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Preface

This volume of Frontiers of Neurology and Neuroscience is devoted to
cerebral artery dissection, a field in which much progress has been made in the
last decade. Thus, the idea of this book was to bring together experts from all
over the world to give an overview about the present knowledge and future
research directions of this still poorly understood disease.

In the first chapter an animal model of carotid dissection is elaborated. In the
next six chapters, epidemiology and the current knowledge and hypotheses about
possible mechanisms of spontaneous and traumatic cervical artery dissection are
presented. In particular, the association of cervical artery dissection with connec-
tive tissue abnormalities in skin and arteries, genetic approaches and vasodilation
are discussed. The next two chapters describe the clinical manifestations of cervi-
cal internal carotid and vertebral artery dissection. The possibilities and limitations
of the main diagnostic tools, ultrasound, CT, MR imaging and angiography, are the
subject of chapters 10—-12. An overview about the prognosis, thrombolytic and
antithrombotic therapy of cervical artery dissection is given in chapters 13-15.
Intracranial cerebral artery dissection is discussed in the last chapter.

It is our hope that this volume will contribute to efforts linking clinical and
basic science, provide the reader with new insights and perspectives and stimu-
late his interest in this fascinating vascular disease.

The editors thank the authors who have made this volume possible.

Ralf W. Baumgartner
Julien Bogousslavsky
Valeria Caso
Maurizio Paciaroni

Vil
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Animal Models of Cervical Artery
Dissection

Takeshi Okamoto, Shigeru Miyachi, Jun Yoshida

Department of Neurosurgery, Nagoya University Graduate School of Medicine,
Nagoya, Japan

Abstract

We developed a canine model of arterial dissection and serially observed morpho-
logical changes angiographically and histopathologically to clarify the causes and mecha-
nisms resulting in dissecting aneurysm formation or arterial occlusion. Intimal defects of
various sizes and shapes were made on the arterial walls to provide an entry zone for dissec-
tion, so as to simulate the extent of arterial wall injury. Our experimental model showed
angiographic and histopathological changes similar to those in clinical cases. As for our ini-
tial findings immediately after lesioning, either a double shadow (pseudolumen) or stenosis
of the affected artery, due to compression from the subadventitial hematoma, was observed
in the angiograms of all lesions. In some lesions with a pseudolumen, a dissecting aneurysm
developed subsequently. Some arteries showing focal occlusion recanalized, and stenosis
spontaneously improved. Very small dissections resulted in spontaneous healing, while a
large intimal entry zone caused stenotic lesions. However, a medium-sized entry zone
(4-6mm) may induce aneurysm formation. The different features of dissection may be
caused by the characteristics of flow into the subadventitial cavity and by thrombogenesis.
Morphological changes after arterial dissection were closely related to the extent of intimal
injury, suggesting that the size of the intimal entry zone may determine whether or not a
dissecting aneurysm is formed.

Copyright © 2005 S. Karger AG, Basel

Extracranial carotid artery dissection most often is related to penetrating or
blunt trauma to the neck, or to intraoral trauma [1-3]. Hyperextension and
rotation of the head may stretch the carotid artery against an upper cervical
vertebra or a prominent styloid process, while in other situations abrupt severe
neck flexion may directly compress the internal carotid artery between
the angle of the mandible and the upper cervical spine [3, 4]. Similarly, hyper-
rotation of the neck can induce vertebral artery dissection at the craniocervical
junction [5-7]. Such excessive motion of the neck causes shearing stress



against the inner layers of vascular wall resulting in an intimal tear or mural
contusion; then blood can enter the media at the site of intimal injury and
dissect the arterial wall [8—11]. Nontraumatic causes of dissection include
fibromuscular dysplasia, Marfan syndrome, syphilis, hypertension, and arterio-
sclerosis [10, 12].

Arterial dissection can follow either or both of two clinical patterns:
dissecting aneurysm presenting with hemorrhage, or stenosis or occlusion with
ischemic symptoms [13]. However, the factors that define morphological and
clinical characteristics of dissection are unsettled. We therefore developed
a canine model of arterial dissection and serially observed morphological
changes angiographically and histopathologically to clarify the causes
and mechanisms resulting in dissecting aneurysm formation or arterial
occlusion [14].

Experimental Models of Arterial Dissection

Dissection can occur in any artery throughout the body. Many points of
uncertainty or controversy remain with respect to etiology, pathogenesis, and
treatment strategy. To answer some of these questions, particularly for aortic
dissection, various experimental models have been used. Wilens et al. [15]
ligated several feeding branches to the aorta in mongrel dogs, while Takeoka
[16] infiltrated mitomycin C into the media of the canine aorta, but in both stud-
ies, only medial edematous change developed, not spontaneous dissection. Dogs
with renal hypertension also failed to develop aortic dissection [16]. Takeoka
[16] created a traumatic dissection model by surgical methods and succeeded in
producing an aortic lesion with a pseudolumen, but surgical lesioning has not
been used to produce carotid dissection until now. To our knowledge, ours is the
first report of an experimental model of carotid artery dissection.

Experimental Model of Carotid Artery Dissection

Our experimental dissection model [14] showed angiographic and
histopathological changes similar to those in clinical cases [1, 3, 4, 8, 10, 11, 17,
18]. As for initial findings after producing dissection by intimal injury, either a
double shadow (pseudolumen) or stenosis of the affected artery, due to com-
pression from the subadventitial hematoma, was observed in angiograms of all
lesions. In some lesions with a pseudolumen, a dissecting aneurysm developed
subsequently. Some arteries showing focal occlusion recanalized, and stenosis
spontaneously improved. Details of our experimental model is as follows.

Okamoto/Miyachi/Yoshida 2



Materials and Methods

In our experimental model [14], artificial dissection with intimal injury was induced
physically on the common carotid artery of mongrel dogs (body weight, 16-20kg), with the
intent to mimic traumatic dissection. This experiment was performed using a protocol
approved by the Nagoya University Animal Care Committee. The animals were anesthetized
with an intramuscular injection of ketamine hydrochloride (3 mg/kg) and an intravenous
injection of pentobarbital (5mg/kg), and then intubated and allowed to breathe room air
spontaneously. General anesthesia was maintained with additional doses of pentobarbital, as
required. Each surgical procedure was performed under sterile conditions with the aid of an
operating microscope.

In common carotid arteries, a small incision limited to the adventitial layer was made
following the placement of vascular clamps distally and proximally. The adventitia was then
dissected from the media using a thin probe passed through the adventitial incision. After
sufficient dissection between the two layers, varying longitudinally oriented intimal defects
were incised in the intima, including the media. These steps were meticulously performed
using small scissors inserted through the adventitial window. The intimal defect was created
at a point some distance distal to the adventitial incision to ensure intact adventitia, where
blood entered the dissected cavity. The adventitial incision was then tightly closed, and the
vascular clamps were removed (fig. 1).

As an intimal entry zone simulates the extent of arterial wall injury, intimal defects of
various sizes and shapes were made on the arterial walls. In 47 cases, elliptical intimal defects
were made, extending longitudinally between 2 and 8 mm [subgroup I-A (2 mm), I-B (4 mm),
I-C (6 mm), and I-D (8 mm)]. In 17 cases, the intimas were cut longitudinally for a length
between 4 and 8 mm [subgroups II-A (4 mm), II-B (6 mm), and II-C (8 mm)]. The width of
the ellipse was equal to half of the arterial diameter (approximately 2 mm) in all lesions of
this shape. The incised lengths were exactly measured and confirmed by a scale. In total, 64
experimental dissections were created on the arterial walls of 34 mongrel dogs (table 1).

Immediately after completion of these procedures, external changes in the dissected
portion were observed macroscopically. A carotid angiogram was then performed by the
Seldinger method. In all cases, a second angiogram followed 30 min to 2 h later to determine
the acute changes, including any improvement in the stenosis, progressive occlusion, and
recanalization. Follow-up angiography was performed after 1 week and 3 months. No antico-
agulation or antiplatelet medication was administered before, during, or following creation of
the dissections. After the final follow-up angiogram or following an animal’s death from com-
plications, dissected arteries were harvested for histopathological examination by light
microscopy and scanning electron microscopy.

Results

Morphological Changes (Table 1)

Immediately after recanalization all lesions showed abrupt formation of a
dense subadventitial hematoma due to influx of blood through the intimal entry
zone (fig. 2—4). These usually were massive and frequently extended not only
distally but also proximally from the intimal entry zone along the plane of

Animal Models of Cervical Artery Dissection 3



Fig. 1. The method used for creating experimental dissection. In canine common
carotid arteries, a small incision limited to the adventitial layer was made (a). Then the
adventitia was dissected from the media using a thin probe passed through the adventitial
incision (a, b). After sufficient dissection between the two layers, a longitudinal slit-like or
elliptical defect was cut in the intima (c¢). Then the adventitial incision was tightly closed (d).
(e) Cross-section corresponding to (d).

Okamoto/Miyachi/Yoshida 4



Table 1. Summary of angiographic changes (acute/subacute/chronic stage)

Size of Normal Aneurysm Aneurysm Stenosis Occlusion Failed to Total
incision + stenosis follow-up

I-A 0/11/13 0/1/0 0/0/0 14/2/0 0/0/0 0/0/1 14
I-B 0/3/7 0/8/6 0/1/0 12/1/0 1/0/0 0/0/0 13
I-C 0/0/2 0/0/0 3/6/2 5/4/4 2/0/0 0/0/2 10
I-D 0/0/0 0/0/0 3/0/0 5/0/0 2/10/10 0/0/0 10
1I-A 0/5/6 0/2/1 0/0/0 7/0/0 0/0/0 0/0/0 7
II-B 0/3/3 0/1/1 0/1/0 5/0/0 0/0/0 0/0/1 5
I1-C 0/0/2 0/1/0 0/3/2 3/1/1 2/0/0 0/0/0 5

adventitial separation. The initial angiogram demonstrated stenotic change in
the artery in all lesions, including total occlusion (fig. 4). The stenotic change
was particularly marked at the site of the intimal entry zone, and in about 60%
lesions a subadventitial pseudolumen was visualized, showing influx of contrast
medium (fig. 2, 3). On comparing groups according to characteristics of the
intimal entry zone, severe stenotic changes most often were found in groups I-
C and I-D. Groups with longitudinal incisions showed less extensive subadven-
titial hematoma formation than groups with elliptical incisions. The second
angiogram in the acute stage was performed in all cases within 2 h following the
initial one. No pseudolumen was opacified, and of the 7 lesions with total
occlusion of the artery on the initial angiogram, 6 showed recanalization; in 49
of 57 lesions stenosis had improved slightly.

All animals underwent follow-up angiography at 1 week (subacute stage).
Angiograms at this subacute stage demonstrated morphological changes that
varied by size of intimal entry zone. In 79% with group I-A, stenosis had nor-
malized and arterial contour was smooth. However, lesions with group I-B
resulted in aneurysm formation in 62%. All lesions with group I-C showed per-
sistent stenosis (fig. 3), and 60% were associated with aneurysm (fig. 2). All
lesions with group I-D were associated with complete occlusion of the artery
(fig. 4). As for groups with longitudinal incisions (II-A, II-B, and II-C) no sig-
nificant relationship was found between incision length and morphological
change (table 1). Aneurysms were berry shaped and limited to the area of the
intimal entry zone (fig. 2).

Sixty lesions were followed for 3 months (chronic stage). One dog died
because of systemic complications, and 3 died of repeated rupture of aneurysms
within 2 weeks. Postmortem histopathological study showed that the rupture
points were found at the top of the aneurysms, not the site of surgical access.

Animal Models of Cervical Artery Dissection 5



f

Fig. 2. An example of aneurysm formation. An angiogram shows a double shadow due
to a massive adventitial hematoma immediately following lesioning (a), and a subadventitial
hematoma had acquired the characteristics of an aneurysmal pouch 2 h later (b), becoming a
saccular aneurysm 1 week later (¢). The size of the aneurysm decreased in the chronic stage
(3 months later) (d). Histopathological study demonstrated that the inner layer of the
aneurysm dome (asterisk) was covered with organized clots and fully endothelialized in the
chronic stage (e). Elastica van Gieson, original magnification X5 (the adventitia, media, and
intima are indicated by double arrows, arrowhead, and double arrowheads, respectively). (f)
Scanning electron microscopy showed endothelialization (original magnification X700).

These cases belonged to subgroup I-B, I-C, and II-C, respectively, and no
relationship was seen between size of intimal defect, aneurysm size, and point
of rupture. In lesions including aneurysms, the aneurysms were unchanged in
size or slightly smaller (fig. 2); no aneurysm showed enlargement. Stenoses
observed in the subacute stage had improved remarkably (fig. 3). No complete
occlusion had recanalized.

Okamoto/Miyachi/Yoshida 6
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Fig. 3. An example of persistent stenosis. An angiogram demonstrated that a subad-
ventitial hematoma compressed the arterial lumen just after lesioning (a). Two hours later the
subadventitial hematoma had spontaneously thrombosed, but it still compressed the arterial
lumen (b). In the chronic stage stenosis improved (c).

Fig. 4. An example of occlusion. Immediately after lesioning the arterial lumen was
compressed and acquired a serpentine configuration with a subadventitial hematoma on
macroscopic inspection (a) and occlusion in an angiogram (b). The vessel lumen transiently
recanalized after 2 h (c), but occluded again in the subacute stage (d). (e) The subadventitial
hematoma, which already was organized, compressed the arterial lumen to present a crescentic
cross-sectional profile in a histological section (elastica van Gieson, original magnification
X5, arrow demonstrates the compressed arterial lumen).

Animal Models of Cervical Artery Dissection 7



Histopathological Changes

On transversely oriented cross-sections, the dissection cavity was evident
microscopically as a crescent-shaped cleft between adventitia and media, filled
with fresh clot in the acute stage. Serial sections indicated that clots extended
both distal and proximal to the intimal entry zone. In lesions with persistent
stenosis, subadventitial clots were partially organized in the chronic stage. In
lesions with aneurysm formation, a portion of the intimal entry zone extended
to the orifice of the aneurysm. In cases of aneurysm with stenosis, the external
protrusion of the aneurysm was small and clots in the surrounding subadventi-
tial space formed the lateral wall of the aneurysm (fig. 2). The inner layer of the
aneurysm dome was covered with fresh thin clots in the acute stage and was
fully endothelialized in the chronic stage; the latter was clearly demonstrated by
scanning electron microscopy (fig. 2).

Statistical Analysis

Statistical analysis among groups defined by incision size and shape was
performed using Fisher’s exact probability test.

On comparison by size of intimal entry zone, the likelihood of aneurysm
formation was significantly greater in the group I-B than I-A and I-D
(p < 0.01). The lesions in the group I-D were more likely to occlude the artery
than a shorter entry zone (p < 0.01). Longitudinal incisions showed no obvious
morphological differences according to length.

Discussion

Our study indicated that the size of intimal entry zone strongly affects
subsequent morphological differences. These results may serve as important
clues to the mechanism of dissection, particularly aneurysm formation and
dissecting occlusion. To induce morphological changes characteristic of dissec-
tion, a sufficiently large entry zone is needed. Most arteries with a short or inter-
mediate longitudinal incision or a 2-mm elliptical endothelial defect (group I-A)
eventually normalized. Such spontaneous healing due to shrinkage of the dis-
sected pseudolumen might be possible because of limited extent and thickness of
the subadventitial hematoma, which was too small to cause the stenotic change.
Second, a medium-sized entry zone with a 4- or 6-mm long elliptical orifice (I-
B or I-C) frequently resulted in saccular aneurysms corresponding to the site of
intimal entry zone. This observation suggests that the size of entry zone is
important for delayed aneurysm formation. Some reports describe the mecha-
nism of saccular aneurysm dilation as hemodynamic stress that disrupts the
intima, internal elastic lamina, and media at the entry point of arterial dissection

Okamoto/Miyachi/Yoshida 8
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Fig. 5. Hypothesized schemes of aneurysm formation (left) and persistent stenosis
(right). Hemodynamic stress from vortex flow inside the cavity may cause protrusion of the
adventitia externally, resulting in a saccular aneurysm. However, a large entry zone can
produce a massive, widespread subadventitial hematoma of sufficient size to compress the
true lumen, resulting in abrupt occlusion. When the hematoma is large, the artery is likely to
remain thrombosed.

[19]. We speculate that an unthrombosed dissected cavity can persist at the initial
stage with a suitable balance of entering and exiting blood flow at the orifice
[20-25]. At first a subadventitial hematoma may be only a diverticulum, but
hemodynamic stress from vortex flow inside the cavity may cause further exter-
nal protrusion of the adventitia, producing a saccular aneurysm (fig. 5).

Histopathologically, the dome of the aneurysm consisted of a layer of
adventitia lined by newly formed endothelium. Such lack of a media containing
smooth muscle is similar to the characteristics of intracranial aneurysms
[26—-30]. Thus, histopathological and macroscopic features of this experimental
aneurysm approximate those of clinically encountered aneurysms more closely
than a previous model using a sutured venous pouch [31].

A large entry zone can permit formation of a massive, extensive subad-
ventitial hematoma sufficient to compress the true lumen, resulting in abrupt
occlusion (fig. 5). When the hematoma is particularly large, the artery would be
expected to remain thrombosed. However, some lesions with initial occlusion
recanalized during the early period, probably because of vascular remodeling or
distal migration of clots. The migration phenomenon may explain clinical

Animal Models of Cervical Artery Dissection 9



episodes of distal intracranial embolism observed in the acute stage of cervical
arterial dissection [4]. Thus, the most important factor determining morpholog-
ical features and their course over time after dissection may be the extent of inti-
mal injury irrespective of dissected layers.

Although our model is a traumatic dissection, a model of spontaneous
dissection might be created by biochemical or molecular methods. Such further
investigation will improve understanding of aneurysm formation in a variety of
circumstances. The contribution of hemodynamic stress will be an important
factor to assess in such experimental systems.

Conclusion

Morphological changes following experimental carotid dissection are
affected by the size of the intimal entry zone. Very small dissections result in
spontaneous healing, while large intimal entry zone cause stenotic lesions.
However, a medium-sized entry zone (4—6 mm) may induce aneurysm forma-
tion. The different features of dissection may be caused by characteristics of
flow into the subadventitial cavity and by thrombogenesis.

Consideration of intimal entry zone size is important for understanding the
features of traumatic dissection of extracranial arteries, and experiments evalu-
ating additional factors are needed to elucidate mechanisms of idiopathic and
hypertensive arterial dissection.
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Epidemiology of Cervical Artery
Dissection

Wouter 1. Schievink, Viadimir Roiter

Maxine Dunitz Neurosurgical Institute and Department of Neurology, Cedars-Sinai
Medical Center, Los Angeles, Calif., USA

Abstract

The diagnosis of cervical artery dissection has become routine. In young patients, spon-
taneous CAD is the cause of up to one-fourth of strokes. The incidence of spontaneous CAD
is approximately 5 per 100,000 per year and is highest in autumn. The long-term recurrence
rate is only approximately 1% per year, but it is higher in patients with familial arterial disease.

Copyright © 2005 S. Karger AG, Basel

Not too long ago a patient with a spontaneous dissection of the extracranial
carotid or vertebral artery was considered rare and the treatment of such a patient
was a cause of considerable uncertainty. Nowadays, however, the diagnosis of
spontaneous cervical artery dissection (CAD) has become routine largely due to
the dramatic improvement of medical imaging and due to the growing awareness
of CADs among healthcare professionals in the community. In studies performed
in the 1980s, spontaneous CAD was found to be the cause in approximately
10-20% of young and middle-aged adults with ischemic stroke [1, 2]. In the late
1990s, this number increased to approximately 25% [3]. Spontaneous CAD can
be considered to be one of the leading causes of stroke in the young and middle-
aged population [4]. With aging, many additional risk factors contribute to stroke
and thus spontaneous CAD accounts for only about 2-3% of all ischemic strokes
among the elderly. Recent data, however, suggests that spontaneous CADs are
underdiagnosed in the elderly [5]. The individual risk for a spontaneous CAD
appears to be fairly equal over a person’s life span, but it is slightly increased
through the fifth decade of life [6]. Spontaneous CAD are equally common
among the sexes and the only found sex predilection of arterial dissection is that
it occurs approximately 5 years earlier in women than it does in men [6].



Incidence

In a retrospective community-based study in Rochester, Minnesota, we
identified all patients diagnosed with spontaneous CAD from 1987 to 1992.
The average annual incidence rate for all ages was 2.6 per 100,000 population
[7]. Another community-based study conducted in France found a very similar
rate for spontaneous internal carotid artery dissection of 3 per 100,000 per year
[8]. We have previously estimated that the annual rate of vertebral artery dis-
section is approximately 1.5 per 100,000 per year [9]. Based on this data, the
annual incidence rate of spontaneous CAD can be outlined as approximately 5
per 100,000 [9]. In a recent Emergency-Department-based series (2003—2004),
we identified 7 patients with spontaneous carotid artery dissection compared to
12 with spontaneous subarachnoid hemorrhage, for an estimated incidence of
approximately 5 per 100,000 [Schievink et al., unpubl. data].

It has been shown that the frequency of spontaneous CAD is higher in
autumn than in other seasons [10]. The exact reason for this seasonal variation is
unclear, but it may be related to a higher frequency of certain infectious diseases,
which may precipitate the occurrence of spontaneous carotid artery dissection.

Recurrence

Among patients with spontaneous CAD, the risk of a recurrent arterial dis-
section was investigated in several studies. Schievink et al. [6] conducted a
study among 200 consecutive patients with spontaneous CAD. During an aver-
age follow-up of 7.4 years, 16 patients (8%) had a recurrent arterial dissection.
Approximately one-fourth of patients suffered from multivessel disease. The
highest rate of recurrence (2%) was shown within the first month after the ini-
tial event. The reported cumulative rate of a recurrent dissection among patients
followed for 10 years was approximately 12%. Given the fact that recurrent
dissections occurred only in arteries not previously involved by dissection,
it may be postulated that an acute phase exists of an underlying arterial wall
disease predisposing to the occurrence of a dissection. In a study reported by
Leys et al. [11], a recurrence of CAD was found in 3 (3%) of 105 patients dur-
ing an average follow-up of 36 months. Similar results were obtained by
Bassetti et al. [12]. In their study, 4% out of 81 patients had a recurrent internal
CAD during a 4-year follow-up. The average risk of a recurrent CAD can be
estimated at a relatively low 1% per year, although patients with a family
history of arterial dissection probably have a considerably higher risk [13]. Two
hundred patients with a diagnosis of spontaneous CAD were included in the
study of Schievink et al. [6]. A recurrent arterial dissection was identified in
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50% of patients with familial arterial disease compared with only 6% of
patients with non-familial disease. The estimated relative risk was 6.3.
Therefore, it can be concluded that a family history of arterial dissection is an
important risk factor for the development of a recurrent artery dissection.

‘Provoked’ CAD

A history of a more or less trivial precipitating event is a frequent finding in
patients with CAD. The mechanisms and the severity of trauma vary widely from
penetrating neck injury or severe motor-vehicle-crash-related injury to very
minor movements of the neck. It is been established for a long time that cervical
chiropractic and osteopathic procedures may have serious neurological conse-
quences, including CAD. Such manipulations have recently become more recog-
nized by neurologists as a potential cause of vertebral artery and even internal
artery dissections, whereas most practitioners of spinal manipulation are of the
opinion that these events are extremely rare [14]. Such an obvious referral bias
was clearly encountered in the study of Haldeman et al. [15] based on chiroprac-
tic reports. The estimated rate of vertebral artery dissection was reported as one in
almost 6 million cervical manipulations. The fact that a patient who has a stroke
will likely be seen by only one chiropractor but by three or more neurologists may
explain at least in part the difference in experience and the perception of risks
among these two professions. A wide range anywhere between 1 in 20,000 to 1 in
1 million of potentially harmful complications of cervical spine manipulation has
been reported [16]. The true frequency of CAD associated with chiropractic
manipulation of the spine remains obscure. Given the real, albeit low, risk of cer-
vical manipulation, it should only be performed in patients without predisposing
factors for artery dissection, with fully informed consent by the patient, and after
an appropriate diagnosis of neck pain. In one study, we found that a large number
of patients with CAD associated with chiropractic manipulation of the spine
either had an obvious generalized arteriopathy, a likely diagnosis of vertebral
artery dissection prior to the neck manipulation, or both [17].
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Abstract

Spontaneous cervical artery dissections (sSCAD) often occur in otherwise healthy
individuals without known risk factors for stroke and frequently develop spontancously
without relevant trauma. An underlying arteriopathy leading to a so-called ‘weakness of the
vessel wall’ and predisposing certain individuals to dissection has often been postulated.
Therefore, the morphology of connective tissue, a main component of vessel wall and
environment, was investigated in carotids and skin. While the overall morphology of dermal
connective tissue is normal, about half of patients with sCAD show mild ultrastructural con-
nective tissue alterations. These ultrastructural morphological aberrations can be designated
either as ‘Ehlers-Danlos syndrome (EDS) IlI-like’, resembling mild findings in patients with
the hypermobility type of EDS (EDS III); or coined ‘EDS IV-like’ with collagen fibers
containing fibrils with highly variable diameters resembling mild findings in vascular EDS; or
the abnormalities are restricted to the elastic fibers (with fragmentation and minicalcifica-
tions) without significant alterations in the morphology of the collagen fibrils. These findings
had some similarity with the morphology found in heterozygous carriers of pseudoxanthoma
elasticum. A grading scale according to the severity of the findings has been introduced.
Similar connective tissue abnormalities were detected in some first-degree relatives of
patients with sSCAD showing hereditary at least in a subgroup. They can serve as a phenotypic
marker for further genetic studies in patients with SCAD and large families to possibly iden-
tify the underlying basic molecular defect(s). Very few of patients (<5%) with sCAD and
connective tissue abnormalities have clinical manifestations of skin, joint, or skeletal abnor-
malities of a defined heritable connective tissue disorder. In specimens of arterial walls of
carotid, aortic, and renal arteries of patients with sCAD, pronounced systemic, histopatholog-
ical, and ultrastructural abnormalities were detected with elastic fiber fragmentation and
medial degeneration, described before only in a few patients with known hereditary connec-
tive tissue diseases such as the Marfan syndrome. We hypothesize that a major part of sSCAD
cases represents a manifestation of a connective tissue disorder with a vascular phenotype.

Copyright © 2005 S. Karger AG, Basel



Dissection often occurs in otherwise healthy individuals without known risk
factors for stroke and frequently develops spontaneously without relevant
trauma [1, 2]. The question has been posed why a dissection happens in certain
individuals, in some possibly triggered by a common daily life movement
stretching a cervical artery while in most individuals nothing ever occurs — even
very infrequently with a severe head trauma [3]. An underlying arteriopathy
leading to a so-called ‘weakness of the vessel wall’ and predisposing to
dissection has often been postulated in spontaneous cervical artery dissections
(sCAD), particularly because frequently more than one cervico-cerebral vessel
is involved and patients are often of a younger age [1, 4]. The high prevalence of
sCAD in patients with fibromuscular dysplasia and hereditary connective tissue
disorders, such as the Ehlers-Danlos syndrome (EDS), also suggests the involve-
ment of vessel wall abnormalities [5, 6]. An impairment of the vessel wall may
be correlated with alterations of their extracellular matrix environment, which
may be caused by systemic connective tissue component aberrations [4, 7]. As
endarterectomy is usually not used to treat SCAD and postmortem examinations
are rare, histomorphological examination of the dissected vessel wall, however,
is seldom performed. Therefore, the skin might serve as a so-called ‘window’, as
an indirect approach to possible connective tissue abnormalities of the arterial
walls [7]. Similarly, ultrastructural analysis of dermal connective tissue serves as
a routine diagnostic tool in patients at risk for many types of connective tissue
disorders, e.g., cutis laxa, pseudoxanthoma elasticum (PXE), or EDS [7-10],
since a definite molecular genetic diagnosis has not been established.

Recently, connective tissue aberrations were shown for the first time
to correlate, indeed frequently, with sCAD in otherwise healthy individuals
[4, 11]. In a multicenter study we further analyzed the association of sCAD
with ultrastructural abnormalities of the dermal connective tissue in another,
larger series of patients from different centers [12]. Follow-up biospies in some
patients addressed the question of intraindividual variability of the findings
over time [11].

Moreover, we found in specimens of arterial walls of carotid, aortic, and
renal arteries of patients with sSCAD pronounced systemic histopathological
and ultrastructural abnormalities, described before only in a few patients with
known hereditary connective tissue diseases such as the Marfan syndrome [13].
We hypothesize that a major part of SCAD cases represents a manifestation of a
genetic predisposition with a vascular phenotype. Ultrastructural dermal
connective tissue abnormalities could be a further phenotypic marker in those
patients and be used for familial genetic studies in the future to possibly
identify the underlying molecular defect(s).

In this chapter we also describe the technical handling and the diagnostic
evaluation of skin biopsies in order to standardize the assessment of the delicate
morphological abnormalities that are usually found in patients with SCAD.
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Preparations for Light and Electron Microscopy

Skin biopsies are taken from the outer aspect of the upper arm close (about
10cm) to the elbow [7—10]. The skin is thoroughly and repeatedly sterilized
with 70% ethanol. An almond-shaped piece of skin (10 X 5mm) is excised
with vertical deep knife incisions extending into the subcutaneous fat tissue.
The biopsy sample is subsequently cut into two pieces. One part is processed
for transmission electron microscopy, the other part is immediately processed
for tissue culturing of fibroblasts. Squashing of the excised piece of skin, either
during excision, or during the handling with the forceps must be carefully
avoided, as additional mechanical stress might be a possible source of morpho-
logical artifacts.

The artery specimens were taken during surgery or postmortem.

