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Carotid and vertebral artery dissections:
clinical aspects, imaging features
and endovascular treatment

Abstract Extracranial arterial dissec-
tions are a recognised cause of stroke,
particularly in young adults. Clinical
diagnosis may be difficult, and the
classical triad of symptoms is uncom-
mon. Imaging plays a pivotal role in the
diagnosis of extracranial arterial dis-
sections, and this review provides a
detailed discussion of the relative
merits and limitations of currently
available imaging modalities. Conven-
tional arteriography has been the ref-
erence standard for demonstrating an
intimal flap and double lumen, which
are the hallmarks of a dissection, and
for detecting complications such as
stenosis, occlusion or pseudoaneu-
rysm. Noninvasive vascular imaging
methods, such as ultrasound (US),
magnetic resonance angiography
(MRA) and computed tomography
angiography (CTA) are increasingly
replacing conventional angiography for

the diagnosis of carotid and vertebral
dissections. Ultrasound provides dy-
namic and “real-time” information
regarding blood flow. Source data of
MRA and CTA and additional cross-
sectional images can provide direct
visualisation of the mural haematoma
and information about the vessel
lumen. Anticoagulation to prevent
strokes is the mainstay of medical
treatment, but randomised trials to
define the optimal treatment regime are
lacking. Surgery has a limited role in
management of dissections, but endo-
vascular procedures are gaining im-
portance for treatment of complications
and if medical management fails.

Keywords Carotid arteries,
dissection - Carotid arteries - US -
MR - CT - Interventional procedures

Introduction

Extracranial carotid artery dissection is an uncommon
cause of stroke, accounting for less than 1% of all strokes.
It is, however, an important cause of stroke in young adults
(mean age of occurrence 25-45 years) with an estimated
incidence of 10-25% [1, 2]. The overall incidence of
internal carotid artery (ICA) dissection is 2—3 per 100,000
per year [3] and that of vertebral artery (VA) dissection
approximately 1-1.5 per 100,000 [4]. The first description
of an extracranial ICA dissection was reported by Jentzer in
1954 [5]. The increased diagnosis of this condition in the
last decade can be attributed to the availability of
diagnostic imaging techniques, such as colour Doppler

ultrasound (US), computed tomography (CT) and magnetic
resonance (MR) imaging. In addition, there is also an
increased awareness of the diverse clinical spectrum of
ICA and VA dissection.

Pathogenesis

A dissection is termed spontaneous if there is no evidence
of preceding trauma. The most common cause of a
traumatic dissection is blunt (severe hyperextension) or
penetrating (stab wound) injury to the neck [6, 7]. There are
however, no angiographic differences between spontane-
ous and traumatic dissections [8, 9]. External trauma may
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be minimal. VA dissection has been associated with stroke
following long-haul air travel. The dissection was
attributed to an uncomfortable neck posture with prolonged
hyperextension or lateral rotation of the cervical spine [10]
or simultaneous bilateral internal carotid and VA dissection
following chiropractic neck manipulation [11]. Spontane-
ous extracranial dissection may be linked with an under-
lying arteriopathy, and fibromuscular dysplasia (FMD) can
be found in up to 15% of patients with ICA or VA
dissections [12]. Other connective tissue diseases are
identified in 1-5% of patients with spontaneous ICA or
VA dissections and include Ehlers-Danlos syndrome type
IV, Marfan’s syndrome, autosomal dominant adult poly-
cystic kidney disease, osteogenesis imperfecta type I and
cystic medial necrosis [13, 14]. Many vascular risk factors
are associated with arterial dissection although no single
factor alone seems to be responsible [15]. Hypertension is
present in up to 53% [16-20]; diabetes mellitus [17],
smoking [17, 20, 21], hyperlipidemia [17] and the oral
contraceptive pill [17, 19, 20, 22] are also linked. The
pathogenesis of spontaneous dissection is often uncertain,
and the dissection occurs usually in an area of macro-
scopically normal intima [23].

The mechanism of dissection is thought to be either a
tear in the intima of the vessel, which allows intraluminal
blood to dissect along the layers of the vessel wall or,
alternatively, direct haemorrhage from the vasa vasorum of
the media into the arterial wall. In both scenarios, the
haematoma dissects longitudinally through the media.
Luminal narrowing or total occlusion occurs if the
haematoma lies just beneath the intima. If the haematoma
dissects just beneath the adventitia, a pseudoaneurysm
forms [24], and a false lumen occurs if blood reenters the
true lumen. The false lumen may either remain patent,
resolve completely, or thrombose and cause narrowing of
the true lumen [25]. The thrombosed dissection lumen may,
particularly in the acute stage, become the source of distal
emboli presenting as a transient ischaemic attack (TIA) or
stroke [24].

