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Summary Non-atherosclerotic carotid disease in an uncommon group of angiographic defects.
It includes the entities: Takayasu’s arteritis, giant cell arteritis, fibromuscular disease, moy-
amoya syndrome, arterial dissection and extracranial carotid aneurysms. Due to advance in
imaging techniques, they are being increasingly identified. Growing awareness of diverse clinical
picture along with advances in imaging technologies enables early diagnosis. Although catheter
imaging;
Transcranial Doppler
sonography

angiography is a gold standard in diagnosing most of these diseases, neurosonological tests
serve as an excellent screening tool, and are suitable for monitoring. Brain MR and MRA are
sometimes essential for confirmation of the diagnosis. Mortality rates are low and functional
outcome is generally good if the disease is diagnosed early.
© 2012 Elsevier GmbH.
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akayasu’s arteritis

akayasu’s arteritis is a granulomatous arteritis affecting the
orta and its branches [1]. Its incidence is estimated at 2.6
ases per million per year, more common in Southeast Asia.
t is more prevalent in young woman (9 females:1 male). It
as three stages. During the systemic stage symptoms and
igns of an active inflammatory illness dominate, like e.g.
alaise, fever, night sweats, arthralgia, weight loss, anemia

nd elevated erythrocyte sedimentation rate. The systemic
hase is succeeded by the vascular inflammatory stage,
hen stenosis, aneurysms, and vascular pain (carotidynia)

end to occur. During this phase patients begin to develop
ymptoms caused by the narrowing of affected arteries.
ymptoms are caused by the narrowing of affected arteries
ike stroke, transitory ischemic attack (TIA), claudication,

izziness, headache, visual symptoms and hypertension
s a result of stenosed renal arteries. This stage some-
imes overlaps with the systemic stage. At the end a
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urned-out stage develops when fibrosis sets in, and this
tage is usually associated with remission. According to
he American College of Rheumatology [2] the criteria for
ssessing the diagnosis are: angiographic criteria display-
ng narrowing or occlusion of the entire aorta, its primary
ranches, or large arteries in the proximal upper or lower
xtremities. These changes are not due to arterioscle-
osis, fibromuscular dysplasia, or similar causes; changes
re usually focal or segmental; the lesions can include
tenosis, occlusion, or aneurysms. Angiogram is a gold stan-
ard, but sonography assesses both vessel anatomy and
uminal status in accessible areas and can detect early ves-
el wall alterations before lumen changes on angiography
3—6]. Its advantage is limited cost, short time required,
nd there is no radiation. Due to noninvasiveness, it is
uitable for monitoring. Direct or indirect signs can be visu-
lized. Color Doppler flow imaging enables visualization
f the mural thickening of the common carotid arteries
Fig. 1), hypoechoic in the early, vascular inflammatory
tage [7]. With the development of fibrosis, pronounced

chogenicity of the lesions develop in the burned-out stage.
ue to inflammation, stenosis occurs. If advanced steno-
is affects the brachiocephalic trunk or origin of the left
ommon carotid artery, changed hemodynamic spectra like
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Figure 2 Segmental narrowing and widening or the color
coded flow in internal carotid artery showing characteristic
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Figure 1 Takayasu arteritis showing advanced mural thicken-
ing of the common carotid artery to the level of tight stenosis.

dampened flow in carotid artery, distal from the stenosis,
can be recorded. If the stenosis affects subclavian artery,
changed hemodynamic spectra suggesting subclavian steal
syndrome are recorded (Fig. S1 supplementary file). When
occlusion of the subclavian artery sets in, in ipsilateral ver-
tebral artery hemodynamic spectra are completely inverse
(Fig. S2 supplementary file), and in the contralateral one it
is accelerated. Transcranial Doppler of the Willis circle and
vertebrobasilar system shows redistribution of the hemody-
namics.