Biopsy specimens are initially fixed in 3% glutaraldehyde in 0.1 M Na-
cacodylate buffer (pH 7.4) at room temperature, cut into pieces of appro-
ximately 1mm?3 and fixed in the same solution for some more hours.
After being washed in buffer solution, specimens were postfixed in 1% OsO,
in 0.1 M Na-cacodylate buffer (pH 7.4), rinsed in water, passed through
a graded ethanol dehydration series, transferred to propylene oxide, embedded
in epoxy resin (glycidether 100 or Epon 812) and cut after completed poly-
merization into semithin and ultrathin sections. Semithin sections are
stained with methylene blue and evaluated by light microscopy. It has to
be carefully documented which part of the skin (upper, middle, and deep
dermis) or the arterial wall (intima, media, adventitia) was to be cut into ultra-
thin sections. Ultrathin sections are treated with uranyl acetate, contrasted
with lead citrate and examined with a Philips EM 400 transmission electron
microscope.

Morphology of Dermal Connective Tissue

On the light microscopical level, the dermal connective tisssue did not
reveal regular pathological alterations. The ultrastructural aspect of connective
tissue components, i.e., collagen fibrils and elastic fibers, is to be investigated
for in all regions of the skin of each patient [7—10]. The findings are to be com-
pared with those of age-matched controls with stroke of other origins. We also
used a large number of other control samples available from the skin biopsy
bank of the Electron Microscopic Laboratory, Department of Dermatology,
Heidelberg (more than 5,000 patients included so far). For morphological
differences, the focus is on the reticular dermal region, where connective tissue
structures are usually very regular and not affected by environmental factors,
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Table 1. Grading of ultrastructural connective tissue abnormalities

Collagen fibril abnormalities

—Mild aberrations (+)

Regular irregularities of the contours and calibers of the collagen fibrils with
only few single composite collagen fibrils within collagen bundles

—Pronounced aberrations (++)

More frequent irregularities of the contours and calibers of the collagen
fibrils with more frequent but still single composite collagen fibrils

—Severe aberrations (+ ++)

Anomalies with frequent composite, flower-like fibrils in many collagen
bundles, degree of severity of collagen fiber aberrations comparable with
EDS III

Elastic fiber abnormalities

—Mild aberrations (+)

Regular but mild irregularities of the contours of the elastic fibers. Only few
electron-dense inclusions (microcalcifications)

—Pronounced aberrations (++)

Frequent irregularities of the contours of the elastic fibers, reaching in some
fibers a fragmented ‘moth-eaten’ aspect; several electron-dense inclusions
(microcalcifications)

—Severe aberrations (+ ++)

Frequent fragmented elastic fibers, reaching a degree of severity a
‘moth-eaten’ porous aspect, resembling the findings of the marfanoid
hypermobility syndrome; frequent electron-dense inclusions
(microcalcifications)

Findings of the deep skin layers of the reticular dermis to exclude
degenerative changes as e.g. actinic elastosis

for instance actinic elastosis. For the severity of the connective tissue aberra-
tions a semiquantitative classification was introduced earlier (table 1). We
consider abnormalities as ‘marked’ with at least a ‘2 plus’-severity on the scale
as defined. All other pathological findings are classified as ‘mild’. Others,
including borderline findings not definitely meeting these criteria, are consid-
ered as ‘normal’. The structure of the collagen fibrils (in cross-section) and the
elastic fibers should also be studied at high magnifications (>10,000X) in
order to detect typical aberrations like composite collagen fibrils or minicalci-
fications in the elastic material. Experience with skin samples from patients
with known inherited connective tissue disorders, notably with several subtypes
of EDS, is helpful for the classification of the skin samples from patients with
sCAD, since most abnormalities in SCAD patients range in severity and aspect
somewhere between normality and those in patients with EDS [7-10].
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Table 2. Electron microscopic analysis of 126 skin biopsies of patients with sponta-
neous cervical artery dissections (sCAD)

Type of EDS-III-like EDS-IV-like Only elastic Normal
dissections fibers

sCAD of single vessel 33 7 11 36
sCAD of multiple vessels 10 6 5 18

The electron microscopic findings were classified as ‘EDS-IlI-like’, ‘EDS-IV-like’ or
‘only elastic fibers’. In the families of 10 patients with sCAD a first-degree relative also had
a history of sCAD. EDS = Ehlers-Danlos syndrome. The group of patients with sCAD of
multiple vessels consists of patients with recurrent dissections as well as patients with
multiple simultaneous dissections.

If clinical and laboratory data suggest the presence of a known connective
tissue disorder, in some cases complementary molecular genetic tests, e.g. for the
vascular EDS with COL3A1, can be made to confirm the diagnosis [12, 13].

Skin biopsies from 126 patients with SCAD and from 29 healthy relatives
were investigated so far [14]. Six specimens could not be evaluated, due to
artificial modifications of the morphology caused by improper handling (2
biopsies were not deep enough, 1 consisted only of fat, 1 was squashed too
strongly, and 2 were damaged during transport because the tube with fixation
solution was leaking). The quality of 149 out of 155 biopsies (96%) was good
enough for a reliable histological and electron microscopic analysis.

In 72 biopsies from patients with SCAD we found morphological aberra-
tions but only on the electron microscopic level (fig. 1, 2). On the basis of the
morphology we classified the aberrations into 3 groups (tables 1, 2). Within
each group the aberrations varied in strength (in quantity). In a previous study
of skin biopsies from patients with intracranial aneurysms, we differentiated
between aberrations of a EDS-III-like pattern and those of a EDS-IV-like
pattern. In those cases the morphology had similarities with the findings
in patients with EDS-III or EDS-IV, although the structural abnormalities in
patients with EDS-III and EDS-IV are usually more dramatic than those in
patients with aneurysms only [17]. In our series of patients with SCAD we again
detected both types of connective tissue aberrations. Moreover, we discerned a
third group of patients with aberrations restricted to the elastic fiber system
resembling the findings of heterozygote carriers of recessive PXE (PXE-
carrier-like) [16].

All 8 patients in whom a second biopsy was performed showed identical
ultrastructural findings and were ranked at the same level of pathomorphological
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Fig. 1. a Normal collagen bundles within reticular dermis consist of large, densely
packed collagen fibrils with uniform cross-sections (control); electron microscopy (EM)
X43,000. b, ¢ Collagen aberrations in 2 patients with spontaneous arterial dissection. b Mild
aberrations (‘+’ according to table 1) consisting of collagen bundles within the reticular der-
mis containing single or several fibrils with irregular contours and composite (flower-like)
fibrils (arrows); the calibers of the aberrant fibrils vary; EM X43,000. ¢ Severe aberrations
(‘+++’ according to table 1), including numerous composite fibrils (arrows), within the
mid-dermal collagen bundles and enlarged diameters of the composite fibrils; EM X43,000.
d Collagen aberrations in a patient with spontaneous arterial dissection and minor stigmata
of EDS II (small pseudomolluscoid scars at elbows): Collagen bundles within the reticular
dermis contain frequent composite (flower-like) fibrils (arrows); EM X31,000. Bars corre-
spond to 1 wm each.

severity in both analyses [11]. In the 6 cases with familial sCAD, similar find-
ings were seen: 4 had mild aberrations (EDS IV-like in 2), and 2 did not have
any distinct pathological findings [14]. Connective tissue abnormalities were
not found more frequently in patients with multivessel sSCAD. Connective tissue
aberrations were more frequently found in male patients with sCAD than in
female patients, and were associated with recurrent sCAD, but not with age and
vascular risk factors [11].
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Fig. 2. a Normal mature elastic fiber in the reticular dermis presents with an amor-
phous elastin core surrounded by elastotubules (control); EM X26,000. b, ¢ Elastic fiber aber-
rations in 2 patients with spontaneous arterial dissection. b Regular but mild irregularities of
the contours of the elastic fibers, focal electron-dense deposit (arrowhead) (‘+’ according to
table 1); EM X20,000. ¢ Focal electron-dense deposits representing minicalcifications
(arrows) and pronounced fragmentation with a moth-eaten, porous aspect (‘+++’ according
to table 1); EM X9,000. Arterial ultrastructural connective tissue findings in patients with
sCAD and controls. Bars correspond to 1 wm each.

Only 3 patients of our series (<<5%) presented with clinical signs of a con-
nective tissue disorder with hyperextensible skin and joints in 1, a marfanoid
appearance in another, and hypertrophic pseudomolluscoid scars at the elbows
in a 3rd patient. Another patient had a history of 4 spontaneous abortions.

For the light and electron microscopic examination of diagnostic skin
biopsies, the findings in patients must be compared to findings in healthy
control subjects. The distinction between normal and abnormal morphology
might be difficult in some cases, as there is a smooth transition from perfectly
normal into definitely abnormal. A connective tissue diagnosis can therefore
rarely be made on the sole basis of isolated electron micrographs of a single
patient. The assessment of the morphology depends as a rule on a variety of
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clinical, histological and electron microscopic observations, as well as on
extended experience with other patients and with control subjects. We classified
the ultrastructural alterations in skin biopsies from patients into three different
groups, which are compared to the findings in patients with known connective
tissue disorders [14]. In an earlier analysis of the ELN gene in patients with
sCAD we had already alluded to a possible differentiation between patterns of
aberrant morphology and included some patients with aberrations only in the
elastic fibers [12]. A subsequent study of connective tissue in patients with
intracranial aneurysms obviously revealed the existence of two different types
of morphological alterations [17]. Our findings confirm the morphological
heterogeneity in a large series of sSCAD patients and the existence of different
classes of aberrations with quantitative differences within each class. The
analogy with the findings in patients with EDS III and EDS IV [10] and in
heterozygous PXE [8, 9] carriers suggests that genetic heterogeneity exists
amongst patients with sCAD. In previous work we [4, 15] showed various
electron micrographs of EDS-III-like connective tissue aberrations, the most
common type found amongst patients with sCAD.

The ultrastructural dermal findings, however, are not specific for any
distinct connective tissue disorder or genetic defect [7—10]. Further quantitative
morphometric analysis of these findings might be helpful, but to our knowledge
is not used for diagnostic EM in connective tissue disorders at present.
Qualitatively similar deviations may be seen in patients with various heritable
connective tissue diseases, i.e., composite collagen fibrils in patients with EDS,
osteogenesis imperfecta type I, and PXE [7-10], and are also found in some
acquired conditions but in restricted areas only (e.g., lymphedema or rheuma-
toid arthritis) [7—10]. Fragmented elastic fibers with focal osmiophilic deposits
are found in patients with PXE, Marfan syndrome, and marfanoid hypermobil-
ity syndrome, as well as in patients with severe EDS types I and II [7-10]. It is
the specific pattern of structural deviations that characterizes a connective
tissue disorder [7-10]. The overall pattern and combination of the ultrastruc-
tural aberrations of collagen and elastic material, combined with the clinical
phenotype of the patients with sCAD investigated, are unique and not yet
known for a defined heritable connective tissue disorder. In some of the patients
the pronounced ultrastructural aberrations with frequent composite collagen
fibrils resemble those found in EDS type III or even II; however, differing
clinical features with vascular manifestation and lack of phenotypic signs of
these types of EDS point to a distinct connective tissue disorder of a yet
unknown nature. Whether this is a new disease entity or just a minor variant of
a known connective tissue disorder is speculative. Strikingly, similar morpho-
logical changes were detected recently in healthy heterozygote carriers in
families with recessive PXE [16].
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Hints for the Hereditary of the Morphological Alterations

The segregation of the connective tissue alterations was analyzed in 4 pedi-
grees. In 3 families we observed EDS-III-like connective tissue aberrations
(fig. 1a—c) [14, 18]. From these families we analyzed 21 individuals. The 3
index patients and 9 healthy relatives displayed similar aberrations, 8 further
healthy relatives did not show connective tissue alterations, and in 1 of the
relatives the aberrations were much weaker than in the index patient. The 1:1
ratio of carriers and noncarriers as well as the segregation patterns within the
families suggest an autosomal dominant inheritance. The segregation in the
family of the patient with EDS-IV-like aberrations seems to be different.
The segregation pattern is compatible both with an autosomal dominant and
with a recessive mode of inheritance. However, it is also possible that the
connective tissue alterations in this family are not inherited at all. We more-
over observed very weak connective tissue aberrations in both sons of a sister
without connective tissue phenotype. A further investigation of the father of
these both sons showed that the father did not carry a connective tissue
phenotype.

The segregation analysis in three families suggested that the EDS-I1I-like
alterations are inherited. Hence, these morphological connective tissue alter-
ations were considered as a reliable subclinical phenotype and might be associ-
ated with an unknown mutation.

Morphology of Vessel Walls

Arterial wall specimens (internal carotid arteries in all, additionally aortic
artery specimens in 3, renal in 2, and vertebral in 2) of 12 sCAD patients (3
postmortem and 9 during carotid endarterectomy) were investigated and
compared to specimens of 7 age-matched control specimens (internal carotid
artery from patients after nonvascular death) [15].

Correlation with dermal connective tissue could be performed in
5 patients, in 3 the arterial wall specimens showed much more pronounced
findings in the elastic fibers in contrast to normal or very light findings in the
dermal ultrastructure, and 2 had similar pathological alterations.

In contrast to dermal morphology, however, the vessel wall architecture
was already altered on the light mircroscopical level. In normal specimens, the
wall is built of regularly stratified layers encompassing the intima lined by the
lamina elastica interna, the media with parallel elastic fibers and myocytes, and
the adventitia containing more loosely packed collagen bundles and less elastic
material. Ultrastructurally, the margin of the elastic fibers appears smooth.
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In carotid walls of sCAD patients, the structure of the intima was often
irregular with thickenings and interruptions. Within the media, most conspic-
uous was a disorganization of the parallel arrangement of elastic fibers, -
vacuolization of myocytes, and overall fibrotic appearance. While already the
first histopathological description of SCAD by Anderson and Schlechter [19]
found a systemic arteriopathy with medial degeneration, in most reviews
mostly normal histopathology findings were, probably without sufficient sys-
tematic data, assumed [3].

By electron microscopy, elastic fibers were fragmented in all arterial
specimens of sCAD patients that we had investigated and it revealed highly
inhomogeneous margins with irregular protrusions; in some regions elastic
material was rarefied (fig. 3a, b, fig. 4a—d). Myocytes were often filled with
empty irregular vacuoles and lipid droplets (fig. 3c, d).

The overall appearance of the pathological alterations on the histological
and ultrastructural level is most similar to the so-called cystic medial degen-
eration [15, 19, 20]. This purely descriptive pathology is found in degenerative
vascular disorders as well as in hereditary connective tissue diseases, such as
the Marfan syndrome, with very few examinations, however, performed up to
now for these entities [19, 20]. These constant findings of a systemic arteriopa-
thy are a first evidence for the hypothesis of a generalized connective tissue dis-
order particularly affecting the vascular system predisposing otherwise healthy
individuals to sCAD.

Phenotypic Expression

Similar to a vascular phenotype of PXE [16], the clinical manifestation of
a connective tissue disorder might be limited to the vascular system as in our
group of patients showing no external signs of a known connective tissue
disease [5, 6]. Also, very subtle signs might only be recognized by experienced
examiners. Indeed, one of our patients with sCAD who showed pronounced
ultrastructural collagen fibril aberrations in the skin biopsy corresponding to
EDS type II had only mild cardinal symptoms of EDS type II, with small
hypertrophic pseudomolluscoid scars at the elbows. No other patient, except
one with a marfanoid appearance and another with signs characteristic for EDS,
showed external stigmata for a known connective tissue disorder. In a prospec-
tive series, in 3 of 15 patients (20%) with sCAD, phenotypic signs for a herita-
ble connective tissue disease were found, such as a marfanoid appearance,
hyperextensible skin with abnormal scars, joint hypermobility, or femoral
hernia [16]. Further classification of these still unnamed disorders by biochem-
ical studies for collagen I and III, and fibrillin-1 abnormalities, however, was
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Fig. 3. Cellular abnormalities. @ Normal myocyte (internal carotid artery, medial
layer); control (EM X15,000). b Myocyte with pronounced vacuolization (internal carotid
artery, medial layer); sCAD (EM X12,000).

Fig. 4. Elastic fiber aberrations. @ Normal control with regular contour and content
(internal carotid artery, medial layer; control, EM X6,000). b Abnormal elastic fiber with
irregular contour (sCAD; internal carotid artery, medial layer); sSCAD (EM X 2,500). ¢ High
magnification of normal control with regular contour and content (internal carotid artery,
medial layer); control (EM X43,000). d Fragmentation with porous aspect and minicalcifi-
cation in sSCAD patient (internal carotid artery, medial layer; EM X43,000).
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unsuccessful. In another patient with sSCAD and no phenotypic signs other than
slightly bluish sclerae, a mutation characteristic of osteogenesis imperfecta type
I was identified (see chapter by Grond-Ginsbach et al., pp. 30—43). Unfortu-
nately, EM was not performed in either study.

Dissections and Connective Tissue Abnormalities

The pathogenesis of sCAD is still unclear [21]. The hypothesis of an
underlying connective tissue disorder leading to a structural instability of the
arterial wall is supported by the high incidence of dissections and cerebral
aneurysms in patients with known heritable connective tissue disorders such as
EDS type IV [4, 5, 21]. Half of all patients biopsied for the dermal ultrastruc-
ture showed aberrations of collagen fibrils and elastic fibers within the reticular
dermis. Moreover, follow-up biopsies taken from a different location did not
disclose intraindividual variability over time [11]. This suggests that the abnor-
malities in the dermal connective tissue represent a constant finding in these
patients. Familial SCAD with connective tissue abnormalities showed a similar
pathomorphology [18]. Furthermore, in addition to the patients with familial
sCAD, we recently established identical connective tissue abnormalities in skin
biopsies in 3 out of 4 so far unaffected children of a patient with sCAD who
showed pronounced ultrastructural aberrations [18]. The obvious inheritance
shown supports the hypothesis of a genetic origin of SCAD, at least in a sub-
group of patients. Positive findings for ultrastructural connective tissue abnor-
malities were recently confirmed by two other groups for sCAD, one with 12
positive out of 22 (54%) patients, and the more recent one with 5 out of 6
patients having an ‘EDS-like’ dermal ultrastructure [22, 23]. As reported by the
first authors, only 1 of the other 23 patients with traumatic CAD showed these
aberrations on EM [22] indicating that there is likely to be a different patho-
genesis for the two types of sSCAD abnormalities.

As the mechanical stability and elasticity of the vessel wall is provided
by connective tissue elements [7, 20] structural deviations in the main com-
ponents, collagen and elastic fibers, may lead to functional impairment, predis-
posing to dissection of the arterial wall at given points of minor resistance. The
regular presence of composite collagen fibrils and fragmented elastic fibers in
patients with SCAD points to basic defects within the extracellular matrix [4, 7,
11, 20]. Ultrastructural studies in the cervical arteries of patients with sCAD
correlate the dermal findings with the ultrastructure of the arterial walls [15]. In
some the ultrastructure of the vessel is even more pronounced resembling
findings of the so-called medial degeneration or necrosis. We speculate that
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many SCAD patients with negative skin biopsies possibly show connective
tissue abnormalities in arterial specimens.

A combination of an underlying arteriopathy as genetic predisposition and

temporarily active factors may be necessary for SCAD to occur at a certain
point in time [21].
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Abstract

Traumatic cervical artery dissection (TCAD) is a complication of severe blunt head or
neck trauma, the main cause being motor vehicle accidents. TCAD are increasingly recog-
nized, and incidences of up to 0.86% for internal carotid and 0.53% for traumatic vertebral
artery dissections (TVAD) among blunt trauma victims are reported. Diagnostic evaluation
for TCAD is mandatory in the presence of (1) hemorrhage of potential arterial origin origi-
nating from the nose, ears, mouth, or a wound; (2) expanding cervical hematoma; (3) cervi-
cal bruit in a patient >50 years of age; (4) evidence of acute infarct at brain imaging; (5)
unexplained central or lateralizing neurological deficit or transient ischemic attack, or (6)
Horner syndrome, neck or head pain. In addition, a number of centers screen asymptomatic
patients with blunt trauma for TCAD. Catheter angiography is the standard of reference for
diagnosis of TCAD. Color duplex ultrasound, computed tomographic, and magnetic reso-
nance angiography are noninvasive screening alternatives, but each method has its diagnostic
limitations compared to catheter angiography. Anticoagulants and antiplatelet drugs may
prevent ischemic stroke, but bleeding from traumatized tissues may offset the benefits of
antithrombotic treatment. Endovascular therapy of dissected vessels, thrombarterectomy,
direct suture of intimal tears, and extracranial-intracranial bypass should be considered in
exceptional cases. Neurological outcome is probably worse in TCAD compared to sponta-
neous CAD, although it is unclear whether this is due to dissection-induced ischemic stroke
or associated traumatic lesions.

Copyright © 2005 S. Karger AG, Basel

Cervical artery dissection (CAD) is considered to be either traumatic
(TCAD) or spontaneous in origin. TCAD mainly complicates severe blunt head
or neck traumas, which are most often due to motor vehicle accidents.
Conversely, spontaneous CAD occurs without a precipitating event or may be
preceded by a so-called minor trauma. A minor trauma is an event, which is



generally not followed by CAD (e.g. sneezing, coughing, vomiting, sport, and
recreational activities), and is discussed in the chapter by Caso et al. (pp. 44-53).
Iatrogenic CAD is a special subgroup of minor trauma, because it is an excep-
tional complication of diagnostic and therapeutic interventions. Nevertheless,
the classification of CAD into traumatic and spontaneous forms may be arbi-
trary in some cases.

Traumatologists also coined the term ‘blunt cerebrovascular injury’
(BCVI) for patients who developed lesions of the carotid (BCI) or vertebral
(BVI) artery after a blunt trauma [1]. Biffl et al. [2] used a 5-grade scale to clas-
sify angiographic lesions to describe BCVI, suggesting that CAD is not always
the consequence of BCVI. However, Biffl et al. [3] state that the etiology of
BCVI is an intimal tear. Thus, the term TCAD will be used as synonym for
BCVI, traumatic internal carotid artery dissection (TICAD) for BCI, and trau-
matic vertebral artery dissection (TVAD) for BVL

Epidemiology

BCI was first described in 1872, and there were only 96 cases reported up
to 1980 [4]. Studies performed in the late 1980s reported an incidence of 0.08%
[1]. In the 1990s, the awareness of the potentially severe complications of
TCAD and the recognition of BCVI distinct from head injury augmented, and a
raising number of centers introduced screening protocols for asymptomatic
patients with blunt trauma [5]. Subsequent investigations have detected more
patients with TICAD leading to incidences of up to 0.5% for all blunt trauma
patients, and up to 0.67% for motor vehicle accident victims [1, 6, 7]. The
largest published series to date comprised 18,233 patients with blunt trauma
and described what the authors called the unrecognized epidemic of BCI [8].
The first retrospective part of the study covered a period of 6 years and reported
a 0.1% incidence of BCI. The subsequent prospective second part lasted for 2.5
years and yielded a 0.86% BCI rate. Carotid dissection, alone or in combination
with pseudoaneurysm, carotid artery occlusion or carotid-cavernous sinus fis-
tula, was present in 84% of the patients. A more recent study evaluated retro-
spectively the medical records of 3,342 patients admitted to a trauma center
during a period of 3 years [9]. The incidence of TICAD was 0.21% for all
trauma patients. When examining those patients who were more severely
injured and at risk for occult carotid artery injury, the incidence of TICAD
increased to 3.2%. Screening patients based on injury mechanisms and patterns
for TVAD detected an incidence of 0.53% [10]. Recent evidence indicates that
vertebral artery (VA) injury may be very common in conjunction with certain
injury patterns [10, 11].
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Etiology

The main cause of TCAD is motor vehicle collision [6, 8, 12]. Further-
more, patients with combinations of head, facial, and cervical spine injuries are
at increased risk for TCAD. Basilar skull fracture, and especially fracture
through the petrous segment of the carotid canal, bears a significant risk of
carotid injury [13]. Injuries of the VA occur usually without fractures or dislo-
cations. However, Willis et al. [14] described several patients with unstable cer-
vical fractures affecting also the transversal foramina, who presented in 46%
asymptomatic TVAD.

Pathogenesis of TCAD

In 1974, Crissey and Bernstein [15] described four mechanisms leading to
injury of the cervical ICA: (1) direct blow to the neck, (2) neck hyperextension
associated with rotation, (3) blunt intraoral trauma, and (4) basilar skull fracture
involving the carotid canal. Direct blow to the neck was responsible for up to 50%
of cases in this report. Subsequent studies emphasized the role of the second mech-
anism, neck hyperextension with rotation, which are particularly common in motor
vehicle accidents [16]. The aforementioned neck movements may also press the
cervical carotid artery against the lateral mass of either C1 or C2. The third mech-
anism is characteristic for children, who fall with an object such as a pencil or
toothbrush in the mouth. The forth mechanism, basilar skull fracture, seems to pro-
vide a relevant source of unrecognized carotid artery injuries [17]. Kerwin et al.
[18] performed 4-vessel angiography in 48 patients with blunt trauma, who were
thought to be at high risk for BCI. Sixty percent of all patients with basilar skull
fractures who were otherwise asymptomatic had abnormal angiograms.

The VA is most susceptible to injury at the point of entrance into the fora-
men transversarium C6. The artery is relatively fixed at the bony orifice of the
foramen, and the increased mobility at C5/6 makes it vulnerable. The rotation in
the atlantoaxial joint and the flexion/extension in the atlanto-occipital joint des-
ignate the second most common site of TVAD at C1-C2 [19, 20].

Neurological Manifestations

The neurological manifestations of TCAD and spontaneous CAD do not
differ and are discussed in the chapters by Baumgartner and Bogousslavsky
(pp. 70-76), and Arnold and Bousser (pp. 77-86). It is unclear whether clinical
signs and symptoms occur with different frequency in TCAD compared to spon-
taneous CAD.
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Diagnosis

A diagnostic evaluation for TCAD is mandatory, if emergent diagnostic
testing shows signs or symptoms of BCVI mentioned below [5]. In addition, the
results of several studies have led to the development of protocols for the
screening of asymptomatic patients without signs and symptoms of cerebrovas-
cular injury for the presence of TCAD.

Signs and symptoms of BCVI are an indication for a diagnostic work-up of
the cerebral arteries in order to detect TCAD, and include: (1) hemorrhage of
potential arterial origin originating from the nose, ears, mouth, or a wound; (2)
expanding cervical hematoma; (3) cervical bruit in a patient older than 50 years
of age; (4) evidence of acute infarct at brain imaging; (5) unexplained or CT
incongruous central or lateralizing neurological deficit or transient ischemic
attack, and (6) Horner syndrome, neck or head pain, although pain may result
from other injuries.

The rationale for screening of asymptomatic trauma patients for the pres-
ence of TCAD is that (1) BCVI occurs in many asymptomatic patients [21],
(2) anticoagulation improves neurological outcome and potentially prevents
strokes [6], and (3) in 44% of cases there was an interval of at least 18 h
between the time of injury and the onset of ischemic symptoms, during which
antithrombotic therapy could be instituted [3]. The screening protocols differ
from center to center, and the incidence of TCAD correlates with the criteria
applied for screening and the sensitivity of the diagnostic tests, which are
shown in table 1. Biffl et al. [22] have recently published a report that attempted
to define high-risk groups who should undergo screening angiography to
exclude TCAD [22]. Four factors predictive of TCAD were identified: (1) GCS
score =6, signs of (2) petrous bone fracture, (3) diffuse axonal injury of the
brain, or (4) Le Fort II or I1I fractures at cranial imaging. Furthermore, cervical
spine fractures were highly associated with TCAD. Correspondingly, Willis et
al. [14] used cervical spine subluxation from a ‘locked’ or ‘perched’ facet, facet
destruction with evidence of instability, or a fracture involving the foramen
transversarium as screening criteria for patients who should undergo catheter
angiography to exclude VA injury. In a more recent report, Veras et al. [23]
reported 6 cases of VA injury in patients with cervical spine facet joint disloca-
tion or foramen transversarium fractures.

The tests used for diagnosis of TCAD and spontaneous CAD are identical
and summarized in the chapters by Benninger et al. (pp. 87-101), Paciaroni et al.
(pp. 102—-118), and Taschner et al. (pp. 119-128).

Four-vessel biplanar cerebral catheter angiography is the gold standard for
diagnosis of TCAD. All four vessels should be imaged from their origins to their
terminal branches in order to identify occluded terminal vessels. Unfortunately,
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Table 1. Indications for screening arteriography or magnetic resonance angiography

and frequency of abnormal findings

Source Diagnostic test Reason screened Incidence
Louw et al. [50] Arteriography Cervical spine facet dislocation 9/12 BVI
Willis et al. [14] Arteriography Cervical spine subluxation, 12/26 BVI
foramen transversarium
fracture
Friedman et al. [51] MRA C-spine injury 9/37 BVI
Fabian et al. [6] Arteriography Neck injury, Horner’s syndrome ~ 23% BCI
Incompatible neurological and 34% BCI
CT findings
New onset of neurological 43% BCI
deficits
Giacobetti et al. [S2] MRA Cervical spine injury 12/61 BVI
Weller et al. [53] MRA Foramen transversarium fracture ~ 4/12 BVI
Carrillo et al. [S4]  Arteriography/ MRA New onset of neurological deficits  15/30 BCI
CT findings suggesting BCI 15/30 BCI
Kerwin et al. [18] Arteriography Carotid canal, foramen 1.1%
transversarium, flexion/
extension cervical spine,
massive facial fracture
Parbhoo et al. [55] MRA Cervical spine fracture, 12/47 BVI
dislocation
Biffl et al. [3] Arteriography Hemorrhage of potential arterial ~ 1.55%
origin, expanding cervical
hematoma, cervical bruit in a
patient older than 50 years of
age, acute infarct at brain
imaging, incompatible
neurological and CT findings,
Horner’s syndrome
Miller et al. [56] Arteriography Cervical spine, Le Fort II/I1I, 1.03%
foramen lacerum fracture,
cervical soft tissue injuries
Rozyckietal. [S7]  Arteriography Cervicothoracic seat-belt sign 4/131 BCI

BCI = Blunt carotid artery injury, BVI = blunt vertebral artery injury, MRA = magnetic

resonance angiography.

catheter angiography is invasive and resource-intensive. Its risks include com-
plications related to catheter insertion and contrast administration (1-2% each)
and stroke (less than 1%) [5]. Color duplex ultrasound, computed tomographic
and magnetic resonance angiography (MRA) are currently considered reliable
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noninvasive modalities for screening. The advantages and limitations of these
techniques are discussed in the chapters by Benninger et al. (pp. 8§7-101),
Paciaroni et al. (pp. 102—108), and Taschner et al. (pp. 119-128).