Clinical features

The classical triad of presentation of an extracranial ICA
dissection is ipsilateral headache, facial or neck pain and
partial Horner’s syndrome, followed hours or days later by
cerebral or retinal ischaemia (amaurosis fugax). This triad
of symptoms is found in less than one third of patients, but
the presence of two elements of this triad strongly suggests
the diagnosis. Other manifestations include syncope, neck
swelling, cranial nerve dysfunction (cranial nerves IX, X
and XII) and pulsatile tinnitus. In more than 50% of
patients, the clinical picture does not suggest the diagnosis

of spontaneous ICA dissection [15]. Cerebral infarcts are
reported in 40-60% and TIA in 20-30% of patients with
ICA dissection [26]. Most infarcts are thought to be
embolic in origin and can be cortical or subcortical in
location [27]. Less commonly, the infarct may be
haemodynamic in origin due to reduced blood flow
through a narrowed ICA lumen [28]. In 5% of cases, an
ICA dissection remains asymptomatic.

Extracranial VA dissection may be asymptomatic or
present with nonspecific complaints, such as dizziness or
vertigo [29], amnesia, tinnitus, hemianopia, nausea and
vomiting [19-21] or posterior cerebral circulation infarcts
[30, 31]. Horner’s syndrome is reported in 36% [21] and
cranial nerve dysfunction is seen in up to 13% of cases[32,
33]. Intracranial ICA dissection is rarer, occurs in a
younger age group (mean age 25 years) and has a less
favourable clinical outcome with a mortality rate of 75%
[34]. The onset of symptoms is usually rapid, often
associated with a subarachnoid haemorrhage (SAH),
massive stroke and death [2]. Dissection of the intracranial
VA is also less common and almost exclusively spontane-
ous [20, 35] and can result in SAH and pseudoaneurysm
formation [36]. This is attributed to the fact that the
intradural segment of the VA has a thinner media and
adventitia with less prominent vasa vasorum, which may
limit healing [37]. Intracranial VA dissections are fre-
quently fatal, with the mortality rate estimated at 46% [37].
Intracranial VA dissections can lead to the formation of
posterior inferior cerebellar artery (PICA) aneurysms that
may subsequently rupture and present with subarachnoid
haemorrhage.

Dissection sites

In a review of 200 patients with spontaneous extracranial
artery dissection, the ICA was affected in 76% (unilateral in
62% and bilateral in 14%), the VA in 18% and both ICA
and VA in 6% [38]. The commonest location for a
spontaneous ICA dissection is the cervical segment 2-3 cm
distal to the carotid bulb, an area that is probably subject to
most of the stretch during extension or rotation of the neck.
Dissections extend for a variable length cranially but not
usually past the point of entry of the ICA into the petrous
temporal bone. VA dissections are most common in the
distal segment of the artery at the level of the first and
second cervical vertebrae [25]. Multiple-vessel disease is
common, being found in 16-28% patients with ICA
dissection [31, 39, 40]. This could be due to underlying
arteriopathy that would increase the risk of recurrent
dissection. In the absence of an arteriopathy, recurrent
dissection in the same vessel or other cervicocephalic
arteries is very rare [26, 41].



822

Imaging
Intraarterial angiography

Intraarterial angiography has been the reference standard
for diagnosis of dissections. Angiography is, however, an
invasive procedure and not without risk [42]. It is
increasingly being replaced by noninvasive imaging
modalities, both for primary diagnosis and follow-up of
dissections. Angiography will demonstrate the arterial
lumen and detect associated vessel wall irregularities, such
as FMD, but may miss dissections when the false lumen
does not opacify with contrast medium [43, 44]. Angiog-
raphy does not allow direct visualisation of the vessel wall
when this contains thrombus in a false lumen. Pathognomic
findings of a carotid artery dissection are (1) double lumen
and (2) intimal flap. These are, however, detected in less
than 10% of cases [45], and the following three
angiographic patterns are found more commonly (Fig. 1)
[45, 46]: (1) arterial stenosis, (2) aneurysm formation and
(3) arterial occlusion.