Giant cell arteritis — GCA

GCA, is also known as temporal arteritis or cranial arteritis,
is the most common form of vasculitis that occurs in adults
[8]. Almost all patients who develop GCA are over the age
of 50. It is a granulomas arteritis affecting large or medium-
sized artery, usually temporal or ophthalmic artery. It has an
acute or subacute start. Symptoms are headache, jaw pain,
blurred or double vision. If the disease is undiagnosed com-
plications like blindness and, less often, stroke may occur.
Standard test for diagnosing GCA is biopsy of the temporal
artery. More samples are needed because the inflammation
may not occur in all parts of the artery. Prompt treatment
with corticosteroids relieves symptoms and prevents loss of
vision. Ultrasound finding will show swelling of the arterial
wall presenting as a hypoechoic dark halo around the color
coded flow in the temporal, ophthalmic artery or external
carotid artery [7,9]. The disease is segmental, therefore, its
visualization is suitable for localization of the biopsy. Due
to noninvasiveness it is suitable for monitoring the disease.
During healing regression of the dark halo will be visible
parallel with the restitution of the color coded flow.

Fibromuscular dysplasia
Fibromuscular dysplasia (FMD) is a fibrous thickening of the
arterial wall, causing segmental narrowing of arteries in the
kidneys (in 75% of patients), carotid or vertebral arteries
and the arteries of the abdomen [10]. It is an autosomal

M
i
o

‘ring of beads’’ appearance in medial type of fibromuscular
ysplasia.

ominant disorder, affecting up to 5% of the population, in
/3 the internal carotid artery (ICA), usually the C2 seg-
ent. It is usually asymptomatic, but if dissection occurs, it

auses aneurysm and occlusion and becomes symptomatic.
here are three types of fibromuscular dysplasia: intimal,
edial, and subadventitial (perimedial) of the arterial wall.
hese three types of FMD are not easily differentiated by
ndings on angiography. The medial type of FMD is by far the
ost common (about 80—85%) and it is classically diagnosed

n the basis of a ‘‘string of beads’’ appearance on angiogra-
hy. This appearance is explained by the presence of luminal
tenosis alternating with aneurysmal dilatation. Classically,
he intimal form of FMD is associated with smooth focal
tenoses on angiography. Type 1 is the most common form.
n 6—12% of patients with arterial fibroplasia, a long tubu-
ar stenosis may be seen. This form is most commonly seen
ith the intimal form. The unusual form (seen in 4—6% of
atients) is characterized by involvement of only one side
f an artery. Such involvement leads to diverticularizations
f the arterial wall. These lesions may be difficult to distin-
uish from atherosclerotic ulceration and pseudoaneurysm.
ltrasound findings correlate with the angiographic findings,
nd may show segmental narrowing and widening or the
olor coded flow in carotid or vertebral arteries, with the
haracteristic string of beads appearance in medial type of
MD, long tubular stenosis, usually distally from a widened
arotid bulb in intimal type of FMD, or irregular local widen-
ng of the arterial wall in subadventitial type of FMD. Fig. 2
hows ‘‘string of beads’’ appearance in medial type, and
ig. S3 supplementary file shows occlusion of the internal
arotid artery after the carotid bulb as a result of dissection
n intimal type (Fig. S3 supplementary file).

oyamoya disease
oyamoya disease is an inherited genetic abnormality caus-
ng intimal thickening in the walls of the terminal portions
f the internal carotid vessels bilaterally and stenosis



246

F
a

[
a
t
e
a
t
c
i
a
i
a
l
c

a
u
p
s
j

f
i
fi
w

C

C
i
c
b
(
n
t
s
l
a
s

a
C
a
c

a
d
d
t
p
u

m
I
t
t
m
o
s
b
o
a
t
a
c
l
a
l
d
n
b

t
t
c
t
w
o
t
o
b
a
t
t
h
e
t

s
l
b
w
w
h
a
p

h
d
o
p
m
c

igure 3 Dampened flow in middle cerebral artery due to
dvanced stenosis of internal carotid artery in carotid siphon.

