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Vertebral Artery Dissection : Natural History,

Clinical Features and Therapeutic Considerations

Kwan-Woong Park, M.D., Jong-Sun Park, M.D., Sun-Chul Hwang, M.D., Soo-Bin Im, M.D., Won-Han Shin, M.D., Bum-Tae Kim, M.D.
Department of Neurosurgery, Soonchunhyang University Bucheon Hospital, Bucheon, Korea

When a tear occurs in one of the major cervicocerebral arteries and allows blood to enter the wall of the artery and split its layers, the result is
gither stenosis or aneurysmal dilatation of the vessel. Vertebral artery dissection (VAD) is an infrequent occurrence but is a leading cause of
stroke in young and otherwise healthy patients. This article discusses recent developments in understanding of the epidemiology and

pathogenesis of VAD and the various clinical manifestations, methods of diagnosis, and approaches to treatment.
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INTRODUCTION

The term dissection implies a tear in the wall of a major
artery leading to the intrusion of blood within the layers of
an arterial wall (intramural hematoma). This causes stenosis
of the lumen when blood collects between the intima and
media or an aneurysmal dilatation of the artery when the
hematoma predominantly involves the media and adven-
titia®. 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 until the postmortem
examination'*”, It was the work of Fisher et al."” in the
late 1970s that led to the recognition of the clinical and
radiologic features of dissection syndromes facilitating their
antemortem diagnosis. This review focuses on the patho-
genesis, natural history, clinical features, and therapeutic
considerations of vertebral artery dissection (VAD).

EPIDEMIOLOGIC FEATURES

The overall incidence of VAD is approximately 1-1.5 per
100,000”. Spontaneous dissections of the carotid and

vertebral artery account for only about 2 percent of all

3,12,30,34

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

Spontaneous dissections of the vertebral arteries affect all
age groups, including children, but there is a distinct peak
in the fifth decade of life****. Although there is no overall
sex-based predilection, women are on average about five

years younger than men at the time of the dissection™.

PATHOLOGIC FEATURES

An arterial wall consists of three layers-intima (the in-
nermost layer), media (the middle muscular layer), and
adventitia (the outermost layer). It is generally agreed that a
tear in the wall of an artery leads to a collection of blood
between the layers of the artery, leading to formation of an
intramural hematoma (Fig. 1A, B).

However, there is no universal agreement as to which wall
is the primary site of dissection. Some authorities consider a
rupture within the connective tissue and vasa vasorum of
the media as the most probable initial event in dissection.
The intramural hematoma may then later penetrate the
intima and reconnect with the true arterial lumen. Others
think that an intimal tear occurs®, which allows blood
under arterial pressure to enter the wall of the artery.

Initial tears are not always easy to diagnose on pathol-
ogical specimens. Even in the carefully selected patients it is
not always possible to show a communication between the
intramural hematoma (the so called false lumen) and the true
lumen, suggesting that some dissections of vertebral arteries
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Environmental Factors

A history of a minor precipitating
event is frequently elicited in patients
with a spontaneous dissection of the
vertebral artery'"*". Some precipitating
events associated with hyperextension
or rotation of the neck include practic-

ing yoga, painting a ceiling, coughing,

Fig. 1. Classic type of vessel wall disruption during dissection. A normal vertebral arterial wal
consists of three layers-intima (the innermost layer), media (the middle muscular layer), and
adventitia (the outermost layer) (A). When a tear occurs in the arterial wall {arrow in A) and allows
blood to enter the wall of the artery and split its layers, the result is the intrusion of blood within the
layers of an arterial wall (intramural hematomay). This causes stenosis of the lumen when blood
collects between the intima and media (B) or an aneurysmal dilatation of the artery when the

hematoma predominantly involves the media and adventitia (C).
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Fig. 2. Schematic represention of dissecting process in the VAD.
Vertebral artery dissection is mainly divided into two types : (A) ischemic
type, which is manifest by ischemic symptoms and/or infarction of the
vertebrobasilar circulation due to perforating artery occlusion,
thromboembolism, and hemodynamic accident; and (B) hemorrhagic
type, which presents as a subarachnoid hemorrhage caused by
adventitial rupture of an intradural vertebral artery dissecting aneurysm.

may be caused by a primary intramural hematoma (Fig. 1C).