The most common finding, reported in almost 80%
cases, is an irregular stenosis starting about 2—3 cm distal
to the carotid bulb and extending for various lengths along
the artery [16, 25, 45, 46]. Complete occlusion or aneurysm
formation is seen less often. A tapered narrowing of the
ICA (“rat’s tail” or “string sign”), a flame-shaped occlusion
and aneurysms commonly affecting the distal cervical
segment are also seen. Although these appearances are
indicative of dissection, they are not specific [20, 47-49].
Dissection is a dynamic disease process, and serial
angiography demonstrates changing patterns in the

Fig. 1 a Selective right com- F-
mon carotid artery (CCA) arte-
riography in a patient with a
traumatic internal carotid artery
(ICA) dissection, demonstrating
a tapered narrowed “true” lumen
(black arrow) compressed by
thrombus in the “false” lumen,
with “rat’s tail” or “string sign”.
CCA large black arrow, exter-
nal carotid artery (ECA) white
arrow. b A tapered narrowing
(black arrow) in a patient with a
spontaneous ICA dissection.
CCA large black arrow, ECA
white arrow). ¢ Irregular steno-
sis (arrow) associated with
dissection of the intracranial
extradural segment of the ICA.
(Courtesy of Dr. S. Connor,
King’s College Hospital,
London)

lumen, often returning to a normal calibre over time. In
one series of 42 patients with spontaneous dissection of the
extracranial ICA, 59% of cases had a tapered stenosis [45],
progression to complete occlusion was reported in 14% of
stenotic dissections, 50% of aneurysms reduced in size,
25% remained unchanged and 25% of those with an
isolated aneurysm demonstrated complete resolution over a
mean time of 11 months.

The angiographic appearances of VA dissections are less
specific than those of ICA dissection and include dissecting
aneurysms of the intradural portion (Fig. 2). In up to 20%
of patients with spontaneous VA dissection, four-vessel
angiography reveals concurrent dissection of the ICA or
contralateral VA [50]. Follow-up angiographic studies
show resolution of VA abnormalities in 70% of cases [20,
31]. Aneurysmal forms of cervical VA dissection were
found to resolve in 80% of cases, more frequently than
aneurysmal ICA dissections [51].

Ultrasound

Serial imaging of ICA and VA dissections is required for
the detection of possible recanalisation or progression to
occlusion [52]. This should be preferably performed with
noninvasive modalities. Ultrasound imaging provides
direct visualisation of the pathological findings related to
an ICA dissection, haemodynamic information, a visual
picture of flow velocity, direction of flow within the true
and false lumen and evaluates vessel and lumen patency
[53, 54]. Unlike angiography, US is able to demonstrate a
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Fig. 2 a Selective left vertebral artery (VA) angiogram demon-
strates a dissecting aneurysm of the VA (arrow) close to the origin of
the left posterior inferior cerebellar artery (PICA). b Endovascular
treatment of the aneurysm with stenting of the intradural segment of
the left VA and coiling of the PICA aneurysm. The mesh of the
intracranial stent is not radio-opaque, but markers at either end of the

false lumen even if this lumen is thrombosed [55, 56]. The
gray-scale US findings can be divided into three categories;

— Normal: dissection is outside the “window” of the US
examination, or resolution of the dissection has
occurred at the time of the examination

— Presence of an arterial luminal flap or false lumen
(Fig. 3)

— Presence of low-reflective thrombus with or without
true lumen narrowing (Fig. 4)

The pathognomonic finding is the demonstration of a
membrane in the longitudinal and axial view [57]. Spectral
Doppler US waveforms can be divided into four categories:

— Normal spectral waveform

— Damped spectral waveform (lower amplitude with
biphasic pattern)

— High-resistance spectral waveform (Fig. 5)

— Absence of flow with no spectral Doppler waveform

(Fig. 6)

Although these are nonspecific features also occurring in
high-grade stenosis and occlusions, they should raise the
possibility of a dissection in the appropriate clinical setting.
The commonest spectral Doppler US findings in the
affected ICA are high resistance pattern or absence of
signal in a total occlusion [52, 53]. Visualisation of
intramural haematoma combined with high-resistance flow
strongly suggests the presence of ICA dissection. Steinke et
al, found high-resistance flow in 68% of ICA dissections
examined with US [52]. The diagnostic sensitivity of US
decreased if an ICA dissection resulted in a low-grade
stenosis. Sturzenegger et al. demonstrated high accuracy in

A

stent are visible (open arrows). A ball of platinum coils fills the
lumen of the aneurysm (arrow). ¢ An oblique projection
demonstrates preservation of the left PICA (arrow) and exclusion
of the aneurysm at the end of the endovascular procedure. (Courtesy
of Dr. Stefan Brew, The National Hospital for Neurology and
Neurosurgery, London)

detecting a dissection with US when an ICA occlusion or
high-grade stenosis was present, falling to a 20% sensitiv-
ity in low-grade stenosis [57]. As indicated, US is less
reliable for dissections located in the subpetrous segment
and the carotid canal [58, 59]. A VA dissection (Fig. 7) is
difficult to ascertain on colour Doppler US due to the
nature of the position of the VA (between the transverse

Fig. 3 Longitudinal colour Doppler ultrasound image demonstrat-
ing the external carotid artery (ECA) (small arrow), the patent
internal carotid artery (ICA) (large arrow) and flow within a patent
ICA dissection false lumen (arrowhead)
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Fig. 4 Longitudinal colour Doppler ultrasound image demonstrat-
ing low-reflective thrombus (arrow) compressing and displacing the
true lumen of the internal carotid artery (ICA) (large arrow)

processes of the cervical vertebrae), and full interrogation
is not possible. The same US features are seen as with
an ICA dissection, but it is less likely to be clearly
demonstrated [60].