11—13]. Moyamoya means ‘‘puff of smoke’’ in Japanese,
nd describes the look of the tangle of tiny vessels formed
o compensate for the blockage — rete mirabile. The dis-
ase has two peaks of incidence, first is in the first decade,
nd second is in the fourth decade. While clinical presenta-
ion in children is usually stroke due to occlusion of internal
arotid artery or one of the branches of the Willis’ circle,
n adults subarachnoid hemorrhage is a dominant symptom
s a result of hemorrhage of tiny, fragile vessels. Headache
s a frequent presenting symptom in patients with moy-
moya. A review suggested that dilatation of meningeal and
eptomeningeal collateral vessels may stimulate dural noci-
eptors.

Moyamoya syndrome has a similar angiographic appear-
nce of rete mirabile. It is an acquired syndrome with,
sually unilateral, stenosis or occlusion of the proximal
arts of the Willis’ circle due to neurofibromatosis, Down
yndrome, syphilis, acquired immunodeficiency syndrome,
uvenile atherosclerosis or sickle cell disease.

Moyamoya disease has six angiographic stages ranging
rom mild stenosis to occlusion [14—16]. Because the disease
s located intracranially, transcranial (Fig. S4 supplementary
le) or transcranial color coded Doppler sonography (Fig. 3)
ill be used for assessing the diagnosis.

raniocervical artery dissection

raniocervical artery dissection (CCAD) is a major cause of
schemic symptoms in young adults and can lead to various
linical symptoms [17,18]. In a North American population-
ased study its incidence was reported to be about 2.6
95% CI 1.9—3.3) per 100,000 inhabitants per year [17]. This
umber is probably underestimated, since the clinical pic-
ure with mild symptoms including only headache and local
igns remain undiagnosed. Vertebral artery dissections are
ess common than carotid artery dissections, but with the
dvance in imaging techniques, asymptomatic multiple ves-
el involvement can be detected.

Genetic factors such as constitutional weakness of the

rterial wall might have a role in the pathophysiology of
CAD, and environmental factors such as minor trauma acts
s a trigger [17,18]. The presence of an underlying vas-
ulopathy is suggested by commonly present concomitant
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rterial anomalies such as FMD, monogenic connective tissue
isease, mainly Ehlers-Danlos syndrome or Marfan’s syn-
rome. There are several reports of familial cases of CCAD in
he absence of known connective tissue disorders. In older
atients hypertension plays a role, but despite ample work-
p in most patients, the cause is never found [17].

Arterial dissections begin with a tear in the intima or
edia resulting in bleeding within the arterial wall [18].

ntramural blood dissects longitudinally and spreads along
he vessel proximally and distally. Dissections can tear
hrough the intima, permitting partially coagulated intra-
ural blood to enter the lumen of the artery. Expansion

f the arterial wall by intramural blood causes compres-
ion of the lumen. Narrowing of the lumen by the intramural
lood compromises the blood flow stream and perturbation
f the vascular endothelium causes release of endothelins
nd tissue factor, activation of platelets and the coagula-
ion cascade. All these changes contribute to formation of
n intraluminal thrombus. The intramural hematoma can
reate a false lumen that might reconnect with the true
umen and forms parallel flow. The true and false lumen
re separated by an elongated intimal flap. If the dissection
ies between the media and the adventitia, an aneurysmal
ilatation of the arterial wall may extrude. Intracra-
ial rupture through the adventitia causes subarachnoid
leeding.

The most dominant symptom is pain in head and neck, in
he region of the dissection, usually developing after minor
rauma. Some patients present only with headache, or a
ombination of headache and local signs. Clinical presenta-
ions result from bleeding in subintimal and subadventitial
all [17]. If the dissections compromise the arterial lumen
r cause thrombus formation in the lumen, clinical symp-
oms are the result of luminal compromise and the presence
f luminal clot. Ischemic symptoms and infarction in the
rain are caused by both reduced perfusion in the brain
rtery supplying territory or embolism. Neurological symp-
oms related to hypoperfusion are usually multiple brief
ransient ischemic attacks (TIAs) during a period of several
ours to a few days. Hypoperfusion may decrease washout of
mboli and contributes to the development of brain infarc-
ion.

