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HEN a tear occurs in one of the major ar-
teries in the neck and allows blood to en-
ter the wall of the artery and split its layers,

the result is either stenosis or aneurysmal dilatation
of the vessel. This process was long thought to be a
rare cause of stroke, particularly in the absence of
trauma, and the diagnosis was usually not made un-
til the postmortem examination.

 

1-3

 

 It was not until
the late 1970s, when Fisher et al.

 

1

 

 and Mokri et al.

 

2

 

described dissections of carotid and vertebral arteries
as detected by modern diagnostic approaches, that
dissections began to be routinely diagnosed before
death. This review discusses recent developments in
our understanding of the epidemiology and patho-
genesis of spontaneous extracranial dissections of
the carotid and vertebral arteries and the various
symptoms, methods of diagnosis, and approaches to
treatment.

 

EPIDEMIOLOGIC FEATURES

 

In community-based studies in the United States
and France, the annual incidence of spontaneous ca-
rotid-artery dissection ranged from 2.5 per 100,000
to 3 per 100,000.

 

4,5

 

 Given the relative frequency of
dissections of the carotid and vertebral arteries in
large hospital-based studies,

 

6-8

 

 the annual incidence
of spontaneous vertebral-artery dissection can be es-
timated at 1 per 100,000 to 1.5 per 100,000. Spon-
taneous dissections of the carotid or vertebral artery
account for only about 2 percent of all ischemic
strokes,

 

5-9

 

 but they are an important cause of ische-
mic stroke in young and middle-aged patients and
account for 10 to 25 percent of such cases.

 

9

 

Spontaneous dissections of the carotid and verte-
bral arteries affect all age groups, including children,
but there is a distinct peak in the fifth decade of
life.

 

6-8,10

 

 Although there is no overall sex-based pred-

W

 

ilection, women are on average about five years young-
er than men at the time of the dissection.

 

6

 

PATHOLOGICAL FEATURES

 

Spontaneous dissections have been described in
arteries throughout the body. The extracranial seg-
ments of the carotid and vertebral arteries are much
more likely to undergo dissection than either their
intracranial segments or extracranial arteries of sim-
ilar size, such as the coronary and renal arteries. This
discrepancy may be explained by the greater mobil-
ity of the extracranial internal carotid and vertebral
arteries and the potential for them to be injured by
contact with bony structures, such as the cervical
vertebrae or the styloid process.

 

1,3,11

 

 The entire pha-
ryngeal portion of the extracranial internal carotid
artery, between its origin at the carotid bulb and its
entry into the base of the skull, is mobile. Both the
proximal and the distal segments of the extracranial
vertebral artery are mobile; the artery is anchored at
its origin, within the cervical spinal column, and at
the point at which it penetrates the dura.

Dissections of the carotid and vertebral arteries
usually arise from an intimal tear. The tear allows
blood under arterial pressure to enter the wall of the
artery and form an intramural hematoma, the so-
called false lumen (Fig. 1). The intramural hemato-
ma is located within the layers of the tunica media,
but it may be eccentric, either toward the intima or
toward the adventitia.

 

12

 

 A subintimal dissection tends
to result in stenosis of the arterial lumen, whereas a
subadventitial dissection may cause aneurysmal dila-
tation of the artery.

 

12

 

 Although such aneurysms of-
ten are referred to as “pseudoaneurysms,” they are
not, because their walls are composed of blood-ves-
sel elements (i.e., media and adventitia).

Intimal tears are notoriously difficult to identify at
the time of microscopical examination of postmor-
tem or surgical specimens, but the absence of any
communication between the false and true arterial
lumen in carefully studied patients suggests that some
dissections of the carotid and vertebral arteries may
be caused by a primary intramural hematoma. The
intima may also be disrupted by the rupture of a pri-
mary intramural hematoma into the arterial lumen,
but such an event is difficult to distinguish from a
primary intimal tear. It is possible that both occur.

 

PATHOGENESIS

 

Genetic Factors

 

Patients with a spontaneous dissection of the carot-
id or vertebral artery are thought to have an under-
lying structural defect of the arterial wall, although
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Figure 1.