As an ICA or VA dissection is not a stable condition,
serial monitoring is required. US is an excellent imaging
technique for this when the dissection is clearly document-
ed on initial US imaging. Temporal resolution or progres-
sion of a dissection may be documented, allowing
alteration of medical management, as appropriate (Fig. 8).

Magnetic resonance imaging

Dissections of the craniocervical arteries can be assessed
with cross-sectional T1-, T2- or proton-density (PD)-
weighted images and with MR angiographic (MRA)
techniques. The former can provide direct visualisation of
an intramural haematoma, which is the pathological
hallmark of a dissection [59, 61], and the latter allows
noninvasive visualisation of blood vessels. Time-of-flight
(TOF) MRA can also demonstrate a T1 hyperintense
intramural clot whereas phase-contrast MRA (PC-MRA)
and contrast-enhanced MRA (CE-MRA) demonstrate only
the vessel lumen.

Carotid artery

Carotid artery dissection is characterised by a narrowed
eccentric flow void, which is surrounded by a crescent-
shaped, hyperintense area expanding the vessel diameter
[62]. The intramural haematoma shows a similar temporal
evolution of its MR signal as an intracerebral haemorrhage
[61]. An acute intramural haematoma can be hypointense
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Fig. 5 a Colour and spectral Doppler ultrasound (US) of the
internal carotid artery (ICA) in a dissection (arrow) demonstrating a
high-resistance waveform. b Colour and spectral Doppler US
demonstrating an occluded ICA (large arrow) following a dissec-
tion. The spectral Doppler US waveform in the external carotid
artery (ECA) (arrow) demonstrates a lower-resistance spectral
Doppler waveform pattern than normal; this is a compensatory
mechanism in long-standing ICA occlusion

on T2- and T1-weigthed images and therefore difficult to
delineate from an area of flow void. The intramural
haematoma may therefore be missed on MRI within the
first 24-48 h after an ICA dissection. Thereafter, the
haematoma becomes of intermediate signal intensity on
T1-weighted images and hyperintense on PD and T2-
weighted images (Fig. 9). After a few days, the haematoma
will also demonstrate high signal intensity on T1-weighted
images for approximately 2 months (Fig. 10). Subsequent
loss of signal intensity can make the haematoma
unrecognisable after 6 months [63], as it becomes
isointense with surrounding soft tissue [64]. These
appearances are, however, not specific for a dissection
and fresh thrombus due to an atheromatous or embolic
occlusion, which may exhibit a similar evolution of MR
signal intensity [65]. It may, indeed, be impossible to
distinguish an intraluminal clot from an intramural clot,



825

40dB 2 -/+1/1/5
PW Depth= 2

PW Gate= 2.0mm
PW Gain= 2dB

RT

Carotid (Right)
|> Vert =0.014 m/s

8=56°

- UMH2]

Inverted

e b e e

Fig. 6 a Colour Doppler ultrasound (US) demonstrates absence of
flow in the vertebral artery (VA) (thick arrow) following a dissection.
Vertebral vein thin arrow, transverse process star. b The absence of a
spectral Doppler US waveform in the VA (arrow) in the same patient
confirms an occlusion. Vertebral vein arrow, transverse process star

which causes complete obliteration of the vessel lumen. In
such cases, a crescentric thickening with central signal void
proximal to complete occlusion should suggest dissection
rather than atheromatous occlusion [29, 66].