Genetic Factors

Patients with a spontaneous dissection of the vertebral
artery are thought to have an underlying structural defect of
the arterial wall, although the exact type of arteriopathy
remains elusive in most cases’”. Foremost among the
heritable connective tissue disorders that are associated with
an increased risk of spontaneous dissections of the vertebral
arteries is Ehlers-Danlos syndrome type IV*¥. Others
include Marfan’s syndrome, autosomal dominant polycystic
kidney disease, and osteogenesis imperfecta type I’>*?.
Although these well-characterized heritable connective
tissue disorders have been identified in only 1 to 5 percent
of patients with spontancous dissection of the vertebral
artery, one-fifth of patients have a clinically apparent but as
yet unnamed connective tissue disorder’®.

vomiting, sneezing, the receipt of anest-
hesia, and the act of resuscitation'. Such
neck movements, particularly when
they are sudden, may injure the artery
as a result of mechanical stretching,

Chiropractic manipulation of the
neck has been associated with VAD'.
It has been estimated that as many as 1 in 20,000 spinal
manipulations causes a stroke.

A recent history of a respiratory tract infection is a risk
factor for spontaneous dissections of the vertebral artery'?.
The possibility of an infectious trigger is supported by the
finding of a seasonal variation in the incidence of sponta-
neous dissections of the vertebral arteries, with a peak
incidence in the fall.

A potential link with common risk factors for vascular
disease, such as tobacco use, hypertension, and the use of
oral contraceptives, has not been systematically evaluated.
One case-control study suggested migraine as a risk factor

for dissection”.

NATURAL HISTORY - HEALING PROCESS

Spontaneous VAD is mainly divided into two types : 1)
the ischemic type, which is manifest by ischemic symptoms
and/or infarction of the vertebrobasilar circulation due to
arterial narrowing and thromboembolism; and 2) the hem-
orrhagic type, which presents as a subarachnoid hemo-
rthage (SAH) caused by rupture of an intradural vertebral
artery dissecting aneurysm (Fig. 2).

In the series of Mokri and coworkers™ follow-up angiog-
raphy was performed in 16 patients with 21 lesions. These
authors reported that 13 stenotic lesions (61.9%) observed
on initial angiography studies exhibited resolution on
subsequent angiography studies, whereas only one vessel
became occluded. A higher rate of vascular healing in cases
of extracranial VAD has been demonstrated. Occlusive
changes do not always result in poor outcome in patients
unless the contralateral vertebral artery is hypoplastic*®.
Recanalization occurs in vessels with occlusion, although this
is not common'”?”. Thus, follow-up angiography studies
should be considered, even if the affected vessel appears to be
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occluded on the initial angiography examination.

Acutely ruptured dissections are unstable and have a
tendency to rebleed. The rebleeding rate has been reported to
be as high as 71.4% in a group of 42 untreated patients™ .
The mortality rate of these rebleeds was high, being 46.7%
in this series. As a rule, the shorter the time since the initial
hemorrhage, the higher risk of rebleeding in the acute
phase. In the study conducted by Mizutani®”, 70% of
rebleeds occurred within the first 24 h after the initial SAH
and 80% in the next week. Forrunately, as the time passes,
the risk of rebleeding decreases considerably. Yamaura et
al.*" proposed that a ruptured dissecting aneurysm enters
into a healing stage approximately 1 month after the initial
SAH. In Mizutanis series™”, only 10% of rebleeding occur-
red more than one month after the initial hemorthage. In
their discussion of the histopathology of the healing
response following dissection, Mizutani et al.”?, proposed
that vessel wall repair is completed after the neointima
covers the entire area of the arterial wall. This repair occurs
from the disrupted ends of the media toward the ruptured
portion. As they pointed out, this healing mechanism may
be delayed under several circumstances such when there is
an extensive defect of the aneurysmal wall in the ruptured
portion (i.c. large aneurysms), aneurysms with abundant
thrombus in the ruptured portion (since neointima may
appear along with retraction of the thrombus), or aneury-
sms in which the media is completely separated from the
adventitia. This vessel wall reaction, however, seems to be
unpredictable.

