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Abstract Carotid or vertebral artery dissection is the result of
a tear in the vessel lining wherein the intima separates the
media. This creates a false or pseudo lumen, often accompa-
nied by hemorrhage into the arterial wall. Dissection of these
craniocervical vessels often manifests with pain alone but, if
untreated, may result in severe neurologic compromise. The
causes of dissection are multifactorial, including spontaneous,
iatrogenic, and traumatic insults. Regardless of etiology,

treatment consists primarily of anticoagulation, whereas
endovascular therapy is reserved for cases with persistent
thrombus or flow limitation. Given the high risk of neurolog-
ical compromise or death and the propensity of these injuries
to occur in younger individuals, early diagnosis of carotid and
vertebral artery dissections is critical. Although angiography
remains the criterion standard for diagnosis, advances in non-
invasive imaging have placed magnetic resonance and com-
puted tomography at the forefront of diagnosis. This article
examines the current imaging modalities used to diagnose this
under-recognized entity.
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Abbreviations
CT Computed tomography
CTA Computed tomographic angiography
DSA Digital subtraction angiography
MR Magnetic resonance
MRA Magnetic resonance angiography
MRI Magnetic resonance imaging
TOF Time-of-flight

Introduction

Dissections of the carotid and vertebral arteries can be broadly
categorized on the basis of pathogenesis and location.
Traumatic dissections may result from blunt trauma or rapid
movement of the head in relation to the neck in any axis [1].
Spontaneous (or nontraumatic) carotid and vertebral artery
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dissections have been estimated to have an annual incidence
of 1–1.5 per 100,000 persons, with extracranial segments
more prone to dissection than intracranial segments [2].
Iatrogenic dissection may result from catheter or surgical ma-
nipulation of vessels in the course of procedures such as an-
giography and endarterectomy. Spontaneous dissections may
not have an identifiable precipitating event; however, predis-
posing factors such as family history, smoking, and connec-
tive tissue disorders may have an association. Although dis-
section affects all age groups with no known sex-based predi-
lection, this diagnosis should be highly considered for young
adults presenting with stroke.

Clinical manifestations of dissection range from minor
neck pain to significant neurologic disability and death.
Carotid dissection presents initially with neck pain, usually
preceding a stroke. This presentation distinguishes this entity
from classic stroke, in which a headache usually precedes the
ischemic event. Patients with vertebral artery dissections typ-
ically present with symptoms of vertigo and, most commonly,
ipsilateral facial dysesthesia [3]. Rapid identification of dis-
section within either the carotid or vertebral artery followed by
subsequent treatment could prevent neurologic sequelae and
even death. The identification of dissection is heavily depen-
dent on the available noninvasive and/or invasive imaging
modalities. There have been several studies using various mo-
dalities for diagnosis of carotid or vertebral artery dissection
(Table 1 [4•, 5, 6, 7•, 8–12, 13•, 14, 15•, 16, 17, 18•, 19, 20•,
21, 22, 23•]).

Although distinctions between cranial location and patho-
genesis are important for determining treatment pathways, for
the sake of this article, we focus broadly on the term dissec-
tion, paying particular attention to the imaging modalities
used to identify craniocervical pathology.

Ultrasonography

The least invasive and most risk-free of the noninvasive im-
aging modalities is duplex ultrasonography. Dissections that
occur in more distal segments of the carotid or vertebral arter-
ies cannot be imaged with ultrasonography. Because the
sound waves cannot readily penetrate the bone, this test is
primarily limited to assessment of the cervical portions of
the carotid and vertebral arteries, where it can be quite useful
in detailing flow aberrations, intramural hematoma, luminal
thrombus, and mobile flaps [24, 25]. Arterial dissection often
presents with a Bdouble lumen^ sign, consisting of an
echogenic flap that divides a single lumen into a Btrue^ lumen
(i.e., the original vessel lumen that is circumferentially lined
by intima) and a Bfalse^ lumen (i.e., the lumen created by
blood flowing into the potential space between intima and
media). An eccentric echogenic component may be noted if
an intramural hematoma is present. In cases of carotid

dissection, velocities within the carotid bulb may decrease
and are accompanied by high resistance due to stenosis that
yields a biphasic pattern. Compensatory increased blood flow
may be seen in the unaffected vertebral artery, with either low
or absent flow in the dissected vertebral artery [26•]. Although
ultrasonography is not usually utilized in the setting of acute
dissection, for example in the emergency department where
computed tomographic angiography (CTA) is usually per-
formed in rapid fashion, it can be quite useful as either an
orthogonal technique to confirm diagnosis or as a nonionizing
means of monitoring dissections over time.

