
Noninvasive imaging of craniocervical artery

dissection

Abstract

Craniocervical arterial dissections (CCAD) are being increasingly iden-
tified due to growing awareness of diverse clinical picture along with
advances in imaging technologies. Although rare, CCAD are frequent cause
of stroke in young adults. Neurosonological tests serve as an excellent nonin-
vasive screening and monitoring tool, but brain MR and MRA are necessary
for confirmation of the diagnosis. Ultrasound examination may show direct
or indirect signs. Direct signs are: echolucent intramural hematoma, string
sign, double lumen, or stenosis and/or occlusion of an arterial segment
usually not affected by atherosclerosis. Indirect signs are: increased or de-
creased pulsatility index upstream or downstream of the suspected lesion,
more than 50% difference in blood flow velocity compared to the unaffect-
ed side, or detection of intracranial collateral flow.

Since CCAD have been increasingly identified, a whole spectrum of
clinical pictures are been recognizes. Neurosonology showed high sensitivity
in CCAD detection.

INTRODUCTION

Craniocervical artery dissection (CCAD) is a major cause of transi-
tory or permanent ischemic symptoms in young adults and can

lead to various clinical symptoms (1, 2). Most dominant is pain in head
and neck, usually developing after minor trauma, followed by ischemic
symptoms within few hours to days. Some patients present only with
headache, or a combination of headache and local signs (1, 2). Resolu-
tion is frequent and recurrence rate is relatively low. Genetic factors
might have a role in the pathophysiology of CCAD, but despite ample
work-up in most patients, the cause in not identified (1).

Traditional method for visualization of CCAD is catheter angio-
graphy that may show: smooth or slightly irregular luminal narrowing,
pseudoaneurysm, intimal flap or double lumen (specific, but only in
<10%) or distal branch occlusion (1, 3). MR images the eccentric or
circumferential periarterial rim of intramural hematoma typically shows
hyper intense signal on T1 and T2 weighted images (3). MR angio-
graphy has limited value, imaging the same pathomorphologic find-
ings as angiography (3). Doppler and duplex sonography was underrat-
ed. Although color Doppler flow imaging (CDFI) showed good results
in visualization of the dissection (4–11), the main limitation is
visualization of the intracranial dissection, which appears to be com-
mon site of localization. While CDFI provide visualization of the direct
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and some indirect findings of CCAD, TCD enables as-
sessment of the intracranial hemodynamic and moni-
toring of the embolic potential that correlated with clinical
picture (12, 13). The biggest advantage of neurosonolo-
gical evaluation is its potential to enable noninvasive
daily monitoring of the course of the dissection.

Incidence of the disorder is underestimated due to
diverse clinical picture and sometimes pain as an only
symptom. Resolution is common and recurrence rate is
low, mostly within first month. Functional outcome is
relatively good and mortality rate is low.

PATHOPHYSIOLOGY AND CLINICAL

PICTURE

The incidence of the CCAD was reported to be in
North American population-based study about 2.6 (95%
CI 1.9–3.3) per 100 000 inhabitants per year (14), 2.5–3
per 100 000 for carotid artery, and 1–1.5 per 100 000 for
vertebral artery dissection. Multi-vessel involvement is
common. This number is probably underestimated, sin-
ce clinical picture with mild symptoms including only
headache and local signs remain undiagnosed (1).

In order to understand the different clinical pictures
and imaging findings it is essential to understand the
pathophysiology of the dissection. Arterial dissections
begin with a tear in the intima or media resulting in
bleeding within the arterial wall (2). Intramural blood
dissects longitudinally and spreads along the vessel pro-
ximally and distally. Dissections can tear through the
intima, allowing partially coagulated intramural blood to
enter the lumen of the artery. Expansion of the arterial
wall by intramural blood may cause compression of the
lumen, and its narrowing. The blood flow stream is
compromised and perturbation of the vascular endothe-
lium causes activation of platelets and the coagulation
cascade. These changes contribute to formation of an
intraluminal thrombus. The intramural hematoma can
create a false lumen that might reconnect with the true
lumen and forms parallel flow. The true and false lu-
mens are separated by an elongated intimal flap. If the
dissection lies between the media and the adventitia, an
aneurismal dilatation of the arterial wall may extrude.
Intracranial, rupture through the adventitia causes sub-
arachnoid bleeding.

Most researchers believe that patients with CCAD
have a constitutional weakness of the arterial wall, and
environmental factors such as minor trauma acts as a
trigger (1, 2). The presence of an underlying vasculo-
pathy is suggested by commonly present concomitant
arterial anomalies such as fibromuscular dysplasia, mo-
nogenic connective tissue disease, mainly Ehlers-Danlos
syndrome or Marfan’s syndrome or inherited mechanism
in familial cases of CCAD (15). Up to half of patients
with CCAD have abnormalities in skin connective tissue
that follow an autosomal dominant inheritance pattern
(16). Traumatic dissections occur in patients with major
penetrating or non-penetrating traumas, blunt traumas,
or injuries associated with severe facial fractures, skull

base fractures and traumatic brain injury. Under the term
spontaneous CCAD, dissections after minor trauma such
as chiropractic manipulation (17), various sporting
activities, whiplash injury, stretches and sudden neck
movements during daily activities or severe coughing are
assumed.