Early reports described an atheromatous plaque causing
subtotal occlusion appearing as a hyperintense rim on T2-
weighted images, thereby mimicking a dissection [67, 68].
This rim is, however, typically isointense on T1-weighted
images whereas the periarterial rim in subacute cervicoce-
phalic arterial dissection is usually hyperintense on T1-
weighted images [69]. A false positive diagnosis may also
originate from misinterpretation of T1 hyperintense fat
around the vessel, which can mimic an intramural
haematoma; fat-suppression techniques are useful in such
cases (see Fig. 10). Inflow phenomena, in the presence of
slow blood flow, can be a further confounding factor.
Inflow phenomena generally produce signal abnormalities

4008 2 -/+1/1/5

PW Depth= 30mm

PW Gate= 2.0mm

PW Gain= 2dB
RT

§=59° Inverted
1

e

40dB 2 -/+1/1/5
PW Depth= 33mm
PW Gate= 20mm
PW Gain= 2dB

1 )

|
[Carotid (Left)
Vert =0.619 m/s
8=57°

M UMA2)

Inverted

Fig. 7 a Longitudinal colour Doppler ultrasound (US) image of the
vertebral artery (VA) (arrow) demonstrating thrombus within the
artery (large arrow). Transverse process star. b Spectral Doppler US
waveform of the right VA (arrow) in the same patient demonstrating
a high-resistance waveform, with absent forward flow in diastole
(large arrow). (¢ The normal left VA in the same patient for
comparison, demonstrating a low-resistance, high forward flow in
diastole (large arrow)
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that are located centrally within the flow void rather than
peripherally [58, 70]. Homogeneity of the hyperintense
signal on all slices associated with vessel expansion
supports dissection rather than slow flow [59].

A false negative diagnosis of dissection on MR is most
likely at the very early stage, when the intramural

< Fig. 8 a Longitudinal colour Doppler ultrasound (US) image of an

acute dissection of the internal carotid artery (ICA) with the
dissection of the lumen (arrowhead) demonstrating colour flow.
ICA large arrow, external carotid artery (ECA) long arrow. b An
abnormal high-resistance spectral Doppler US waveform is demon-
strated in the dissection lumen (arrowhead). ICA large arrow, ECA
long arrow. ¢. On day 14, there is intramural thrombus formation
(arrowhead) with no evidence of colour Doppler US flow within the
dissection false lumen. CCA star, ICA large arrow, ECA long
arrow

haematoma is not yet hyperintense. Vessel wall thickening
and lumen narrowing may be the only indicators of

Fig. 9 a Traumatic dissection of the right internal carotid artery
(ICA) in a “pole” dancer. The axial proton-density-weighted images
through the neck show a mural haematoma (arrow) at the lateral
aspect of the right ICA. The right ICA is expanded, and its true
lumen is not significantly narrowed (open arrow). b Axial diffusion-
weighted imaging (DWI) shows an acute infarct in the right
lentiform nucleus as a result of the dissection
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Fig. 10 T1-weighted fat-saturated image shows expansion of the
right internal carotid artery (ICA) by a crescent-shaped, TI1,
hyperintense area, consistent with a subacute mural haematoma
(black arrow). The haematoma narrows the true lumen of the ICA,
indicated by the flow void medial to the haematoma

dissection at this stage [63, 71], and an increase in external
diameter seems to be the most sensitive sign of early ICA
dissection [29, 69].

The mural haematoma can also be demonstrated on
TOF-MRA, as this technique does not completely suppress
stationary tissue with short T1 values (Fig. 11) [28]. In
cases of a suspected dissection, it is important to review
maximum intensity projections (MIP) as well as source
data of TOF-MRA. Flow within the vascular lumen usually
produces a more intense signal than the mural haematoma.
This difference is most apparent on source data (see
Fig. 11a) [62]. Inspection of source data allows assessment
of'the full vessel circumference, but longitudinal extent and
precise location of the dissection is better appreciated on
MIP images. T1 hyperintense signal form mural haemato-
ma in the methaemoglobin stage may also map into MIP
images and simulate an enlarged vascular segment (see
Fig. 11b). Levy et al. described an increase in vessel
external diameter in 18 out of 19 (95%) cases on TOF-
MRA and found this to be the most sensitive feature of a
dissection [29].

There are some important pitfalls in the TOF imaging of
ICA dissections. In some cases, the intramural thrombus
may not be detected because the high signal clot simulates
flowing blood on MIP images. This phenomenon is
important in the petrous segment of the ICA where no
widening of the vessel can be detected and where a short-
segment stenotic dissection can be missed [64]. On the
other hand, MIP images of TOF-MRA are frequently
hampered by susceptibility artefact at the skull base, which
can give an irregular appearance to the proximal petrous
segment of the ICA and may wrongly suggest the presence
of a dissection, particularly if the appearances are asym-

metrical. Three-dimensional (3D) or multiple overlying
slices acquisition (MOTSA) are usually preferred for TOF
imaging. In the presence of very severe luminal compro-
mise with extremely slow flow, a two-dimensional (2D)
TOF sequence may be more helpful to demonstrate
residual lumen.