Computed Tomographic Angiography

Because of the widespread availability of high-quality CT
scanners and the speed of image acquisition, in most hos-
pital settings, CTA is the most efficient modality for di-
agnosing dissection. Dissections are easily identified on
CTA obtained through 3D images reconstructed from ax-
ial source images (Fig. 1a). However, bony regions may
create artifact that can obscure pathology, for example, as
the vertebral arteries course proximally through the C2-6
foramina transversaria. In such cases, it is important to
consult the axial source images, which are more reliable
for identifying a dissection. An intimal tear within the
vessel is often accompanied by formation of a medial or
subendothelial hematoma that is readily identifiable.
Typically circular, the vessel lumen becomes irregular
and asymmetrical. An intramural hematoma usually man-
ifests as a crescentic hyperdensity or a suboccipital rim
with thickening of the vascular wall without a change in
the caliber of the vessel. CT perfusion imaging can further
management decisions by yielding information regarding
the extent to which the dissection impacts flow dynamics
(Fig. 1b).

CTA is a relatively safe and well-tolerated modality with
cognizance of inevitable exposure to radiation and patient
allergies to contrast material. Compared to conventional,
catheter-directed digital subtraction angiography (DSA),
CTA is a less-invasive study that usually uses less contrast
material. At our institution, patients with clinical suspicion
of dissection primarily undergo a CT stroke study (Fig. 2),
which includes CTAwith 3D reconstruction of vessels as well
as CT perfusion imaging to elucidate any potential ischemic
change.

The limitations of CTA are few but nevertheless worthy of
mention. For certain specific groups, such as children, adoles-
cents, or pregnant women, CTA may be relatively contraindi-
cated due to radiation exposure. Furthermore, the low-
attenuation crescent that is nonspecific for intramural hemato-
ma can also be seen as an atheromatous plaque, which may
yield readings.
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MRI/MRA

MRI with fat saturation has replaced conventional DSA as the
Bgold^ standard for diagnosis of craniocervical arterial dissec-
tion [27]. MRI and MRA have several advantages that make
them more desirable for initial evaluation of patients with
suspected dissection. MR methods are the least invasive
means of monitoring dissections over time and involve no
radiation exposure. MRA is especially helpful in younger pa-
tients or those with compromised renal function because it
does not utilize ionizing radiation or iodinated contrast agents.

MR evaluation of arterial dissection consists of three basic
components: (1) diffusion-weighted imaging (DWI) and fluid
attenuation inversion recovery (FLAIR) imaging to evaluate
for evidence of infarction, potentially as a result of dissection,
(2) T1- and T2-based imaging to evaluate for intramural he-
matoma, and (3) MRA to evaluate the vascular lumen. The
classic MRI dissection finding is an eccentric periluminal rim
that is indicative of an intramural hematoma. This intramural
blood and mural expansion can be readily observed with fat
saturation techniques [27].

The age of the dissection will determine its appearance on
MRI. In the acute phase, the hematoma consists primarily of
deoxyhemoglobin and appears relatively isointense to the sur-
rounding muscle tissue. Subacute hematomas contain both
intracellular and extracellular methemoglobin and thus appear
hyperintense on both T1- and T2-weighted images. This ap-
pearance can persist for several months, after which the
hyperintensity fades to isointensity. Intimal flaps can also be
seen on MRI (Fig. 3, left), primarily with proton density or
T2-weighted images. On long TR sequences, the flap appears
as a curvilinear, hypointense line that separates the true lumen
from the hematoma.

MRA should accompany MRI evaluation for dissection.
MRA can be performed using a variety of techniques, includ-
ing 2D time-of-flight (TOF), 3D TOF (Fig. 3-right), and
phase-contrast. 2D TOF has the advantage of imaging longer
arterial segments in a relatively short time, but it is subject to
complex flow-related signal artifacts. 3D TOF partially over-
comes flow-related artifacts and yields better spatial resolu-
tion, but the image acquisition time is longer. TOF sequences
also tend to have the least amount of background-signal sup-
pression and, as such, may make the hyperintensity of an
intramural thrombus more apparent on source images. Often,
an intramural hematoma may be seen as a periarterial rim
between the high intensity of the flow and the low intensity
of the soft tissues surrounding the vessel. Phase-contrast stud-
ies require the use of gadolinium-based dyes but yield high
quality images, especially in cases wherein there may be near-
by metal artifact.