Treatment

Anticoagulants and antiplatelet drugs may preclude arterial thrombosis in
TCAD, and thus prevent ischemic stroke. With the exception that sequelae of
the trauma such as bleeding or consecutive operations may limit the use of the
aforementioned antithrombotic agents, the indication and duration of this ther-
apy does not differ from patients with spontaneous CAD and is discussed in the
chapter by Engelter and Lyrer (pp. 147—-159).

Thromboendarterectomy, direct suture of intimal tears, extracranial—
intracranial bypass, and excision of the injured segment with interposition of
arterial or venous graft have been performed with varying success [24, 25].
Complications of surgery included stroke, early and delayed graft reocclusion,
inability to access the injured segment, and lesions of cranial nerves. The
benign clinical course of patients with spontaneous CAD treated with
antithrombotic therapy suggests that surgery should be considered in excep-
tional cases of TCAD [26, 27].

Endovascular treatment is currently an area under vigorous investigation.
Coldwell et al. [28] stented 16 pseudoaneurysms in 14 patients and demon-
strated resolution of all lesions within 4 months of warfarin therapy. Stents
have successfully been deployed in patients with both extra- and intracranial
carotid dissections [29, 30]. Taking the benign course of pseudoaneurysm [31,
32], persistent stenosis, and occlusion [33] in patients with spontaneous inter-
nal carotid artery dissection into consideration, it seems that a conservative
approach of the above-mentioned carotid lesions should be the norm and
endovascular therapy the exception, such as cases with vessel rupture and
bleeding into the neck.

Intravenous thrombolysis is contraindicated in patients with TCAD.
Conversely, local intra-arterial thrombolysis has been successfully used in
patients with spontaneous (see chapter by Georgiadis and Baumgartner,
(pp. 70-76) and ICAD [34, 35]. However, local intra-arterial thrombolysis is
likely to be associated with a certain bleeding risk in injured body parts of
patients with TCAD, because the thrombolytic drug may enter cerebral veins.
This assumption is underscored by the increased bleeding rate in operated
organs and wounds of patients who were treated with local intra-arterial throm-
bolysis for acute ischemic stroke and underwent major surgery within the pre-
ceding few days [36].
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Prognosis

Different studies have reported a highly variable course of TCAD.
Generally, TCAD seem to have a less favorable outcome than spontaneous ones
[37]. The prevalence of permanent neurological deficits range from 40 to 80%
[4, 37-39], larger series report mortality rates from 20 to 40% [4, 40, 41].
However, the aforementioned comparison is hampered by the fact that the high
morbidity and mortality rates partially result from the accompanying traumatic
lesions of the brain and spinal cord. Biffl et al. [2] hypothesized that different
grades of cervical artery injury might have distinct implications in terms of
response to therapy and neurological outcome. They proposed a grading scale
that was based on the angiographic appearance of the injury and divided the
carotid artery injuries into five grades: (I) irregularity of the vessel wall or a
dissection with <25% luminal stenosis; (II) intraluminal thrombus or raised
intimal flap, or dissection or intramural hematoma causing a luminal narrowing
>25%; (III) pseudoaneurysm; (IV) vessel occlusion, and (V) vessel transection
with free contrast extravasation. At follow-up, a complete angiographic restitu-
tion was noted in 68% of the patients with grade I cervical artery injury.
Angiographic progression toward a higher grade was observed in 7% of cases.
The grade II lesions healed, improved, and persisted in 10% each; 70% of the
injuries worsened. Despite angiographic progression, just one patient suffered a
stroke, suggesting a benefit in anticoagulation. Eighty-five percent of the
pseudoaneurysms (grade III) persisted on follow-up angiography, only one of
16 pseudoaneurysms healed while on heparin. Two internal carotid artery dis-
sections (grade 1V) were reimaged after 7-10 days; neither had changed. For
comparison, series including spontaneous CAD report recanalization in
68—-100% of stenosis and in 25-43% of occlusions [42—47].

A recent study analyzed the neurological outcome of 21 patients with
TCAD with regard to the treatment (heparin, n = 12; aspirin 325 mg/day,
n = 6; no therapy, n = 3) [18]. The study demonstrated no difference in out-
come on the basis of antithrombotic therapy. There were no deaths as a direct
result of the vascular injury. There were bleeding complications at the surgical
site (n = 3), injury site (n = 2), and in the gastrointestinal tract (n = 1) after
initiation of systemic heparin therapy.

Repeated dissection can occur in 0-8% of patients with spontaneous CAD
[42—-44, 48]. The rate of redissection in TCAD is unknown. Dziewas et al. [49]
assessed retrospectively the clinical outcome of 29 patients with TCAD and 97
patients with spontaneous CAD [49]. A recurrent dissection occurred in 4
patients (3.2%) within the first month and in 2 patients (1.6%) within the period
of one month to one year, though the authors did not specify the etiology of the
inclusion dissection.
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Conclusion

TCAD is uncommon, but its incidence is increasing over the last years.

Recent progress in neuroimaging and implementation of appropriate screening
criteria detected an unprecedented number of cervical artery injuries among
patients with blunt head or neck trauma. Cerebral infarction due to distal throm-
bus embolization is the most relevant clinical manifestation of TCAD. Early
recognition of neurovascular trauma and institution of antithrombotic treatment
may preclude arterial thrombosis and thus prevent ischemic stroke. However,
randomized trials assessing the efficacy of antithrombotic therapy are missing
so far. Increased bleeding may offset the benefits of the antithrombotic treat-
ment. Despite treatment, permanent neurological deficits and death are
unavoidable in significant proportion of cases.
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Abstract

Cervical artery dissection (CAD) accounts for 10-20% of ischemic strokes in young
adults. Although trauma and pre-existing disorders of the arterial wall are the main predis-
posing factors, most CAD are considered as ‘spontaneous’. We hypothesized that CAD could
originate in a systemic vascular disease, bound to the intima—media interface, with no clini-
cal sign. If this hypothesis is true, the endothelium-dependent vasodilation would be
impaired in response to physiological stimulus such as blood flow increase. Flow-mediated
arterial dilation was studied in 65 consecutive patients with spontaneous CAD: 26 with inter-
nal carotid artery dissection (ICAD), and 39 with vertebral artery dissection (VAD) were
included. CAD patients with vascular risk factors, trivial or obvious cervical trauma, or con-
nective tissue disease were excluded. Twenty-three patients with ischemic stroke of unknown
cause were included as controls. Using high-resolution ultrasonography, brachial artery
diameter was measured at rest, during postischemic hyperemia (flow-mediated endothelium-
dependent dilation), and after sublingual glyceryl trinitrate spray (endothelium-independent
dilation). The means (SD) of flow-mediated vasodilation index were 5.7% (6.2) in ICAD,
5.0% (9.3) in VAD, and 13.2% (6.5) in controls (p < 0.0005), without any difference
between ICAD and VAD; endothelium-independent dilation means were 21.5% (9.5) in
ICAD, 25.1% (12.5) in VAD, and 20.8% (8.4) in controls, without significant difference
between groups (p = 0.49). These results give evidence for an impaired endothelium-
dependent vasodilation in CAD patients that is not the consequence of stroke and suggest
that an underlying abnormality of the arterial wall layers may predispose to CAD.

Copyright © 2005 S. Karger AG, Basel

A cervical trauma can be a triggering factor for cervical artery dissection
(CAD) [1, 2], but a history of trauma is absent in many patients, leading to the
concept of ‘spontaneous’ CAD [3, 4]. Concomitant dissections of cervical and
renal arteries [5], an increased diameter of the aortic arch in patients with sponta-
neous CAD [6], and modifications of carotid wall properties [7] support the



hypothesis that an asymptomatic general vascular disorder of the arterial wall
may predispose to CAD. Guillon et al. [7] have compared the hemodynamic and
morphological properties of carotid arteries in 26 patients with spontaneous inter-
nal carotid artery dissection (ICAD) and 26 controls matched for age, sex, and
height. Patients and controls had ultrasound measurement of common carotid
artery diameter, and diameter changes during the cardiac cycle, bulbar and
suprabulbar internal carotid artery diameters, and common carotid artery
intima—media thickness. The unaffected carotid artery in patients was compared
with the carotid artery of the same side in controls. Common carotid artery rela-
tive diameter changes were significantly higher in patients than controls, whereas
other measurements did not significantly differ between both groups. In multi-
variate analyses, the highest tertile of common carotid artery relative diameter
changes was associated with the risk of ICAD (OR, 10.0; 95% CI, 1.8-54.2;
p = 0.002). Therefore, an underlying arteriopathy, presumably related to an extra-
cellular matrix defect, is likely to be present in patients with spontaneous ICAD.

Endothelium and Vascular Diseases

The endothelium is responsible for a powerful local active vasodilation [8,
9] that can be induced by physiological stimuli such as blood flow. Under phys-
iological conditions most vessels react to an increased blood flow and increased
shear stress by an increase in diameter [10]. It has been shown that the so-called
flow-mediated vasodilation (FMD) is endothelium dependent, and mainly due
to nitric oxide (NO) release by endothelial cells [11]. NO production is initiated
by the effect of shear stress on the endothelial cell [12]. This property is
impaired in patients with vascular risk factors such as smoking [14, 17], arterial
hypertension [15], diabetes mellitus [22], or hypercholesterolemia [16, 19].
Moreover, the impairment of the endothelium function occurs a long time
before the appearance of clinical signs, suggesting that early subtle damages of
the arterial wall may induce significant changes in endothelial response.
Therefore, mild endothelial dysfunction, irrespective of its origin, can be
revealed by examining the efficiency of a blood flow alteration to change the
diameter of blood vessels. In humans, FMD can be simply achieved by postis-
chemic hyperemia induced in the brachial artery [13, 19-21].

Vasoreactivity, Endothelium Function and CAD

For the aforementioned reasons, we tested the hypothesis that endothelial
function is impaired in patients with spontaneous CAD [18]. FMD was studied
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Table 1. Study population. Number, sex, age, and period between ischemic stroke and
vasoreactivity test (PED) in patients with internal carotid artery dissection (ICAD), vertebral
artery dissection (VAD), and controls

ICAD VAD Controls p*
N (men/women) 26 (17/9) 39 (17/22) 23 (11/12) 0.216
Mean age (SD) (years) 41.8 (8.06) 45.6 (7.73) 43.6 (9.26) 0.186
PED (days) 664 (556) 866 (658) 1087 (538) 0.043

*p values have been obtained with the Kruskal-Wallis test.

in 65 consecutive patients with spontaneous CAD including 26 cases with
ICAD and 39 cases with vertebral artery dissection (VAD). We excluded CAD
patients with vascular risk factors, trivial or obvious cervical trauma, or con-
nective tissue disease. Twenty-three patients with ischemic stroke of unknown
cause were included as controls. The endothelium reactivity test was done at
least 80 days after the ischemic stroke to avoid a potential effect of the stroke
itself on vascular function (table 1). Using high-resolution ultrasonography,
brachial artery diameter was measured at rest, during postischemic hyperemia
(flow-mediated endothelium-dependent dilation), and after sublingual adminis-
tration of glyceryl trinitrate (GTN) spray (endothelium-independent dilation).
Distal ischemia was obtained by inflating a pneumatic cuff placed around the
forearm, to about 40 mm Hg above the systolic pressure, for 3 min [16]. The
artery was scanned for 1 min before inflation to measure the artery diameter at
rest (dy), and 2min after deflation, to measure the maximal diameter during
hyperemia (d,). The endothelium-dependent vasodilation was assessed by
calculating the flow-mediated index (FMDi), defined as the percentage
change in arterial diameters between hyperemia and rest conditions: FMDi =
100 X (d,—dy)/dy. The physiological ability of relaxation of the endothelial
vasculature can be assessed by administration of a ‘NO donor’ like GTN, which
elicits a direct relaxation effect on the white muscular cells of the vessels. We
evaluated the endothelium-independent vasodilation by a single dose (400 pg)
of sublingual GTN. The brachial artery diameter was measured again 5 min
after the spray administration (d,,). The endothelium-independent vasodilation
was assessed by: GTNDi (percentage of dilation after GTN administra-
tion) = 100 X (dy,—d,)/dy. The means (SD) of FMDi were 5.7% (6.2) in
ICAD, 5.0% (9.3) in VAD, and 13.2% (6.5) in controls (p < 0.0005), without
any difference between ICAD and VAD; mean values (SD) for endothelium-
independent dilation were 21.5% (9.5) in patients with ICAD, 25.1% (12.5) in
patients with VAD, and 20.8% (8.4) in controls, without significant difference

Lucas/Leys 66



Table 2. Means (SD) of brachial artery diameter at rest (d,), during hyperemia (d,), and
after glyceryl trinitrate (GTN) administration (dgry) in patients with cervical dissection of
the internal carotid (ICAD) and vertebral (VAD) arteries, and in control subjects

ICAD VAD Controls p
Mean d, (SD) (mm) 3.95(0.84) 3.82(0.95) 3.99 (0.90) 0.73
Mean d;, (SD) (mm) 4.15(0.75) 3.96 (0.87) 4.52(1.03) 0.11
Mean dgpy (SD) (mm) 4.76 (0.83) 4.69 (0.90) 4.79 (0.96) 0.89
Mean GTNDi (SD) (%) 21.5(9.5) 25.1 (12.5) 20.8 (8.4) 0.49
Mean FMDi (SD) (%) 5.7 (6.2)* 5.0(9.3)* 13.2 (6.5) <0.0005

GTNDi = Percentage of dilation after GTN administration relative to the diameter at rest;
FMDi = flow-mediated dilation index.
*Significant difference vs. controls.

between groups (p = 0.49). The brachial artery diameter at rest, after hyper-
emia, and after GTN administration did not differ between the three groups.
Mean values (SD) for FMDi was 13.8% (6.5) in controls, 5.7% (6.2) in cases
with ICAD, and 5.7% (8.9) in cases with VAD (table 2). The ANOVA on the
ranks of FMDi with two factors: group of subjects with three levels (ICAD,
VAD, and controls) and delay with two levels (before and after 783 days,
median value), showed a significant effect of the group of subjects
[F(82.2) = 15.3; p < 0.001], no effect of delay [F(82.1) = 2.78; p = 0.78], and
no interaction. Post hoc analysis, using the Bonferroni correction for multiple
comparisons, showed a significantly higher FMDi in controls than in patients
with ICAD (p = 0.002) and VAD (p < 0.001), but no significant difference in
FMDi between ICAD and VAD patients (p = 0.28). The ANOVA on GTNDi
with the same factors did not show any significant effect of the group
(p = 0.49). There were no differences between patients and controls for blood
pressure, homocysteine, and total cholesterol levels and also for ex-smokers
between groups.

Our study was the first to describe a significant impairment of endothe-
lium-dependent vasodilation in patients with spontaneous CAD. This impair-
ment is reflected by a decrease in the physiological response to an increase in
blood flow. This occurs while vascular dilatory capabilities are preserved as
demonstrated by a normal endothelium-independent vasodilation. The impair-
ment of endothelium-dependent vasodilation is not just an acute phenomenon
due to stroke, because patients were tested more than 80 days after stroke.

A significant difference in the FMDi between CAD patients and controls
was observed. The endothelium-dependent vasodilation can thus be regarded
as impaired in CAD patients, this happens irrespective of the location of the
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dissection, although ICAD and VAD patients are clinically considered as two
different subtypes. The range of values obtained in CAD patients is similar to
that reported in patients with endothelial dysfunction, whatever the etiology.

The vascular endothelium normally releases NO, a powerful relaxing
factor, in response to many chemical and mechanical stimuli. One important
stimulus of endothelial cell for NO release is the shear stress induced by the
mechanical effects of blood flow [21]. The endothelium cell is sensitive to
many vascular aggressive factors and its response to shear stress has been
shown to be impaired in vascular diseases from their early stages. In sponta-
neous CAD, the pre-existence of an underlying tissue disorder has been often
evoked. Connective tissue disorders like Marfan’s syndrome [23] and polycys-
tic kidney disease [24] have also been associated with CAD. Although these
syndromes are rare, a minor form of extracellular matrix defect might be pres-
ent in CAD patients. Recently, Wilson et al. [23] have reported a selective
impairment of endothelium-dependent vasodilation in subjects with Marfan’s
syndrome. They have proposed a model explaining the relationship between
endothelial dysfunction and cytoskeletal abnormalities of the arterial wall, and
suggested a modified mechano-transduction of shear stress to NO release. This
model might be applied to CAD patients and might explain the observed
decrease in FMD.

Conclusion

Endothelium-dependent vasodilation is significantly impaired in subjects
with spontaneous CAD, whereas endothelium-independent vasodilation is pre-
served. This finding strongly argues in favor of underlying ultrastructural
abnormalities of the intima—media layers, predisposing to spontaneous CAD in
some individuals. Further studies are needed to explain the relationship
between endothelial function and cytoskeletal abnormalities of the arterial wall.
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Abstract

Spontaneous dissection of the cervical internal carotid artery (sSICAD) causes, in more
than 90% of patients, carotid territory ischemia, local signs and symptoms on the side of
dissection, or both, whereas the remaining sICAD remain clinically asymptomatic. Local
signs and symptoms include head, facial, or neck pain, Horner syndrome, pulsatile tinnitus,
and cranial nerve palsy. Head, facial, or neck pain occurs in 64—74% and is the presenting
symptom in up to 58.5%, and the only manifestation in 2.2—4.5%. Headache is observed in
65-68%, facial pain in 34—53%, and neck pain in 9-26%. Horner syndrome consisting essen-
tially of miosis and ptosis is detected in 28—41%. Cranial nerve palsy is reported in 8-16%;
the lower cranial nerves IX—XII are most commonly affected, in particular the hypoglossal
nerve. The facial nerve may also be involved; dysgeusia results mainly from involvement of
the chorda tympani (0.5-7.0%) or the glossopharyngeal nerve. Transient pareses of the ocu-
lar motor (III, IV and VI) and trigeminal nerves have been observed. Pulsatile tinnitus is
reported in 16-27%. About three quarters of SICAD cause ischemic events, which include
ischemic stroke in 80—84%, transient ischemic attack in 15-16%, amaurosis fugax in 3%,
ischemic optic neuropathy in 4%, and retinal infarct in 1%. Patients with sICAD causing
ischemia show a lower prevalence of Horner syndrome and palsy of the caudal cranial nerves
than patients with sSICAD causing no ischemic events, whereas headache, neck pain, and pul-
satile tinnitus are equally frequent in both groups. After an ischemic stroke, independency
defined by a moderate Rankin scale score of 02 occurs in 63—90%, whereas the outcome of
retinal infarct and ischemic optic neuropathy are not well known.

Copyright © 2005 S. Karger AG, Basel

Spontaneous dissection of the cervical internal carotid artery (sICAD)
causes, in more than 90% of patients, ischemia in its territory, local signs and
symptoms on the side of dissection, or both, while the remaining sSICAD remain
clinically asymptomatic [1]. Local signs and symptoms include head, facial, or



neck pain, Horner syndrome, pulsatile tinnitus, and cranial nerve palsy [1-7].
Most symptomatic SICAD are accidentally detected during diagnostic work-up
of patients with symptomatic dissection of the carotid or vertebral arteries [1].

Local Signs and Symptoms

Head pain (headache, facial, or neck pain) occurs in 64—74% of patients
with sICAD. It is the presenting symptom of sICAD in up to 58.5% [1, 8], and
the only manifestation in 2.2-4.5%. It is probable that the real prevalence of
sICAD causing head pain only is higher, because not all patients with new acute
headache undergo a screening for this disease. Furthermore, sSICAD may imi-
tate the symptom of a usual migraine attack [8], and such patients are unlikely
to undergo the diagnostic work-up for sSICAD. Intensity of pain is severe in 75%
and mild to moderate in 25% [8]. Pain resolves in most patients, whereas per-
sistent pain may suggest the presence of a dissecting aneurysm [7-9]. Head
pain is assumed to be due to distension of the carotid wall by the dissection
hematoma, which stimulates intramural pain-sensitive receptors.

Headache occurs in 65-68% of patients with SICAD and is typically uni-
lateral, whereas bilateral headache occurs in 8-21% [1, 7, 8]. It is the presenting
symptom in about half of patients, and other clinical symptoms develop after a
median delay of 2.5h (range 1-96h) [7]. Headache involves generally the
fronto-temporal area, but may affect the entire hemicranium or just the parieto-
occipital area [7]. The onset of headache is usually gradual, but the patients may
also describe ‘thunderclap’ headache [7]. The quality of the headache is per-
ceived as aching in 66%, throbbing in 25%, and sharp in 7% [7]. The character
of the headache is described as constant in 73% and pulsating in 25%, and 62%
of patients consider it to be different from previously perceived headaches. On
the other hand, about one fourth of patients with a history of migraine deem the
headache to resemble their usual migraine attack [7, 8]. Headache lasts from
90 min to 30 days [8], and is resolved in 90% within 1 week [7].

Carotid dissection may rarely mimic cluster headache [10-12]. Oculo-
sympathetic paralysis (ptosis and miosis) may also occur in the headache-free
interval of primary cluster headache, whereas facial and supraorbital anhidrosis
has not been observed, to our best knowledge, in this disease. SICAD may cause
Horner syndrome, including essentially ptosis and miosis, while supraorbital
anhidrosis is frequently absent. Thus, it may be difficult to differentiate primary
from secondary disease forms in patients presenting with the first attacks of
cluster headache.

Facial pain occurs in 34-53% of patients [7, 8]. The pain remains isolated
in 7% of patients, and lasts from 2 h to 15 days [7, 8].
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Neck pain is reported in 9-26% of patients, and is usually located in the
upper anterolateral cervical region [1, 7, 8]. Pain lasts from 2h to 15 days [8].

Although Horner syndrome consisting essentially of miosis and ptosis is as
a well-known typical manifestation of SICAD, it is observed only in 28-41% of
patients affected by this disease [1, 7, 8]. Supraorbital anhidrosis may also
occur, because the supraorbital sweat glands are innervated by the internal
carotid plexus [13]. Conversely, facial anhidrosis is typically absent, because
the facial sweat glands are innervated by the sympathetic plexus surrounding
the external carotid artery [13, 14]. A Horner syndrome is the only sign of
sICAD in 10-12% [8, 14]. A recent multicenter observational study found a
12% stroke risk within 30 days after the onset of Horner syndrome in 90
patients with SICAD who presented with Horner syndrome with or without
associated head pain, but no further neurological sign or symptom [15]. This
observation suggests that an acute Horner syndrome should be considered as a
medical emergency, and we recommend the urgent initiation of antithrombotic
therapy in order to prevent ischemic stroke.

Cluster headache may mimic sICAD (see above). Fibromuscular dysplasia
and/or dissection of the terminal (C1) internal carotid artery (ICA) causing
striato-capsular infarct extending into the hypothalamus may imitate the
symptoms of an sICAD, which causes headache, Horner syndrome, and
contralateral hemiparesis [submitted]. Central Horner syndrome with contralat-
eral hemiparesis may also result from thalamic infarct extending into the
hypothalamus [16].

Cranial nerve palsy is reported in 8—16% of patients with sICAD [1, 3].
The lower cranial nerves IX—XII are most commonly affected, particularly the
hypoglossal nerve, and the involvement of various combinations of nerves has
been described [1, 3, 7]. Mechanical compression or stretching of the nerves by
the expanded or aneurysmal ICA is the most likely explanation [1]. Transient
tongue paralysis may occur after simultaneous central (brain infarct) and
peripheral (dissection hematoma) lesion of the hypoglossal nerve [17]. The
facial nerve may also be involved [1, 3], and facial diplegia was reported in a
patient with bilateral sSICAD [18]. Dysgeusia due to paresis of the chorda tym-
pani has been observed in 0.5-7.0%, and it may occur without other cranial
nerve involvement [1, 7, 19]. One patient suffering from dysgeusia due to palsy
of the glossopharyngeal nerve without involvement of other cranial nerves has
been reported [20]. The combination of the dysfunction of lower cranial nerves
and Horner syndrome may be ascribed erroneously to a brain stem lesion.

In a few patients transient pareses of the ocular motor (III, IV and VI) and
trigeminal nerves have been observed [3, 21, 22]. In case of sICAD not
extending intracranially, the presumed cause is interruption of the nutrient arter-
ies supplying the cranial nerves by hemodynamic, embolic, or both mechanisms
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[21]. In case of sSICAD extending into the cavernous sinus, mechanical compres-
sion or stretching of the cranial nerve is an alternative explanation [22].

Pulsatile tinnitus is reported in 16-27%, and an objective bruit may be
present on auscultation [1, 7, 14, 23]. Tinnitus probably results from turbu-
lences in the narrowed cervical ICA. A precise medical history may detect the
transition from stenosis to occlusion as well as the subsequent recanalization of
sICAD by the disappearance and transient reappearance of a pulsatile tinnitus,
respectively.

Carotid Territory Ischemia

About three quarters of sSICAD cause ischemic events, which include
ischemic stroke in 80-84%, transient ischemic attack in 15-16%, amaurosis
fugax in 3%, ischemic optic neuropathy in 3.6%, and retinal infarct in 1%
[1, 24, 25]. All ischemic events in 144 patients with 145 symptomatic SICAD
consisted of ischemic stroke in 80%, transient ischemic attack in 39%, amauro-
sis fugax in 18%, and retinal infarct in 5% [unpubl. observations]. Earlier
studies reported a higher prevalence of carotid territory ischemia, probably
because nowadays the condition is diagnosed in more patients with less obvious
manifestations [2, 7].

SICAD causing carotid territory ischemia show a lower prevalence of
Horner syndrome (p < 0.001) and palsy of the caudal cranial nerves (p < 0.01)
than sICAD causing no ischemic events [1]. Headache, neck pain, and pulsatile
tinnitus are equally frequent in both groups [1]. Furthermore, SICAD causing
carotid territory ischemia show more, often severe, stenoses and occlusions of
the cervical ICA (p < 0.0001) and obstructions of the middle or anterior cere-
bral arteries (p < 0.001), and a trend for more associated vascular risk factors
that is significant for hypercholesterolemia (p < 0.05) compared to sICAD
causing no ischemia.

Retinal and Optic Nerve Ischemia. As mentioned above, transient retinal
ischemia seems to be a frequent symptom of sICAD, whereas retinal infarct,
anterior and posterior ischemic optic neuropathy are rare manifestation of
this disease [1-3, 6, 9, 24-30]. Whereas retinal ischemia results from arterio-
arterial embolism, optic nerve ischemia is assumed to be due to a hemodynamic
failure [24]. The outcome of blindness related to retinal and optic nerve
ischemia is not well known. In 3 of 4 patients with ischemic optic neuropathy
one patient regained normal visual acuity, whereas visual field deficit persisted
in the second patient, and blindness persisted in the other 2 patients [24].

Ischemic Stroke. Only about one fifth of patients suffer an ischemic stroke
without any warning signs [2]. The clinical signs and symptoms correspond to
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those observed in territorial infarcts of the middle cerebral artery. The reason is
that the overwhelming majority of patients suffer embolic middle cerebral
artery territory strokes, and infarcts in the territory of the anterior and posterior
cerebral arteries as well as watershed infarcts are rare [31-33].

The clinical outcome of patients with ischemic stroke due to sSICAD is not
well known. Series of patients with space-occupying (‘malignant’) middle
cerebral artery infarct have reported that the cause of stroke is sSICAD in
11-30% [34-38]. The main reason for this high number of sSICAD patients is
probably selection bias, because younger patients such as those with sSICAD are
more likely to be referred to a center with a stroke unit [39]. One-month out-
come was investigated in a recent study examining 73 patients with ischemic
stroke due to mainly sSICAD causing carotid occlusion [33]. The patients were
derived from a population-based primary care center, and underwent conserva-
tive therapy, as no hemicraniectomy, hypothermia, or thrombolysis was per-
formed. After one month, 63% of cases had a modified Rankin scale score of
0-2, 20% of 3-5, and 17% were dead [33]. Conversely, series with less SICAD
cases reported excellent or good recovery from ischemic stroke in 70-90%
[40—42]. The low numbers of investigated patients and differences in patient
selection are the most probable explanation of the different clinical outcomes.
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Abstract

The most frequent clinical manifestation of vertebral artery dissection is posterior
headache or neck pain accompanied or followed by posterior circulation transient ischemic
attack or stroke. Rarer clinical features include isolated headache or neck pain, cervical
spinal cord ischemia and cervical root impairment. Asymptomatic vertebral artery dissec-
tions have been reported.

In the case of primary intracranial vertebral artery dissection or intracranial extension
of an extracranial dissection, subarachnoid hemorrhage and rarely rostral cervical spinal
cord ischemia or posterior fossa mass effect may occur.