PC-MRA and CE-MRA are both luminal imaging
techniques and do not allow direct visualisation of the
arterial wall and intramural haematoma. PC-MRA requires
the selection of appropriate velocity encoding (VENC),
which is the order of 50 cm/s for arterial flow. PC-MRA is
less frequently used than CE-MRA, which is rapidly
becoming the MRA technique of choice with recent
improvements in MR gradients and software, which
allow rapid acquisitions with centric k-space filling and
automatic bolus triggering. Like conventional intraarterial
angiography, CE-MRA can demonstrate luminal irregular-
ity, change of vessel calibre or occlusion (Fig. 12) and
pseudoaneurysm formation (Fig. 13). The spatial and
temporal resolution of CE-MRA is inferior to conventional
angiography but is noninvasive. CE-MRA also has the
advantage that it can be easily supplemented with T2- and
T1-weighted axial images through narrowed segments to
confirm or refute a suspected dissection and demonstrate
associated brain lesions (see Figs. 9 and 12).

MRA can also be combined with advanced MRI
methods to demonstrate physiological repercussions of a
dissection. Acute ischaemic lesions are best shown on
diffusion-weighted imaging (DWI) (see Figs. 9b and 12e¢),
and areas of haemodynamic compromise can be detected
with perfusion-weighted imaging (PWI). The combination
of cross-sectional MRI and MRA is not only a powerful
diagnostic modality but can also be used effectively for
noninvasive follow up of ICA dissections [72-74] to
monitor resolution of an intramural haematoma or devel-
opment of complications (see Figs. 11 and 13).

Vertebral artery

MRI and MRA are less sensitive and specific for the
diagnosis of VA dissections due to the smaller diameter of
the normal VAs and the broad physiological variations in
vessel calibre [75]. Dissection of the cervical (V2) segment
may be difficult to diagnose, as the arterial lumen is often
asymmetrical in normal subjects, and often the artery is
surrounded by a small amount of fat, which is of high
signal intensity on T1-weighted images and therefore may
mimic a subacute haematoma [76]. Inflow enhancement
phenomena from the venous plexus in the transverse
foramina may also mimic a mural haematoma on axial
images (Fig. 14). CE-MRA may show irregularities and
change in calibre of VAs at the site of dissection (Fig. 15).
Given the present spatial resolution of CE-MRA, these
changes are more difficult to interpret in a small,
nondominant VA, and one has to beware of a false positive
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Fig. 11 a Source image of \two-
dimensional (2D) time-of-flight
magnetic resonance imaging
(TOF-MRA) through the level
of the C1 vertebral body in a
patient with bilateral internal
carotid artery (ICA) dissections.
A mural haematoma surrounds
the right ICA (open arrow) and
appears less bright than the flow
signal. On the left side, both true
and false lumens (arrows) are
visible, separated by a less-T1-
hyperintense haematoma.

b Targeted maximum intensity
projection (MIP) of the left ICA
shows an expansion of its high
cervical segment (arrow). This
appearance is due to combined
projection of the true lumen,
false lumen and intervening
haematoma, which are less eas-
ily separated than on the source
image. ¢ On the source image
of a follow-up MR image 6
weeks later. the mural haemato-
mas are no longer visible, but
there is a persistent double
lumen of the left ICA (arrows).
d Targeted MIP of a three-
dimensional (3D) phase-contrast
MRA elegantly demonstrates
flow in the persistent false
lumen at the dissection site
(arrow)

)

diagnosis. CE-MRA has shown to be promising in the
follow-up of VA dissections and was able to accurately
detect vessel recanalisation, progression to occlusion and
persistence or resolution of a pseudoaneurysm [77].

Computed tomography angiography

Multisection CT angiography (CTA) provides high-reso-
lution and high-contrast images of the arterial lumen and
vessel wall and is noninvasive. Axial source images
provide excellent visualisation of the craniocervical arteries
as a consequence of the contrast difference between the
enhanced arterial lumen and the surrounding structures.
Postprocessing of the source data as MIPs or curved