MR detection of intramural hematomas has been studied
extensively, with widely ranging sensitivity. The variability
has largely been ascribed to age differences of the hematomaT
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as well as the use of fat-suppression imaging. In general, de-
tection of dissections is more difficult in vertebral arteries than
in carotid arteries. Furthermore, MRI is less sensitive in de-
tecting those of intracranial origin compared to cervical
dissections.

Digital Subtraction Angiography

Although noninvasive imaging modalities have become quite
good at detecting dissections, DSA remains the standard

because it yields both high spatial and temporal resolution of
blood flow in the vessels. Although invasive, angiography
removes the guesswork from the questionable findings on
noninvasive modalities that may stem from artifact (motion
or otherwise) and/or the quality of study. Classic signs of
dissection that are appreciated on DSA are the Bdouble-barrel
sign^ or Bdouble-lumen sign,^ which primarily result from
subadventitial dissections. Angiographically, the sign is ap-
preciated when there is a communication between true and
false (pseudo) lumen at the distal end of the false lumen.
Although an intimal flap or the double-lumen sign is a specific

Fig. 1 a Computed tomographic
(CT) angiographic image, axial
view, showing crescentic
hyperdensity (arrow). b CT per-
fusion mapping, axial view,
showing increased time-to-peak
(white arrow) but reasonable ce-
rebral blood flow (red arrow) and
volume (blue arrow). c Digital
subtraction angiogram, lateral
view, showing tapering of vessel,
also known as the Bflame sign^
(arrow), which is indicative of a
dissection
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finding for arterial dissection, it is seen in less than 10 % of
patients [28]. Contrast stasis and thrombus in a dissected ar-
tery or emboli in the distal branches are seen in only approx-
imately 10 % of patients [29].

The Bpearl and string^ sign, not to be confused with the
Bstring of pearls^ sign associated with fibromuscular dyspla-
sia, is another angiographic finding in cases of dissection but
is rarer than the Bdouble-lumen sign.^ The pearl and string
sign represents associated stenosis and proximal dilatation
within the dissected vessel. However, the most common find-
ing on DSA is an irregularly shaped vessel with noticeable
tapering. The sign associated with this finding is the Bflame

sign^ (Fig. 1c) or Brat-tail^ narrowing, which occurs when
there is a tapered occlusion sparing the carotid bulb.

Limitations of DSA lie in its inability to assess arterial wall
thickness, as it only truly images the vessel lumen. In the cases
wherein the dissection is subadventitial, there may be no sig-
nificant narrowing of the vessel lumen. DSA also lacks the
capacity for simultaneous representation of surrounding ves-
sels in the brain; although with advanced 3D rotational angi-
ography and reconstruction, this drawback can be overcome.
Furthermore, DSA is considered an invasive measure that
costs more than noninvasive modalities and has associated
risks, such as perforation, hematoma, stroke, and renal injury.

Conclusion

Craniocervical dissections are tears in the vessel wall that may
alter blood flow or serve as a nidus for thrombus formation.
Whereas extracranial dissections are most often nontraumatic
or spontaneous and have an underlying vasculopathy associ-
ated with them, intracranial dissections generally result from a
traumatic insult, with higher incidence of iatrogenic dissection
from endovascular procedures seen in recent years. Although
uncommon, dissection is a cause of stroke in all age groups
with potential for even death. Therefore, rapid identification of
dissection is vital to preserve neurological function. Advances
in noninvasive imaging and imaging protocols have signifi-
cantly improved in recent years, allowing for early recognition
of dissection and more efficient treatment. The patient’s clin-
ical examination findings and history should be taken into
consideration before selecting the noninvasive imaging mo-
dality. DSA remains the gold standard for identification of
dissection, but MRI/MRA and CTA have an increasing role
in modern diagnostic algorithms because they yield nearly
equivalent information without significant risk of harm or
use of resources.

Fig. 3 T1-weighted flow
correction magnetic resonance
(MR) image, axial view, with
gadolinium enhancement, show-
ing a periluminal rim indicative of
an intramural hematoma (arrow)
(left). Axial view—3D Time-of-
flight MR angiogram, showing
vessel contour abnormality sug-
gesting a possible dissection
(arrow) (right)

Fig. 2 Algorithm for diagnostic neuroimaging evaluation of
craniocervical dissection
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