Copyright © 2005 S. Karger AG, Basel

Vertebral artery dissection (VAD) is a potentially disabling and yet prob-
ably under-recognised condition often occurring in young and middle-aged
adults. The mean age of symptom onset is about 40 years. But VAD can occur
also in children and in patients older than 60 years [1, 2]. The classical clinical
presentation is occipital headache, posterior neck pain, or both, usually more
marked on the side of the dissection associated with posterior circulation
ischemia (table 1). There is often a time delay of some hours or days between
the occurrence of pain and ischemia.

However, the spectrum of clinical presentation is broad. Some patients
present with headache or neck pain alone and asymptomatic patients with
proven VAD have been described. If the dissection extends intracranially sub-
arachnoid hemorrhage (SAH) or lower brain stem compression may occur. All
clinical symptoms and signs are not specific for VAD. Therefore the diagnosis



Table 1. Clinical findings in patients with extracranial vertebral artery dissection

Occipital headache and/or posterior neck pain

History of neck or head trauma

Posterior circulation TIA (e.g. vertigo, vomiting, diplopia, visual blurring, dysphagia, gait
disturbance, facial numbness, motor symptoms)

Posterior circulation stroke (often lateral medullary syndrome)

Cervical spinal cord ischemia (middle cervical segments, rare)

Cervical root impairment (mostly at the C5—C6 level, rare)

of VAD is more difficult than the diagnosis of carotid artery dissection, where
often a painful Horner syndrome or lower cranial nerve palsies accompanied by
pain are helpful in establishing the diagnosis.

VAD may occur spontaneously without any triggering events, but it is also
observed after preceding infection, mostly of the respiratory tract [3], during
pregnancy or after delivery [4], or after a major or minor neck or head trauma.
There are clearly dissections of traumatic origin following serious head or
neck trauma such as motor vehicle accident and penetrating trauma. However,
the relation of trauma and VAD is a complex issue and the role of trivial
trauma, daily activities, and sport activities, such as minor falls, intubation,
sneezing, coughing, ceiling painting, forced head turning, tennis, roller-
coaster [5], yoga, and skiing, in the pathogenesis of dissections is not clear and
a reliable differentiation between spontaneous and traumatic dissection is not
possible.

An association between chiropractic manipulation and VAD has been
described. In adults younger than 45 years, vertebral dissection patients were
five times more likely than healthy controls to have been treated by a chiroprac-
tor within one week prior to the dissection [6]. Cervical manipulation may pre-
cipitate a stroke in patients with cervical pain as the only symptom of VAD [7].

A history of migraine is more frequent in patients with cervical artery dis-
section compared with healthy controls [8].

In more than 10% of patients multivessel cervical artery dissections occur
simultaneously [9-11]. Data about multiple simultaneous dissections are
scarce. Therefore it remains unclear, whether these patients represent a group
with other predisposing intrinsic factors or precipitating events leading to a
transient arteriopathy.

In recent years VAD has been diagnosed more frequently since new imag-
ing techniques allow early and reliable diagnosis. Nevertheless the knowledge
about clinical manifestations of VAD is based on small case series and case
reports.
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Extracranial Vertebral Artery Dissection

Headache and/or Neck Pain

Occipital headache or posterior neck pain or both are a prominent and
early finding in most patients [1]. In a series of Sturzenegger [12] 12 of 14
patients complained of pain preceding ischemia. The pain was predominantly
unilateral and ipsilateral to the dissected artery, but was also reported to be
bilateral. Pain was usually sudden, sharp, severe, and different from previous
pain episodes.

Silbert et al. [1] described 26 patients with VAD. Twenty-three percent of
them had a history of migraine. In 69% headache was a presenting symptom of
VAD, mostly ipsilateral to the dissected artery, in 83% of the patients with
headache it was located posteriorly, but rare cases of frontal or generalized
headache were observed. The predominantly occipital location of headache
may be explained by the innervation of this region by the upper cervical nerves.
Headache had a pulsatile character in 44% and was steady in 56%. The pain
tended to be more pulsatile in character in patients with a history of migraine.
In the majority of patients (72%) onset of pain was gradual; however, about a
fourth of the patients complained of abrupt onset of pain. In single cases a sud-
den exacerbation after an initial gradual onset may occur. Only 50% of the
patients described their headache as unique. Pain preceded other clinical mani-
festations in many patients. The mean time interval from pain to ischemia onset
was 3.7 days (median 14.5h; range 1h to 14 days). The mean duration of
headache associated with VAD was 8.3 days (median 3 days, range 2—35 days).
None of the 26 patients developed chronic headache or aggravation of pre-
existing migraine or tension-type headaches after the dissection.

In the same series neck pain was observed in 46% of the patients, more
than half of them with accompanying headache. Neck pain developed usually
gradually and was unilateral in two thirds and bilateral in one third of the
patients. It radiated to the shoulder in only one patient. Neck pain was the initial
clinical symptom in 5 patients with a time interval between neck pain to other
symptoms of 12 days (median 14 days, range 0.5-30 days). Delays of more than
one month between VAD and ischemic stroke are rare and have been reported
only in single cases [13].

In a Canadian series of 26 patients with 32 VAD, headache and/or neck
pain occurred in 88% of the patients, in 53% as a warning symptom preceding
posterior circulation ischemia [14].

Pain may be unilateral even in the case of bilateral dissection [15].

In VAD patients, pain may be transient, absent, or of minor intensity.
Therefore, musculoskeletal neck pain is often difficult to distinguish from
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the pain of vertebral dissection, although in patients with dissection physical
examination does not usually reveal any muscle tenderness or restriction of
neck mobility. Even in vertebral dissection patients with severe neck pain, clin-
ical examination of the neck, and the entire neurological examination may be
unremarkable [12]. The situation is more complex in patients with traumatic
dissection in whom pain and tenderness of neck muscles may be due to the
musculoskeletal trauma. Cervical manipulation in such patients may aggravate
the situation dramatically with upward extension of the dissection, and some-
times lethal brain stem infarction [7]. We thus recommend avoidance of all cer-
vical manipulations, and imaging of the brain and cervical magnetic resonance
imaging (MRI) with T1 fat-suppression techniques in patients with unusual
occipital headache or neck pain, especially in association with symptoms of
posterior circulation ischemia.

Posterior Circulation Ischemia

More than 80% of patients develop posterior circulation ischemia [1, 16].
Transient ischemic attacks (TIA) or stroke may occur by embolism from the
dissected artery or by hemodynamic impairment of the territory supplied by an
occluded or severely stenosed vertebral artery.

Lateral medullary infarction (Wallenberg syndrome or partial Wallenberg
syndrome) is common, consisting of ipsilateral Horner syndrome, sensory dis-
turbances on the ipsilateral face, nystagmus, ipsilateral limb ataxia, and con-
tralateral impairment of pain and thermal sensation. The patient typically
complains about vertigo, nausea, vomiting, dysphagia, hoarseness, ataxia, and
facial numbness. Other clinical manifestations include cerebellar, thalamic,
pontine, and posterior cerebral artery infarcts [15]. Medial medullary syn-
dromes (ipsilateral hypoglossal nerve paresis and contralateral hemiparesis)
associated with VAD have been described [17]. In the case of basilar artery
occlusion due to embolism from the dissected artery or extension of the dissec-
tion to the basilar artery, severe brainstem stroke causing locked-in syndrome or
death may occur. A patient who experienced a transient ‘locked-in’ state has
been described [18].

In a Canadian series of 26 patients with VAD, the main clinical symptoms
included vertigo in 57%, cerebellar signs in 33%, and lateral medullary signs in
26% [14].

Another series reported 9 completed strokes in 13 patients with VAD [11].
Only 2 of these strokes were preceded by TIA. The prevalence of lateral
medullary syndrome was 30% in this study.
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In an unpublished study of 92 consecutive patients of the university hospi-
tals of Bern and Ziirich [own unpubl. data], the main clinical symptom was
stroke in 75 patients (81.5%), TIA in 10 (10.9%), SAH in 1 (1.1%), and isolated
headache and/or neck pain in 4 (4.4%). In 2 patients with simultaneous carotid
artery dissection, VAD was asymptomatic. The median National Institute of
Health Stroke Scale score on admission was 4 (range 0-35). The interval from
symptom onset to diagnosis ranged from 2h to 31 days (median interval,
2 days). The majority of our VAD patients (83%) presented with posterior neck
pain, or occipital headache, or both as in other series [1, 10]. In spite of these
typical clinical presentations diagnosis was delayed in many patients with a
time interval from symptom onset to diagnosis of up to 31 days (median
2 days). These findings strike the need for further improvement of patient and
doctor awareness for VAD because the symptoms and signs of VAD are not
familiar to many emergency physicians and most of the patients.

An important differential diagnosis is migraine. Migraine attacks may
present with posterior headache although entire hemicrania is typical. Photo-
phobia and phonophobia, nausea, and vomiting may be present in migraine
patients. However, symptoms of cerebellar or brainstem ischemia may be simi-
lar to the so-called basilar migraine symptoms. Therefore in any migraine
patient with a headache attack recognized by the patient as different from his
usual attacks immediate MRI/magnetic resonance angiography of the cervical
arteries with a standard dissection protocol should be performed.

Spinal Cord Ischemia

The intracranial vertebral arteries supply branches to the rostral cervical
spinal cord segments. The middle cervical spinal segments are perfused by
anterior and posterior radicular branches of the extradural vertebral artery at
several levels. Therefore, embolic or hemodynamic infarction of the cervical
spinal cord may occur as an unusual complication of VAD [19]. In a recent
report 7 patients with spinal cord ischemia due to VAD were reviewed [20].
Ischemia was in the territory of the posterior spinal artery in 3 patients, and of
the anterior spinal artery territory in 2 patients. Two patients presented with
combined cervical spinal cord and medullary ischemia. Unilateral infarctions
were associated with ipsilateral VAD. Bilateral infarction was found in 2
patients with unilateral and in one patient with bilateral VAD. Anterior and
posterior radicular arteries may arise predominantly or only from one vertebral
artery. This explains why bilateral spinal cord infarction may occur in unilateral
VAD.
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Cervical Root Impairment

Radicular syndromes caused by VAD have been very rarely described.
Proximal paresis of an arm due to cervical root impairment most commonly
occurs at the C5-C6 level [20]. In a recent review of 6 patients, pain and weak-
ness were more prominent than sensory deficits and 5 patients had a minor
trauma preceding the dissection [20].

Cervical roots may be compressed or stretched by arterial enlargement by
a subadventitial mural hematoma or a dissecting aneurysm. Another explana-
tion may be ischemia of the nutrient artery to the spinal root originating from
the anterior or posterior radicular arteries.

The clinician has to be aware that VAD leading to cervical root impairment
is a rare differential diagnosis in patients with a painful cervical radicular syn-
drome without compression by disc material or osteophytes and without signs
of infectious or neoplastic radicular disease.

Asymptomatic Patients

Some patients with VAD may be asymptomatic even without headache,
with the VAD being detected during the diagnostic procedures in patients
with symptoms and signs of carotid dissection [10]. In a patient with
acoustic neurinoma VAD, as an incidental finding, was reported [21]. In an
asymptomatic patient with migraine and Marfan syndrome, a VAD was
observed by chance at the time of repeat angiography after previous carotid
artery dissection [22].

Intracranial Vertebral Artery Dissection

Intracranial dissection may occur purely intracranially or due to the upward
extension of an extracranial VAD to the ipsilateral intracranial segment of the
vertebral artery. In a recent French series of 42 patients with extracranial VAD,
38% of the patients had an ipsilateral intradural extension of the dissection [23].
The clinical presentation of intracranial VAD can include both posterior circula-
tion ischemia and SAH, mostly associated with posterior headache or neck pain
[24]. Posterior fossa mass effect is another rare manifestation [25]. The various
clinical manifestations of intracranial VAD are summarized in table 2. Because
of the risk of both ischemia and SAH, the treatment of intracranial VAD is par-
ticularly difficult.
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Table 2. Clinical findings in patients with intracranial vertebral artery dissection

Generalized or occipital headache and/or posterior neck pain

History of neck or head trauma

Subarachnoid hemorrhage

Posterior circulation ischemia TIA (e.g. vertigo, vomiting, diplopia, visual blurring,
dysphagia, gait disturbance, facial numbness, motor symptoms)

Posterior circulation stroke (often lateral medullary syndrome)

Posterior fossa syndrome with lower cranial nerve compression (rare)

Cervical spinal cord ischemia (rostral cervical segment, rare)

Spinal subarachnoid hemorrhage (rare)

Headache and/or Neck Pain

Intracranial VAD occurs spontaneously in most cases, and presents often
with posterior headache or neck pain. In a Japanese series of 31 patients
headache, posterior neck pain, or both were present in 55% of the patients [24].
Intensity of posterior headache or neck pain was severe in the majority of cases.
However, 5 patients complained only about mild headache or neck dullness.
Pain location was holocranial or frontal in some patients, and posterior head or
neck pain was bilateral in more than half of the patients. In another small study
headache was sometimes occipital but more often generalized and preceded the
onset of ischemia in some patients by many days [25]. Another study reported
2 of 6 patients with intracranial VAD without any headache or neck pain and
emphasized the need of imaging the vertebral artery by MRI/magnetic reso-
nance angiography in the clinical setting of young patients with posterior circu-
lation ischemia [26].

Posterior Circulation Ischemia

Intracranial VAD often leads to a unilateral brainstem syndrome including
lateral medullary syndrome [25]. In some of these patients infarcts may
progress and lead to coma and tetraparesis. Multiple posterior circulation
strokes may occur. The patients with infarction following intracranial VAD had
an average age of 39 years [25].

In a Japanese series of 31 patients with intracranial VAD, 15 had posterior
circulation infarction, 7 of them Wallenberg syndrome, 5 other brain stem
infarction, one cerebellar infarction and 2 cerebral infarction, 4 patients had
vertebrobasilar TIAs, one sudden deafness, one headache only, 4 an asympto-
matic aneurysm, 3 an asymptomatic dissection without aneurysm, and 3

Clinical Manifestations of VAD 83



patients a SAH [24]. The mean age of the patients was 55 years (range 25-82
years). The most frequent initial clinical symptoms were severe headache, ver-
tigo, nausea, and vomiting. Other less frequent symptoms included dysarthria,
tinnitus, double vision, dysesthesia, consciousness disturbance, hemiparesis,
and dysphasia. In 9 of these 31 patients, a possibly precipitating trauma associ-
ated with the dissection was identified.

Subarachnoid Hemorrhage

SAH occurs when the dissection is subadventitial and tears the adventitia.
The vessel walls of intracranial cerebral arteries are thinner than those of
extracranial cerebral arteries. This may explain that rupture through the thin
adventitia with extravascular bleeding of the intracranial vertebral artery may
occur. SAH has been reported in 1 of 10 patients with intracranial VAD [15]. In
a recent French study 2 of 16 patients with an intracranial extension of an
extracranial VAD suffered an SAH [23].

Patients with SAH had an average age of 49 years and present often with
prodromal headache or with moderate to severe sudden onset of headache [25].
Neck pain may be prominent but the severity and location of pain was not dif-
ferent from aneurysmal bleeding in patients with other causes than dissection.
More than half of the patients had previous hypertension.

In a Japanese series of 24 patients with SAH due to intracranial VAD, on
admission 9 patients had a grade I or II on the Hunt and Kosnik scale, and 15
patients a Hunt and Konsnik grade III, IV, or V. Severe neurological deficits on
admission, re-bleeding episode(s) and lesions with a pearl-and-string structure
were predictive of poor outcome.

Single cases of spinal SAH associated with VAD have been described [20].
The patient presented with acute chest pain radiating to the back and neck and
rapidly progressive myelopathy.

In any case of unexplained SAH the clinician has to consider intracranial
VAD as a potential cause. However, it may be difficult to distinguish a stenosis
caused by VAD and a spasm due to the SAH on angiography. Therefore, MRI is
needed to confirm the diagnosis.

Posterior Fossa Mass Effect

Posterior fossa mass effect with compression of lower brain stem and cra-
nial nerves caused by a dissecting aneurysm of the vertebral artery without
bleeding were rarely reported [25, 27, 28].
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Conclusions

The clinical features of VAD are broad and vary from asymptomatic
patients to severe lethal brain stem stroke. The typical clinical presentation is
headache or neck pain followed or accompanied by posterior circulation
ischemia. Less common clinical manifestations include isolated headache or
neck pain, cervical root impairment and cervical spinal cord ischemia. In
patients with intracranial VAD, posterior circulation ischemia, SAH, and
rarely rostral cervical spinal cord ischemia or posterior fossa mass effect may
be present.

The diagnosis of VAD may be difficult when only local symptoms are
present. Neck pain and headache are frequently located posteriorly. However,
the pain of VAD does not often have a unique and worrying character. Therefore
VAD pain is frequently misinterpreted as musculoskeletal neck pain or tension
headache and the true incidence of VAD is very likely to be much higher than
reported. VAD may have devastating consequences, which can often be avoided
when early diagnosis is made. This implies that the patient presenting with any
unexplained headache or neck pain should be investigated for VAD by adequate
imaging.

Extracranial VAD may extend to the intracranial segment of the vertebral
artery and the basilar artery. Therefore SAH should be ruled out by appropriate
investigations before anticoagulants are administered.
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Abstract

The purpose of this chapter is to present ultrasound and, in particular, color duplex
sonography (CDS) assessment of spontaneous dissection of the cervical internal carotid
(sICAD) and vertebral (sVAD) arteries. The examination, typical ultrasound findings and
pitfalls in the acute SICAD and sVAD, detection of microembolic signals, and recanalization
will be discussed.

Copyright © 2005 S. Karger AG, Basel

Examination

The examination of the anterior cerebral circulation (fig. 1) includes
extracranially the insonation of (1) the common carotid artery (CCA), (2) the
external carotid artery, (3) the origin and (4) the cervical part of the internal
carotid artery (ICA). The orbital window is used to assess the carotid siphon
and the ophthalmic arteries (OphA). Transtemporal insonation with an axial
plane depicts the precommunicating (A1) anterior cerebral artery and mainly in
case of cross-flow the anterior communicating arteries, the sphenoidal (M1)
and insular (M2) segments of the middle cerebral artery (MCA), and somewhat
caudally, the cervical segment (C1) of the ICA [1]. In the posterior part of the
temporal window, the pre- (P1) and postcommunicating (P2) posterior cerebral
and the posterior communicating arteries are visualized [1-3]. By tilting the
ultrasound transducer 10° upwards, parts of the postcommunicating (A2) ante-
rior cerebral artery, M2 and opercular (M3) MCA are identified [1, 2]. The
additional use of the coronal plane is useful for unequivocal differentiation of
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Fig. 1. Cerebral artery insonation for
assessing spontaneous dissection of the
internal carotid artery (1 = common carotid
artery; 2-5 = different segments of the
internal carotid artery: 2 = origin; 3 = cer-
vical segment; 4 = horizontal segment of
the petrosal part; 5 = carotid siphon;
6 = terminal (C1) segment; 7 = middle
cerebral artery; 8§ = anterior and anterior
communicating arteries).
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the basal cerebral arteries [4]. The anterior coronal plane shows Al anterior
cerebral artery, M1 MCA, and C1 ICA, whereas the posterior coronal plane
visualizes P1 and P2 posterior cerebral artery, the posterior communicating
artery, M2 and M3 MCA, and sometimes the tip of the basilar artery (BA) [4].
We routinely insonate also the horizontal segment of the pars petrosa of the ICA
using axial and coronal planes [5], because spontaneous ICA dissection may
rarely cause flow velocity increase in this part of the ICA, whereas the cervical
ICA still has normal flow velocities. Furthermore, the hemodynamic findings
observed in the pars petrosa may be helpful to distinguish sSICAD causing
subtotal stenosis from those leading to occlusion.

The right CCA, most parts of the left CCA, the origin and proximal parts
of the ICA, and the external carotid artery can be assessed with high-frequency
(4-8 MHz) linear transducers. Thus, the wall of the aforementioned cerebral
arteries can be depicted with B-mode imaging in most patients. Due to the
increasing distance between the insonated vessel and the ultrasound probe, the
examination of the proximal part of the left CCA and distal parts of the cervical
ICA, and transorbital and -temporal studies are performed with low-frequency
(1.8-3.6 MHz) sector (or Doppler) probes, which have a significantly lower res-
olution at B-mode and color Doppler imaging than linear probes. Furthermore,
a precondition for successful transtemporal insonation is the use of low-fre-
quency ultrasound probes. With respect to sSICAD, the proximal parts of the cer-
vical ICA can be investigated with linear transducers, which enable spectral and
color Doppler sonography as well as B-mode imaging. Conversely, distal parts
of the cervical ICA must be insonated with sector (or Doppler) transducers,
which allow mainly the detection of hemodynamic abnormalities, whereas the
carotid wall cannot be examined.

The investigation of the posterior cerebral circulation consists extracra-
nially of the insonation of the subclavian artery, and the origin (V0), the prever-
tebral part (V1), the pars transversaria (V2), and the atlas loop (V3) of the
vertebral (VA) artery. Transnuchal (transforaminal) insonation allows the
unequivocal identification of both VA and V3 from the intracranial (V4) seg-
ment. Both VA stick together at insonation depths of 70—71 mm and form the
BA [6, 7]. The BA can often be followed up to the top, located at insonation
depths of up to 110 mm. The additional use of the sagittal planes may prove
useful, when the VA and BA are not clearly identified in the axial plane.

The VO, V1, and V2 segments of the right VA, the V1, and V2 segments of
the left VA, the right subclavian artery, and most parts of the left subclavian
artery, with the exception of the origin can be assessed with linear transducers.
The investigation of the atlas loop (V3) may be difficult with linear transducers.
Conversely, the origin and proximal part of the left CCA, the left VO and V1,
both V4 and the BA must be insonated with sector (or Doppler) probes. SVAD
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Table 1. Presenting color duplex ultrasound findings in 181 patients with 200 spontaneous carotid
dissections with and without ischemic events

Ischemia (n = 145) No ischemia (n = 55) All (n = 200)

n (%) n (%) n (%)
Atherosclerotic carotid 13 (9) 2(4) 15 (8)
artery plaque
Cervical ICA-vessel wall 36 (25) 12 (22) 48 (24)
thickened and hypoechogenic
Second lumen 3(2) 1(2) 4(2)
Dissecting aneurysm 1/10 (10)! 0/7 (0)? 1/17 (6)°
Normal hemodynamics 7 (5)** 16 (29)** 24 (12)
Stenosis
=50% 7(5)* 9 (16)* 16 (8)
51-80% 10 (7) 8 (15) 18 (9)
>80% or occlusion 120 (83)** 22 (40)** 142 (71)
Intracranial stenosis or occlusion® 43 (30) 2(4) 45 (23)
Median latency (range) symptom 2 (0-90) days 10 (0-125) days 10 (0-125) days

onset — ultrasonography

ICA = Internal carotid artery.

110 of 101 dissections showed an aneurysm at catheter or MR angiography; 27 of 44 dissections showed
an aneurysm at catheter or MR angiography; 317 of 145 dissections showed an aneurysm at catheter or MR
angiography; “middle and anterior cerebral arteries.

*p < 0.01, **p < 0.0001 that the difference between carotid dissections with and without ischemia is
significant (Wilcoxon signed-rank test).

can affect all segments of the VA [8—13]. Thus, the right VO, V1, V2 (and often
V3) can be investigated with linear transducers, which allow the detection of
vessel wall abnormalities. Conversely, the remaining VA segments must be
investigated with sector (or Doppler) transducers, which enable essentially the
identification of hemodynamic abnormalities, while wall abnormalities are
hardly depicted.

Ultrasound Findings in Acute sICAD

The prerequisite for ultrasound diagnosis of acute SICAD is the presence of
no or at best mild atherosclerosis in the cerebral arteries [14-22]. Typical B-
mode and color Doppler imaging findings may be observed in acute sICAD,
but they are not validated by ‘gold standards’ like MR imaging and angiogra-
phy. Thus, diagnosis of sICAD is mainly based on the detection of abnormal
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Table 2. Color duplex ultrasound findings in 135 patients with 142
spontaneous carotid dissections

Cervical internal carotid artery

Stenosis
Intrastenotic flow velocity
Increased 14 (10)
Decreased 51 (36)
Occlusion 77 (54)
Cross-flow through
Anterior communicating artery 111 (78)
Posterior communicating artery 75 (53)
Anterior and/or posterior communicating arteries 136 (96)
Ophthalmic artery 72 (51)

Values are numbers, with percentages in parentheses.

hemodynamic findings (stenosis or occlusion) in the cervical ICA. Presenting
color duplex sonography (CDS) findings observed in 181 own patients with 200
SsICAD are summarized in tables 1 and 2.

The sensitivity of combined extracranial Doppler and duplex sonography
and transcranial Doppler sonography (TCD) for diagnosis of sICAD is
95-100% [16, 21-23]. The sensitivity of extra- and transcranial CDS for detect-
ing 145 sICAD causing carotid territory ischemia was 95%, and for detecting
55 sICAD causing no ischemic event 71% [15]. No study has investigated the
specificity, positive, and negative predictive values of ultrasound assessment of
sICAD.

B-Mode and Color Doppler Imaging Findings in Acute sICAD

B-mode and color Doppler imaging findings observed in the cervical ICA
of patients with sICAD include luminal narrowing, thickened and hypo-
echogenic vessel wall, intimal flap, and pseudoaneurysm.

Compared to atherosclerotic carotid stenosis, luminal narrowing in sSICAD
begins a few centimeters after the origin of the ICA and extends over a longer
distance (fig. 2; unpubl. data).

Mural hematoma and intraluminal thrombus may be detected as thickened
and hypoechogenic vessel wall [16, 18]. As already mentioned, the dissection
hematoma typically begins a few centimeters after the origin of the ICA or may
even be located a few centimeters below the base of the skull. The cervical ICA
has a length of about 8 cm, and mainly the proximal part of the vessel wall
can be investigated with linear scans providing an appropriate resolution. The
aforementioned anatomical and physical facts are the main reason, why an
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Fig. 2. Extracranial color duplex sonography shows on the left side (a, ¢) the findings
at the origin (a) and in the mid-cervical portion (¢) of a spontaneously dissected internal
carotid artery, and on the right side (b, d) the corresponding findings at the origin (b) and the
mid-cervical portion (d) of the opposite normal internal carotid artery. The dissected carotid
artery shows pathologically slow flow velocities affecting especially the diastolic component
and a reduced luminal diameter compared to the normal vessel.

abnormal vessel wall was just detected in about 25% of 200 own sICAD
(unpubl. data). Although wall hematoma and intraluminal thrombus cannot be
reliably differentiated by B-mode imaging, the identification of intraluminal
blood flow and the intima reflex allows the reliable detection of the wall
hematoma, sometimes [16, 18, 20, 21, 24] (fig. 3).

An intimal flap is defined as a flat hyperechogenic structure bordering the
presumed intramural hematoma, floating in the lumen or separating two lumina
with different Doppler signals [16, 19-24]. It is important to note that intimal
flaps must be distinguished from the wall of the adjacent jugular vein. In our
experience, intimal flaps are a rare finding in SICAD (table 1).
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Fig. 3. Extracranial color duplex sonography of a spontaneously dissected internal
carotid artery shows at longitudinal (a) and (b) axial planes the thickened vessel wall result-
ing from a hypoechogenic mural hematoma, whereas the flow velocities are normal.

CDS visualized one of 17 (6%) pseudoaneurysms which were found at
catheter and MR angiographies performed in acute sSICAD (unpubl. data) [15].
The reason for the low detection rate is most likely the fact that the aneurysms
are located in the depth of the neck and must thus be investigated with low-
frequency transducers. Furthermore, it is difficult to reliably distinguish ICA
redundancies from aneurysmal dilatation.

It is difficult to identify the intimal laceration leading to intramural bleed-
ing and dissection of the carotid wall at histological examination of autopsy and
endarterectomy specimens [25, 26]. Thus, it is unlikely that ultrasound may
reliably depict an intimal tear in patients with sSICAD.

Hemodynamic Findings in Acute sICAD

Abnormal hemodynamics in the cervical ICA of patients with acute
sICAD has been consistently found in ultrasound studies, severe stenosis and
occlusion being the most frequent findings [15-17, 19, 21, 22]. Considering the
dynamic nature of sSICAD with complete recanalization even within days [21],
the time interval between the onset of symptoms and the ultrasound study influ-
ences the number of abnormal findings in the cervical ICA [15].

Criteria for diagnosis of different degrees of stenosis and occlusion in
sICAD have been published recently [15]. A =50% stenosis of the cervical ICA
is diagnosed in the presence of increased intrastenotic peak systolic velocity
(PSV) (women, >90 cm/s; men, >80 cm/s) and a PSV quotient intrastenotic
ICA/contralateral cervical ICA >1.12; each reference value is higher than the
PSV mean value plus three standard deviations of own healthy volunteers.
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A 51-80% stenosis of the cervical ICA is diagnosed in the presence of an
intrastenotic PSV >120 cm/s and a PSV quotient intrastenotic ICA/CCA on the
side of SICAD (ipsilateral) >1.5. Severe (>80%) stenoses of the cervical ICA
caused decreased intrastenotic flow velocities in 78% of 65 sICAD (fig. 2), and
focally increased intrastenotic flow velocities in the remaining cases (table 2;
unpubl. data), which is an accordance with the results of previous studies [17].
Therefore, severe stenoses are diagnosed using pre- and poststenotic hemody-
namic criteria, and at least two of the following three have to be present: (1) the
quotient of the resistance index (RI, PSV — peak diastolic velocity/PSV) of
ipsilateral CCA/RI of contralateral CCA is >0.15; (2) reversal of flow in the
ipsilateral OphA, and (3) cross-flow through the anterior communicating arter-
ies. The criteria for 51-80 and 81-99% ICA stenoses have been published in
peer-reviewed journals, developed in studies using catheter angiography as
standard of reference, and elaborated with the same ultrasound equipment as is
used in the laboratory of the present authors [27-29]. The last criterion is
important, because different ultrasound machines have been shown to measure
different flow velocities under identical conditions of examination in both flow
phantoms and patients [30]. Occlusion of the cervical ICA was assessed as
reported before [22]. Using catheter angiography as standard of reference, it has
been shown that ultrasound may misdiagnose subtotal stenosis as occlusion in
acute ICAD [22]. Therefore, some authors group acute sSICAD causing >80%
stenosis and occlusion together [15].