CLASSIFICATION

Several groups have proposed patho-anatomical classifi-
cations of intracranial dissecting aneurysms™*®. Mizutani
et al.* found that nonatherosclerotic aneurysms unrelated
to the branching zones had several lesional patterns of the
internal elastic lamina (IEL) and intima, and they classified
them into four types. There was a strong relationship
between the pathological features of
the aneurysms and their clinical
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ectasias, which had an extended and/or fragmented IEL
with intimal thickening. Weakness of the arterial wall
caused by the damaged IEL was assumed to be
compensated by the intimal thickening, The luminal surface
of the thickened intima was smooth without thrombus
formation. The patients with Type 2 aneurysms had a
placid clinical course. Type 3 aneurysms were dolichoec-
tatic dissecting aneurysms, pathologically characterized by
fragmentation of the IEL, multiple dissections of thickened
intima, and organized thrombus in the lumen. Most of
them were symptomatic and progressively enlarged over
time. Type 4 aneurysms were saccular aneurysms unrelated
to the branching zones. They arose in areas with minimally
disrupted IEL without intimal thickening, and there was a
risk of rupture. In another study, Mizutani® proposed a
classification of the connection between true and false
lumen. Accordingly, the primary mechanism by which a
cerebral dissecting aneurysm is created is by the sudden
disruption of the IEL. The plane of dissection extends
through the media. The majority of aneurysms have one
entrance into the pseudolumen (entry-only type). This type
is apparently associated with an unstable clinical course.
Some cerebral dissecting aneurysms have both an
entrance and exit (entry-exit type). This type of aneurysm
occasionally contains a constant flow of blood through the
pseudolumen and is clinically more stable than entry-only

aneurysms,

CLINICAL FEATURES

Extracranial VADs

Neck trauma may clearly precede an extracranial VAD.
The vertebral artery is most mobile and thus most vul-
nerable to mechanical injury at Cl to C2 as it leaves the
transverse foramen of the axis vertebra and suddenly turns
to enter the intracranial cavity. Clinical manifestations
include severe neck pain mostly in the occipitocervical area
followed after a variable interval by ischemic symptoms. In

Table 1. Summary of types of aneurysm®

courses. Type 1 corresponded to classic Type Name Pahological features

. . Type 1 Classic dissecting aneurysm Widespread disruption of IEL
dissecting aneurysms, the path- PP

. . . without intfimal thickening

ogenesis of which was characterized : ‘
b d ddi \ £h Type 2 Segmental ectasia Stretched/Fragmented L with

Y acute widespread disruption of the infimal thickening
IEI., Wzth?ut intimal thickening. No luminal thrombosis
Patients with Type 1 aneurysms had Type 3 Dolichoectafic disseching Fragmented IEL and mulfple
an ominous clinical course, and many aneurysm dissections of thickened infima
presented with sudden subarachnoid Luminal thrombosis
hemorrhage with frequent rebleeding. Type 4 Saccular aneurysm, arising Minimal disruption of IEL without

Type 2 aneurysms were segmental

from arterial trunk

intimai thickening
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some patients there may not be any ischemic symptoms.
Dizziness, vertigo, double vision, ataxia, and dysarthria are
common clinical features. Lateral medullary (Wallenberg
syndrome) and cerebellar infarctions are the most common
types of strokes. Occasionally, spinal cord infarctions occur
because of the involvement of branches of the extracranial
vertebral artery that supply the cervical spinal cord.

Intracranial VADs

More than 50% of intracranial VADs are associated with
subarachnoid hemorrhage (SAH)*. Since Yonas et al.*
described the pathological and radiographic features of
intracranial dissecting aneurysm as a cause for SAH, it has
been increasingly recognized as a cause of SAH with a
unfavorable prognosis and a high rate of rebleeding. Some
1-10% of all intracranial non-traumatic SAH are caused by
ruptured intracranial dissection, and in children, the rate
may be even higher. The majority of hemorrhagic intracra-
nial arterial dissection is located in the posterior circulation
most likely reflecting it’s structure since histological stud-
ies” have shown that the intradural vertebral artery has a
thin media and adventitia with fewer elastic fibers, so
dissections of the intradural vertebral artery are prone to
result in SAH, in contrast to dissections of other vessels”.
Brain stem infarctions and aneurysmal arteries presenting
as space occupying lesions are other manifestations.

In the past, intracranial dissections were considered
neurologically devastating or fatal, but modern technology
has led to increased recognition that patients with intracra-

nial dissections also may have only minor symptoms®.

