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Abstract

Intracranial arterial dissection is an important cause of stroke in young and middle-aged adults, but there are no
domestic or globally-accepted criteria for the diagnosis and classification of intracranial arterial dissections. The
evidence base for the benefits of diagnostic and interventional angiography techniques is lacking, and the imaging
features of intracranial arterial dissections are not yet universally recognized or understood by clinicians. These
issues influence the diagnosis and treatment of intracranial arterial dissection. Therefore, a consensus conference
was convened by Neurointerventional Expert Committee of Chinese Congress of Neurological Surgeons, Chinese
Interventional Neuroradiology Society of Chinese Stroke Association and Young Physicians Committee of Chinese
Congress of Neurological Surgeons. The aim of this document is to report an expert consensus on the imaging
diagnosis of intracranial arterial dissection. The participating clinical experts utilized their judgment and experience.
Every effort was made to achieve consensus among the committee members. The expert consensus was intended
to provide guidance, but they are not to be considered prescriptive for any individual patient and cannot replace
the judgment of a clinician.
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Background
An intracranial arterial dissection (IAD) occurs when cir-
culating blood penetrates the intracranial vessel wall
through a tear in the intima, and extends through and be-
tween the tissue layers of the wall. This results in
hematoma or spontaneous intramural hematoma forma-
tion, causing stenosis, occlusion or disruption of the vessel
[1]. If dilation occurs, an IAD is defined as an intracranial
dissecting aneurysm (IDA) [1]. The etiology of IAD is still
unclear, but epidemiologic studies have identified arterial
hypertension, oral contraceptive use, migraine, a history of
trauma and recent infection as risk factors [2, 3], and an
elevated risk of IAD may also be inherited [2]. IAD is rare.
While its precise incidence is not known, IAD is re-
portedly more common in Asians than Europeans and
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Americans, and the posterior circulation is more fre-
quently affected than the anterior circulation (accounting
for 76%–93% of lesions) [4]. Despite its rarity, IAD is an
important cause of stroke in young and middle-aged
adults, and may be manifested as headache, an ischemic
event, subarachnoid hemorrhage (SAH) or mass effect [2,
3, 5]. IADs are increasingly identified with non-invasive
imaging modalities [6], but there are no domestic or
globally-accepted criteria for the diagnosis and classifica-
tion of IADs. The evidence base for the benefits of diag-
nostic and interventional angiography techniques is
lacking, and the imaging features of IADs are not yet uni-
versally recognized or understood by clinicians. These
issues influence the diagnosis and treatment of IAD.
Diagnostic imaging strategy for intracranial
arterial dissection
IADs can cause headache, ischemia or hemorrhage, or
act as a space-occupying lesion due to progressive en-
larged of the dissected artery. Early recognition and ac-
curate diagnosis of IAD informs the choice of clinical
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management strategies, and may thus reduce the risk of
stroke [4]. The diagnosis and classification of IAD relies
heavily on imaging techniques, especially magnetic res-
onance imaging (MRI), digital subtraction angiography
(DSA) and computed tomography angiography (CTA).

Imaging characteristics of intracranial arterial dissection
The diagnosis of IAD requires a comprehensive assess-
ment of its location and characteristics, and its influence
on adjacent structures. Characteristic imaging features of
IAD include: (1) eccentric luminal narrowing with in-
creased external vessel diameter; (2) the ‘pearl-and-string’
sign or segmental stenosis; (3) intramural hematoma
(IMH); (4) the double-lumen sign; (5) presence of an in-
timal flap; and (6) a dissecting aneurysm. An intimal flap
and the double-lumen sign are pathognomonic of IAD.
The appearance of these features may be different depend-
ing on the imaging modality used. If the imaging features
are typical, the diagnosis of IAD can be made by CTA,
magnetic resonance angiography (MRA) or DSA alone.
Lesions with atypical features may require investigation
with more than one imaging method. Comprehensive as-
sessments of images of the lumen and vessel wall are
needed for clinicians to understand the underlying patho-
physiology, guide treatment and make accurate judgments
about prognosis.

(1)The presence of an intimal flap (Fig. 1) is
pathognomonic of IAD; it is manifested as a
linear, hyperintense signal separate from the
vessel lumen on black-blood MRI. Han et al.
have reported that T2-weighted imaging (T2WI)
is capable of detecting approximately 50% of
intimal flaps, and less frequently intimal displacement,
findings that suggest the technique is superior to DSA
[7]. The vessel wall and intraluminal flap are better
Fig. 1 Magnetic resonance images showing an intimal flap in a left vertebral art
artery, with an increased external diameter and hyperintense signal caused by a
3D black-blood T1-weighted image showing significant enhancement of the int
visualized with gadolinium enhancement (Fig. 1b) [8].
Three-dimensional (3D) reconstruction of black-blood
sequences allows an intimal flap to be viewed at any
angle. If the presence of an intimal flap is unclear, a
dissecting lesion must be differentiated from a
thrombosed aneurysm. The differential diagnosis
of the lesion should be considered on the basis of
its location, shape, and how it changes over time.