Clinical presentations result from bleeding in subinti-
mal and subadventitial wall (2). If the dissections com-
promise the arterial lumen or cause thrombus formation
in the lumen, clinical symptoms are the result of luminal
compromise and the presence of luminal clot. Ischemic
symptoms and infarction in the brain are caused by both
reduced perfusion in the brain artery supplying territory
or embolism. Neurological symptoms related to hypo-
perfusion are usually multiple brief transient ischemic
attacks (TIAs) during a period of several hours to a few
days. Hypoperfusion may decrease washout of emboli
and contributes to the development of brain infarction.
Occasionally, spinal cord infarction ensues because of
hypoperfusion in the supply zones of vertebral artery
branches that supply the cervical spinal cord (2).

Bleeding in the subadventitial wall results in com-
pression of the adjacent structures to the outer arterial
wall like lower cranial nerves (IX–XII) that exit near the
skull base, or causes bleeding into adjacent tissues. Pa-
tients with subadventitial intracranial dissections often
present with subarachnoid bleeding, because intracra-
nial arteries have no external elastic envelope and have a
thinner media and adventitia. Therefore the intracranial
arteries are more prone to rupture (18).

The dominant symptom in all patients is sudden
onset of pain in the region of dissection, in the head,
neck, face or jaw (1, 2). For some patients it stays as the
only symptom and such patients may remain undiagnos-
ed. Headaches and other forms of pain sometimes pre-
cede ischemic symptoms by days or even weeks. When
the vascular wall becomes expanded and dilated, as in
mostly subadventitial dissection, Horner syndrome, pul-
satile tinnitus and lower cranial nerve palsies coexist
with the pain. Pulsatile tinnitus is explained by the cour-
se of the internal carotid artery (ICA) near the tympanic
membrane. Sternocleidomastoid weakness, dysphagia with
palatal weakness, hoarseness, and hemilingual paralysis
develop when nerves that emerge from the jugular and
hypoglossal foramen are compromised.

Patients with intracranial dissections present with eith-
er brain infarction or subarachnoid hemorrhage. In ge-
neral, the closer the dissection to the brain is, the higher
probability of brain infarction is present (19). If the dis-
section is more extracranial, the higher is the probability
of the local symptoms from space occupying lesions.
Also, pain is stronger, and may even lead to syncope. This
statement is true for arterial occlusive lesions of any
cause—the closer the occlusion is to the brain, the more
likely that infarction will develop (2).
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IMAGING OF THE DISSECTION

Traditionally, imaging CCAD was performed by cathe-
ter angiography that may show smooth or slightly irregu-
lar luminal narrowing, string sign characterized by a
long, narrow column of contrast material that begins
beyond the ICA origin and might extend to the base of
the skull (3). Flame-shaped tapering of the lumen is also
common, or occlusion of the ICA, beginning more than
2 cm distal to the arterial origin. Localized aneurismal
sacs or prominence, both proximal and distal, can be seen
along a narrowed, normal or unusually dilated portion of
the artery. Intimal flaps are specific findings, but rarely
present or double lumen can be found (20).

MR images the eccentric or circumferential periarte-
rial rim of intramural hematoma typically shows hyper-

tintense signal on T1 and T2 weighted images (Fig. 1.)
(21, 22, 23). MR angiography has limited value, imaging
the same pathomorphologic findings as angiography (23).

MR and MRA showed sensitivity (SE) of 50–100%,
and specificity (SP) of 29–100%. Computerized tomo-
graphy (CT) and CT angiography (CTA) revealed SE of
51–100%, and SP of 67–100% (24). Doppler and duplex
sonography was underrated. Although color Doppler
flow imaging (CDFI) showed good results in visualiza-
tion of the dissection (4, 5, 7–11, 17, 25–27), the main
limitation is visualization of the intracranial dissection,
which appears to be common site of localization. While
CDFI provide visualization of the direct and some indi-
rect findings of CCAD, TCD enables assessment of the
intracranial hemodynamic and monitoring of the embo-
lic signals (12, 28). The most important issue is that
neurosonological evaluation enables noninvasive daily
monitoring of the course of the dissection (12, 29).

The reported sensitivity of neurovascular ultrasound
for detecting spontaneous CCAD varies from 80–96%. It
may show direct or indirect signs (25). Direct signs are:
echolucent intramural hematoma, string sign (Fig. 2.);
double lumen (Fig. 3., Fig. 4., Fig. 5.), or stenosis and/or
occlusion of an arterial segment usually not affected by
atherosclerosis (Fig. 6.). Indirect signs are: increased or
decreased pulsatility index upstream (Fig. 7.) or down-
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Figure 1. MR images the eccentric or circumferential periarterial rim
of intramural hematoma that is typically hypertintense on T1 and
T2 weighted image (Courtesy of the Department of Radiology,
Sestre Milosrdnice University Hospital Centre, Zagreb).

Figure 2. Echolucent intramural hematoma, string sign.