 

 Pathological Findings in a 37-Year-Old Woman with a Dissection of the Internal Carotid Artery.
Photomicrographs of the right extracranial internal carotid artery (Panels A, B, and C) show a dissection within the outer layers of the
tunica media, resulting in stenosis of the arterial lumen (L). The rectangles outlined in blue on the left indicate the sites of the photo-
micrographs. The intramural hemorrhage (asterisk) extends almost entirely around the artery (Panel A) (van Gieson’s stain, ¬4). Higher-
power views of the internal carotid artery at the point of dissection show fragmentation of elastic tissue (Panel B) (van Gieson’s stain,
¬25), with the accumulation of pale ground-glass substance in the tunica media, indicated by the blue-staining mucopolysaccharides
(Panel C) (Alcian blue, ¬25). These changes are consistent with a diagnosis of cystic medial necrosis.
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the exact type of arteriopathy remains elusive in most
cases. Foremost among the heritable connective-tis-
sue disorders that are associated with an increased
risk of spontaneous dissections of the carotid and ver-
tebral arteries is Ehlers–Danlos syndrome type IV.

 

13

 

Others include Marfan’s syndrome, autosomal dom-
inant polycystic kidney disease, and osteogenesis im-
perfecta type I.

 

13,14

 

 Although these well-character-
ized heritable connective-tissue disorders have been
identified in only 1 to 5 percent of patients with spon-
taneous dissections of the carotid or vertebral artery,
one fifth of patients have a clinically apparent but as
yet unnamed connective-tissue disorder.

 

15

 

 In addition,
approximately 5 percent of patients with a spontane-
ous dissection of the carotid or vertebral artery have
at least one family member who has had a spontane-
ous dissection of the aorta or its main branches, in-
cluding the carotid and vertebral arteries.

 

16

 

 In some
of these families, there is also a history of multiple cu-
taneous lentigines

 

17

 

 or a congenitally bicuspid aortic
valve.

 

18

 

 The arterial media of the aorta and its branch-
es, melanocytes, and the aortic valvular cusps are all
derived from neural-crest cells, suggesting that the un-
derlying defect in these families is an abnormality of
neural-crest cells.

 

17,18

 

Angiographic changes of fibromuscular dysplasia
are found in about 15 percent of patients with a spon-
taneous dissection of the carotid or vertebral artery,
and cystic medial necrosis is a common finding at
postmortem examination.

 

1,3,6,14

 

 Both fibromuscular
dysplasia and cystic medial necrosis, however, are non-
specific abnormalities that are associated with a vari-
ety of systemic disorders.

 

13,14,19

 

 Indirect evidence of
a generalized arteriopathy is suggested by the associ-
ation of such spontaneous dissections with intracranial
aneurysms,

 

20

 

 a widened aortic root,

 

21

 

 arterial redun-
dancies (e.g., coils, kinks, and loops),

 

22

 

 and increased
arterial distensibility.

 

23

 

Ultrastructural abnormalities of dermal connec-
tive-tissue components have been detected in two
thirds of patients with a spontaneous dissection of
the carotid or vertebral artery.

 

24

 

 Extensive studies,
however, have failed to identify any mutations in the
gene for type III procollagen (

 

COL3A1

 

),

 

25

 

 the gene
for type V procollagen (

 

COL5A1

 

),

 

26

 

 or the gene for
tropoelastin (

 

ELN

 

).

 

27

 

 Staining for antibody against
fibrillin-1 has been negative in these patients.

 

15

 

Environmental Factors

 

A history of a minor precipitating event is fre-
quently elicited in patients with a spontaneous dissec-
tion of the carotid or vertebral artery.

 

1-3

 

 Colorful terms
are often given to these occurrences, such as “bot-
toms-up dissection”

 

28

 

 and “beauty-parlor stroke.”

 

29

 

Other precipitating events associated with hyperex-
tension or rotation of the neck include practicing
yoga, painting a ceiling, coughing, vomiting, sneez-
ing, the receipt of anesthesia, and the act of resusci-

tation.