Pitfalls of Ultrasound Diagnosis of sSICAD

As mentioned before, diagnosis of sSICAD is mainly based on the detection
of stenosis, which may cause increased or decreased intrastenotic flow veloci-
ties, or occlusion in the cervical ICA. Conditions, which are associated with no
or mild atherosclerosis and cause (1) increased flow velocities in the cervical
ICA, (2) decreased flow velocities in the cervical ICA, or (3) an occlusion of
the cervical ICA may thus mimic sICAD, and are discussed below.

(1) Conditions associated with increased flow velocities in the cervical ICA
may result either from a stenosis or from increased blood flow and flow velocity.
Redundancies of the cervical ICA, such as kinking, coiling, and looping, may
mimic =50% stenosis, and it is impossible to differentiate whether raised flow
velocity in a redundant artery results from the redundancy itself or an additional
stenosis. Furthermore, carotid redundancies seem to be more prevalent in
patients with SICAD [31, 32]. Fibromuscular dysplasia may also cause a stenosis
of the cervical ICA. Although ultrasound may detect the irregular stenoses and
aneurysmal dilatations (‘string of beads’) associated with fibromuscular dyspla-
sia [33-36], most cases are missed. Vasospasm is a rare cause of transient cervi-
cal ICA stenosis [37]. The absence of signs of sICAD at cervical magnetic
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resonance imaging (MRI) and catheter angiography, and spasm resolution with
time point to the diagnosis. Increased blood flow and flow velocities (and some-
times also vessel diameter) in the cervical ICA may be observed in large (diam-
eter >4mm) arteriovenous malformations of the brain [38] and carotid
cavernous fistulas [39, 40]. Another cause of increased flow and flow velocities
in the ICA is a persistent primitive trigeminal artery, which connects the
intracranial ICA with the BA. The additional presence of hypoplastic VA and
direct visualization of the persistent primitive vessel by transcranial CDS may
allow the suspicion of the diagnosis, which must be confirmed by magnetic res-
onance angiography. Increased blood flow, flow velocities, and heart rate may be
observed in medical diseases such as anemia and hyperthyreosis. The presence
of increased flow velocities in all cerebral arteries and the identification of the
corresponding clinical and laboratory findings will allow the diagnosis.

(2) Conditions associated with decreased flow velocities in the cervical
ICA include severe stenosis or occlusion of the intracranial ICA or MCA.
Patients with occlusion of the lower carotid siphon show reduced flow veloci-
ties without diastolic component in the cervical ICA, and reversed flow in the
homolateral OphA. Patients with severe intracranial carotid stenosis or occlu-
sion located distal to the origin of the OphA, occlusion of the intracranial ICA,
or M1 MCA occlusion often show decreased flow velocities in the ipsilateral
cervical ICA. The antegrade flow direction in the OphA will point towards a
severe stenosis or occlusion of the upper siphon or C1 ICA, but this sign is not
always reliable. Nevertheless, it is literally impossible to decide in the above-
mentioned cases, whether the decreased flow velocities in the cervical ICA are
due to the intracranial obstruction alone or the intracranial obstruction and an
associated sICAD. This diagnostic problem arises in young adults with acute
MCA territory stroke and occlusion of M1 MCA or C1 ICA.

(3) Conditions associated with an occlusion of the cervical ICA. As
reported in the chapter by Paciaroni et al. (pp. 102—-118), angiographic findings
observed in acute SICAD causing an occlusion are nonspecific, and the same
applies to the hemodynamic ultrasound findings. Intravascular thrombus may
extend into the carotid bulb over time and the distinction from atherothrombotic
occlusion may become difficult. We have observed 2 patients with potential
cardiac source of embolism and occlusion of the cervical ICA, which recanal-
ized completely within 3 months. Both aforementioned patients had no local
signs, such as Horner syndrome, on the side of ICA obstruction, and no signs of
ICAD at MR imaging of the neck and catheter angiography (unpubl. data).

Detection of Microembolic Signals by TCD in sICAD
TCD has been used to detect microembolic signals in the MCA suppl-
ied by a dissected cervical ICA [41-43]. Microembolic signals were more
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Table 3. Color duplex ultrasound findings at presentation and one-year follow-up in
200 spontaneous carotid dissections!

Presentation (n = 200) Follow-up (n = 188)

n (%) n (%)
Atherosclerotic carotid artery plaque 15 (8) 19 (10)
Cervical ICA-vessel wall thickened 48 (24) 0
and hypoechogenic
Second lumen 4(2) 0
Dissecting aneurysm 1/17 (6) 1/17 (6)
Normal 24 (12) 110 (59)
Stenosis
=50% 16 (8) 17 (9)
51-80% 18 (9) 3(2)
81-99% 75 (38) 17 (9)
Occlusion 77 (34) 41 (22)
Intracranial stenosis or occlusion? 45 (23) 0

ICA = Internal carotid artery.

1200 dissections occurred in 181 patients; ultrasonic follow-up was obtained in 188 carotid
dissections, because 3 dissections had caused lethal strokes, 3 dissections had no follow-up,
and 6 dissections were excluded for other reasons (thrombolytic therapy for acute stroke, sur-
gical, or endovascular therapy of the dissected carotid artery).

2Middle and anterior cerebral arteries.

frequently observed in patients with carotid territory ischemia than without [41,
43]. Preliminary data suggest that microembolic signals detection on serial
TCD studies may be associated with an increased risk of early recurrence of
ischemic events [42, 44].

Follow-Up Investigation in sSICAD

Recanalization of the obstructed ICA results from the resorption of the
mural hematoma and the intraluminal thrombus. Steinke et al. [21] used
Doppler sonography to study the recanalization of 50 angiographically proven
sICAD. Recanalization was observed in 34 vessels (68%) after an average time
interval of 51 days [21]. Sturzenegger et al. [22] detected sSICAD recanalization
in 63% of 43 patients, whereas occlusion persisted in 37%. We found less favor-
able data in 188 sICAD examined one year after symptoms onset: complete
recanalization was present in 59%, a =50% stenosis in 9%, a 51-80% stenosis
in 2%, a 81-99% stenosis in 9%, and an occlusion in 22% (table 3; unpubl.
data).
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Ultrasound Findings in Acute sVAD

Ultrasound diagnosis of acute sVAD is based on the detection of abnormal
B-mode and color Doppler imaging and hemodynamic findings. Pathological
hemodynamic findings observed in patients with acute sVAD are nonspecific,
and just their location in the V2 or V3 segments, which is rarely affected by
other vascular disease, suggests that dissection might be the underlying cause.
The sensitivity of pathological hemodynamics for diagnosis of sVAD has been
validated in small monocenter series including up to 20 patients with 24 sVAD;
MRI and angiography were used as standard of reference [8-10, 12, 13].
Sensitivity for detecting patients with extracranial sVAD was 75% in a study
examining 20 cases with CDS [8], and 86% in 7 patients examined with
extracranial CDS and continuous-wave Doppler and TCD [9]. The sensitivity
for detecting patients with extra- and intracranial sVAD using was 86% in
14 patients insonated with extracranial pulsed-wave Doppler and duplex sonog-
raphy and TCD [12]. The sensitivity for detecting intracranial sSVAD was 100%
in 9 patients examined with extracranial CDS and continuous-wave Doppler
and TCD [9]. As in sICAD, no study has investigated the specificity, positive,
and negative predictive values of ultrasound assessment of sVAD.

B-Mode and Color Doppler Imaging Findings in Acute sVAD

Imaging abnormalities detected in patients with sVAD include irregular
stenosis, thickened and hypoechogenic vessel wall, dissecting membrane with
true and false lumen, pseudoaneurysm, and tapering stenosis with distal occlu-
sion [8, 10]. Touboul et al. [13] described the combination of local increase in
vessel diameter with hemodynamic signs of stenosis or occlusion at the same
level and decreased pulsatility and presence of intravascular echoes in the
enlarged vessel as typical findings. A subsequent study using extracranial CDS
and TCD observed the aforementioned sign in 2 of 11 (18%) extracranial
sVAD.

Hemodynamic Findings in Acute sVAD

The hemodynamic criteria used for diagnosis of VA stenosis and occlusion
in patients with sSVAD and atherosclerotic VA disease are identical, although
they vary somewhat between different authors [8—13, 45-48]. VA stenosis is
defined by a focal increase of flow velocity, while a severe stenosis is associ-
ated with intrastenotic, bi-directional, low-frequency and high-intensity signals,
as well as prestenotic (increased RI) and poststenotic (decreased RI) hemody-
namic abnormalities [9]. However, a severe stenosis extending over several
centimeters may also cause decreased intrastenotic flow velocities (unpubl.
data). In V4 occlusion there are neither intraluminal spectral and color Doppler
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signals nor wall motion during the heart cycle, and B-mode imaging may
disclose intraluminal echoes resulting from the fresh thrombus [8-13, 45-48].
In occlusion of proximal (VO or V1) VA, there are often cervical collaterals,
which enter V2 or V3 and lead to undulating or antegrade flow in V4 [46, 48].
Occlusion of V4 before the origin of the posterior inferior cerebellar artery
(PICA) is associated with abnormally slow systolic but no diastolic flow
velocities, and often-reversed flow is detected in the distal V4, which irrigates
the PICA [9, 45—47]. Occlusion of V4 located after the origin of the PICA
is associated with slow systolic and slow but preserved diastolic flow veloci-
ties, whereas the distal V4 VA is not detected at transforaminal insonation
[9, 45-47]. Occlusion of V3 may lead to the same pre- and postocclusional
hemodynamic findings as in occlusion of V4 before the origin of the PICA, or
the whole V4 VA may show a high-resistance profile with no diastolic flow
velocities and reversed flow direction (unpubl. data).

Pitfalls of Ultrasound Diagnosis of Acute sVAD

It may be difficult to differentiate V4 occlusion from VA hypoplasia.
Hypoplastic VA shows slow systolic and diastolic flow velocities, may disclose
undulating but not reversed flow in V4, and the connection with the VA will be
absent in hypoplastic VA, which end in the PICA [49]. The differentiation from
a V4 occlusion is feasible by detection of a small vessel diameter, the preserved
diastolic velocities in preocclusional VA, and reversed flow in postocclusional
VA in case of VA occlusion located before the origin of the PICA. However, the
diagnosis of sVAD in a hypoplastic vessel is very difficult, especially when the
occlusion is located after the origin of the PICA.

Follow-Up Investigation in sVAD

Recanalization of extracranial sVAD causing stenosis was found in 8 of 10
(80%) cases and in 2 of 7 (29%) occlusions after a mean follow-up of 8 months
[8]. De Bray et al. [9] reported recanalization in 3 of 6 (50%) extracranial
stenoses and 1 of 3 (33%) extracranial occlusions.

Recanalization of intracranial sVAD causing stenosis was observed in 6 of
11 (55%) cases and in 1 of 3 (33%) occlusions [9].

Conclusion

The high sensitivity of ultrasound for detecting acute sICAD in patients
with carotid territory ischemia suggests that it may suffice to exclude this
disease, in particular when the ultrasound study is performed by an experienced
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sonographer. The aforementioned pitfalls leading to falsely positive results advo-
cate that ultrasound suspicion of acute SICAD must be confirmed by cervical
MRI and magnetic resonance angiography. The lower sensitivity of ultrasound
for assessing patients with acute SICAD causing no ischemic event and patients
with acute sVAD indicate that those patients should principally undergo MRI of
the neck and angiography. Ultrasound is useful for noninvasive monitoring of
vessel recanalization and guiding the antithrombotic therapy.
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Abstract

Catheter angiography has been considered the standard of reference for the diagnosis of
spontaneous cervical artery dissection (CAD), but carries a risk of complications and does
not demonstrate the arterial wall. The most common angiographic finding is a relatively
smooth or slightly irregular tapered arterial narrowing. Conversely, angiographic appearance
of cervical artery occlusion due to CAD is nonspecific, because other causes such as throm-
boembolism or atherosclerotic disease may present very similar angiographic characteristics.
Magnetic resonance imaging (MRI) is an alternative noninvasive approach and the only reli-
able possibility to diagnose occlusive dissection. MRI demonstrates the hyperintense, cres-
cent-shaped wall hematoma and an eccentric flow void of the patent lumen. Intramural
hematoma shows a typical evolution of signal intensity over time with intermediate signal
intensity on T1-weighted images and high signal intensity on T2-weighted images in the first
3 days. In the following days, most intramural hematoma show slightly or definitively
increased signal intensity on T1- and T2-weighted images. After this, signal intensity of the
hematoma increases and remains high for approximately 2 months. Magnetic resonance
angiography shows the same findings as catheter angiography, and allows in combination
with MRI to determine the extent of CAD.

Copyright © 2005 S. Karger AG, Basel

In the last few decades, a major effort has been developed in the research
of noninvasive neuroimaging for detecting vascular disease. Although catheter
angiography has been considered the gold standard for diagnosing supra-aortic
artery dissections, magnetic resonance imaging (MRI) and angiography (MRA)
emerge as alternative noninvasive approaches for the diagnosis and monitoring
of vertebral (VAD) and internal carotid artery (ICAD) dissections.



The purpose of this chapter is to provide the reader with a basic under-
standing of the technical aspects of cerebral angiography, MRI, and MRA and
their potential for the diagnosis of cervical artery dissection (CAD).

Catheter Angiography

Technical Considerations

Angiography is performed by puncturing the femoral artery and threading
a catheter up the iliac artery and into the aortic arch with subsequent selective
catheterization of the carotid or vertebral arteries (VA). After entering the
desired vessel, an iodine-containing contrast agent is injected and serial films
of the vasculature are obtained to demonstrate arterial, capillary, and venous
phases of the cerebral circulation. More recently, digital subtraction angiogra-
phy has been substituted by cut-film angiography, where a computer cancels the
background image and transmits it to a television monitor [1]. The advantages
are a better image resolution and lower quantity of iodine contrast injected. The
potential risks of angiography include minor and major stroke through vessel
occlusion and embolic events, contrast reaction, vessel damage (arterial dissec-
tion, pseudoaneurysm, and perforation), renal failure, and groin hematoma [2].
The rate of permanent complications is institution dependent and varies
between 0.5-0.7% depending on patient risk factors [3, 4]. Risks increase in
patients with severe atherosclerosis, advanced age, pre-existing vascular dis-
ease, collagen diseases, dysplasias, and acute subarachnoid hemorrhage, as
well as with procedure length, quality of catheter, and the amount of contrast
used [4]. Relative contraindications for angiography are iodinate contrast media
allergy, hypotension, severe hypertension, coagulopathy, renal insufficiency,
and congestive heart failure [2].

Catheter Angiography in the Diagnosis of Cervical Artery
Dissection

Today, conventional angiography is still considered the standard of refer-
ence for the diagnosis of spontaneous ICAD. The angiographic appearance of
extracranial ICAD is variable (table 1). The most common finding is a rela-
tively smooth or slightly irregular tapered mid-cervical narrowing [5].
Occlusive dissection is less specific because other causes of occlusion, such as
thromboembolism or atherosclerotic disease, present very similar angiographic
characteristics (fig. 1). Dissections that occlude the cervical internal carotid
artery (ICA) may show a ‘rattail’ shape (fig. 2). Angiographic demonstration of
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Table 1. Angiographic features for diagnosis of CAD

Smooth or slightly irregular tapered narrowing
Occlusion
Rattail-shaped tapered occlusion
Flame-like occlusion
Intimal flap
False or double lumen
Saccular or fusiform aneurysmal dilatation
(pseudoaneurysm)
Irregular dilatation

Fig. 1. Catheter angiography shows
an occlusion of the internal carotid artery
about 2cm after the origin and a small
plaque at the medial wall of the carotid
bifurcation. The cause of carotid occlusion
was identified by magnetic resonance imag-
ing, which demonstrated a dissection
hematoma in the cervical segment of the
occluded artery.

an intimal flap or a false lumen is diagnostic but relatively uncommon in spon-
taneous CAD [6]. A ‘flame-like’ occlusion, aneurysmal dilatation with or with-
out stenosis or irregularities is also considered to be diagnostic [7] (fig. 3).
Angiographic findings depend on the amount of intraluminal thrombus and the
extent of the wall hematoma. Pelkonen et al. [8] investigated 76 extracranial
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Fig. 2. Catheter angiography shows
internal carotid artery dissection with ‘rat
tail-shaped’ occlusion.

ICAD and found 36 (47.4%) irregular stenoses, 22 (28.9%) occlusions, 13
(17.1%) pseudoaneurysms, 4 (5.3%) irregular dilatations, and 1 (1.3%) double
lumen. Coexisting ICA kinking or coiling is seen in up to 65% of cases [9].
Pelkonen et al. [8] found in the above-mentioned study 18 kinkings or coilings
of the cervical ICA. Dissection affected the redundant vessel segments in
10 cases, while in 4 cases it extended proximally or distally. The dissection was
proximal to the kinked or coiled part in 7 cases and distal in one. These data
suggest that there is no correlation between the location of the redundancy and
the dissected ICA segment.
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Fig. 3. Catheter angiography shows
internal carotid artery dissection with
‘flame-like’ occlusion. (Courtesy Prof. Ralf
W. Baumgartner).
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Fig. 4. Catheter angiography shows
vertebral artery dissection with tapering
occlusion.

ICAD may be caused by a sudden stretching of the ICA over the transverse
processes of the upper cervical vertebrae because of hyperextension and flexion
or rotation of the neck [10]. Extracranial ICAD affects the cervical part of the
artery distal to the carotid bulb [7, 11]. In rare cases the dissection involves the
intracranial petrosal segment of the ICA. In this case, MRA is superior in the
diagnosis of ICAD (see Magnetic Resonance Imaging and Angiography,
p. 108) because a vessel narrowing in this segment is not specific and angiogra-
phy does not show the arterial wall.

Angiography is still considered the ‘gold standard’ also for the diagnosis of
VAD but is not always definitive in the diagnosis of the disease. Angiography usu-
ally reveals indirect, nonspecific signs of VAD, including an elongated or tapered
stenosis or pseudoaneurysms; pathognomonic signs such as double lumen or inti-
mal flap are rarely observed as in I[CAD. Tapering or abrupt occlusion is a less spe-
cific angiographic feature (fig. 4). The angiographic features in patients with
spontaneous VAD, in decreasing order of frequency are: luminal stenosis (often
irregular and tapered), pseudoaneurysm, occlusion, and intimal flap [12, 13].

VAD may be caused by stretching and compression of the artery over the
lateral masses of the first (C1) and second (C2) cervical vertebrae because of
hyperextension and flexion or rotation of the neck [14]. This could explain VA
involvement at C1-C2 but not at C6—T1 level [8]. Other reports are not consis-
tent regarding the location of VAD; the C1-C6 levels was most frequently
affected in one study [15], the C1—C2 level in other studies [8, 12], the level of
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C2 and T1 vertebrae in another investigation [16], while a further study failed to
establish any preferred site [13].

Angiography is also the better neuroradiological method to evidence fili-
form stenosis with very slow blood flow, fibromuscular dysplasia, and other
irregularities of the vessel wall frequently found in patients with CAD [17].

Magnetic Resonance Imaging and Angiography

Technical Considerations

Some nuclei in the human body become excited when positioned in a strong
magnetic field; they absorb the radiofrequency energy of the magnetic field and
then release it until they relax completely. The energy is released from the
excited tissue over a short period of time according to two relaxation constants
known as T1 and T2, and the emitted energy signals are converted into images.
The contrasts in the images result from different intensities of the emitted sig-
nals, which in turn form different concentrations of the nuclei in different tissues
in the body. Hydrogen is the most commonly used nucleus for MRI because of
its abundance in biological tissues and the physical properties of the field
strengths of the magnets available for clinical use [1]. Other organic particles
have been tested but have demonstrated less spatial resolution than hydrogen.
The two time constants T1 and T2 are important. T1 is the time constant with
which nuclei return to alignment within the static field; T2 is the time constant
with which nuclei, all perturbed at the same time by the radiofrequency pulse,
lose alignment with each other. T1- and T2-weighted images emphasize different
tissue parameters in different ways [18]. In T1-weighted images, tissues with
short relaxation time appear bright (methemoglobin, melanin, and fat), whereas
tissues with long T1 relaxation times (e.g. cerebrospinal fluid, cyst, edema)
appear dark. In T2-weighted images, tissues with long T2 relaxation times (e.g.
fluids) appear bright. In general, T1-weighted images provide excellent anatom-
ical details, whereas T2-weighted images provide information about pathologi-
cal conditions. The fat suppression technique suppresses the normal bright
signal of fat on T1-weighted images to improve the visualization of lesions
located in fatty areas, such as the neck, orbit, skull base, and spinal canal.

The discovery of the nuclear magnetic resonance phenomenon in bulk
matter by Purcell et al. [19] and Bloch et al. [20] in 1946 was rapidly followed
by the first observations of the sensitivity of the magnetic resonance experi-
ments regarding flow and motion. The measurement of flow in vivo using phase
effects was first reported by Grover and Singer [21] who employed multiple
echo sequences with Fourier analysis to study the arterial flow. The first MRA
image is attributed to Wedeen et al. [22] in 1985.

Paciaroni/Caso/Agnelli 108



MRA is a very sensitive method for detecting and characterizing blood
flow based on the physical differences between moving and stationary protons.

Depending on the imaging technique used, blood may appear bright or
dark. On traditional MRI, blood vessels usually appear dark. To create bright
blood, gradient-echo pulse sequences are used [23]. Bright-blood techniques
can be subcategorized into two methods that do not include a contrast agent but
generate contrast between flowing blood in a vessel and surrounding stationary
tissue [24]. The first and most commonly used method is time-of-flight (TOF)
MRA [25], whereas phase contrast (PC) MRA is used less often [26]. TOF tech-
niques generate a positive flow contrast by inflow effects, whereas the back-
ground (stationary tissue) is saturated by the rapid repetition of radiofrequency
pulses. Use of a segmented gradient-echo sequence with cardiac triggering is
helpful for eliminating arterial pulse artifacts [27]. The basis for PC MRA is
that the blood flow along a magnetic field gradient causes a shift in the phase of
the magnetic resonance signals. PC MRA acquired pairs of images that have
different sensitivities to flow. These are then subtracted to cancel background
signal, leaving only signals from flowing blood. PC MRA also allows flow
(velocity) quantification [28], because the phase shift is proportional to the
velocity [23].

For TOF and PC MRA, there are two approaches for data acquisition and
image reconstruction: two-dimensional (2D) and three-dimensional (3D)
Fourier transformation techniques. 3D MRA produces thinner slices (approxi-
mately 0.7-0.8 mm) than 2D MRA (approximately 1.5 mm), which improves
spatial resolution and offers more possibilities to study small tortuous vessels,
such as the intracerebral arterial circulation [29]. The use of 2D MRA means
that the flow/stationary tissue contrast in each slice is always maximal, even
with a rather slow flow. The 2D method is therefore appropriate for looking at
slow flow such as venous circulation [30], and for acquiring data over a long
segment of vessel without saturation effects [31, 32]. This method is also effec-
tive for differentiating between slow flow and occlusion. TOF MRA has the dis-
advantage that the magnetic resonance signal is cancelled when there are
disordered fluid flow patterns, such as acceleration or turbulence. This phe-
nomenon is often responsible for the signal loss in an artery at a site of stenosis,
marked curvature, or bifurcation. When MRA of supra-aortic vessels is inter-
preted, special care should be taken to avoid overestimation of stenosis severity
in an area of turbulent flow [33, 34]. The tendency of overestimation is reduced
in 3D acquisitions, although many neuroradiologists have shown an excellent
ability to properly grade severe lesions in 2D TOF [23].

Both 2D and 3D MRA have the disadvantage that stationary material with
high signal intensity, such as subacute thrombus, can mimic blood flow. PC
MRA is useful in this situation, because the high signal from stationary tissue is
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eliminated [24]. Compared to the 2D techniques, 3D PC MRA provides a
higher spatial resolution and more information on flow direction along each of
the three flow-encoding axes (superior-inferior, right-left, and anterior-poste-
rior), but data acquisition time is longer [24]. With sequential 2D or 3D acqui-
sitions, other disadvantages could be possible. Slight patient movement can
generate discontinuities in the vessel contour that can mimic a focal stenosis
due to fibromuscular dysplasia.

Important advantages have been made recently in MRA by the use of con-
trast material injection (gadolinium) allowing the acquisition of faster 3D-
spoiled gradient-echo pulse sequences (3D contrast-enhanced MRA). The
marked shortening of blood related to the contrast material on T1-weighted
images allows high signal intensity in vascular structures requiring large imag-
ing volumes. Moreover, flow-related artifacts and in-plane saturation are mini-
mized. The advantage of this technique is that cerebral artery imaging is
obtained over a short scanning time of 5—10 min. Data are acquired as the bolus
of the gadolinium contrast agent passes through the vessels of interest due to
the increased intravascular signal. Vessel signal is determined primarily by
gadolinium concentration, analogous to conventional angiography, where ves-
sel detection depends on the concentration of injected contrast. Compared with
2D and 3D TOF MRA, 3D contrast-enhanced MRA delineates carotid stenosis
better [35], with high sensitivity (93-100%) and specificity (88—96%), using
conventional catheter angiography as the gold standard [36—40].

MRI and MRA in the Diagnosis of CAD

Stenosis or occlusion of an extracranial cerebral artery is not an uncom-
mon finding, and the diagnosis of CAD sometimes cannot be based only on the
angiographic appearances described above. In this regard, MRI is especially
complementary [41]. By demonstrating a hyperintense, crescent-shaped intra-
mural hematoma and an eccentric flow void of the patent lumen, it confirms the
diagnosis of CAD. Intramural hematoma most likely results from intramural
hemorrhage through an intimal tear, whereas bleeding of the vasa vasorum
seems to be an unlikely mechanism [42]. Until now the question of which
sequence is the best to detect the intramural hematoma has not yet been
answered. The hematoma shows a typical evolution of signal intensity on
repeated MRI, as in intracerebral hemorrhage [43], with intermediate signal
intensity on T1-weighted images and high signal intensity on T2-weighted
images in the first 3 days (table 2, fig. 5). In the early stages of intramural hem-
orrhage a hyperintensity on T1-weighted MRI cannot be expected because
methemoglobin has not been formed yet. In the following days, most intramural
hematoma give slightly or definitively increased signals on T1- and T2-
weighted images (fig. 6). After this, the signal intensity of the hematoma
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Table 2. Magnetic resonance imaging* features for diagnosis of CAD

Intramural hematoma

First 3 days:
Intermediate signal on T1-weighted images
High signal on T2-weighted images

After 3 days:

Slightly or definitively increased signal on T1- and T2-weighted images
After this the signal intensity of the hematoma increases and remains
high for approximately 2 months

In dissection older than 6—12 months, it may be possible to detect an
intramural hematoma, which at that stage is isointense with surrounding
soft tissue

Eccentric flow void of the patent lumen

*Subacute, hyperintense thrombus is better seen if fat suppression is imple-
mented on T1-weighted acquisitions to eliminate the high signal intensity from
perivascular fat tissue.

Fig. 5. T1-weighted cervical magnetic resonance imaging with fat-suppression tech-
nique of left internal carotid artery dissection shows the intramural hematoma with interme-
diate signal intensity (white arrow) 2 days after symptom onset (early stage). (Courtesy Prof.
Ralf W. Baumgartner).
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Fig. 6. T1-weighted cervical magnetic resonance imaging with fat-suppression tech-
nique of left internal carotid artery dissection shows the intramural hematoma with increased
signal intensity six days after symptom onset. (Courtesy Prof. Ralf W. Baumgartner).

increases and remains high for approximately 2 months [44, 45]. If fat suppres-
sion is implemented on T1-weighted acquisitions, subacute and hyperintense
thrombus are more clearly visualized. In this situation, it is more difficult to
detect an intramural hematoma. However, these signal changes are not specific
for dissection; fresh thrombus due to atheromatous occlusion may exhibit simi-
lar signal evolution and intensity [46]. Nevertheless, crescentic thickening with
central signal void proximal to complete occlusion suggests dissection rather
than atheromatous occlusion [47, 48]. The shape of a mural hematoma varies
according to the relation between the axis of the affected vessel and the imaging
plane [49]. Several reports have described crescentic [43, 50], crescent-shaped
or oval [51], or circumferential mural hematoma [50]. In dissections older
than 2-3 months, the hematoma has been completely dismantled by the
surrounding tissue.

To overcome certain limitations of MRI and to increase the sensitivity of
noninvasive MR measures, a complimentary MRA is recommended. In fact,
when the evaluation includes a 2D- or 3D- TOF combined study or 3D contrast-
enhanced MRA, the detection of stenosis, pseudoaneurysm, or occlusion is
improved [52, 53] (fig. 7). Additionally, the presence of a thrombosed false lumen
is more convincingly demonstrated when spin-echo images are supplemented
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Fig. 7. Magnetic resonance angiography shows internal carotid artery dissection with
tapered stenosis and pseudoaneurysm. (Courtesy Prof. Ralf W. Baumgartner).

with PC- or TOF images showing absence of flow in the false lumen [24].
Regarding ICAD involving only a short segment at the cranio-cervical junction
can remain undetected if the imaging slabs do not overlap. MRA is superior in
revealing the etiology of a petrosal stenosis because of visualization of the arte-
rial wall property [54], while catheter angiography may fail to reveal the etiol-
ogy of a petrosal stenosis, because vessel narrowing is nonspecific.