Figure 3. Double lumen and the intimal flap in between.

Figure 4. Double lumen: flow in the „real lumen”.



stream of the suspected lesion; more than 50% difference
in blood flow velocity (BFV) compared to the unaffected
side, or detection of intracranial collateral flow. Intra-
mural hematoma is echolucent, compromising the color
coded flow in the string sign (Fig. 2.) with increased
pulsatility in the residual flow (Fig. 8.), or tapering steno-

sis (Fig. 9.). During follow up the regression of the
hematoma will develop, and restitution of color coded
filling of the arterial lumen will be visible (Fig. 10.).
Resolution of the hematoma is the most specific sign for
CCAD (26, 29). Double lumen (Fig. 11.), an irregular
membrane crossing the lumen, is usually found in arte-
ries originating from the aortic arch, and multi-vessel
involvement is then present. If the dissection spreads to
the subclavian artery, typical hemodynamic spectar in
vertebral artery suggesting subclavian steal syndrome is
found. In the real and false lumen different hemodyna-
mic spectras are found. Stenosis and/or occlusion of an
arterial segment not affected by atherosclerosis involve
distal part of the ICA 2.0 cm or more downstream of the
carotid bifurcation (Fig. 9.) or V2–V4 segment of the
vertebral artery. Increased or decreased pulsatility up-
stream or downstream of the suspected arterial lesion
(Fig. 12.) will suggest the presence of CCAD, as well as
>50% difference in the BFV compared to the same
segment of the artery on the unaffected side. If the hema-
toma compromises the flow, intracranial redistribution of
hemodynamic will be detected by means of TCD or
TCCD. It often shows diminished intracranial velocities
in the ICA siphon and the middle cerebral artery. Usually
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Figure 5. Double lumen: flow in the „false” lumen.

Figure 6. Stenosis of the distal part of internal carotid artery.

Figure 7. Increased pulsatility index downstream of the suspected
lesion.

Figure 8. Increased pulsatility in the residual flow.

Figure 9. Tapering stenosis of the internal carotid artery.



anterior collateral pathway is detected, and in most in-
stances the posterior collateral pathway. Neurosonology
enables noninvasive monitoring of the course of dissec-
tion, since resolution of the hematoma is the most speci-
fic finding. It enables also monitoring the microembolic
signals (MES) in correlation with clinical picture. Ame-
lioration of the clinical finding is found in correlation
with reduction of MES, and worsening of the clinical
picture was found in patients with increase of the num-

ber of MES. Therefore neurosonology offers the possi-
bility of monitoring the therapeutic effect.

Ultrasound is also diagnostic in patients with verte-
bral artery dissections, showing the same characteristics
of direct and indirect signs. Duplex ultrasound findings
may show hematoma that is located usually in distal V1
part or V2 segment of the vertebral artery, due to the
greater mobility of this segment and the potential to be
injured in contact with bony structures such as cervical
vertebrae. Double lumen can also be found (Fig. 13.).
Finding also includes narrowed or dilated vascular seg-
ments. Doppler spectra might show no flow or high-
-resistance flow patterns at the atlas loop of the extra-
cranial vertebral artery, and decreased velocities within
proximal arterial segments that seemed normal on B-mode
images, providing indirect evidence of dissection. Com-
pensatory high flow velocities are often found in the
contralateral vertebral arteries in the neck.

Ultrasound serves as a screening tool as it is highly
operator dependent. The diagnosis should be confirmed
with MRI and MRA. These techniques provide both a
brain image that shows the location and extent of infarc-
tion, and images of the supply arteries. The MRA vas-
cular images of the neck and intracranial arteries often
show vascular narrowing, occlusions or dilatations that
are characteristic (along with the clinical symptoms and
signs) of a dissection etiology. Fat saturated cross-sectio-
nal images in the regions of vascular abnormalities can
aid the diagnosis of dissection by showing blood within
the arterial wall.

RESOLUTION OF THE ABNORMALITY

The proportion of patients with complete resolution
of arterial abnormalities varies between studies and was
estimated at about 46% for stenoses, 33% for occlusions,
and 12% for dissecting aneurysms in the general popu-
lation (14). The highest is the likelihood of complete
recanalization in patients with CCAD presenting with
only local symptoms and signs (27). Occlusions can rea-
nalyze partially or completely, and residual aneurysms
can appear after the acute phase in initially stenotic or
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Figure 10. Restitution of color coded filling of the arterial lumen.

Figure 11. Double lumen and the flap in between.

Figure 12. Increased pulsatility downstream of the suspected arterial
lesion.

Figure 13. Double lumen as a result of vertebral artery dissection.



occluded arteries (1). In most patients complete reso-
lution or stable residual luminal irregularity was achiev-
ed within the first year (14).

CONCLUSION

CCAD is a heterogeneous condition with diverse cli-
nical pictures. Although the incidence is relatively low, it
is high in young patients presenting with stroke. Neuro-
sonological tests are a practical bedside screening tool,
with a perfect monitoring capacity. Magnetic resonance
angiography with cervical MRI are required to confirm
the diagnosis.
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