DIAGNOSIS

Catheter angjography has been the “gold standard” of dia-
gnosing arterial dissections. The commonest finding on
angiography is the so called “string sign” -a long segment of
narrowed lumen. The pathognomonic features of dissec-
tion, such as an intimal flap or a double lumen, are found
in less than 10% of cases®. The artery may show sudden
tapering because of occlusion of the lumen, aneurysmal
dilatations are also found in some cases.

Magpetic resonance techniques are now replacing conve-
ntional angiography as the gold standard in the diagnosis of
dissections of the vertebral arteries, because the resolution
of magnetic resonance angiography now approaches that of
conventional angiography, and magnetic resonance imaging
can show the intramural hematoma itself. The intramural
hematoma characteristically has a crescentic shape adjacent
to the vessel lumen and often spirals along the length of the
artery. Fat suppression techniques are important to diffe-

rentiate small intramural hematomas from the surrounding
soft tissues. Magnetic resonance imaging is superior to
angjography in the diagnosis of dissection without associa-
ted luminal abnormalities or in cases resulting in nonspecific
occlusion™. Magnetic resornance imaging can also be used
for follow up monitoring of the dissections.

CT angiography has been shown to have a very high
sensitivity for vertebral artery dissection, but there is only
limited experience with the technique. Unlike the other
modalities, changes are apparent very soon after ictus.

PROGNOSIS

Extracranial VADs generally carry a good prognosis. A
literature review reports 50% of cases having no neurolog-
ical deficit, 21% mild deficits only, and 25% moderate to
severe deficits, the remaining 4% having died®. In a recent
study looking at the relation between recanalization rate
and neurological outcome, no relation was found between
these two variables”, the neurological outcome was depen-
dent on the lesion localization and the presence of good
collaterals.

Intracranial dissections are usually associated with severe
neurological deficits or SAH and carry a poor prognosis.
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™. How-
ever, the increased risk persists for at least a decade and
possibly longer’®. The risk of a recurrence is higher in young
patients with a heritable arteriopathy*®. Only rarely do
dissections recur in the same artery>>?.

THERAPEUTIC CONSIDERATIONS

Medical Treatment

To prevent thromboembolic complications, anticoag-
ulation with intravenous heparin followed by oral warfarin
has been recommended for all patients with acute dissec-
tions of the vertebral artery, regardless of the type of symp-
toms, unless there are contraindications such as the presence
of a large infarct with associated mass effect, hemotrhagic
transformation of the infarcted area, an intracranial aneury-
sm, and intracranial extension of the dissection®”. Although
antithrombotic treatment has been advocated since the
1970s'*%, no randomized trials have been reported, and
the validity of such treatment has never been proved. Howe-
ver, there are some indirect evidence of the appropriateness
of anticoagulation. Imaging studies suggest that more than
90 percent of infarcts due to dissection are thromboembolic

18)

rather than hemodynamic in origin'®, and transcranial
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Doppler studies show a high frequency of intracranial
microemboli®. Anticoagulation with a target international
normalized ratio (INR) of 2.0 to 3.0 is generally used for
three to six months.

One approach is to obtain a magnetic resonance angio-
gram (MRA) after three months, continue anticoagulant
therapy for three more months if luminal irregularities are
found, and then repeat the magnetic resonance study and
change to antiplatelet therapy if the luminal irregularities
are still present. The rationale behind this approach is the
high rate of recanalization within the first three months
after the dissection and the observation that, after the
discontinuation of anticoagulation, symptoms occasionally
recur within three to six months after the onset of dissection
but rarely after six months. The fear that anticoagulant
therapy or intravenous thrombolysis with tissue-plasminogen
activator will extend the dissection appears to be unfound-
ed®. Nevertheless, anticoagulation is not innocuous, and
some patients are treated with antiplatelet therapy alone,
particularly those who have no symptoms of ischemia.

Surgical Interventions

Most VADs heal spontaneously’”. However, an urgent
surgical intervention may be required in patients presenting
with SAH. Symptomatic aneurysmal dilatation of the
artery may also warrant surgery. Chronic VADs have also
been treated by surgical reconstruction to prevent further
ischemic or thromboembolic complications, if medical
treatment with six month anticoagulation fails or if the
dissecting aneurysms and/or high grade stenosis persist™**”.
Surgical interventions include endovascular treatment and

the arterial repair.

