dissection or an underlying cause of dissection [7,14,33], as well as a
considerably high chance of selection bias [14].

Other environmental risk factors include recent infection, this
claim being upheld by the finding of a seasonal pattern of CAD with
most cases occurring in autumn [29]. Also, smoking and contraceptive
use have been discussed, but not been proven [4].

Despite promising results of the structural analysis of connective
tissue of patients, research of possible risk factors has so far not
achieved any major breakthroughs, with different reviewers reaching
the conclusion that supporting evidence is sparse and Rubinstein et
al. stating that “in fact, some of the supposed risk factors may even be
protective” [25,26]. Spontaneous dissection may likely be the result
of various combinations of genetic predisposition and constitutional
and environmental factors [21,29].

Clinical Presentation

Symptoms of CAD are generally considered to be local or
ischemic. While stroke is the most feared complication, almost 80%
of patients present themselves at first with other symptoms, often
leaving sufficient time in which stroke could possibly be prevented
[15]. However, prevention remains challenging with the time window
ranging from minutes to hours in about half of patients [15]. The
typical clinical manifestations are listed in Tables 1 and 2.

Local symptoms

The local impairment of the surrounding structures could be
either of mechanical origin or due to an affected blood supply [13].
Headache and neck pain are the most common finding and are
experienced in up to 78% of patients with CAD [34]. They often
precede cerebral ischemia and are therefore not only considered to be
an important first clue, but also a differential feature to atherosclerotic
disease [17]. While these two symptoms are the most common
presentation, asymptomatic forms are possible, although rare [2].

Local symptoms: ICAD

For ICAD, a classic triad has been described, constituting of the

Table 1: Local clinical findings in patients with cervical artery dissection, ordered
by frequency.

Internal carotid artery

Headache (frontotemporal) and/or neck
pain (anterior)
Horner's syndrome
Pulsatile tinnitus
Cranial nerve palsies (mainly IX-XII)
Table 2: Ischemic presentation of patients with cervical artery dissection, ordered
by frequency.

Vertebral artery

Headache (occipital) and/or neck
pain (posterior)
Cervical radiculopathy

Internal carotid artery
Ischemic stroke
TIA
Transient monocular blindness
Retinal infarct

Vertebral artery

Ischemic stroke
TIA
Cervical spinal ischemia

presence of unilateral pain of the anterior head, face or neck and an
ocular sympathetic palsy also called partial Horner’s syndrome later
followed by retinal or cerebral ischemia. Because only one third of
patients present with the complete triad, the attending clinician
should suspect ICAD even if only two of these symptoms are present

[2].

Two-thirds of patients are experiencing a mostly ipsilateral,
frontal or frontotemporal headache [34]. In about half of patients,
pain is described in the facial or orbital region and little over one
fourth of patients suffer from neck pain [34]. Only in about 10% of
cases, pain is the only presenting symptom [34]. The quality of the
headache is constant steady aching and usually its onset is gradual,
but other courses are not uncommon [34]. The median time between
pain and the development of further symptoms is about 4 days,
ranging from seconds to weeks [34].

Horner’s syndrome, mostly without facial anhydrosis, is another
typical finding, present in less than 50% of patients [34]. The absence
of facial anhydrosis is explained by the facial sweat glands being
innervated by the sympathetic plexus, which surrounds the external
and not the internal carotid artery [2].

Further local symptoms of ICAD are pulsatile tinnitus sometimes
accompanied by bruit on auscultation in about 25% and cranial nerve
palsy in about 12%. They are generally affecting the lower cranial
nerves [2]. Painful Horner’s syndrome and cranial nerve palsy are
thought to be more common in patients with dissecting aneurysms
[10].

Local symptoms: VAD

The clinical presentation of VAD has been described as being
difficult to distinguish from other differential diagnoses [34]. While
also presenting with pain, this finding seems to be more prone to
the back of the head and neck. It may be misinterpreted as being of
musculoskeletal origin [2].

Headache is more common than neck pain (about two-thirds vs.
half) and tends to affect only one occipital side, with a throbbing or
steady quality and usually a gradual onset [17,34]. At the same time,
neck pain is more common in patients with VAD than with ICAD
[34]. The median time from headache to onset of other symptoms is
about 14.5 hours [34].

Local symptoms may also affect the cervical roots, causing
radicular syndromes [2].

Ischemic symptoms

Unfortunately, cerebral infarction is not only the most feared, but
also the most common complication of CAD, affecting about two-
thirds of patients [12,15,21]. The mechanism of infarction could either
be of primary hemodynamic origin due to the stenosis, or secondary
due to embolism [11]. The detection of emboli by transcranial
Doppler and infarction patterns correspond with an embolic cause in
the vast majority of patients [35-37].