 

1-3,7,30-32

 

 Such neck movements, particularly
when they are sudden, may injure the artery as a re-
sult of mechanical stretching. Clearly, however, these
events differ from the traumatic causes of arterial dis-
section, such as the serious head or neck trauma en-
countered in motor vehicle accidents

 

33

 

 or the less
forceful but focal trauma to the anterolateral part of
the neck that occurs in certain sports injuries.

 

34

 

Chiropractic manipulation of the neck has been as-
sociated with carotid-artery dissection and, particu-
larly, vertebral-artery dissection.

 

35

 

 It has been estimat-
ed that as many as 1 in 20,000 spinal manipulations
causes a stroke.

 

36

 

 However, generalized connective-
tissue disorders have been identified in one fourth of
patients with such dissections, and the initial symp-
toms of vertebral-artery dissection commonly mimic
the musculoskeletal neck pain for which people go to
chiropractors.

 

37

 

A recent history of a respiratory tract infection is
a risk factor for spontaneous dissections of the carot-
id or vertebral artery

 

38

 

; however, an infection with

 

Chlamydia pneumoniae

 

 or mechanical factors such
as coughing or vomiting do not appear to be the
cause.

 

38

 

 The possibility of an infectious trigger is sup-
ported by the finding of a seasonal variation in the in-
cidence of spontaneous dissections of the carotid and
vertebral arteries, with a peak incidence in the fall.

 

39

 

A potential link with common risk factors for vas-
cular disease, such as tobacco use, hypertension, and
the use of oral contraceptives, has not been system-
atically evaluated, but atherosclerosis appears to be dis-
tinctly uncommon in patients with a dissection of the
carotid or vertebral artery.

 

40

 

 One case–control study
suggested migraine as a risk factor for dissection.

 

41

 

CLINICAL MANIFESTATIONS

 

With the advent of noninvasive imaging, dissection
is being diagnosed in many patients who present with
subtle manifestations of the disease.

 

42-44

 

 Most patients
have at least two symptoms, although symptoms may
occur in isolation and some dissections remain asymp-
tomatic. Localized warning signs are common and
provide an opportunity to recognize and treat patients
before cerebral ischemia occurs.

 

Dissection of the Internal Carotid Artery

 

The typical patient with carotid-artery dissection
presents with pain on one side of the head, face, or
neck accompanied by a partial Horner’s syndrome
(oculosympathetic palsy) and followed hours or days
later by cerebral or retinal ischemia. This classic triad
is found in less than one third of patients, but the
presence of any two elements of this triad should
strongly suggest the diagnosis.

 

Local Manifestations

 

Pain develops on one side of the neck in one
fourth of patients and is usually confined to the up-
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per anterolateral cervical region.

 

45,46

 

 Persistent isolat-
ed neck pain may mimic idiopathic carotidynia if it
is associated with local tenderness. Unilateral facial or
orbital pain is present in half of patients.

 

46

 

 The pain
remains isolated in about 10 percent of patients, but
usually there is an ipsilateral headache.

 

46

 

 The charac-
teristic unilateral headache develops in two thirds of
patients, most commonly in the frontotemporal area,
but it occasionally involves the entire hemicranium
or the occipital area.

 

46

 

 The onset of headache is usually
gradual, but it may be an instantaneous, excruciating,
“thunderclap” headache that mimics a subarachnoid
hemorrhage.

 

45,46

 

 The headache is most commonly de-
scribed as a constant steady aching, but it may also be
throbbing or steady and sharp.

 

46

 

 About one fourth
of patients with a history of migraine consider the
headache to resemble a migraine,

 

45,46

 

 but most pa-
tients consider the headache or facial pain to be un-
like any other such pain.

 

45,46

 

 Pain is usually the initial
manifestation of carotid-artery dissection, and the me-
dian time to the appearance of other symptoms is
four days.

 

46

 

Oculosympathetic palsy, consisting of miosis and
ptosis, has long been recognized as a typical mani-
festation of carotid-artery dissection, but it is found
in less than half of patients.

 

1-3,45,46

 

 Facial anhidrosis is
not present because the facial sweat glands are inner-
vated by the sympathetic plexus surrounding the ex-
ternal carotid artery. Oculosympathetic palsy associ-
ated with severe orbital pain may mimic a cluster
headache. Even in the absence of any other sign or
symptom, unilateral oculosympathetic palsy should be
considered to be due to a carotid-artery dissection
until proved otherwise.