multiplanar reformats MPR produces images that closely
resemble those obtained with intraarterial angiography, and
voxel-rendering techniques allow a 3D display of the
vessels and surrounding soft tissues [78]. CTA of ICA
dissections has shown excellent agreement with arterial
angiography [79]. A 100% sensitivity and specificity was
achieved using the presence of a narrowed eccentric lumen
in association with enlargement of the overall vessel
diameter as criterion for acute carotid dissection. Other
signs of extracranial carotid artery dissection on CT include
stenosis, mural thickening, occlusion, aneurysm formation
and thin annular contrast enhancement (Fig. 16).
Multisection CTA has also proved useful for diagnosis
of VA dissections [80]. Multisection CT achieved 100%
sensitivity for detecting stenosis and occlusive and aneu-
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Fig. 12 a Anteroposterior pro-
jection of a contrast-enhanced
magnetic resonance angiogram
(CE-MRA) showing a tapered
narrowing of the left internal
carotid artery (ICA) (white
arrow) from the bifurcation to
its intracranial portion. The right
ICA (open arrow) and basilar
artery (arrowhead) are of nor-
mal calibre. The left middle
cerebral artery does not fill with
contrast. b Axial T2-weighted
image through the upper neck
shows a mural haematoma sur-
rounding the narrowed lumen of
the left ICA (arrow) compared
with a normal flow void in the
right ICA (open arrow). ¢ Axial
T2-weighted image at the level
of the horizontal (petrous) por-
tion of the ICAs. The left ICA
shows “tram-lining” ( arrow),
with a peripheral mural throm-
bus and reduced flow centrally,
which does not produce a flow
void, as is seen in the petrous
portion of the right ICA (open
arrow). Without the findings on
the CE-MRA (a), there is un-
certainty as to the patency of the
left ICA at this level. d Axial
T2* weighted intracranial MR
image show susceptibility arte-
fact from a clot obstructing the
M1 segment of the left middle
cerebral artery. The acute clot is
of low signal intensity (arrow).
e Axial diffusion-weighted
(DW) MR image demonstrates
an acute striatocapsular infarct
involving the left caudate and
lentiform nuclei

rysmal dissections of the VA in 17 patients. There was one
misclassification of a severe atherosclerotic lesion as
aneurysmal dissection, resulting in a sensitivity of 98%.
CTA is also suitable for noninvasive follow-up of patients
with extracranial carotid artery or VA dissections. MRI
may be better for evaluation of arterial segments near the
skull base, as artefacts in this region can hamper CT.

Treatment

The aim of treatment is to prevent development of
neurological deficits or worsening existing ones. This can
be achieved by preventing thrombosis, distal embolisation
and restoring compromised blood flow if the symptoms are
haemodynamic in origin. Treatment is, however, contro-
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Fig. 13 a Axial T2-wieghted
magnetic resonance image (MRI)
in a patient with a traumatic right
internal carotid artery (ICA) dis-
section shows an intramural
haematoma (arrow) at the poste-
romedial aspect of the right ICA,
which has a narrowed lumen at
this stage. b Targeted maximum
intensity projection (MIP) of a
contrast-enhanced MR angio-
gram (CE-MRA) shows that the
right ICA has recanalised, but a
pseudoaneurysm has formed at
the site of the previous intramural
haematoma (arrow)

versial, and controlled clinical trials are lacking [50]. Early
anticoagulation may decrease the risk of distal embolisa-
tion from or thrombosis of the ICA or VA [81, 82]. The
most frequent medical therapy is intravenous heparin for 1
week, followed by warfarin or aspirin for 3—6 months [50].
In cases of residual pseudoaneurysm, persisting severe
stenosis or an underlying arteriopathy, long-term aspirin
should be considered [83]. Thrombolytic therapy, both
intravenous and intraarterial, has been successfully used in
acute dissection without significant complications or

Fig. 14 a Axial fat-saturated T2-
weighted image at the level of the
C1 vertebral body. Bilateral,
crescent-shaped, hyperintense
areas are seen in the C1 transverse
foramina around the posterolat-
eral aspects of both vertebral
arteries (VAs) (white arrows).
These are due to slow blood flow
in periarterial venous plexus and
may simulate bilateral VA dis-
sections. b Frontal projection of a
two-dimensional (2D) phase-
contrast magnetic resonance an-
giogram (MRA) shows normal
VAs bilaterally (arrows)

evidence of lesion extension [84]. Early anticoagulation
is recommended in extracranial VA dissection to reduce the
risk of posterior circulation infarction. In intracranial VA
and ICA dissection, anticoagulants are contraindicated
because of the risk of subarachnoid haemorrhage. Anti-
coagulation is also contraindicated in patients with a
pseudoaneurysm because of the risk of pseudoaneurysm
rupture [24].