3D TOF- or PC MRA combined with MRI allows the diagnosis of dissec-
tion and shows its whole extent [55, 56]. Two major advantages of PC MRA in
comparison to TOF MRA are the capability to determine the flow direction and
to measure the flow velocity [44]. Whereas experience with PC MRA in CAD
is limited, the 3D TOF MRA and MRI criteria for diagnosis of CAD are well
described and include luminal narrowing or occlusion and an increase of the
external artery diameter [47]. An increase in external diameter seems to be the
most sensitive sign of ICAD on MRI [5, 47, 55]. However, diagnosis of sub-
acute CAD causing stenosis with TOF-MRA has a potential pitfall [57, 58], as
intramural thrombus may not be detected because a high clot signal simulates
the flowing blood. This phenomenon is important in stenotic, short dissections,
especially in the petrosal segment of the ICA, where no widening of the vessel
can be detected. With TOF-MRA, a short dissection, therefore, can easily be
missed [54]. Levy et al. [47] describe intramural thrombus in 18/19 ICAD
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Fig. 8. Magnetic resonance angiogra-
phy shows bilateral vertebral artery dissec-
tion with stenosis and left pseudoaneurysm.
(Courtesy Prof. Ralf W. Baumgartner).

(95%) on TOF-MRA. This is due to the signal from the combining of methe-
moglobin in the intramural clot and the high-flow lumen that both suggest the
vessel to be abnormally wide [54].

A high sensitivity (MRA 95%; MRI 84%) and specificity (MRA and MRI
99%) can be obtained in ICAD with 3D TOF MRA and MRI, whereas in VAD
a low to moderate sensitivity (MRA 20%; MRI 60%) is accompanied by a high
specificity (MRA 100%; MRI 98%) [47]. The greater difficulty in obtaining a
correct diagnosis of VAD with MRI and MRA is due to the reduced thickness
of the arterial wall, the physiological asymmetries of the small diameter of VAs
and high signal intensities of surrounding veins and fat at the cranio-cervical
junction [47, 48, 59]. A reduction in arterial lumen alone is a sign with poor
specificity as it may be due to hypoplasia, vasospasm, dysplasia without dissec-
tion, mere flow reduction, or turbulence [47] (fig. 8). Another nonspecific find-
ing associated with VAD is poor or absent visualization of the VA. Therefore, an
altered flow velocity on PC MRA may alone be interpreted as being caused by
dissection in conjunction with the detection of a mural hematoma. The normal-
ization or improvement of flow with PC MRA on subsequent investigations
favors the diagnosis of dissection [44].

Mascalchi et al. [60] showed that the detection of the VA hematoma on
MRI depends on the segment involved. This characteristic reflects the different
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magnetic resonance signal features of the tissues surrounding the vessel.
Dissection at V2 is particularly difficult to identify. In this segment the arterial
lumen is often asymmetrical in normal subjects and the artery is surrounded by
a small amount of fat giving high signal on T1-weighted images, like a subacute
hematoma. Moreover, inflow enhancement phenomena in the venous sinus of
the foramen transversarium may mimic a dissection hematoma [47, 61].
Furthermore, Mascalchi et al. [60] noted that intermediate signal from residual
slow flow proximal or distal to the dissection can significantly hinder identifi-
cation of the hematoma especially in the acute phase, when the intramural clot
is of intermediate signal intensity on T1-weighted images. Another problem is
the common exclusion of V1 from the imaged volume. The authors concluded
that MRI is more informative than MRA for diagnosis of spontaneous VAD in
the acute phase, with the possible exception of dissection at V2. Regarding the
intracranial segment of VA, catheter angiography may be necessary for the cor-
rect diagnosis, when finding intramural hematoma on MRI is not satisfactory
because angiography is more sensible. The reliability of the typical findings
such as double lumen on MRA has not been determined [62].

Conclusions

Intra-arterial conventional angiography has been the standard method for
showing the presence and extent of CAD, but carries a risk of complications
and does not demonstrate the arterial wall. MRI in association with MRA
provides a noninvasive method for investigating CAD, as it allows direct
demonstration of an intramural hematoma and enables precise determination of
dissection extent. In patients in which the initial MRI and MRA have failed to
detect dissection and if clinical history or symptomatology are highly indica-
tive, we suggest implementing these examinations with angiography for
primary diagnosis.
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Abstract

Catheter angiography has long been considered the standard of reference for the diag-
nosis of cervical artery dissection. The accuracy of magnetic resonance (MR) angiography,
Doppler ultrasound or computed tomography angiography (CTA) has been evaluated in a
variety of comparative clinical studies. With the development and the increasing propagation
of modern multidetector CT techniques, the diagnostic potential of CTA has increased con-
siderably. Our purpose is to summarize the technical aspects and the recent advances of CTA,
and to discuss its significance for the diagnosis of cervical artery dissection. In addition the
typical CTA appearance of cervical artery dissections is described, and exemplified in vari-
ous clinical examples. MR angiography remains the method of choice for the exclusion of
carotid artery dissection. Multidetector CTA has to be regarded as a safe and reliable diag-
nostic modality in the evaluation of carotid dissections. But despite its improved quality, the
use of CTA in patients with suspected arterial dissection is restricted to a small number of
specific indications. At present, its application is reserved for those patients presenting with
contraindications to MR imaging.

Copyright © 2005 S. Karger AG, Basel

Catheter angiography has long been considered as the standard of refer-
ence for the diagnosis of cervical artery dissection. Due to the invasive charac-
ter of the method, alternative diagnostic modalities, such as magnetic resonance
imaging (MRI), Doppler ultrasound or computed tomography (CT) have been
evaluated in clinical studies [1-3]. Among these techniques, MRI has become
the method of choice. Advantages of MRI include high spatial resolution allow-
ing direct depiction of the arterial wall and visualisation of the mural hematoma



in case of arterial dissection [4—6]. In patients presenting with contraindications
for MRI, CT angiography (CTA) can be used alternatively. Previous studies
demonstrated the diagnostic potential of helical CT with single detector row for
the diagnosis and follow-up of cervical artery dissection [7, 8]. With the devel-
opment and the increasing propagation of modern multidetector CT techniques,
the diagnostic potential of CTA has increased considerably. Our purpose is to
summarize the technical aspects and the recent advances of CTA and to discuss
its significance for the diagnosis of cervical artery dissection.

Technical Aspects of CTA

Since the invention of the first CT scanner by G.N. Hounsfield in the year
1971, the technology has evolved from a time consuming, expensive technol-
ogy offering a more than limited image quality to an elegant, fast, and precise
tool of modern radiology. Two basic innovations were necessary for this evolu-
tionary process. The introduction of helical CT technology in the beginning of
the 1990s significantly reduced the scan time and improved the image quality
of CT scans. With the development of multidetector CT technology in the late
1990s, the technology experiences a renaissance.

With helical CT, the radiation source performs a constant rotation around
the patient lying on the examination table. During image acquisition, the patient
table passes the gantry of the scanner at a constant velocity while detectors
measure the penetrating radiation. With first-generation CT scanners, these
detectors consisted of scintillation crystals attached to photomultiplier tubes. In
our days, gas-filled ionization chambers are applied. With technologies allow-
ing for a reduced gantry rotation time of 0.75-0.8s, helical CT technology
became possible. In contrast to previously applied pencil-shaped X-ray beams
and stepwise table feed, a fan-shaped X-ray beam was used, allowing to
improve the image quality and to decrease the scanning time. This is particu-
larly useful in patients presenting with difficulties to remain still during the
examination. However, the limitations of helical single-beam CT technology
need to be addressed. Scan coverage and z-axis coverage/rotation (10 mm) is
inadequate to entirely cover the cervical arteries from the aortic arch to the skull
base. In addition the resulting anisotropic voxels constrain further postprocess-
ing of image data.

Major advances have been made by the introduction of multidetector CT
scans. This new technology allows investigation of a large volume with a high
x-axis resolution in a very short time. The basic innovation consist of the appli-
cation of a cone-shaped X-ray beam, with multiple detector rows receiving the
attenuated radiation. This novel approach allows for faster scan coverage and
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larger z-axis coverage/rotation. With its high spatial resolution and thin slices,
the method provides data sets with isotropic voxel size improving the quality of
multiplanar reformats and 3D-rendered images.

Multidetector CT has dramatically changed the importance and indications
established for CT. Short acquisition times with a very high spatial resolution
helped to improve the quality of CTA sustainably. An increasing number of
applications are investigated in clinical studies. Multidetector CTA has already
been accepted as a means for the evaluation of atherosclerotic carotid disease
and for the pretherapeutic evaluation of intracranial aneurysms in clinical prac-
tice [9, 10]. So far, the diagnostic potential of multidetector CTA in patients
with cervical arterial dissections has not been examined systematically [11].

Imaging Protocol

Pitch, section width, increment, tube current, and voltage are parameters
characterizing CT protocols. In single detector row, the pitch is defined as table
feed per rotation/nominal slice thickness. In multidetector CT, we are talking
about a beam pitch, which is defined as table feed per rotation/nominal slice
thickness X number of detector rows. In single detector row CT, a pitch of 1.5
has become the internal standard. This corresponds to pitches of 0.75 in 4-row
multidetector CT, 0.875-1.35 at 8-row multidetector CT, and 0.9375-1.375 at
16-row multidetector CT [12]. Higher pitches are usually applied in dynamic
imaging, such as perfusion CT [13, 14]. It should be remembered that high
pitches are associated with a decrease in z-axis resolution. Multidetector CT
allows for acquisition of near-isotropic data sets of overlapping, thinly sliced
transverse images. A high-resolution protocol is used for imaging carotid arter-
ies. By using an 8-detector row scanner, a high-resolution 3D volume with a
nominal section width of 1.25 mm can be acquired within 10s [15].

Application of Contrast Media

The intravenous injection of contrast medium (CM) needs to be adapted to
faster image acquisition. If applied incorrectly, vessel opacification might be
weak, out of phase, or the CM bolus might even be missed completely.

There are different techniques for the administration of CM in multidetector
CT imaging: these are measurement of a test bolus, bolus tracking, and contin-
uous injection of contrast. The injection of a small test bolus (10—15ml) is a
reliable means of determining the circulation time with a dynamic, nonincremen-
tal CT acquisition. For bolus-triggered application of CM, a region of interest is
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placed into a target vessel. During the application of CM, nonincremental CT
scans are acquired. When a predefined threshold of, for example, 100 HU is
obtained, the CT acquisition starts. The triggering delay between passing the
threshold in the target vessel and the start of the acquisition depends on the CT
scanner used and lies in the range of 2—8 s. After the injection of the CM bolus,
saline flushing of the vein is advised as CM can stagnate in the arm veins.
Saline flushing improves utilization of CM and enhances the quality of CTA.
These two techniques are predominantly applied in multidetector CTA with
scanning times below 15s. For acquisition times longer than 15s, continuous
injection of CM has to be considered. In this case, injection times are usually
chosen equaling the scan time. The CM flow rates and the iodine concentration
of CM need to be adapted to the demands of fast CTA. A standard flow rate of
4ml/s of CM with a standard iodine concentration of 300 mg/ml might provide
insufficient results as image acquisition can get ahead of CM inflow. The
demands of fast CTA are met by using higher inflow rates, or more conve-
niently, by using CM with a higher density (concentration of iodine
>370 mg/ml).

Image Analysis

Image analysis should be performed on a 3D workstation by reviewing the
3D volume data in a dynamic fashion. We recommend becoming comfortable
with the transverse sections, because they should be the primary review planes
interrogated. Yet, multiplanar reconstructions or curved planar reformats along
the vessel axes are available with multidetector CTA. The average level should
be preset in the range of 150 HU with a window between 400 and 500 HU.

CTA Imaging at the Acute Phase of Carotid Artery Dissection

Carotid artery dissections usually are confined to the cervical part of the
internal carotid artery extending to the skull base. Dissecting disease in most
cases spares the carotid bifurcation as well as the intracranial parts of the inter-
nal carotid artery.

In the acute phase, carotid artery dissection presents, in 50% of cases,
tapered long stenosis on conventional angiograms (fig. 1a) [16]. A typical
angiographic feature, encountered in 30% of cases, is the alternation of stenosis
followed by dilated segments and the formation of pseudoaneurysms along the
affected parts of the artery (fig. 2a) [16]. Carotid artery dissections may finally
show occlusive lesions in 20% of cases with a fusiform aspect (fig. 3a) [16].
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Fig. 1. a Left carotid artery dissection with tapered long stenosis on conventional
angiography. b The external diameter of the carotid artery is enlarged on helical CT, and the
arterial lumen appears eccentric (arrow) because of the arterial wall thickening (mural
hematoma; arrowhead). The level of the CT slice is indicated on the angiogram (arrow; a).

However, this angiographic appearance is not specific of dissection and may be
observed in other circumstances, such as thromboembolic events.

The CTA appearance of carotid artery dissection may differ considerably.
Previous studies were able to define various imaging features of carotid artery
dissection by using spiral CTA. Carotid artery dissections on CTA may present
with occlusion, stenosis, pseudoaneurysm, target picture, mural thickening, or
an eccentric arterial lumen. Among these varying modes of presentation, the
eccentric arterial lumen seems to be the most reliable indicator of acute dissec-
tion (fig. 1b). Mural thickening located at the upper portion of the extracranial
internal carotid artery seems to be a highly sensitive and specific sign of carotid
artery dissection [7]. Cervical arterial dissection may as well present as an area
of arterial wall thickening and a narrowed eccentric lumen surrounded by a thin
annular contrast enhancement. This so-called target picture is a very specific,
yet less sensitive, sign of arterial dissection (fig. 4). Another fairly reliable cri-
teria for establishing the diagnosis of arterial dissection on CTA is the depiction
of an aneurysmally dilated lumen or an alternately dilated and narrowed lumen
with or without crescent-shaped mural thickening or an intimal flap (fig. 2b).

CTA in Carotid Artery Dissection 123



Fig. 2. alnternal carotid artery (ICA) dissection with aneurysm at the upper portion of
the right ICA on angiography. b Helical CT findings showing both narrowed eccentric lumen
(arrow) and aneurysm (arrowhead).

The increase of the external diameter of the carotid artery can be established by
comparing the diameter at the level of the suspected dissection with either a
proximal segment of the internal carotid artery or a corresponding section of
the contralateral internal carotid artery (fig. 3b).

CTA in the Follow-Up of Carotid Artery Dissection

On angiographic controls an ‘angiographic residuum’ has to be expected in
about 25% of healed dissections [16]. These residual abnormalities include
luminal irregularities related to fibromuscular dysplasia, tortuosities, atheroma,
or scar. Previous studies using CTA for the follow-up of patients with cervical
artery dissection showed that stenotic-type and nearly occlusive dissections
tend to heal with only minor residual mural abnormalities. A disappearance of
the aneurysms previously present can be expected in 50-70% of cases [16,17].

CTA is useful for depicting arterial luminal patency after carotid dissection
and for showing residual arterial abnormalities — findings that allow physicians
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Fig. 3. a Occlusive type dissection of the left internal carotid artery (ICA) on angio-
graphy. b Helical CT demonstrates the increased external diameter (arrow) of the ICA com-
pared with the contralateral side (arrowhead).

Fig. 4. Typical target CT picture of dissection of the left internal carotid artery associ-
ating an arterial wall thickening (straight arrow) with a narrowed eccentric lumen (arrow-
head) surrounded by a thin annular contrast enhancement (curved arrow).
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Fig. 5. a Conventional angiogram 2 days after onset of symptoms reveals complete
occlusion of the left ICA with tapered lumen just beyond the bulb (arrow). b Axial CT scan 3
years later shows a smaller diameter of the left ICA (large arrow) as compared with the con-
tralateral side (small arrow). ¢ MIP reconstruction shows a severe narrowing throughout the
cervical left ICA (arrow).

the flexibility to alter the treatment of ICA dissections as appropriate. Previous
studies [8, 18] showed that CTA scans offer good interobserver agreement, and
that occlusion, stenosis, and pseudoaneurysms of the cervical ICA are correctly
identified (fig. 5). Previous follow-up studies provided results close to those
reported for conventional angiography and demonstrated the value of helical
CT in monitoring the alterations of extracranial ICA dissections over time.
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Discussion

In the past years MR angiography has gradually replaced catheter angiog-
raphy in the diagnosis of arterial dissection. At present, MR angiography and
Doppler ultrasound are considered to be the methods of reference for the diag-
nostic work-up of patients with suspected arterial dissection. The high sensitiv-
ity of CTA for the detection of extracranial dissection has been demonstrated in
various studies, and although the quality of CTA has improved dramatically in
the past years, it remains a second-line diagnostic tool for the detection of arte-
rial dissections. This is basically due to a couple of limitations inherent to the
method. Even with modern multidetector CT scanners, CTA is associated with
a radiation dose. In addition, important volumes of iodated CM need to be
administered with the risk of contrast reactions. Further drawbacks to CTA are
venous contamination, and the limited depiction of smaller vessels embedded
into the bone.

Despite its improved quality, the use of CTA in patients with suspected
arterial dissection is restricted to a small number of specific indications. With
examination times below 20 s, multidetector CTA can be applied in confused
and in noncompliant patients. In addition, multidetector CTA has to be regarded
as the alternative method of choice in patients that present contraindications to
MRI.

Conclusion

MR angiography remains the method of choice for the exclusion of carotid
artery dissection. Multidetector CTA has to be regarded as a safe and reliable
diagnostic modality in the evaluation of carotid dissections. Its application is
reserved for those patients presenting with contraindications to MRI.
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Abstract

The prognosis of cervical artery dissection (CAD) patients mainly depends on the
severity of the initial stroke and the risk of subsequent stroke. The overall functional progno-
sis of patients with stroke due to CAD does not differ from that of young patients with stroke
due to other causes. The annual risk of recurrent stroke ranges from 0.3 to 3.4%. Early recur-
rences are often in the territory of the CAD when arterial lesions had not completely recov-
ered. Conversely, long-term recurrent ischemic events seem to take place in all territories and
can be due to various mechanisms. The prognosis of CAD patients also depends on the arte-
rial outcome. Stenotic lesions resolve within a few months, most often without visible sequel
on angiogram, in about 70% of patients. Recanalization of occluded vessels is less frequent
but in more recent studies, which used imaging to confirm the presence of a mural
hematoma, recanalization occurred in up to 90% of cases. Carotid aneurysms persist in about
two third of cases while vertebral aneurysms seem to frequently resolve. Complications
related to persistent aneurysm seem to be exceptional. The overall risk of CAD recurrence is
low, ranging from 0.3 to 1.4% but seems to be higher within the first month and some recur-
rences are asymptomatic. Patients with connective tissue disease or familial history of CAD
have an increased risk of CAD recurrence, but other risk factors remain unknown.

Copyright © 2005 S. Karger AG, Basel

The prognosis of cervical artery dissection (CAD) consists at first of the
neurological outcome, which is related to the severity of the initial ischemic
insult and to the risk of subsequent stroke. It also consists of the arterial out-
come, which corresponds to the evolution of the arterial lesions and the subse-
quent risk of CAD recurrences. Very early reports, often based on autopsy
studies, associated CAD with a high mortality rate [1]. Recent publications
have shown that patients who survive the initial episode usually improve or
recover [2, 3]. So far, studies devoted to the long-term risk of recurrent events



Table 1. Neurological outcome of stroke after cervical artery dissection

Reference (year of Patients, n Death in the Follow-up, Survivors with

publication)

acute phase, % years good/excellent
outcome, %

Mokri and Sundt [2] (1986) 36 0 4.9 72
Bogousslavsky et al. [4] (1987) 30 23 32 52
Mokri et al. [13] (1988) 25 0 3.8 38
D’ Anglejan et al. [3] (1990) 62 1.6 3.4 71
Pozatti et al. [39] (1990) 19 16 8.2 44
Astetal. [11](1993) 68 1.5 1.0 42
Leys et al. [6] (1995) 110 ND 3.0 73
Engelter et al. [50] (2000) 33 3 23 78
Beletsky et al. [8] (2003) 116 ND 1.0 86

ND = Not described.

have been quite rare [4-8]. Many uncertainties persist with regards to the influ-
ence of antithrombotic drugs on the ischemic events risk.

Neurological Prognosis

Functional Prognosis and Persistent Headaches

The clinical manifestations of CAD include transient ischemic attacks
(TIA), stroke, and local signs and symptoms, which can occur in combination
or in isolation. Most patients with ischemic complications have preceding local
manifestations. However, as many patients with isolated local signs are under-
diagnosed, the absolute risk of ischemic complications beyond the onset of
local manifestations is unknown. In patients with stroke or TIA, the delay
between the first symptoms of CAD and ischemic event widely varies from few
minutes to one month. However, most strokes occur within the first week [9].
The functional prognosis of patients with stroke mainly depends on the size and
the localization of the infarct [10]. The reported rate of death from dissections
of the carotid and vertebral arteries is very low in most case series (table 1) [2,
4,5,9, 11-13]. However, this rate is probably underestimated because patients
admitted in a critical neurological state do not always have arterial examina-
tions allowing the diagnosis of CAD. Actually, CAD constitutes a potential
cause of massive or malignant middle cerebral artery infarct in young subjects
resulting from acute carotid occlusion. For example, in a series of 63 patients
with malignant middle cerebral artery infarct, 19 (30%) had a CAD [14].
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Among patients who survived a stroke due to CAD, a fairly good neuro-
logical prognosis is noted in about three fourths of adult cases (table 1).
Children also seem to have a favorable outcome after a dissection although very
few cases have been reported [15]. However, the overall functional prognosis of
patients with stroke due to CAD does not seem to significantly differ from that
of young patients with stroke due to other causes [16, 17]. It has been suggested
that patients with traumatic dissection may have more severe long-term neuro-
logical deficits than those with spontaneous dissection, but this finding did not
receive any clear explanation [18].

Headache and cervical pain occur in up to 75% of patients with CAD and
may be the only clinical manifestation [19]. In addition, migraine, which is a
risk factor for CAD, is present in about 50% of patients before CAD [20-22].
After a CAD, a dramatic improvement or worsening of migraine can be
observed. Moreover, some patients without past history of migraine have resid-
ual headache, which sometimes fulfill criteria for migraine [6]. In the study of
Leys et al. [6], about one third of patients with post-CAD headache complained
of pain spreading to the ipsilateral cervical area. The mechanisms of such
headache and cervical pain remain unknown. Persistent pain is observed in
patients without ischemic symptoms, as well as in those with brain infarct, sug-
gesting that pain is more likely linked to the arterial involvement than the brain
lesion.

Recurrent Ischemic Events

Table 2 summarizes results of the studies devoted to the prognosis of
CAD. The annual risk of recurrent stroke ranges from 0.3 to 3.4% and that of
TIA from 0.6 to 1.7% [3-8, 23-25]. Stroke and TIA, which occur after a CAD,
can result from recurrent CAD (see below), persistent arterial lesion (occlusion,
stenosis, aneurysm) or other common causes of stroke in young subjects.
Recurrent events seem to be more frequent during the first weeks of CAD [7,
8]. Those early recurrences are often in the territory of the CAD when arterial
lesions had not completely recovered [7]. Conversely, ischemic events occur-
ring during long-term follow-up seem to take place in all territories and can be
due to various mechanisms. In the muticenter study conducted in France (459
patients followed up for a mean of 31 months), 4 (2 strokes and 2 TIA) out of
the 12 ischemic events occurred within the 6 months of the qualifying event and
were due to persistent acute CAD. Beyond 6 months, 8 ischemic events (2
strokes and 6 TIA) were observed. Both strokes were due to a contralateral
recurrent dissection. Of the 6 late TIA, 3 occurred in the territory of the initial
CAD and 3 TIA in an undetermined territory [7]. One patient had persistent
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Table 2. Long-term risk of ischemic events and recurrence in cervical artery dissection

Reference Country Patients Anatomical Follow-up, Annual risk, %

(year of (survivors), n subtype years

publication) ischemic TIA recurrent

stroke CAD

Bogousslavsky Switzerland 24 ICAD 32 1.3 0 1.3
et al. [4] (1987)

D’ Anglejan France 59 ICAD 34 ND ND 0.9
et al. [3] (1990)

Pozatti Italy 16 ICAD, occlusion 8.2 0 0 0
et al. [39] (1990)

Schievink USA 199 ICAD and VAD 7.4 ND ND 1.1
et al. [5] (1994)

Leys France 105 ICAD and VAD 3.0 0.6 1.0 1.0
et al. [6] (1995)

Bassetti Switzerland 74 ICAD and VAD 2.8 ND ND 1.4
et al. [23] (1996)

Guillon France 16 ICAD with 3.0 0 0 0
et al. [29] (1999) aneurysm

Engelter Switzerland 33 ICAD 23 2.7 1.4 0
et al. [50] (2000)

Touzé France 35 ICAD and VAD 35 0 0 0
etal. [21] (2001) with aneurysm

Touzé France 459 ICAD and VAD 2.6 0.3 0.6 0.3
et al. [7] (2003)

Beletsky Canada 116 ICAD and VAD 1.0 34 1.7 0
et al. [8] (2003)

Kremer Switzerland 92 ICAD with severe 6.7 1.1 1.0 0.6

etal. [25] (2003)

stenosis or occlusion

ICAD = Internal carotid artery dissection; ND = not described; VAD = vertebral artery dissection.




carotid stenosis and etiology was undetermined in the 5 remaining TIA [7]. The
prospective Canadian study also suggested that recurrent events mostly occur in
the first weeks after dissection, but deaths, which may also be due to the initial
stroke, were included in recurrent events [8].

Exceptional cases of stroke in patients with chronic carotid aneurysm
retrospectively attributed to an ancient and missed CAD have been reported [26,
27]. Stroke was usually attributed to thrombus migration from the aneurysm,
sometimes found during surgical procedure [28]. However, in two prospective
studies specifically devoted to patients with persistent carotid or carotid and
vertebral aneurysm after a CAD, no event was observed [21, 29]. The stroke risk
seems also to be low in patients with persistent severe stenosis or occlusion
(table 2) [25]. These findings do not support the use of invasive therapies such
as surgery [30-32] or endovascular procedures [33-35] in the vast majority of
patients with persistent arterial lesions after a CAD [21, 25, 29]. Conservative
management with antiplatelet therapy seems a prudent strategy, and invasive
options should be only proposed in patients with recurrent events despite well-
conducted medical therapies.

Arterial Prognosis

Evolution of Arterial Lesions

Improvement of arterial lesions of dissection over time is the rule and may
constitute a strong argument for the diagnosis of CAD [1]. Interestingly, wor-
sening of the arterial lesion during the acute phase of dissection has been
reported sometimes, but this unusual evolution most often has no clinical coun-
terpart [36]. The long-term anatomical outcome seems to depend on the initial
angiographic form. Stenotic lesions resolve within a few months, most often
without visible sequel on angiogram, in about 70% of patients (fig. 1) [2, 3, 6,
13, 25, 37, 38]. Recanalization of occluded vessels seems less frequent. In old
series, which only used angiography, recanalization occurred in about 40% of
patients [2, 4, 37, 39]. Yet, in more recent studies, which used MRI, duplex
sonography or CT scan to confirm the presence of a mural hematoma, recanal-
ization occurred in up to 90% of cases, suggesting that older studies included
occlusions which were not due to CAD [40, 41]. Recanalization usually occurs
within the first weeks and seems to be exceptional beyond 3 months.
Recanalization does not influence neurological outcome [42]. The frequency of
aneurysmal forms of CAD ranges from 13 to 49% for ICA [2, 3, 11, 18, 21, 29,
37, 40] and from 10 to 46% for VA [12, 13, 21, 43]. Aneurysm can be associ-
ated with stenotic form or can constitute the evolution of an occlusive form
(fig. 2). It should be pointed out that some aneurysms may be missed if only an
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Fig. 1. Multiple cervical artery dissection: a Initial evaluation: occlusion of right inter-
nal carotid artery (1), stenoses of left internal carotid (2) and vertebral arteries (3). b Follow-
up (3 months): persistence of right carotid artery occlusion (arrow), and resolution of left
carotid and vertebral artery stenoses.

acute stage angiography is performed, because blood flow distal to the stenosis
may be insufficient to fulfill the aneurysm at the acute phase [21]. Two studies
specifically devoted to the outcome of aneurysmal forms of CAD have found
that aneurysms of the internal carotid artery frequently persist [21, 29]. Guillon
et al. [29] found that 95% (out of 20) carotid aneurysms persisted after a 3-year
mean follow-up. Touzé et al. [21] found that 64% (out of 33) carotid aneurysms
persisted after a 3.5-year mean follow-up. Anatomical outcome of vertebral
aneurysms seems better than that of carotid ones since only 17% of the 9
aneurysms persisted in the latter study. In both studies, no increase in aneurysm
size was observed at follow-up angiographies, mainly magnetic resonance
angiography, and no patients had clinical complications (ischemic events, mass
effect or rupture). Aneurysm involving an asymptomatic artery is sometimes
found at the acute phase of CAD. Whether this aneurysm represents a previous
dissection and has been present for many years or represents a purely aneurys-
mal form of acute CAD remains uncertain. However, these aneurysms rarely
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Fig. 2. Carotid artery dissection
(aneurysmal form). a Initial evaluation show-
ing severe stenosis and aneurysms. b Follow-
up evaluation showing an improvement of the

b stenosis but persistence of aneurysms.

seem to disappear, suggesting that they are most often due to a previous silent
dissection [21].