Another possible complication is subarachnoid hemorrhage,
which more often occurs in VAD than in ICAD and in about 3%
of CADs [11]. With more than 20%, the rate is much higher in
intracranial dissections [36].
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Ischemic symptoms: ICAD

The rate of stroke in ICAD is higher than 50% and in up to 80%
it is preceded by local symptoms, a transient ischemic attack (TIA)
or amaurosis fugax [15,17,38]. Ischemia generally manifests itself in
the middle cerebral artery territory. In earlier times, the assumed rate
of stroke was higher than today; it has dropped because through the
development of diagnostic procedures, more cases with less severe
manifestations can be detected [2,38].

Ischemic symptoms: VAD

Stroke is more common in VAD than in ICAD, occurring in
about 80%, and nearly all patients are affected by either cerebral
infarction or TIA [17,34]. The ischemia usually affects the posterior
circulation and may lead to Wallenberg’s syndrome, gait ataxia,
partial Horner’s syndrome or visual field abnormalities [2,12,17,39].
Subarachnoidal hemorrhage occurs in about 5%, but the rate rises
up to 23% in patients with intracranial VAD [17]. The intracranial
vessels are more prone to rupture, because they contain less elastic
tissue and are thinner [17]. Because of the artery’s rather unrestricted
entrance into the skull, about 10% of VADs extend intracranially [5].

Clinical Presentation in Children

For unknown reasons the vast majority of children present with
cerebral ischemia and most commonly hemiparesis [23]. In this
age group, pain is not the leading symptom, with headache in only
about half of patients and neck pain being a rarity [23]. It has been
suggested, that this may reflect the failure to diagnose children in an
earlier phase of CAD [23]. Furthermore, spontaneous dissection of
the anterior circulation but not of the posterior circulation is more
likely to be intra- than extracranial in children, suggesting a different
pathophysiology [23].

Diagnosis

The diagnostics of CAD rely on imaging techniques [4].
Conventional Angiography, the former gold standard, has been
replaced by magnetic resonance imaging and magnetic resonance
angiography [2]. Other frequently used tools are CT angiography and
cervical ultrasound [40].

Ultrasound

As a first diagnostic procedure, ultrasonographic techniques are
useful because one can detect abnormal flow patterns in about 90%
of patients [2]. However, diagnostic abnormalities of CAD, such as
an echogenic intimal flap or a floating thrombus, are only found in
less than one-third and ultrasound may be normal in about 30% of
patients presenting with local symptoms only [2,17,41].

Conventional Angiography (CA)

Luminal abnormalities seen with conventional angiography may
feature various unspecific findings such as stenosis of variable length
with string-sign or gradual narrowing with flame-like occlusion
(Figure 2).Pathognomonic signs such as a double-lumen or an
intimal flap are rare [2,42].

CT Angiography (CTA)
Compared with MRI / MRA, the test characteristics of CT / CTA

Figure 2: Digital substraction catheter angiography showing a typical flame
shaped occlusion of the carotid artery in a patient with internal carotid artery
dissection.

are very similar, but to date clinical experience is limited [20]. CTA
has the potential to show the early hematoma and in the traumatic
setting, CTA is more feasible [20].

MR Angiography (MRA) and MR Imaging
(MRI)

The main reason for MRI / MRA being the new gold standard
is its noninvasiveness. Additionally, MRA can depict the intramural
hematoma itself and therefore does not or cannot respectively rely
on the luminal abnormalities, which are the basis of CA [2]. The
vast majority of diagnoses in the past decade have been made by
MRI / MRA, but usually in combination with other procedures. The
hematoma presents itself as a hyperintense area beside the vessel
lumen (Figure 3) and may spiral along its length [2,17]. Taking
DSA as a reference, MR techniques have a high sensitivity and
specificity, approximately 83 and 99% respectively, but studies on
these specifications have delivered widely varying results [20]. The
main disadvantage of MRI is that in the acute stage, the hematoma
may be isointense, making the detection of CAD rather difficult [17].
MR techniques are also less sensitive for VAD because of the artery’s
smaller diameter and anatomic variability [20,17]. However, newer
generations of MRI continue to improve its diagnostic yield.

Treatment

The treatment of CADs relies on the experience of treatment of
stroke of other causes. There has not been any completed randomized
controlled trial on any treatment of CADs yet and there is only one
ongoing trial [1,43].

Acute treatment in CAD patients with stroke contains three
possible alternatives. Thrombolysis is the most widely advocated one,
endovascular treatment has recently emerged as relatively safe and
surgery is generally considered to be a last resort [44]. Secondary
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Figure 3: MRI with T1 fat suppression technique showing a mural hematoma
in the left internal carotid artery in a patient with carotid artery dissection.

prevention is achieved by the use of antithrombotics.
Thrombolysis

Thrombolysis can be applied intravenously, intra-arterially,
or both. In the vast majority of cases, intravenous thrombolysis is
used [40]. The theoretical concerns with thrombolysis are a possible
enlargement of the intramural bleeding causing the stenosis to grow,
promoting hemodynamic ischemia, dislocation of the thrombus,
embolic infarcts and facilitating formation of dissecting aneurysms
and subarachnoid hemorrhage [40,45-47]. However, it may in turn
recanalize the vessel [40].