Bleeding in the subadventitial wall results in compres-
ion of the adjacent structures to the outer arterial wall
ike lower cranial nerves (IX—XII) that exit near the skull
ase, or causes bleeding into adjacent tissues. Patients
ith subadventitial intracranial dissections often present
ith subarachnoid bleeding, because intracranial arteries
ave no external elastic envelope and have a thinner media
nd adventitia. Therefore the intracranial arteries are more
rone to rupture.

In general, the closer the dissection to the brain is, the
igher probability of brain infarction is present [19]. If the
issection is more extracranial, the higher is the probability
f the local symptoms from space occupying lesions. Also,
ain is stronger, and may even lead to syncope. This state-
ent is true for arterial occlusive lesions of any cause—–the

loser the occlusion is to the brain, the more likely that

nfarction will develop [18].

CCAD can also be asymptomatic and discovered through
outine examination. Several cases of asymptomatic or
ligosymptomatic CCAD probably remain undiagnosed [17].
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Recurrence rate is relatively low, mortality rate is low
and functional outcome is generally good.

Imaging of the dissection

The traditional method for visualization of CCAD is catheter
angiography that may show: smooth or slightly irregular
luminal narrowing (Fig. 4), tapered, flame-like, occlusion,
pseudoaneurysm, intimal flap or double lumen (specific,
but only in <10%) or distal branch occlusion [20,21]. MR
images of the eccentric or circumferential periarterial rim
of intramural hematoma typically show hyper intense sig-
nal on T1 and T2 weighted images [22—24]. MR angiography
has limited value, imaging the same pathomorphologic find-
ings as angiography [3]. MR and MRA showed sensitivity (SE)
of 50—100%, and specificity (SP) of 29—100%. Computer-
ized tomography (CT) and CT angiography (CTA) revealed SE
of 51—100%, and SP of 67—100% [25]. Doppler and duplex
sonography was underrated. Although color Doppler flow
imaging (CDFI) showed good results in visualization of the
dissection [26—36], the main limitation is visualization of the
intracranial dissection, which appears to be the most com-
mon site of localization. While CDFI provides visualization of
the direct and some indirect findings of CCAD, TCD enables
assessment of the intracranial hemodynamic and monitoring
of the embolic signals [37,38]. The most important issue is
that neurosonological evaluation enables noninvasive daily
monitoring of the course of the dissection [37,39].

The reported sensitivity of neurovascular ultrasound for
detecting spontaneous CCAD varies from 80 to 96%. It

Figure 4 Smooth luminal narrowing as a sign of dissection
(arrow).
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igure 5 Tapering stenosis as a result of internal carotid dis-
ection.

ay show direct or indirect signs [36]. Direct signs are:
cholucent intramural hematoma, string sign (Figs. S5 and
6 supplementary file); double lumen, or stenosis and/or
cclusion of an arterial segment usually not affected by
therosclerosis (Fig. S7 supplementary file). Indirect signs
re: increased or decreased pulsatility index upstream (Fig.
8 supplementary file) or downstream of the suspected
esion; more than 50% difference in blood flow velocity
BFV) compared to the unaffected side, or detection of
ntracranial collateral flow. Intramural hematoma is echolu-
ent, compromising the color coded flow in the string sign
Fig. S5 supplementary file) with increased pulsatility in
he residual flow (Fig. S6 supplementary file), or tapering
tenosis (Fig. 5). During follow up, the regression of the
ematoma will develop, and restitution of color coded filling
f the arterial lumen will be visible (Fig. S9 supplementary
le). Resolution of the hematoma is the most specific sign
or CCAD [34,39]. Double lumen (Figs. 6 and 7), an irreg-
lar membrane crossing the lumen, is usually found in

rteries originating from the aortic arch, and multivessel
nvolvement if present. If the dissection spreads to the sub-
lavian artery, typical hemodynamic spectra in vertebral

igure 6 Hemodynamic in real lumen in common carotid
rtery dissection.
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igure 7 Hemodynamic in false lumen in common carotid
rtery dissection.