Risk of Recurrent CAD

The overall risk of CAD recurrence is low, ranging from 0.3 to 1.4% (table
2) but seems to be higher within the first month [5]. Indeed, Schievink et al. [5]
found a risk of CAD recurrence of 2% in the first month and of 1% beyond.
Besides, early CAD recurrences could be underestimated, because asympto-
matic recurrences could be more frequent than symptomatic ones (fig. 3) [44]
Risk factors for CAD recurrence are not well known. Patients with connective
tissue disease or familial history of CAD have an increased risk of CAD recur-
rence [5, 6, 45—47]. Schievink et al. [46] found an increased risk of CAD recur-
rence in patients with a familial history of dissection (RR, 6.3; 95% CI,
2.2-18.3%) which corresponded to an absolute risk of 50 vs. 5.8%. In the study
of Leys et al. [6], 2 of the 3 patients with CAD recurrence had connective tissue
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Fig. 3. Asymptomatic early recurrence. a Initial evaluation: right internal carotid
artery stenosis. b Follow-up evaluation: resolution of right carotid stenosis but occurrence of
asymptomatic aneurysmal form of dissection of the left internal carotid artery.

disease. Nevertheless, familial dissections and connective tissue diseases are
exceptional in practice. The low prevalence of connective tissue disease
observed in the multicenter study conducted in France possibly explains the low
risk of CAD recurrences [7]. Thus, the risk of recurrence is probably under 1%
per year in patients without severe connective tissue disease.

Role of Antithrombotic Treatments

Although their efficacy has never been established, anticoagulants are
widely used in the acute phase of CAD [48]. Heparin is usually administered in
the acute phase, and then replaced by oral anticoagulants for a mean period of 3
months. This attitude is justified by the fact that most strokes seem to result
from thromboembolic mechanism [49]. One recent prospective observational
study performed in 105 patients with CAD found a nonsignificant trend that the
rate for recurrent TIA and ischemic stroke or death was higher in patients
treated with aspirin (12.4%) than with anticoagulation (8.3%) [8]. A retrospec-
tive study did not find any difference in the risk of ischemic events between
patients under anticoagulants and those under aspirin [50]. In addition to the
risk of intracranial or systemic hemorrhage, anticoagulants carry a theoretical
risk of worsening the intramural hematoma [1]. However, this negative effect is
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not confirmed by everyday practice. The question of whether anticoagulants are
better than aspirin in the prevention of early recurrent events can be answered
by a therapeutic trial that would require about 2,000 patients [8]. Beyond the
acute phase, anticoagulants are frequently relayed by an antiplatelet treatment.
The benefit of antithrombotic drugs in the prevention of long-term ischemic
events after a CAD has never been assessed. In studies devoted to the prognosis
of patients with persistent arterial lesions, most patients received antiplatelet
drugs. Many practitioners advise to continue antiplatelet drugs in patients who
keep arterial abnormalities (e.g., stenosis, aneurysm) and to stop these drugs in
those who have a complete recovery of their dissection. The very low risk of
long-term ischemic events, even in patients with persistent arterial lesions,
makes it difficult to evaluate the long-term benefit of antithrombotic drugs after
a CAD. There is no reason to believe that antithrombotic drugs could reduce the
risk of CAD recurrence.
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Abstract

Safety and efficacy of intravenous (IVT) and intra-arterial thrombolysis (LIT) in
patients with acute stroke due to spontaneous cervical artery dissection were not assessed in
any controlled randomized trial. Data on IVT are derived from 4 studies with a total of 50
patients aged 48 = 10 years with internal carotid artery dissection. No new or worsened
local signs on the side of dissection, such as Horner syndrome and cranial nerve palsy, and
no rupture of the cervical carotid artery or subarachnoid hemorrhage (SAH) were observed.
One patient dramatically deteriorated during IVT, probably due to arterial embolism arising
from a thrombus dislocated from the dissection site. Mortality was 8%, while 40% of
patients had a good outcome defined by a modified Rankin scale (mRS) score of 0-2 points.
Up to date, a total of 15 patients with carotid or vertebral artery dissection treated with LIT
were described. No intracranial hemorrhage, rupture of the dissected vessel, SAH, or recur-
rent arterial embolism were reported in any patient. Mortality was 13%, while good outcome
(mRS score 0-2 points) was observed in 60% of patients, which is comparable to the results
in the active group of the PROACT II study. Currently available data thus suggest that IVT
should not be withheld in patients with acute stroke due to cervical artery dissection. LIT
treatment can only be based on individual decision-making.

Copyright © 2005 S. Karger AG, Basel

Intravenous Thrombolysis

No randomized study has yet examined effectiveness or potential hazards
of IVT or LIT thrombolysis in acute ischemic stroke caused by spontaneous
internal carotid or vertebral artery dissection; currently available data on this
issue are thus derived from small case series or case reports. In this chapter,
safety and efficacy of IVT and LIT will be discussed.

Ischemic stroke caused by spontaneous internal carotid (sICAD) or
vertebral artery dissection (SVAD) was not an exclusion criterion in any of the



major thrombolysis trials; still, these patients were not specifically identified
prior to treatment, or retrospectively analyzed as a subgroup. The presence of
an intramural hematoma and intraluminal thrombus in the dissected vessel
suggest that intravenous thrombolysis (IVT) may be associated with additional
risks: axial and/or longitudinal extension of the vessel wall hematoma, causing
(1) new or progressive local signs on the side of dissection, such as Horner
syndrome and cranial nerve palsy; (2) progression of luminal narrowing;
(3) pseudoaneurysm formation; (4) vessel rupture causing cervical or sub-
arachnoid hemorrhage (SAH), and (5) arterial embolism through thrombus
dislocation.

Up to date, a total of 50 patients (SICAD in all cases) were described in
four observational studies [1-4], which are summarized in table 1. The dose of
recombinant tissue plasminogen activator applied in one study was 0.8 mg/kg,
while 10/11 patients were treated within the 3- to 6-hour window; 2 of 33
patients in another study received treatment 3—4.5 h after symptom onset, while
remaining patients were treated according to the National Institute of Neurolog-
ical Disorders and Stroke (NINDS) trial protocol [5]. The observations made
are as follows:

(1) No new or progressing local signs were observed in any patient.

(2) Progression of luminal narrowing was hard to assess from the available
data, particularly because only one study [1] examined patients both, before and
after IVT, while patients were examined on a single occasion in remaining stud-
ies. Thus, the only information available can be derived from the degree of
stenosis after IVT as compared to the natural history of the disease, and even
this comparison is of limited value due to the low number of thrombolyzed
patients and the lack of specific information concerning exact degree of steno-
sis and timing of follow-up vascular studies. Internal carotid artery (ICA)
occlusion was present in 27 of 50 (54%) patients. ICA stenosis, the exact
degree of which is not mentioned, was observed in 3 of 11 patients in one study
[2], and ICA stenosis >50% in 8 of 33 patients in another [4]; data from a fur-
ther study had to be excluded from this evaluation, as the authors merely
described a stepwise recanalization, without providing actual information on
the presence or degree of stenosis [1]. Thus, we can only conclude that ICA
stenosis following IVT was present in 11 of 44 (25%) of patients. A recent
study described cervical ICA occlusion or severe stenosis in 70% of 145 sSICAD
patients presenting with acute ischemic symptoms, who did not undergo IVT.
Vascular findings were obtained using ultrasound examinations, which were
performed a median of 2 days (range 0—114 days) after symptom onset [6].
While these findings appear comparable to the ones mentioned above, both,
methodological issues and the small number of enrolled patients preclude any
meaningful conclusions.
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Table 1. Studies on intravenous thrombolysis in acute ischemic stroke caused by spontaneous dissection of the cervical internal carotid artery

(44!

Author Patient Cervical carotid New/worsened Pseudoaneurysm Arterial Clinical
artery findings Horner syndrome of cervical carotid embolism outcome
(OCP after thrombolysis or cranial nerve artery
Ué. (time interval palsy on side of
2 symptom onset or dissection; carotid
? thrombolysis to rupture, cervical
0% vascular assessment) or SAH
2
g Rudolf 6 Stepwise 0 0 NIHSS 0,n = 2; 1,9,
etal. [1] recanalization, n = 4 n=2
Persisting occlusion, mRS 0,n = 2; 2, 4,
n=2 n=2
(Not reported) Died,n =2
Derex 11 Occlusion, n = §; 0 1 0 mRS 0-1; n = 4; 3-4;
etal. [2] stenosis, n = 3! n=7

(8 = 7 days after
symptom onset)

Georgiadis 332 Normal, n = 8 0 0 1 Median NIHSS,
et al. [4] 7 (range, 5-9)
Stenosis 50-70%, mRS 0-2,n = 17; 3-5,
n = 2; =70%, n=14
n==6

Occlusion, n = 17
(17-52h after
thrombolysis)

Died,n =2

! All dissected cervical internal carotid arteries were initially occluded.
2 Two patients described by Georgiadis et al. were already published by Arnold et al. [3].
mRS = Modified Rankin scale; NIHSS = National Institute of Health Stroke Scale.




(3) One pseudoaneurysm was observed in 44 patients who underwent MR
or catheter angiography after IVT. Thus, one pseudoaneurysm was diagnosed in
19 (5.2%) nonoccluded sICAD (table 1). Pseudoaneurysms were reported to
occur in 13—48% of patients with sSICAD [7-10]. Thus, the present data do not
suggest that IVT promotes the development of pseudoaneurysm in patients
with sSICAD.

(4) No patient showed clinical or radiological signs of cervical or SAH.

(5) A dramatic deterioration during IVT was observed in one patient by
Georgiadis et al. [4], and attributed to arterial embolism, probably by a throm-
bus dislocated from the sICAD. Still, the authors could obviously provide no
conclusive evidence to support this assumption. No deterioration attributable to
IVT was reported in the other studies.

The low number of patients examined, and the fact that none of the above-
mentioned studies were randomized, prohibits any conclusions concerning
influence of IVT on outcome. Overall, mRS =2 was observed in 20 of 50
(40%) patients. These results are comparable to the ones reported in the NINDS
trial (mRS =2 in 48% of cases) [5]; still, it must be taken into account, that
SICAD patients were younger (48 = 10 vs. 69 *= 12 years, respectively;
mean *= SD), with slightly higher stroke severity (median 16 vs. 14, respec-
tively; note that no NIHSS data were provided by Derex et al. [2]). Mortality
was 8%, as compared to the 17.3% reported in the NINDS trial [5].

The aforementioned preliminary data suggest that IVT in patients with
sICAD is not per se associated with additional risks or worse functional
outcome as compared to patients with acute ischemic stroke of other etiologies.
Therefore, it appears justified to apply IVT in sICAD patients. Safety and
efficacy of this approach though, can only be evaluated through a prospective
randomized study.

Local Intra-Arterial Thrombolysis

The possible complications of local intra-arterial thrombolysis (LIT)
include those mentioned for IVT, but also the risk of catheter angiography and
in particular thromboembolism due to the passage of the catheter through the
occluded or severely narrowed dissected vessel and the catheterization of the
false lumen. An overview of the published data is presented in table 2. Except
for one study, describing 7 patients [3], remaining publications consist of
reports including 1-2 cases [11-17]. No rupture of the dissected vessel, cervi-
cal or SAH, or intracranial hemorrhage, or peri-interventional arterial
embolism was reported in any study. Thus, based on the currently available,
albeit limited data, LIT in acute ischemic stroke due to SICAD or sVAD is not
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Table 2. Studies on local intra-arterial thrombolysis in acute ischemic stroke caused by spontaneous dissec-
tion of the cervical internal carotid artery

Study N/Age/Sex Dissected Time from New/worsened Clinical
vessel symptom Horner syndrome outcome, mRS
onset to or cranial nerve (time after
thrombolysis, palsy on side of thrombolysis)
min (drug) dissection; carotid
rupture; cervical
or SAH; cervical
pseudoaneurysm
Price et al. [11] 1/33/M VA ? (rtPA) 0 1 (6 months)
Sampognaro 1/38/M ICA 170 (UK) 0 0 (6 months)
etal. [12]
Ahmad et al. [13] 1/28/F VA bi ? (UK) 0 died (5 days)
2/41/F VA ? (UK) 0 1(?)
Arnold et al. [3] 1/40 /F VA bi 80 (UK) 0 1 (3 months)
2/48/F ICA 175 (UK) 0 1 (3 months)
3/40/F ICA 250 (UK) 0 3 (3 months)
4/68/M VA 210 (UK) 0 1 (3 months)
5/43/F VA 385 (UK) 0 died (3 months)
6/43/M VA bi 285 (UK) 0 5 (3 months)
7/52/M ICA 225 (UK) 0 4 (3 months)
Restrepo et al. [15] 1/34/F VA 2,580 (rtPA) 0 1 (6 months)
Ogiwara et al. [16] 1/22/M ICA 120 (UK) 0 0 (8 months)
Abboud et al. [17] 1/44/M ICA 210 (UK) 0 0 (7 days)

bi = Bilateral; ICA = internal carotid artery; min = minutes; rtPA = recombinant tissue plasminogen activa-
tor; UK = urokinase; VA = vertebral artery.

associated with any additional risks. Assessment of treatment efficacy is also
hampered by the marked variation in severity of initial neurological deficit.
Mortality was 13%, while good outcome (mRS =2) was observed in 60% of
patients. These results compare favorably to the ones reported in the Intra-
Arterial Prourokinase for Acute Ischemic Stroke (PROACT) II study (mortality
25%; mRS =2 in 40% of patients) [18]. Still, two obvious differences must be
noted: (1) patients with acute ischemic stroke caused by sICAD or sVAD were
notably younger as compared to PROACT II patients (41 = 11 and 64 = 10
years, respectively, mean = SD) and (2) only patients with occlusion of the M1
or M2 segment of the middle cerebral artery were enrolled in PROACT 1I,
while vertebrobasilar system lesions were present in 53% of patients with
symptomatic cervical artery dissection treated with LIT.
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The presented data do not allow any definitive statements or treatment rec-

ommendations regarding application of LIT in patients with sSICAD or sVAD.
We suggest that treatment can only be based on individual decision making,
taking patients age, severity of clinical symptoms, and vascular status and
accessibility of the occluded vessel for LIT into account.
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Abstract

Antithrombotic therapy in patients with cervical artery dissection (CAD) is empiric
rather than evidence based. The routine use of anticoagulants in each CAD patient cannot be
recommended. A randomized controlled trial comparing antiplatelets with anticoagulation is
clearly needed. However, due to the large sample size, which is required to gather meaning-
ful results, such a trial is a huge venture. Thus, the matter of antithrombotic treatment in
CAD is not expected to be solved in the near future. What should clinicians do in the mean-
time? There are several pathophysiological arguments in favor as well as against anticoagu-
lants or antiplatelets. Until more data are available, it is our personal recommendation that
treatment decisions should be geared to several clinical and paraclinical features of individ-
ual patients. The chapter compiles putative arguments in favor versus against immediate anti-
coagulation and may be helpful for individually tailored antithrombotic treatment decisions
in CAD patients.

Copyright © 2005 S. Karger AG, Basel

Cervical artery dissection (CAD) was first recognized as a cause of
ischemic stroke in the mid 1950s [1, 2] although there are pathological reports
on the condition dating from 1872 [3]. The incidence of cervical internal
carotid artery dissection (ICAD) is about 2-3/100,000 per year [4, 5]. For cer-
vical vertebral artery dissection (VAD) community-based epidemiological data
are absent. Based on hospital-based case series, VAD incidence is estimated to
be about 1-1.5 per 100,000 per year [6]. The recurrence rate of stroke in CAD
is less than 1% per year [7-10], except for familial cases. Although anticoagu-
lation is recommended by many authors [11-13], there is no reliable evidence
from randomized trials of the efficacy of this therapy [6, 14—16].

In this therapeutic dilemma, physicians still face CAD patients for two
main therapeutic goals. First, to prevent stroke, recurrent stroke or other



disabling complications. Second, to provide optimal conditions for rehabilita-
tion in order to facilitate functional recovery in those who already had a stroke
due to CAD. The latter issue, however, is not the subject of this chapter. Our
objective is to provide an overview about the pathophysiology and clinical
experience with anticoagulation as well as antiplatelets in CAD patients.
Specifically, we discuss pathophysiological considerations in favor as well as
against anticoagulation. Thereafter, we present a systematic meta-analysis of
the existing clinical data on antithrombotic therapy in ICAD.

Pathophysiological Arguments in Favor of Anticoagulation in CAD

CAD occurs when blood penetrates through a subintimal tear into the arte-
rial wall leading to intramural hematoma. Mural hematoma results in arterial
narrowing causing stenosis or vessel occlusion. Stroke in CAD is either a con-
sequence of embolism originating from the injured intima or from hemody-
namic compromise. Blood accumulation can also occur subadventitially, which
may result in local compression syndromes or in subarachnoidal hemorrhage,
which occurs more often in intracranial than in extracranial dissections.

Transcranial Doppler sonography monitoring studies revealed microem-
bolic signals downstream of the dissected arteries. In ICAD, high-intensity
transient signals (HITS) suggesting embolism were detected in the middle cere-
bral artery. In VAD, HITS were shown in the posterior cerebral artery [17]. The
frequency of HITS in CAD patients is reported within the range of 25-60%
[17-21]. However, sample sizes of 628 patients limit the significance of these
numbers. HITS seem to occur more often among those CAD patients who pre-
sent with stroke compared to those with nonischemic signs and symptoms [18].
Most CAD patients with recurrent ischemia had HITS (i.e. 6/7 [20], and 3/3
[17], respectively). These observations may indicate that CAD patients with
HITS have an increased stroke risk due to assumed embolism and require
stronger antithrombotic therapy. However, HITS occur despite antithrombotic
therapy, too [17, 21]. Furthermore, no association was recorded between the
presence or number of HITS and the type of antithrombotic treatment (i.e. anti-
coagulants or -platelets) [21]. Among a population of 20 CAD patients, all 5
HITS-positive ones had some form of antithrombotic therapy during transcra-
nial Doppler sonography monitoring. This was heparin in 3, aspirin in one, and
aspirin plus heparin in another patient, respectively [17].

Conventional angiography studies in ICAD patients visualized occlusions
of branches of the anterior or middle cerebral arteries in several patients
[22-24]. The frequency of this angiographic finding has been reported within a
range of 14% (3/19) [23], 16% (5/36) [22], and even 50% (4/8) [24]. Positive
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findings of distal branch occlusions or microemboli are strong arguments in
favor of an embolic pathomechanism in stroke due to CAD.

Analyses of the infarct lesion pattern on CT or T2-weighted magnetic res-
onance imaging in ICAD-stroke patients revealed that the vast majority had
cortical, large subcortical or mixed cortical-subcortical lesions. Only 3-16%
had borderzone lesions according to most studies [25-28]. Similar findings
were reported in a mixed population of ICAD and VAD [29]. Only one group
reported contrary results with nearly 50% borderzone infarcts [30]. More
recently, diffusion-weighted magnetic resonance imaging, revealed that 10 out
of 14 (71%) ICAD patients had multiple diffusion-weighted magnetic reso-
nance imaging lesions [31]. These findings suggested that in most patients,
artery-to-artery embolism rather than hemodynamic compromise is the main
underlying mechanism in stroke due to ICAD.

In summary, the evidence of microembolic ultrasound signals, distal
branch emboli in angiography, and the results of studies on infarct topography,
seem to point towards embolism as the crucial stroke mechanism in the major-
ity of CAD patients. In analogy to cardioembolic stroke (e.g. atrial fibrillation),
where anticoagulation is superior to antiplatelets (e.g. aspirin) in respect of sec-
ondary stroke prevention, these observations would favor anticoagulation in
stroke prevention of CAD.

Another, at least theoretical, argument in favor of anticoagulation is the
risk of clot formation in cases of arterial occlusion due to CAD. Cases with
free-floating thrombi in dissected internal carotid arteries (ICAs) have indeed
been reported occasionally [32, 33]. In addition, most occluded arteries
recanalize over time; 30% within 8 days and 60—80% within 3 months [34, 35].
During the recanalization process, clots may be mobilized and transported
downstream, where they can cause blockage of intracranial arteries prompting
embolic infarctions [36].

Pathophysiological Arguments against Anticoagulation in CAD

CAD means intramural bleeding. At least theoretically, anticoagulation
may lead to enlargement of the mural bleed, because heparin or warfarin
inhibits coagulation. In case of anticoagulation-mediated perpetuation or recur-
rence of intramural bleeding, increase of the outer vessel diameter may cause
local compression symptoms, such as painful Horner’s syndrome or cranial
nerve palsies. More important, hemodynamic worsening can occur, which
implies the risk of low-flow infarcts of supplied brain tissue. Delayed occlusion
of the ICA during heparin therapy was indeed recently reported in 5 out of 20
patients with ICAD [37]. The activated partial thromboplastin time ratio was
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significantly higher in patients with delayed ICA occlusion (2.6 £ 0.4) versus
those without (2.0 = 0.5) [37]. Thus, the likelihood for delayed ICA occlusion
seems to increase with higher degrees of anticoagulation. Although the direct
evidence of an extended mural hematoma was lacking, it was speculated that
(relative) overshooting anticoagulation might have caused mural rebleeding,
which caused ongoing lumen narrowing until complete ICA occlusion.
Whether the relationship between anticoagulation and delayed carotid occlu-
sion is really causal rather than coincidental requires further studies. In 4 of
these 5 ICAD patients delayed ICA occlusion during i.v. heparin occurred clin-
ically silent. However, one of these 5 patients developed a watershed infarct. He
was the only one with an unfavorable collateralization at the Circle of Willis,
suggesting a hemodynamic stroke mechanism. In the majority of patients,
delayed loss of arterial patency was not associated with clinical worsening.
However, whether delayed heparin-associated carotid occlusion led to a delay in
stroke recovery remains an open question. These observations show that antico-
agulants may cause harm in some individual CAD patients.

In addition, a recent meta-analysis showed that for acute stroke patients in
general, immediate anticoagulation had neither short- nor long-term benefit [38].

Clinical Experience with Antiplatelets and Anticoagulation in CAD

Some patients with stroke due to CAD report preceding warning symp-
toms mostly within a week before the index stroke [39, 40]. This observation
implies that there might be a chance to prevent stroke in such patients.
However, this optimistic view is clouded by the fact that in half of these patients
the interval between inaugural symptoms and stroke is only in the magnitude of
minutes to hours [40].

In VAD, there are single case reports about subarachnoid hemorrhage as
the presenting feature [41, 42], in which antithrombotic treatment and particu-
larly anticoagulation is considered deleterious. However, this feature is unusual
and should prompt the search for an accompanying intracranial dissection. The
latter leads to subarachnoid hemorrhage in more than 20% [29].

Stroke occurrence or recurrence has been reported in ICAD patients
treated with antiplatelets [12], as well as in those with sufficient anticoagulation
[34, 43—45], indicating that the avoidance of first or further strokes even with
anticoagulation is not granted.

In one recent case series of more than 100 CAD patients, stroke during
follow-up was recorded in neither treatment group. However, recurrent tran-
sient ischemic attacks occurred in only 1 out of 113 CAD patients with anti-
coagulation, compared to 6 out of 9 patients with antiplatelets. In turn, one
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Table 1. Dichotomized outcome assessment based on information extractable from
publications: criteria for ‘no or minor disability’ versus ‘major disability’ [15]

Where modified Rankin Scale (mRS) [47] is reported, mRS 0-2 are judged as ‘no or minor
disability’, mRS 3-5 ‘major disability’.

Patients who are reported to be able to return to their original or similar job (part/fulltime)
were classified as having ‘no disability’.

Patients described as ‘mild/slight or no deficits’, ‘asymptomatic’ or ‘markedly improved’
were also classified as ‘no or minor disability’.

Patients described as ‘improved’ (without further detailed information) were classified as
‘major disability’, as were patients with ‘persisting neurological deficits such as hemi-
paresis’. Patients who had to be transferred to a nursing home or who needed permanent
help for daily living were also classified in the ‘major disability’ group.

anticoagulated patient suffered from symptomatic intracerebral hemorrhage,
while none of the patients with antiplatelets did so [40]. These findings illus-
trate the need to balance risk and benefits of either agent in a comprehensive
way. Even in the absence of randomized controlled trials, a systematic meta-
analysis of the available data can provide clinically useful information about the
effects in CAD patients treated either with anticoagulants or with antiplatelets.

Systematic Meta-Analysis about Antithrombotic Drugs for ICAD

The systematic meta-analysis aimed, first, to determine whether anti-
thrombotic drugs (antiplatelet drugs, anticoagulation) are effective and safe in
the treatment of patients with ICAD and, second, which is the better treatment.
The challenge was to perform a systemic meta-analysis in order to gather the
best available evidence for antithrombotic treatment in ICAD without any con-
trolled trials on this matter although these are usually the base of Cochrane
Reviews [15]. The authors sought after nonrandomized studies with =4 patients,
which reported on outcomes with stratification to the used type of antithrom-
botic therapy (i.e., anticoagulation, antiplatelets, or neither). Antiplatelets mean
acetylsalicylic acid, ticlopidine, clopidogrel, sulfinpyrazone, and dipyridamole.
Anticoagulation means full-dose anticoagulants, such as i.v. or s.c. fractionated
or unfractionated heparin or oral coumarin. The first choice treatment was
taken for analyses (‘intention-to-treat’ approach).

Predefined primary outcomes were ‘dead from all causes’ and ‘dead or
disabled’ at the end of the follow-up period (criteria for disability are shown on
table 1). The authors intended to specify the length of follow-up after which
outcome assessment should take place (e.g. 3 months). The lack of such
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information made it necessary to use the latest outcome evaluation extractable
from the studies. Due to the lack of data it was also not possible to attribute each
death as stroke-related, related to other vascular disease, or from nonvascular
causes. Secondary outcomes were first stroke occurrence, stroke recurrence,
any stroke during reported follow-up, extra- and intracranial hemorrhage. Data
on primary and secondary outcomes were extracted independently by two raters.
Disagreements were resolved by discussion. The authors used as data sources
first the Cochrane Stroke Group specialized Trials Register. Second, compre-
hensive searches of MEDLINE (1966 — May 2002) and EMBASE (1980 — June
2002) were done. Third, reference lists of all relevant papers were checked for
additional eligible studies.

No reliable comparisons of antiplatelets or -coagulants with control (i.e.
‘no antithrombotic treatment’) were available. For comparative analyses of both
agents, 26 studies including 327 patients (who either received antiplatelet drugs
or anticoagulants) were eligible. Two of one hundred and nine patients (1.8%)
treated with antiplatelets were reported dead, and 4 of 218 (1.8%) treated with
anticoagulants, respectively. The weighted estimates across studies show that
the likelihood of death within the follow-up period does not differ between both
treatment groups as indicated by a Peto odds ratio of 1.59, with a 95% confi-
dence interval (CI) 0.22—-11.59. Details are shown in figure 1.

Due to the lack of data, the analysis in respect of the outcome ‘dead or dis-
abled’ was based on fewer (i.e. 20) studies. Fourteen of fifty-nine patients
(23.7%) treated with antiplatelets were dead or disabled, whereas 17 of 119
(14.3%) patients treated with anticoagulants met the criteria. These discrepant
frequencies, which are based on accumulated events irrespectively of the stud-
ies they were derived from, seem to indicate a trend in favor of anticoagulants.
However, the weighted estimate across all studies reveals that such an impres-
sion was misleading. The Peto odds ratio of 1.94 with a wide 95% CI of
0.76—4.91 clarifies that there is no significant difference in the odds of being
‘dead or disabled’ among both treatments groups. Details are shown in figure 2.

According to this systematic review of all relevant observational case stud-
ies, the frequency of death or poor outcome after ICAD seems to be low and
lower than previously suggested.

Surprisingly, and in contrast to several treatment recommendations
[11-13], there was no evidence that antiplatelets are less effective than antico-
agulants in preventing stroke in ICAD patients. However, studies were sparse
and showed conflicting findings. Only in five studies strokes under antithrom-
botic therapy were reported with details on the applied therapy. While in one
study stroke occurred in 6 out of 8 patients with antiplatelets, other studies did
not report similar observations, but reported stroke under anticoagulation in
3-16% of their patients. Three out of ninety-one patients (3.3%) with ‘no
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Comparison: 01 antiplatelet drugs vs. anticoagulants
Outcome: 01 dead from all causes

Antiplatelets  Anticoagulation Peto OR Weight Peto OR

Study n/N n/N (95% Cl fixed) % (95% Cl fixed)
01 randomized studies
Subtotal (95% ClI) 0/0 0/0 0.0 Not estimable
Test for heterogeneity x2 = 0.0 df = 0
Test for overall effectz=0.0p = 1
02 nonrandomized studies
X Astetal. [34] 0/21 0/30 0.0 Not estimable
X Biller et al. [48] 0/5 01 0.0 Not estimable
X Biousse et al. [49] 01 0/3 0.0 Not estimable
X Bogousslavsky et al. [50] 0/2 0/21 0.0 Not estimable
X Chen et al. [51] 0/5 0/1 0.0 Not estimable

Colella and Diamond [44] 0/2 2/12 —_—a 23.2  0.28[0.00,17.43]
X de Bray et al. [52] 0/4 0/14 0.0 Not estimable
X Eachempati et al. [53] 0/3 0/5 0.0 Not estimable
X Eljamel et al. [54] 0/4 0/4 0.0 Not estimable

Engelter et al. [43] 0/8 1/25 18.8  0.27[0.00,25.88]
X Fisher et al. [61] 0/1 0/2 0.0 Not estimable
X Friedman et al. [55] 0/1 0/4 0.0 Not estimable
X Kaps et al. [56] 0/2 0/4 0.0 Not estimable

Landre et al. [57] 1/3 0/2 —t - 24.6  5.29[0.10,289.31]
X Lepojarvi et al. [58] 0/4 0/7 0.0 Not estimable

Li et al. [59] 0/1 1/3 _— 19.2  0.26[0.00,24.36]
X Luken et al. [60] 0/2 0/1 0.0 Not estimable
X Marx et al. [45] 0/1 0/6 0.0 Not estimable
X Mokri et al. [22] 0/9 0/10 0.0 Not estimable
X Muller-Forell et al. [62] 01 01 0.0 Not estimable

Richaud et al. [3] 11 0/5 —=p 142 403.43[2.10,77592.95]
X Schievink and Limburg [67] 0/5 0/2 0.0 Not estimable
X Sellier et al. [64] 0/13 0/16 0.0 Not estimable
X Sturzenegger et al. [12] 0/8 0/34 0.0  Not estimable
X Vanneste and Davis [65] 01 0/4 0.0 Not estimable
X Zelenock et al. [66] 01 01 0.0 Not estimable
Subtotal (95% Cl) 2/109 4/218 - 100.0 1.59[0.22,11.59]
Test for heterogeneity x2 = 6.47 df =4 p = 0.17
Test for overall effect z=0.46 p = 0.6
Total (95% CI) 2/109 4/218 - 100.0 1.59[0.22,11.59]
Test for heterogeneity x2 = 6.47 df =4 p=0.17
Test for overall effect z=0.46 p = 0.6

T T T T
0.001 0.02 50 1,000
Favors AP tr. Favors AC tr.