Randomized controlled trials are not available [1], but relatively
large studies have been conducted [40,46]. Thrombolyzed CAD
patients have worse outcome than thrombolyzed patients with stroke
of other cause [40].

The theoretical complications of thrombolysis include
symptomatic intracranial hemorrhage [40,46]. This occurs in about
5% of CAD, but this rate appears not to be increased by thrombolysis
[47]. In any case, it is considered to be a low complication rate and
thrombolysis in acute ischemic stroke is believed to be relatively safe
in CAD patients [45,47].

Endovascular Procedures

Endovascular treatment is usually considered when medical
management fails or is contraindicated [43]. Usually, a metallic stent,
ideally a self-expanding one, is applied to reopen a stenosis, to seal
the wall of the vessel or to occlude a dissecting aneurysm [43,45].
This procedure is generally followed by a combination of aspirin
and clopidogrel [43]. Other endovascular treatment options include
direct thrombus aspiration and injection of thrombolytic agents into
the hematoma [48].

About half of dissection-related endovascular procedures are
used to treat traumatic dissections, despite the fact that spontaneous
dissections are more common. The technical success rate is high,
lying just below 100%, and the perioperative complications are few,
ranging around 1% [43,45,48]. In-stent stenosis has been reported
in varying numbers, ranging from 2% to almost half of cases, and
the overall stroke rate has been reported to be 11% in one systematic

review [43,48].

Stenting necessity and relative efficacy are disputable, because
stenotic lesions tend to reopen spontaneously in the majority of
cases and risk of embolization from dissecting aneurysms has
been reported to be low [8,45]. It has also been stated that there is
insufficient evidence to draw definite conclusions about thrombolysis
and stenting in dissection [45], but the lack of evidence towards any
benefit of intravenous thrombolysis has prompted Qureshi et al.
[46] to propose the evaluation of additional endovascular procedure
following thrombolysis in CAD patients with moderate to severe
strokes. However, the long-term outcome of carotid stenting is
unknown [44].

Surgery

Surgical treatment consists of ligation, resection or bypassing of
the vessel with for example a saphenous vein graft [13,44]. However,
because the complication rate is high (mortality 2-11%, minor
recurrent stroke in 10%, lower cranial nerve damage in 58% causing
mostly temporary dysphagia, dysphonia and hoarseness), surgery has
for the most part been replaced by endovascular treatment [1,2,13].

Antithrombotics

The question, whether anticoagulation or antiplatelets as
antithrombotic treatment are superior or inferior to one another, has
been widely discussed [1,11,44].

Anticoagulation usually consists of initial i.v. heparin, followed
by oral warfarin, aiming for an INR from 2 to 3 for 3 to 6 months.
This approach has been advocated since the 1970s and is based on the
mostly thromboembolic origin of stroke in CAD [35-37]. Antiplatelets
comprise mainly of acetylsalicylic acid and clopidogrel [44].

Similarly to thrombosis, theoretical concerns state that
anticoagulationmayenlargetheintramuralhematomawithsubsequent
worsening of local symptoms and increase of stenosis [45,49]. The
association of higher frequencies of delayed internal carotid artery
occlusions with higher degrees of anticoagulation supports this
claim, however in most patients this is not associated with clinical
worsening [11].

On the other hand, recent reviews concluded that this effect has
not been shown and no evidence exists promoting the use of either
anticoagulation or antiplatelets [1,45,49]. No significant difference
could be shown neither for the prevention of recurrent stroke, nor
the outcome of death and disability nor the occurrence of bleeding
complications [1,49]. Because anticoagulation does not seem to
be more effective than antiplatelets in the prevention of recurrent
strokes but on the other hand has more potential complications, the
Cochrane meta-analysis concluded: “[...] patients with extracranial
internal carotid artery dissection are unlikely to be harmed by
antiplatelet drugs and there seems little justification for giving
anticoagulants as a first line therapy in all patients”[1]. This seems
to be attributable to vertebral artery dissections as well [49]. Other
authors have recommended deciding whether to choose antiplatelets
or anticoagulants on a case by case basis considering clinical
presentation, vessel status and potential bleeding risk [50].

Out of fear of a potentially higher frequency of subarachnoid
hemorrhages, anticoagulation has never been recommended for
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patients with an intracranial extension of the dissection [2,11]. Indeed
intracranial bleeding complications are more frequent in intracranial
CAD, but their incidence is still very low [17].