Cranial-nerve palsies can be detected in about 12
percent of patients with carotid-artery dissection.

 

47

 

The lower cranial nerves are the most commonly af-
fected, particularly the hypoglossal nerve, and the in-
volvement of various combinations of nerves has been
described.

 

47

 

 The oculomotor, trigeminal, and facial
nerves also may be involved.

 

47,48

 

 Impairment of taste
may be the presenting symptom

 

42

 

 and is eventually
noted by 10 percent of patients.

 

46

 

 The combination
of the dysfunction of lower cranial nerves and ocu-
losympathetic palsy may be ascribed erroneously to
a brain-stem infarct. Pulsatile tinnitus is reported by
one fourth of patients, and an objective bruit may be
present on auscultation.

 

1-3,46

 

Ischemic Manifestations

 

Cerebral or retinal ischemic symptoms are report-
ed in 50 to 95 percent of patients with a spontane-
ous dissection of the carotid artery, although this
frequency has decreased over the years as the condi-
tion is diagnosed in more patients with less obvious
manifestations.

 

46-49

 

 As in carotid stenosis resulting
from atherosclerotic disease, transient ischemic attacks
or transient monocular blindness usually precedes the

ischemic stroke in patients with a spontaneous dis-
section of the carotid artery. Only about one fifth of
patients have an ischemic stroke without any warn-
ing signs.

 

49

 

 Permanent blindness as a result of ische-
mic optic neuropathy or occlusion of the retinal ar-
tery is rare.

 

50

 

Vertebral-Artery Dissection

 

The typical patient with vertebral-artery dissection
presents with pain in the back of the neck or head
followed by ischemia of the posterior circulation. The
initial manifestations of vertebral-artery dissection,
however, are less distinct than those of carotid-artery
dissection and are usually initially interpreted as mus-
culoskeletal in nature.

 

46

 

Local Manifestations

 

Pain develops in the back of the neck in half of
patients, and a headache occurs in two thirds, almost
always in the occipital area, but in rare cases it in-
volves the entire hemicranium or the frontal area.

 

46

 

The neck pain or headache can be bilateral.

 

46

 

 The
headache may be throbbing in quality or steady and
sharp. Only half of patients consider the neck pain
or headache to be unlike any other, but it is rarely
mistaken for a migraine attack by those with a his-
tory of migraine. The median interval between the
onset of neck pain and the appearance of other symp-
toms is two weeks, whereas other symptoms occur
only 15 hours after the onset of headache.

 

46

 

 Unilat-
eral pain or weakness of an arm as a result of cervi-
cal-root involvement, usually at the C5–C6 level, and
spinal epidural hematomas are unusual manifestations
of vertebral-artery dissections.

 

51,52

 

Ischemic Manifestations

 

Ischemic symptoms occur in more than 90 per-
cent of patients in whom a vertebral-artery dissection
is diagnosed and may involve the brain stem, partic-
ularly the lateral medulla (Wallenberg’s syndrome),
as well as the thalamus and the cerebral or cerebellar
hemispheres.

 

1,3,30,46

 

 Isolated ischemia of the cervical
spinal cord is an uncommon but increasingly recog-
nized complication of vertebral-artery dissection.

 

51-53

 

Transient ischemic attacks are less frequent after ver-
tebral-artery dissections than after carotid-artery dis-
sections.

 

46

 

DIAGNOSTIC TESTS

 

Conventional angiography has long been the gold
standard in the diagnosis of arterial dissections, since
it can show the arterial lumen and allows extensive
characterization of dissections of the carotid and ver-
tebral arteries (Fig. 2 and Fig. 3). Pathognomonic fea-
tures of dissection, such as an intimal flap or a dou-
ble lumen, are detected in fewer than 10 percent of
dissected arteries.