Fig. 1. Likelihood for ‘dead from all causes’ among ICAD patients treated with anti-
coagulation compared to those with antiplatelets. Results are expressed as Peto odds ratio
(OR) with a fixed-effects model. OR > 1 suggest anticoagulants to be superior to antiplatelets
[15]. (Reproduced with permission from John Wiley & Sons Ltd.). Modified from [16] (with
permission of the American Heart Association, Inc®). Included studies were case series with
=4 patients which reported on the outcome ‘dead from all causes’ at the end of follow-up
with stratification to the used type of antithrombotic therapy (i.e. anticoagulation or
antiplatelets) [3, 12, 22, 44-46, 48—64].
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Comparison: 01 antiplatelet drugs vs. anticoagulants

Outcome: 02 dead or disabled
Antiplatelets Anticoagulation Peto OR Weight Peto OR

Study n/N n/N (95% Cl fixed) % (95% Cl fixed)

01 randomized studies

Subtotal (95% ClI) 0/0 0/0 0.0 Not estimable

Test for heterogeneity x2 = 0.0 df = 0

Test for overall effectz=0.0p = 1

02 nonrandomized studies

X Biousse et al. [49] 01 0/3 0.0 Not estimable
Chen et al. [51] 2/5 0/1 — 5.0 4.48[0.07,286.51]
Colella and Diamond [44] 0/2 2/12 - = 5.1 0.28[0.00,17.43]

X de Bray et al. [52] 0/4 0/14 0.0 Not estimable
Eachempati et al. [53] 1/3 1/5 — 9.0 1.86[0.08,41.03]
Eljamel et al. [54] 2/4 0/8 R 9.1 27.11[1.24,591.99]
Engelter et al. [43] 2/8 5/25 — 23.5 1.34[0.20,9.10]

X Fisher et al. [61] 01 0/2 0.0 Not estimable

X Friedman et al. [55] 0/1 0/4 0.0 Not estimable
Kaps et al. [56] 1/2 1/4 —_—t— 8.0 2.55[0.10,68.34]
Landre et al. [57] 1/3 1/2 — 8.1 0.57[0.02,15.05]
Lepojarvi et al. [58] 3/4 1/7 I — 14.6  10.86[0.95,123.98]
Li et al. [59] 0/1 3/3 +—— 4.2 0.02[0.00,1.69]

X Luken et al. [60] 0/2 o1 0.0 Not estimable

X Marx et al. [45] 0/1 0/6 0.0 Not estimable

X Mokri et al. [22] 0/9 0/10 0.0 Not estimable
Richaud et al. [3] M 2/5 | e 5.6  7.39[0.15,372.41]
Schievink and Limburg [67] 1/5 1/2 . el 7.7 0.28[0.01,8.17]

X Vanneste and Davis [65] 01 0/4 0.0 Not estimable

X Zelenock et al. [66] 01 01 0.0 Not estimable

Subtotal (95% ClI) 14/59 17/119 S 100.0 1.94[0.76,4.91]

Test for heterogeneity x2 = 12.22 df = 10 p = 0.27

Test for overall effect z=1.39 p = 0.16

Total (95% Cl) 14/59 17/119 > 100.0 1.94[0.76,4.91]

Test for heterogeneity x2 = 12.22 df =10 p = 0.27

Test for overall effect z=1.39 p=0.16

T T T T
0.001 0.02 50 1,000
Favors AP tr. Favors AC tr.

Fig. 2. Likelihood for ‘dead or disabled’ among ICAD patients treated with anticoagu-
lation versus antiplatelets. Results are expressed as Peto odds ratio (OR) with a fixed-effects
model. OR >1 suggest anticoagulants to be superior to antiplatelets [15]. (Reproduced with
permission from John Wiley & Sons Ltd.). Modified from [16] (with permission of the
American Heart Association, Inc®). Included studies were case series with =4 patients which
reported on the outcome ‘dead or disabled’ at the end of follow-up with stratification to the
used type of antithrombotic therapy (i.e. anticoagulation or antiplatelets) [3, 22, 4345, 49,
51-61, 65-67].

Engelter/Lyrer

154




Table 2. Clinical and paraclinical features as putative arguments in favor or against immediate anticoagula-
tion in individual CAD patients at the time of diagnosis

Feature In favor of Against Comment/references
immediate immediate
anticoagulation  anticoagulation
Severe strokes + In analogy to findings of increased rate
(i.e. NIHSSS =15) of symptomatic hemorrhagic transformation
in severe strokes in TOAST [68].
Applying general ASA guidelines for
anticoagulation [69].
Brain-imaging study + CAD can present with bleeds [41, 42].
not available Applying general ASA guidelines for
anticoagulation [69].
Insufficient intracranial + Watershed infarct in patient without
collaterals collaterals and with delayed ICA occlusion
under heparin [37]. Single case.
Accompanying + Bleeding risk T in intracranial dissection
intracranial dissection, [29].
e.g. vertebral artery
Local compression +
syndromes without
stroke/TIA
HITS + HITS more frequent in patients with
recurrent ischemia [17, 20]. Few studies.
HITS surrogate marker of ‘microclots’?
Distal branch + Assumed correlative of distal embolism.
occlusions Requires conventional angiography [22, 23].
Occlusion/ + Embolization may occur during
pseudoocclusion recanalization [36].
Multiple TTAs/strokes + Clinic may suggest repetitive emboli
affecting multiple regions
of same circulation
Free-floating thrombus + Rare finding, requires conventional

angiography [32, 33].

In the absence of evidence-based treatment guidelines, this synopsis is based on pathophysiological considera-
tions, observations, and conclusions by analogy and reflects the view of the authors. Neither clinical/paraclinical
features nor the comments/references claim to be exhaustive.

NIHSSS = National Institute of Health Stroke Scale Score; HITS = high-intensity transient signals;
TIA = transient ischemic attacks; ICA = internal carotid artery; TOAST = Trial of Org 10172 in Acute Stroke

Therapy; ASA = American Stroke Association.
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antithrombotic therapy’ had a first or recurrent stroke. Although this percentage
is higher than for patients treated with antiplatelets (1.8%) or anticoagulants
(1.8%), it does not necessarily reflect the assumed benefits of antithrombotic
treatment. The differences may as well reflect a bias, such as that ‘no antithrom-
botic treatment’ could have been primarily applied to patients considered to
have a bad prognosis. The same caution should be used in the interpretation of
the observation that ICAD patients with surgery appeared to have a higher rate
of death (6-11%), compared with those who received antithrombotic drugs
(each 1.8%). This could be due to either treatment benefit of antithrombotic
agents, or to selection bias (patients who were operated on were initially in a
more serious stage of the disease), or to the surgery itself.

Intracranial bleeding is the major concern in antithrombotic treatment
[38]. In ICAD, this risk seems to be low but possibly higher with anticoagulants
than with antiplatelets based on the fact that 2 out of 414 (0.5%) patients on
anticoagulation had intracranial hemorrhages, while none out of 157 patients
with antiplatelets had the same complication [15]. However, nonrandomized
studies are known to be highly susceptible to bias and outcome events may be
under-represented [46].

As a consequence of these data, a large randomized controlled trial com-
paring anticoagulants and antiplatelets is desirable and ethically justified. Its
protocol should include a stringent definition of carotid artery dissection, a stan-
dardized diagnostic protocol, strictly random allocation to different types of
antithrombotic treatment, as well as accurate unbiased assessment of outcome.
On the basis of the presented data we estimate a sample size of at least 1,200
patients in each treatment arm in order to detect a 5% difference in the propor-
tion of patients dead or disabled from 20 to 15% (a 25% relative odds reduction).

Table 2 summarizes putative arguments in favor or against immediate anti-
coagulation of CAD patients.
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Intracranial Dissections
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Abstract

Intracranial dissections have only been reported in small case series. More is known
about the pathology, clinical findings, treatment and prognosis related to extracranial dissec-
tions. Knowing where within the arterial wall the dissection occurs is important in deter-
mining the appropriate treatment and prognosis. If the internal aspect of the artery is
dissected, between the intima and media, vascular occlusion with resulting ischemia results.
When the dissection plane is between the media and adventitia, bulging of the artery, with
resultant aneurysmal dilatation, and vascular rupture can occur. In this chapter on intracra-
nial dissections we will first review the pathology and etiology underlying intracranial
dissections, then discuss the clinical aspects of both ischemic and aneurysmal intracranial
dissections.

Copyright © 2005 S. Karger AG, Basel

Intracranial arterial dissections have often been reported but the causes,
clinical findings, angiographic features, and pathology are less well defined
than in extracranial arterial dissections. When dissections involve the internal
aspect of the arteries and extend between the intima and media, vascular occlu-
sion with resulting ischemia is the predominant clinical picture. When the
dissection plane is between the media and adventitia, bulging of the artery, with
resultant aneurysmal dilatation, and vascular rupture often occur [1]. Despite
sharing a similar mechanism for vascular disruption, the stark differences in
presentation, treatment and prognosis must be distinguished. The literature on
intracranial dissections is limited. With increased use of noninvasive cerebral
vascular imaging, this finding may be detected with increasing frequency. In
this review, we hope to better define this uncommon cause of stroke, such that
the reader can be better informed to handle the challenging management ques-
tions that often accompany the patient with intracranial dissection.



Pathology

An intimal tear initiates dissection, allowing blood under arterial pressure
to enter the wall of the artery. With extracranial arterial dissections being
mostly medial, the thicker outer coats and supporting tissues probably prevent
vascular rupture or limit extravascular bleeding [2]. In intracranial arteries, the
absence of an external elastic lamina and a thin media and adventitia allows for
subadventitial dissection and subsequent subarachnoid hemorrhage. The mus-
cularis and adventitial layers of intracranial arteries are only about two thirds as
thick as extracranial arteries, and lack well-developed external elastic mem-
branes [3]. Vasa vasorum are diminished, which may limit healing intracranially
[4]. The arterial dilation due to subadventitial dissections are often referred to
as ‘false aneurysms’ or ‘pseudoaneurysms’, but should more accurately be
referred to as ‘dissecting aneurysms’ because they do still contain all blood ves-
sel elements. The thinner outer layers and weak supporting tissues of intracra-
nial arteries probably explain their tendency to rupture. In 79% of the cases of
intracranial dissection studied at necropsy by Yamaura and Ono [5], the plane of
dissection in patients with subarachnoid hemorrhage lay between the media and
the adventitia or within the media. The plane between the intima and media may
be involved, leading to luminal compromise, often with thrombus formation
and subsequent brain ischemia.

Among cases of intracranial dissection, the anterior circulation is more
commonly involved in children and adolescents, whereas the posterior circula-
tion is more often involved in adults [6]. Among adults, most posterior circula-
tion intracranial dissections occur at the V4 segment at or near the origin of the
posterior inferior cerebellar artery (PICA) [7]. The most commonly involved
intracranial sites in the anterior circulation are the supraclinoid segment of the
ICA and middle cerebral artery stem (fig. 1) [8]. An increasing number of dis-
sections have been recognized to occur in the anterior cerebral artery (ACA).
ACA dissections that manifest as ischemia typically involve the A2 portion,
often with a double lumen or intimal flap. Those that present with hemorrhage
tended to involve A1 dilatation with slight stenosis [9].

An intracranial dissection, once formed, is a dynamic pathological entity
that fortunately usually changes to a more benign structure. Yamaura and Ono
[5] operated on a dissecting aneurysm 36 days after onset and showed aneurysm
organization. Intramural hematoma was seen in cases at 7, 17, and 28 days after
onset. The other half of the cases showed dissections consisting of whitish gray,
shiny and smooth surfaces regarded as complete organization of the hematoma.
Dissections usually heal with time.
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Fig. 1. a T2-weighted magnetic resonance imaging scan shows a right basal ganglia
infarct. b Magnetic resonance angiography of the head demonstrates a filling defect (arrow-
head) in the distal portion of the right ICA and proximal middle cerebral artery stem.
Cerebral angiography shows the presence of double lumen in the right MCA stem (¢, arrow)
and narrowing of the supraclinoid portion of the right ICA (d, arrow) [8].

Mizutani et al. [10] showed that the pattern of intimal injury determined
the risk for rehemorrhage. Lesions were categorized as either entrance only
(fig. 2) or having a communication through the intima with the aneurysm
(fig. 3). Entrance-only lesions appeared to have a higher occurrence of bleeding
implicating the effects of constant pressure and pulsation on the lesion.

Epidemiology

Intracranial dissection is an under-diagnosed cause for stroke among
younger patients. A review of 59 intracranial carotid dissection cases showed
the mean age at onset to be 30 years of age with a male preponderance [11]. In
another series of vertebral dissection associated with subarachnoid hemor-
rhage, the average age was 49.6 years and two thirds were men [12]. Koyama
et al. [13] suggest that the observed male predominance may reflect intimal
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Proximal

Rupture

Fig. 2. a Photomicrograph showing serial axial slices of a typical entry-only dissecting
aneurysm treated conservatively and removed 35 days post-subarachnoid hemorrhage. The
wall adjacent to the rupture site (long arrow) is only composed of fibrin and thin collagen.
Elastica van Gieson, original magnification X40. b Right vertebral artery angiogram (left)
revealing a fusiform aneurysm with an irregular contour. Photograph (center) of the
aneurysm, obtained at autopsy on day 35 post-subarachnoid hemorrhage. Illustration (right)
of the reconstructed entry-only dissecting aneurysm. Wavy line represents the internal elastic
lamina; gray area represents the media [10].
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Fig. 3. a Photomicrograph demonstrating serial axial slices (a—f) of an entry-exit dis-
secting aneurysm. Elastica van Gieson, original magnification X40. b Intraoperative photo-
graph of the aneurysm (left), serial sections of the aneurysm (center), and illustration of a
reconstructed entry-exit dissecting aneurysm (right). Wavy line represents the internal elastic
lamina and gray area represents the media. ¢ Preoperative right carotid artery angiogram
(left) with fusiform aneurysm with smooth contour (arrow) and postoperative right carotid
angiogram (right) confirming successful A3—A3 bypass [10].
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fibroelastic abnormalities related to sex hormones. Dissecting aneurysms of the
vertebrobasilar system accounts for 3—7% of subarachnoid hemorrhage cases
[14]. On the contrary, subarachnoid hemorrhage is reported in about one fifth
of intracranial ICA dissections and in more than half of intracranial vertebral
artery dissections [6]. The higher incidence in younger patients is an important
epidemiological feature that can aid in the diagnosis of this uncommon, non-
specific pathology.

Etiology

The cause of intracranial arterial dissection remains unknown. Activities
associated with mechanical stretching of the arteries is associated with
extracranial arterial dissection but has not been well studied in intracranial dis-
sections. Theoretically, there is less mobility and contact with bony structures
as compared with the extracranial cervical arteries. The dura anchors the verte-
bral artery as it enters intracranially. One of the authors has, however, person-
ally seen cases of intracranial dissection in a volleyball player and a fireman,
where there was a clear history of preceding head trauma.

An underlying arteriopathy may lead to structural instability of the vessel
wall increasing the susceptibility to intimal tear. Of the heritable connective
tissue disorders most strongly associated with spontaneous dissection is Ehlers-
Danlos syndrome type IV [15]. Fibromuscular dysplasia is found in 15-20% of
all patients with cervicocephalic dissection and in half of those with bilateral
carotid involvement [16]. Other associated disorders only found in a small
percentage of dissection cases include Marfan’s syndrome, autosomal dominant
polycystic kidney disease, and osteogenesis imperfecta type I [15]. Migraine is
more common in patients with dissection and is thought to be mediated by
edema of the vessel wall during a migraine attack that makes it vulnerable to tear.
Those patients with pre-existing defects in the vessel wall are more likely to have
multiple extensive dissections and have associated subarachnoid hemorrhage.

Autopsy studies have not identified pre-existing defects on routine exami-
nation of the arteries. Fibromuscular dysplasia and cystic medial necrosis are
common findings on postmortem examination but are nonspecific and associ-
ated with a variety of systemic disorders. Some patients have perivascular
inflammation. However, similar changes are seen in patients with subarachnoid
hemorrhage without dissection and may be due to the hemorrhage. Ultra-
structural abnormalities of dermal connective tissue components have been
detected in two thirds of patients with spontaneous dissection in cervico-
cephalic arteries. No mutation in the gene for type III procollagen (COL2A1),
type V procollagen (COL5A1) or tropoelastin (ELN) has been identified [10].
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Clinical and Diagnostic Features

Acute Ischemia

One of the first descriptions of intracranial dissections came from
Scholefield [17], who, in 1924 reported a case of a 47-year-old man who had
headache, neck pain, and nausea followed 3 days later by right facial weakness
and left hemiplegia. At necropsy a dissection of the right intracranial vertebral
artery extending into the basilar artery was found.

Severe unilateral headache is almost universally present, and ischemic
symptoms typically occur with a much shorter delay as compared with extra-
cranial dissections [18]. In extracranial ICA dissection for example, initial
symptoms may precede the stroke by several days [19]. Another distinction of
extracranial ICA dissection is that it may be associated with vigorous activity, a
Horner’s syndrome, or pulsatile tinnitus without cerebral ischemia, whereas
patients with intracranial dissection usually have brain ischemia and no history
of vigorous activity [12, 20]. Fluctuation of neurological signs during the first 2
weeks after symptom onset is also more characteristic of dissections occurring
intracranially. In contrast to distal embolism, the mechanism thought to be
responsible in extracranial dissection, cerebral hypoperfusion, is likely a pri-
mary mechanism explaining fluctuating neurological signs [19].

In the anterior circulation, three quarters of instances involve the more dis-
tal, supraclinoid segment of the ICA stem; the ACA is less often involved [6, 7]
(fig. 4). Giant cell arteritis may be confused with distal ICA dissection [20].
However, giant cell arteritis usually involves the petrous and cavernous seg-
ments of the ICA, affects a much older population and is associated with an
increased erythrocyte sedimentation rate [21].

In the posterior circulation, the intracranial vertebral artery is most often
involved at or near the PICA junction, often extending into the basilar artery.
Primary basilar artery dissections are less common. Intracranial vertebral artery
dissection can cause brainstem infarction with an associated high morbidity and
mortality. Often, the initial signs suggest a unilateral brainstem lesion [22].
Headache remains a prominent symptom even in posterior circulation dissec-
tion [12].

An aggressive diagnostic approach is immediately warranted when
ischemia due to arterial dissection is clinically suggested. Conventional angiog-
raphy remains the mainstay in accurately defining the exact location and arte-
rial territory of the intracranial dissection. String sign, double lumen, irregular
scalloped stenosis, and vessel occlusion are usually seen when the dissection
involves the subintimal and intramedial layers [20].

MRI may be practically useful in the noninvasive diagnosis of both extra-
and intracranial dissection. In the subacute stage, dissection appears as a
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Fig. 4. AP (left) and lateral (right) views: Right carotid angiogram demonstrating an
irregularity and bulbous dilatation of the right M2 [24].

Fig. 5. Axial MR image revealing a high-intensity area and crescent enhancement with
contrast medium around a dilated signal void of the right M2 (arrow) (left: T1-weighted
image, right: T1-weighted image with contrast medium) [24].

hyperintense crescentic intramural signal on T1- and T2-weighted cross-section
images correlating with an intramural hematoma (fig. 5) [18].

Chronic Ischemia

Chronic, large dissecting aneurysms can harbor thrombi, which later serve
as a source for intra-arterial embolism. Caplan et al. [12] described a case of
a 33-year-old woman with multiple posterior circulation transient ischemic
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attacks and small strokes. Bilateral carotid and left vertebral angiograms
showed a large dissecting aneurysm of the left intracranial vertebral artery with
luminal filling defect thought to represent an intimal flap or a thrombus. She
demonstrated a dramatic response to the combination of aspirin and a warfarin
analog, suggesting the mechanism of her repeated ischemia was intra-arterial
embolism of platelet-fibrin-thrombin aggregates.

Large or strategically located dissecting aneurysms can also compress
local brain structures and cranial nerves [1]. De Busscher [23] described a 45-
year-old man with a 4-month history of progressive disability beginning with
severe head and neck ache followed by vertigo, dysphagia, staggering, and uni-
lateral face and limb paresthesias. Necropsy revealed a large left vertebral
artery dissecting aneurysm compressing the lower brainstem and cranial nerves.
Kurino et al. [24] described a case of a 45-year-old man with mild left flaccid
paresis that worsened after 8 days, diagnosed by MRI to be a right M2 dissect-
ing aneurysm. About 2 months afterwards, he developed transient worsening of
left-sided weakness and was found to have progressive changes in the right M2
dilatation. Fortunately though, conservative treatment with antihypertensive
and antiplatelet medications were continued and follow-up angiography 6
months afterwards demonstrated no further progression of the right M2 dilata-
tion. He had then been followed with serial MRI/angiograms without changes
and a satisfactory clinical course.

Subarachnoid Hemorrhage

Headache due to subarachnoid hemorrhage is the major clinical presenta-
tion of patients with dissecting intracranial aneurysms. Neck pain may be
prominent but location, severity, and radiation of the pain is, as expected, non-
specific and not different from aneurysmal bleeding in patients without
dissection.

In 1977, Yonas et al. [3] first described the major diagnostic angiographic
findings of dissecting aneurysms to be an irregular vessel lumen with proximal
narrowing. Other markers include a fusiform dilation and proximal and/or
distal narrowing (‘pearl-and-string’ sign), double lumen, irregular scalloped
stenosis, and retention of contrast medium in the venous phase [25, 26]. The
double lumen is the only truly diagnostic sign of a dissecting aneurysm [5].
Distinguishing dissecting aneurysms from true aneurysms and simple dissec-
tions enable proper treatment. Finding an aneurysmal formation at a nonbifur-
cation location in the context of subarachnoid hemorrhage suggests dissection
rather than aneurysm (fig. 4). In the posterior circulation, aneurysmal dilation
of the intracranial vertebral artery most often occurs at or near the PICA junc-
tion. There is often narrowing of the artery proximal or distal to the aneurysm,
often attributed before operation to ‘vasospasm’. Dissecting aneurysms with a
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pearl-and-string structure presenting with subarachnoid hemorrhage are associ-
ated with a poor outcome, and may be candidates for aggressive intervention if
they present with favorable Hunt and Kosnik grades [27].

In addition to the location and configuration of the dissecting aneurysm,
other important features to determine on angiography include identifying adja-
cent branches, collateral circulation, and the time course [10].

MRI is quite useful in the noninvasive diagnosis of both extra- and
intracranial dissecting aneurysms. In the subacute stage, dissection appears as a
hyperintense crescentic intramural signal on T1- and T2-weighted images cor-
relating with an intramural hematoma [28]. Nagahiro et al. [29] noted distinct
enhancement of dissecting aneurysms on gadolinium-enhanced MRI in all
patients whose angiograms showed aneurysm dilation or pearl-and-string signs.
Presence of subarachnoid hemorrhage suggests intracranial extension of
extracranial vertebral artery dissection. Intracranial vertebral artery dissection
occurs near the origin of the PICA. Again, noninvasive imaging can only sug-
gest the diagnosis when associated with subarachnoid hemorrhage. Angio-
graphy is usually warranted in these cases. However, once established, primarily
because the management of vertebrobasilar dissecting aneurysms remains con-
troversial, conservatively treated patients should be examined repeatedly with
MRI to establish the dynamic course of the lesion [29].

Treatment

Cerebral ischemia caused by intracranial dissection without subarachnoid
hemorrhage is usually mediated by focal cerebral hypoperfusion and less often
by artery-to-artery embolism [18]. Because of the speculated propensity of
intracranial dissections to bleed, anticoagulation is typically avoided. If the
stroke mechanism is thought to be due to thromboembolism, Schievink [30]
recommend antiplatelet therapy with serial MRI/angiograms every 3 months
for a year, with antiplatelet discontinuation if there is normalization of the
affected vessel [30]. The 3-month duration of therapy is arbitrary and imaging
studies confirming recanalization is probably indicated before any change in
therapy. Careful follow-up is mandatory before contemplating treatment modal-
ities with potential serious side effects. As described above, the pathological
evidence of whitish gray, shiny smooth surface of the hematoma coupled with
the rather rapid angiographic improvement suggest that arterial dissection even-
tually cures itself.

There has been some controversy over the use of intravenous thrombolysis
in acute stroke patients with dissection suggested on history or examination.
There is the theoretical risk of causing increased hemorrhage into the vessel
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wall. Despite only 30 reported cases, tissue plasminogen activator given both
intravenously and intra-arterially had been administered safely after cervico-
cephalic-arterial-dissection-related stroke [31]. Some advocate using intra-arte-
rial rather than intravenous thrombolysis to avoid the above-mentioned risk.
They recommend placing the catheter tip in the distal thrombus, beyond the site
of dissection, thereby minimizing the exposure of torn intima to the throm-
bolytic agent [18].

Neuroendovascular intervention is considered in patients for whom med-
ical therapy has failed and who have persistent ischemic symptoms, limited
reserve due to involvement of other vessels, or persistent or expanding dissect-
ing aneurysm. Neuroendovascular intervention is most often considered when
the stroke mechanism is thought to be due to hemodynamic compromise.
Extracranially, these techniques allow for re-establishment of the true lumen
and obliteration of the false lumen, reducing the risk of artery-to-artery
embolism. The majority of the interventions for dissection have been performed
in the extracranial circulation. Sequential reconstruction of the true lumen is
accomplished by means of stents that provide gradual radial force, permitting
apposition of the dissected segment to the vessel wall. Because the risk of
recurrent embolization is low, stenting as an initial therapy is not warranted and
should be reserved in most cases for those that fail medical therapy [32].

Anticoagulation is clearly contraindicated in cases of dissecting aneurysms
with subarachnoid hemorrhage. These patients should be medically managed
similar to a patient with the more common aneurysmal subarachnoid
hemorrhage.

Surgical ligation or coil embolization to occlude the affected segment of
artery is often the preferred therapy for vertebral artery dissecting aneurysms.
Irie et al. [26] published a series of case reports of intracranial dissecting
aneurysms treated with angioplasty and coils held in place with stents. A trap-
ping procedure is the most complete treatment for a dissecting aneurysm but
comes with the risk of side branch occlusion, potentially further injuring the
vessel wall or dislodging emboli [33].

Occasionally, complex surgical procedures such as saphenous/radial artery
bypass or PICA side-to-side reanastomosis are employed [33]. But in general,
surgical treatment for symptomatic dissecting aneurysm or postdissection
stenosis has decreased. Aneurysmal clipping is usually not an option because of
the typically fusiform configuration.

Medically refractory cases of intracranial vertebral artery dissection have
been most recently treated with balloon occlusion if temporary occlusion stud-
ies suggest adequate collateral blood flow [18]. Proximal occlusion has the
advantage of limiting the risk of catheter and wire manipulation across the nar-
row or irregular segment and may allow for better collateral circulation. Lesions
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involving the PICA origin or anterior spinal artery are most amenable. The con-
figuration of certain dissecting aneurysms (fusiform or wide-neck) may not
hold coils in a stable position and would hence be more appropriately occluded
proximally [33].

Prognosis

The initial reported cases of intracranial vertebral artery dissections were
invariably fatal [12]. This was not surprising given that most cases were diag-
nosed during autopsy. As would be expected though with more widespread use
of noninvasive cerebrovascular imaging, intracranial dissections with milder
clinical syndromes are being detected. More recent case series demonstrate a
far more favorable outcome than previously thought. In a study by Yamada et al.
[27] of 24 patients with vertebral artery dissection treated conservatively, those
with lesions appearing stenotic or occlusive on angiogram had good outcomes.
In series of Chaves et al. [20] of 10 patients with intracranial ICA dissection, 6
of who received immediate anticoagulation, all did well with no to moderate
disability at 3 months. In the group of ACA dissections collected, all cases seen
in follow-up showed serial improvement of the stenotic portion and improve-
ment by 2 months. These results support the suspected dynamic nature of these
lesions. In practical terms, if the initial diagnostic angiogram shows an
aneurysm of unclear etiology, seeing serial improvement on follow-up studies,
spaced months apart, can suggest dissection rather than true aneurysm [9].
Kitanaka et al. [34] followed 6 cases of intracranial vertebral artery dissection
without subarachnoid hemorrhage and felt that if there was improving angio-
graphic follow-up, nonsurgical, supportive care focused on bed rest, withhold-
ing antithrombotics and blood pressure control was most appropriate. Yamada
et al. [27] followed 24 patients with vertebral artery dissection who were treated
conservatively. Rebleeding and short insult-to-admission intervals were
strongly associated with poor outcomes.
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