Prognosis

The prognosis of CAD depends on the severity of the ischemic
event and the grade of stenosis [2,15]. The risk of stroke is highest
within the first few days [46]. The outcome tends to be better for
spontaneous than for traumatic ICAD with between 75 and 92%
recovering well, meaning a score of 0-2 on the modified Rankin Scale
[9,17,32]. About 12% are severely disabled or dead [15]. VAD has
been associated with an excellent outcome in thrombolyzed patients
and an overall better outcome and a lower rate of stroke than ICAD
[42,47]. About 10% of treated patients experience headaches for more
than a week, sometimes up to many years [2]. After stroke, the rate of
favorable outcome declines to little over 50% [40].

From an anatomic point of view, outcome is generally favorable,
because 90% of stenosis resolve, up to two-thirds of occlusions reopen
and one third of dissecting aneurysms decrease in size. These changes
usually happen within 3 months [2]. VADs recanalize completely
more often than ICADs and vertebral dissecting aneurysms resolve
more often than carotid ones [10,42].

Mortality is probably less than 5% [5,46]. With about 11%,
mortality is much higher in children [23]. While mortality in adults is
rather low, bad outcome (mRS > 2) is still to be expected in about 20%
[21], and although CAD patients tend to be young, their outcome
after stroke is generally worse than in patients with stroke from other
causes [46].

Recurrence

A distinction between the rate of recurrent dissection and of
recurrent stroke is made in the literature. Only rarely symptoms such
as TIA are included, but one prospective study reported an annual
rate of all recurrent events of 10.4% [39].

Recurrent dissection

The rate of recurrent dissection is 2-3.2% in the first month and
then 0.3-1.6% per year, with an overall rate between 4% and 12%, and
has therefore been described as uncommon, but not rare [5,9,15,27].
Interestingly, recurrent dissection rarely occurs within the originally
affected vessel [5,27].

Recurrent stroke

There have been differing reports about the rate of recurrent
stroke in CAD patients. Numbers range from less than 1% to 4% and
medical therapy does not seem to influence this rate substantially
[1,11,49]. In most studies, the early rate of recurrent stroke in the first
month is around 2% per month, and it decreases to about 0.5% or less
per year, most events therefore occurring late and recurrence being
rare [42,51,52]. This rate is only insignificantly higher in patients with
severe stenosis or occlusion [51]. It is however higher in patients with
multiple dissections [52].

Extracranial dissecting aneurysms and recurrence

There have been concerns that the aneurysmal forms may be
prone to either thrombi formation and embolism or rupture, giving

rise to discussions about their management [8]. Unlike stenotic and
occlusive dissections, 32-65% of extracranial dissecting aneurysms
remain anatomically unchanged over time. No influence of the
aneurysm type on the outcome has been observed [10,37].

No correlation between emboli (monitored by transcranial
Doppler) or stroke and the presence of dissecting aneurysms could
be found [37] and summarizing 3 long-term follow-up studies of
extracranial aneurysmal ICADs no patient out of a total of 89 had
any recurrent event over mean time periods of 6.5, 3 and 3.5 years
respectively [8,10,53]. Moreover, no case of a ruptured extracranial
dissecting aneurysm has been published in the literature [2,8].
The relatively good outcome of this type of dissection supports
a conservative treatment strategy in the vast majority of patients
because the complications of a more aggressive approach potentially
outweigh its benefits [8,10,54].

Conclusion

Half a century after recognizing CAD as a cause of stroke, most
of the origins and mechanisms of this disease still lie in the dark.
The link to connective tissue anomalies and diseases has been made
but the underlying and triggering factors remain unclear. More
pathologic research is needed, especially regarding the promising
results of a very small number of studies in this field. Since most
patients fortunately survive the disease, a multicenter, collaborative
approach seems appropriate.

On the clinical side, several ongoing multicenter studies have
the potential to give new insights into the role of genetics and
environmental risk factors, most notably trauma and infection [28].
Additionally, the introduction of MRI/MRA as a diagnostic standard
and its ability to picture the intramural hematoma will hopefully fuel
progress and lead to more accurate diagnosis of the disease.

Treatment is mainly based on pathophysiological considerations,
observational studies and analogy to treatment of stroke of other
causes. In terms of antithrombotic treatment, clinicians will have to
make a decision between acetylsalicylic acid and oral anticoagulants
based on pathophysiology, clinical evaluation and imaging findings
until the results of ongoing and future studies are fully available.

In summary, little is known and much remains to be discovered in
the field of cervical artery dissections. Large prospective multicenter
studies are needed to further elucidate etiology, pathogenesis,
diagnosis and treatment. The sparse knowledge of this disease does
not reflect its importance: About one-fifth of strokes in young adults
are caused by cervical artery dissection [2].
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