 

54

 

The stenosis of carotid-artery dissection is typical-
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ly irregular, starts about 2 to 3 cm distal to the ca-
rotid bulb, and extends for various lengths along the
artery but not past its entry into the petrous portion
of the temporal bone, where the lumen is abruptly
reconstituted (Fig. 2).1-3,54 Occlusions characteristi-
cally have a tapered, flame-like appearance, particular-
ly in the acute phase of the dissection (Fig. 3A).1-3,54

Although aneurysmal dilatation may involve any por-
tion along the artery, the distal subcranial segment
is affected most commonly (Fig. 3B).1-3,54,55 Such an-
eurysms are seen in about one third of patients,54,55

and although they may appear saccular on angiog-
raphy, they are invariably fusiform on external in-
spection.56

In cases of vertebral-artery dissection, both ste-
notic and aneurysmal lesions are most common in
the distal segment of the artery at the level of the first
and second cervical vertebrae (Fig. 3C).1,3,54 A less
well recognized site of vertebral-artery dissection is
the proximal segment, just before its entry into the
intervertebral foramen.30,57 Unlike the internal ca-
rotid artery, which enters the skull through a narrow

Figure 2. Findings on Magnetic Resonance Imaging and Angiography in a 37-Year-Old Woman with a Dissection
of the Internal Carotid Artery.
On T1-weighted magnetic resonance imaging, an axial view (upper left-hand panel) and a sagittal view (upper
right-hand panel) show a subacute intramural hematoma in the wall of the right internal carotid artery (arrows).
On carotid angiography, a frontal view (lower left-hand panel) and a lateral view (lower right-hand panel) show a
corresponding long segment of high-grade stenosis extending from about 2 cm distal to the carotid bulb to the
base of the skull (arrows). The images were obtained from the same patient as the microscopical specimens
shown in Figure 1.
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Figure 3. Angiographic Features of Dissection of the Carotid
and Vertebral Arteries.
A lateral view of the right carotid artery in a 50-year-old man
shows a tapered, flame-like occlusion typical of an acute dis-
section (arrow in Panel A). A lateral view of the left carotid ar-
tery in a 54-year-old man shows a subcranial aneurysmal dila-
tation caused by a dissection (arrow in Panel B). A lateral view
of the right vertebral artery in a 35-year-old woman (Panel C)
shows a complex dissection with an intimal flap, resulting in a
double lumen (arrow) and areas of stenosis and aneurysmal
dilatation (arrowheads).

A B

osseous foramen, the vertebral artery enters the skull
through the foramen magnum, which explains why
as many as 10 percent of vertebral-artery dissections
extend intracranially.6 The angiographic appearance
of vertebral-artery stenosis, and particularly occlu-
sion caused by dissection, is less specific than that
seen in carotid-artery dissection. In about one fourth
of patients, dissections are detected in two or more
vessels, and these multivessel dissections often appear
to have occurred at the same time.6,54

Magnetic resonance techniques are replacing con-
ventional angiography as the gold standard in the di-
agnosis of dissections of the carotid and vertebral ar-
teries, because the resolution of magnetic resonance

C
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angiography now approaches that of conventional an-
giography, and magnetic resonance imaging can show
the intramural hematoma itself (Fig. 2).55,58-60 The
intramural hematoma characteristically has a crescen-
tic shape adjacent to the vessel lumen and often spirals
along the length of the artery. Fat-suppression tech-
niques are important to differentiate small intramu-
ral hematomas from the surrounding soft tissues. Mag-
netic resonance imaging is superior to angiography
in the diagnosis of dissection without associated lu-
minal abnormalities or in cases resulting in nonspe-
cific occlusion.

Ultrasonographic techniques are useful in the ini-
tial assessment of patients who are thought to have
a dissection of the carotid artery.61,62 Although the
site of dissection is generally not seen, an abnormal
pattern of flow is identified in more than 90 percent
of patients.61,62 Specific abnormalities that are diag-
nostic of dissection, such as an intramural hematoma
or intimal flap, are found in less than one third of
cases.61,62 A combination of Doppler color-flow im-
aging and transcranial ultrasonography provides the
most useful information in the detection and follow-
up of carotid-artery dissections.61-63 These techniques
have also been used successfully in the diagnosis of
vertebral-artery dissections, but confirmatory testing
with angiography or magnetic resonance techniques
is almost always indicated.64,65