rtery suggesting subclavian steal syndrome are found. In
he real and false lumen different hemodynamic spectra are
ound (Figs. 6 and 7). Stenosis and/or occlusion of an arte-
ial segment not affected by atherosclerosis involve distal
art of the ICA 2.0 cm or more downstream of the carotid
ifurcation (Fig. S7 supplementary file) or V2—V4 segment
f the vertebral artery. Increased or decreased pulsatility
pstream or downstream of the suspected arterial lesion
Fig. S8 supplementary file) will suggest the presence of
CAD, as well as >50% difference in the BFV compared to
he same segment of the artery on the unaffected side. If
he hematoma compromises the flow, intracranial redistri-
ution of hemodynamics will be detected by means of TCD or
CCD. It often shows diminished intracranial velocities in the

CA siphon and the MCA. Usually anterior collateral pathway
s detected, and in most instances the posterior collateral
athway. Neurosonology enables noninvasive monitoring of
he course of dissection, since resolution of the hematoma
s the most specific finding. It enables also monitoring the
icroembolic signals (MES) in correlation with the clinical
icture. Amelioration of the clinical finding is found in cor-
elation with reduction of MES, and worsening of the clinical
icture was found in patients with increase of the number
f MES. Therefore neurosonology offers the possibility of
onitoring the therapeutic effect.

xtracranial internal carotid artery aneurysm

neurysms of the extracranial internal carotid artery are
xtremely rare [40]. They are divided in two categories: true
nd pseudoaneurysm. In order to talk about true aneurysms,
he diameter of the vessel expands at least 50% that is possi-
le even with a tiny dilation of internal carotid artery. Most
ommon etiological factor is atherosclerosis, and hyperten-
ion is frequently found. They are typically fusiform in shape
lthough saccular aneurysms are also seen. Patients are usu-

lly younger if the underlying cause is not atherosclerosis,
nd the possible diagnoses are tuberculosis, HIV, or Takayasu
rteritis. Salmonella and syphilis are the main causes
f mycotic aneurysms. Fibromuscular dysplasia, collagen

R

igure 8 Postoperative aneurysm of the internal carotid
rtery.

issue disorders and irradiation are among the rare causes.
hey can be also be iatrogenic as a result of intervention like
uncture or carotid endarterectomy (Fig. 8). Most of these
neurysms are asymptomatic, but atherosclerotic carry the
igh risk for thromboembolic stroke while located at prox-
mal ICA. Mycotic aneurysms tend to grow and rupture. In
iagnosing and characterizing the aneurysms, DSA is the gold
tandard imaging method, but color Doppler of the carotid
rteries may serve as an excellent screening tool. It allows
ssessment of vessel wall and possible thrombotic material.
f the aneurysm is operated, color Doppler imaging will serve
s a noninvasive tool for assessment of the control finding.

onclusion

on-atherosclerotic carotid disease is an uncommon group
f angiographic defects. It includes the entities: Takayasu’s
rteritis, giant cell arteritis, fibromuscular dysplasia, moy-
moya syndrome, arterial dissection and extracranial
arotid aneurysms.

These diseases are being increasingly identified due to
rowing awareness of diverse clinical picture along with
dvances in imaging technologies. Neurosonological tests
erve as an excellent screening tool for most of these
iseases, with a perfect monitoring capacity, but neuro-
adiological imaging is essential for confirmation of the
iagnosis.

ppendix A. Supplementary data

upplementary data associated with this article can be
ound, in the online version, at http://dx.doi.org/10.
016/j.permed.2012.03.004.
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