Surgical intervention is often difficult, as the typical
location of the dissection is distal to the surgical field.
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Fig. 15 a Contrast-enhanced
magnetic resonance angiogram
(CE-MRA) in a patient with a
dissection of the intradural por-
tion of the left vertebral artery,
which has an irregular calibre
(arrow). b Axial T2-weighted
magnetic resonance (MR) image
in the same patient shows a T2
hyperintense area in the left
anterior aspect of the medulla
oblongata, in keeping with a
medullary infarct (arrowhead)

Various surgical methods have been employed in the
treatment of ICA dissections, including ICA ligation or
clipping, thromboendarterectomy and “patch” angioplasty
as well as extracranial to intracranial bypass procedures
[40, 85, 86]. More recently, endovascular metallic stent
insertion has been used in patients who have recurrent
thromboembolic events [87]. In cases of a persistent

Fig. 16 Contrast-enhanced 3-dimensional (3D) reconstruction
computed tomography (CT) image of a patient with a spontaneous
dissection of the right internal carotid artery (arrow), demonstrating
vessel occlusion

pseudoaneurysm, coil embolisation may be performed
[88-90]. Covered endovascular stents have also been used
to treat symptomatic ICA-dissecting pseudoaneurysm [91—
93]. A recent report describes the placement of a coronary
stent graft to occlude a dissecting pseudoaneurysm of the
extracranial ICA in a patient with a progressively enlarging
pseudoaneurysm [91]. This led to resolution of clinical
symptoms and radiologic restoration of normal blood flow.
There have also been several other case reports showing a
high technical success rate of stent grafts in the extracranial
portion of the ICA [93, 94]. Although there are reports of
complete stent-graft patency after a follow-up period
ranging between 14 months and 4 years [92, 93], there is
generally a paucity of data on long-term follow-up.

Intradural VA dissections, especially when complicated
by dissecting aneurysms, need to be managed more
aggressively because of a high risk of a subarachnoid
haemorrhage and high rebleeding rates [95]. Endovascular
treatment is increasingly replacing surgical treatment and
includes proximal occlusion, aneurysm trapping, coil
embolisation or stenting (see Fig. 2b and c) [96]. This
has a high technical success rate but can be associated with
an up to 20% mortality, which compares favourably with
the natural history of these lesions [37].

Prognosis

The reported death rate from dissections of carotid and VAs
is less than 5%, and about three fourths of patients who
have a stroke make a good functional recovery [16, 25, 26,
81]. The risk of recurrent dissection in an initially
unaffected artery is about 2% during the first month but
then decreases to a rate of only about 1% per year [26].
However, the increased risk persists for at least a decade
and possibly longer [97, 98]. Dissections of the intradural
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VA have a worse prognosis, with a mortality rate of up to
50% in untreated cases [37].

Recommendation for imaging of carotid and vertebral
artery dissections

Carotid dissections

The initial diagnosis should be made with a technique able
to visualise the vessel wall (to confirm the presence of a
mural haematoma) as well as the vessel lumen (to provide
evidence of vascular narrowing or occlusion). Additional
imaging of the brain parenchyma is helpful to document
associated ischaemic events. This can be achieved by a
combination of MRI and MRA or by CT and CTA. In our
institution, we prefer MRI and MRA because of the
superior soft tissue contrast and higher sensitivity of DW
MRI to demonstrate acute ischaemic complications. Fat-
saturated axial T2- or T1-weighted images through the
neck are best suited to show the mural haematoma, and CE-
MRA of the neck vessel provides a more accurate
definition of the lumen than TOF-MRA. The latter can,
however, provide simultaneous visualisation of the vessel
lumen and mural haematoma. Axial CT or source data of
the CTA have a theoretical advantage in the very acute
phase when the mural haematoma is still hypointense on
MRIL

After making the diagnosis of a dissection by MRI and
MRA or by CT and CTA, we normally perform an US
examination. This forms the baseline for follow-up US

studies to document recanalisation, stabilisation or pro-
gressive vascular occlusion. Follow-up of luminal restora-
tion or compromise by US is more accessible and cost
effective and can be performed more frequently than
follow-up with MRA and CTA (which adds to ionising
radiation exposure). Follow-up luminal imaging by MRA
or CTA (preferably CE-MRA) is indicated if the dissection
lies outside or extends outside the US field of view.
Invasive angiography should be reserved for the rare cases
that present with diagnostic difficulty and that cannot be
resolved by any noninvasive technique, as well as an
adjunct to endovascular treatment of unstable dissections
with progressive neurology.

Vertebral artery dissections

VA dissection represents a greater diagnostic challenge.
The initial diagnosis is again best made with a combination
of mural and luminal imaging, such as MRI and MRA or
by CT and CTA. Particular awareness of artefacts from
periarterial venous plexus on MRI is required. CE-MRA is
superior to TOF-MRA, which frequently shows a signal
dropout in the horizontal portions of the VAs around C1.
The role of US in VA dissection is limited to documenting
vessel patency or occlusion. Arterial angiography in VA
dissection is particularly indicated for complications of
intracranial segment dissections, such as pseudoaneurysm
formation, as these require early endovascular treatment.
Luminal imaging for follow-up of VA dissections is best
done with CE-MRA or CTA.
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