Helical computed tomographic angiography is a
minimally invasive technique that can provide high-
resolution images of the arterial lumen as well as the
vessel wall. Results similar to those of magnetic res-
onance techniques have been reported for the detec-
tion and follow-up of carotid-artery dissections, but
experience with this technique remains limited.66,67

PROGNOSIS

The prognosis of stroke is related to the severity
of the initial ischemic insult and the extent of collat-
eral circulation. The potential for the development
of collateral circulation may be compromised when
more than one vessel is dissected. The reported rate
of death from dissections of the carotid and verte-
bral arteries is less than 5 percent, and about three
fourths of patients who have had a stroke make a good
functional recovery.1,3,6,40,49 Headache associated with
dissection resolves within a week in about 90 per-
cent of patients, but in a few patients it can persist
for many years.46

Dissections of the carotid and vertebral arteries
are dynamic processes. The radiographic findings may
change dramatically within a period of days or even
hours. Although the radiographic appearance may
worsen during the acute phase of dissection, about
90 percent of stenoses eventually resolve, two thirds
of occlusions are recanalized, and one third of aneu-
rysms decrease in size.54,55,58,60 This improvement takes
place largely within the first two to three months af-

ter the dissection and is rare after six months. In rare
cases, persistent extracranial aneurysms may cause
thromboembolic complications years after the dissec-
tion, but they never rupture.55,56,68

The risk of a recurrent dissection in an initially
unaffected artery is about 2 percent during the first
month but then decreases to a rate of only about
1 percent per year.6 However, the increased risk per-
sists for at least a decade and possibly longer.15,69 The
risk of a recurrence is higher in young patients with
a heritable arteriopathy.16 Only rarely do dissections
recur in the same artery.6-8

TREATMENT

To prevent thromboembolic complications, anti-
coagulation with intravenous heparin followed by
oral warfarin has been recommended for all patients
with acute dissections of the carotid or vertebral ar-
tery, regardless of the type of symptoms, unless there
are contraindications such as intracranial extension
of the dissection. Although antithrombotic treatment
has been advocated since the 1970s,1 no randomized
trials have been reported, and the validity of such
treatment has never been proved.70 However, there is
some indirect evidence of the appropriateness of an-
ticoagulation. Imaging studies suggest that more than
90 percent of infarcts due to dissection are throm-
boembolic rather than hemodynamic (i.e., caused by
insufficient flow) in origin,71 and transcranial Dop-
pler studies show a high frequency of intracranial
microemboli.63 Anticoagulation with a target inter-
national normalized ratio of 2.0 to 3.0 is generally
used for three to six months.

One approach is to obtain a magnetic resonance
angiogram after three months, continue anticoagu-
lant therapy for three more months if luminal irreg-
ularities are found, and then repeat the magnetic res-
onance study and change to antiplatelet therapy if the
luminal irregularities are still present. The rationale
behind this approach is the high rate of recanaliza-
tion within the first three months after the dissec-
tion and the observation that, after the discontinua-
tion of anticoagulation, symptoms occasionally recur
within three to six months after the onset of dissec-
tion but rarely after six months. The fear that anti-
coagulant therapy or intravenous thrombolysis with
tissue-plasminogen activator will extend the dissec-
tion appears to be unfounded.40,72 Nevertheless, an-
ticoagulation is not innocuous, and some patients
are treated with antiplatelet therapy alone, particu-
larly those who have no symptoms of ischemia.

Most dissections of the carotid and vertebral ar-
teries heal spontaneously. Surgical or endovascular
treatment should be reserved for patients who have
persistent symptoms of ischemia despite adequate an-
ticoagulation. Surgical treatment consists of ligation
of the carotid or vertebral artery, combined with an in
situ or extracranial-to-intracranial bypass.11,56,73 These
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procedures are technically demanding and are asso-
ciated with a substantial morbidity rate. Endovascular
treatment, consisting of percutaneous balloon angio-
plasty and placement of one or more metallic stents,
entails a lower risk than surgical treatment and, in most
instances, has supplanted surgery as the initial thera-
py of choice once medical therapy fails.74,75 However,
the long-term results of carotid stenting are unknown,
and the treatment of stent-related complications can
be complex.76

I am indebted to Joseph E. Parisi, M.D., for preparing the photo-
micrographs in Figure 1.
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