Endovascular Therapy
Endovascular treatment has largely supplanted surgery as
the initial therapy of choice once medical therapy fails or is

contraindicated*®'%203Y.

Endovascular occlusion of the parent artery

A saccular aneurysm will persist unless treated by surgical
clipping or endovascular embolization. In contrast, reflecting
the intrinsic mechanism of healing, a dissection can resolve
spontaneously. The aims of treatment are, first, to reduce the
“hemodynamic stress” on the vessel wall that could produce
rebleeding and, second, to provide a suitable environment
for healing. Both goals can be achieved by eliminating or
reversing the flow within the dissection through sacrificing
the parent artery close to or even far proximal to the
dissection®”. If the dissection is not completely excluded
from the antegrade arterial circulation following proximal
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occlusion, the potential for rebleeding still exists®. Reb-
leeding can be anticipated when the dissection cavity
increases in size after proximal occlusion”. Rebleeding from
a “caecum-like” dissection usually occurs within several
hours after proximal occlusion, presumably as result of
hemodynamic changes in its lumen.

Endovascular trapping

Because histopathology shows that the rupture point is in
close proximity to the entrance into the dissection™, an
option in treatment is double catheterization and simult-
aneous embolization of the proximal and distal portions of
the dissection'. Endovascular trapping does not cross the
dissected segment (which should be avoided). However,
ischemia may occur in the territory of brainstem perforators
arising from the healthy vessel distal to the dissected
portion that will be occluded. Therefore, it is not likely that
trapping is superior to occlusion of the proximal parent
vessel®, This is because the theoretical benefits (exclusion
of the diseased vessel segment) are outweighed by the risk
of occluding brain stem perforators in the occluded distal
healthy vessel.

Intracranial stenting

Stent implantation has the advantage of preserving the
patency of the parent vessel and remodeling blood flow.
Nevertheless, there are unnecessary difficulties and hazards.
These are that the stent has to be navigated through the
dissection, inducing the risk of further dissecting the wall,
that uncovered stents that do not fully exclude the diss-
ection from the circulation may lead to early rebleeding,
and that stent-assisted coiling of the dissection (as well as
coiling of the dissection itself) might cause rupture of the
dissection or lead to recanalization if the coil migrates through
the dissected vessel wall, so not completely securing the
situation'”. Finally, the use of stent grafts in the intracranial
circulation is experimental, and likely to occlude perfora-
tors to the brain stem and even may induce a secondarily
symptomatic excessive neointimal proliferation.

Surgery

Surgical treatment should be considered for patients with
persistent ischemic symptoms refractory to optimal medical
care who are not candidates for endovascular treatment”.
Arterial ligation can be a very safe and simple treatment,
assuming the presence of adequate collateral blood flow has
been established. However, delayed ischemia because of
propagation of thrombus or embolization is a potential
threat in these patients in the early postoperative period.
Trapping of the dissected segment of vertebral artery with
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or without extracranial-intracranial arterial bypass also can
be a curative treatment option.

Rebleeding after surgical proximal occlusion has been
reported®'?, whereas trapping excludes the dissection from
the circulation thus eliminating the risk of rebleeding
which has not been reported after surgical trapping for
VADs. However, the location of dissection makes the
surgical approach technically demanding with a high risk of
cranial nerve damage. Rigorous comparison between surg-
ical and endovascular treatment is difficult, because most
reports of surgical treatment include less than 10 patients
and their features are not comparable.

SUMMARY

VAD implies a tear in the wall of the artery leading to the
intrusion of blood within the layers of an arterial wall. The
important pathologic feature of VAD is characterized by
acute widespread disruption of the IEL. VAD is mainly
divided into two types : the ischemic type, which is manifest
by ischemic symptoms and/or infarction of the verte-
brobasilar circulation due to arterial narrowing and throm-
boembolism; and the hemorrhagic type, which presents as
an SAH caused by rupture of an intradural vertebral artery
dissecting aneurysm. Most dissections of the vertebral
arteries heal spontaneously and especially, extracranial VADs
generally carry a good prognosis. However, intracranial
VAD:s are usually associated with severe neurological
deficits or SAH and carry a poor prognosis, so an urgent
surgical intervention may be required in patients presenting
with hemorrhage.
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