(2)The double-lumen sign (Figs. 1 and 2) is also
pathognomonic of IAD [4]. The true vessel
lumen appears round, but may be deformed or
narrowed; there may also be incomplete occlusion
and bypass of blood flow into the pseudolumen. The
signal intensity of the true lumen is hypointense on
black-blood MRI sequences and hyperintense on
bright sequences. The pseudolumen is frequently cres-
centic, containing blood that flows between intimal
layers over a potentially extending distance. The
pseudolumen may contain hematoma. Heterogeneous
signal within the pseudolumen indicates the presence
of slow and turbulent flow.

(3)Intramural hematoma (Figs. 3 and 4) is typical in IAD,
but MR imaging findings are highly dependent on the
age of the IMH, the appearance of surrounding
structures and the sequence used. An IMH can
often be directly visualized on MRI, accompanied
by increased wall thickness with a smooth rim.
The MRI signal intensity varies according to the
age of the IMH due to changes in its paramagnetic
iron components. An IMH with a methemoglobin
component is more likely to be detected in the
subacute and early chronic stages due to its
crescentic hyperintense appearance, accompanied
by eccentric reduction in the diameter of the
arterial lumen. New heavily T1-weighted imaging
(T1WI) techniques, such as magnetization-prepared
ery dissection. a A T2-weighted image showing a dilated left vertebral
linear intimal flap (arrow) in the vessel lumen. b A contrast-enhanced
imal flap (arrow) and the wall of the left vertebral artery



Fig. 2 Double-lumen sign on digital subtraction angiography. a Inflow
of contrast agent in the lumen of the V4 segment of the right vertebral
artery is separated by an intimal flap (arrow), resulting in the double-
lumen view. b The whole dissecting aneurysm is filled by contrast agent
in the late arterial phase. c 3D rotational angiography outlines the
external contour, divided into the true lumen and the pseudolumen
(arrow). d Selective angiography after a microcatheter tip has been
advanced just into the pseudolumen show the pseudolumen and
posterior inferior cerebellar artery branching from the distal part of the
aneurysm (arrow), confirming the existence of two lumens
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rapid gradient echo (MP-RAGE) or simultaneous
non-contrast angiography and intraplaque hemorrhage
(SNAP), can detect hemorrhage as a hyperintense
signal against a gray-scale background (Fig. 3c).
Nevertheless, MRI has limited capability to detect an
IMH in the acute (<7 d) and chronic (>2 months)
stages, as the IMH is isointense on T1WI and the
boundary of surrounding structures will likely be
unclear. On sensitivity-weighted imaging (SWI) of
intracranial vertebral arterial dissection, the
presentation of IMH closely corresponds to that
of dissection, and SWI reportedly has a sensitivity
of 90.0% and specificity of 96.6% for the detection
of IMH [9]. An IMH usually becomes isointense or
undetectable within 6 months [10]; its hyperintense
signal intensity may, however, be visible for longer,
although it is not clear whether such an appearance is
associated with an elevated risk of recurrent hemorrhage
[11]. It is important to differentiate IMH from
intraplaque hemorrhage on the basis of its location, the
proportion of the vessel wall involved and the total in-
crease in vessel wall thickness.

(4)Luminal changes (Figs. 4 and 5) caused by arterial
dissection include dilation with stenosis, irregular
stenosis with dilation, and complete occlusion.
Changes in the dissecting lumen can be clearly
identified with time of flight MRA (TOF-MRA),
contrast-enhanced MRA (CE-MRA) and high-
resolution MRI (HR-MRI). Irregular dilation of the
affected segment can be seen in a dissecting aneurysm.
Large dissecting aneurysms are frequently
accompanied by obvious displacement of surrounding
tissues due to compression. Recurrent bleeding with
thrombus formation inside the aneurysm exhibits
‘onion skin’ mixed signal intensity on MRI (Fig. 4)
[12]. The mass effect of a vertebrobasilar IDA may
distort the brainstem in some cases. Focal cerebral
ischemia in the vascular territory of the affected vessel
and subsequent changes of other brain tissues may also
be seen on MRI.

Dissection of the anterior circulation is less common.
Angiography often shows segmental stenosis, but may
fail to detect signs of intimal flap, dissecting aneurysm
or a double lumen, [13] and CTA and conventional
MRA are not reliable means of making the diagnosis.
Vessel wall imaging with HR-MRI may lead to the diag-
nosis of middle cerebral artery (MCA) dissection. Lee
and colleagues have reported that it could demonstrate
an intimal flap and a tapered pseudolumen with intra-
luminal hematoma in a case of MCA dissection [14].

Magnetic resonance imaging for the diagnosis of
intracranial arterial dissection
Plain MRI and 3D TOF-MRA are conventionally used to
diagnose dissection; according to a 2009 systematic re-
view of 21 articles published from 1992 to 2008, MR
techniques have a specificity of 29%–100% and a sensi-
tivity of 50%–100% [15]. Test characteristics for MR
techniques such as MRI and MRA are relatively similar
to those for CTA for the diagnosis of carotid and verte-
bral artery dissection [15]. Computed tomography/CTA
is subjectively favored for vertebral dissection, as more
features of cervical artery dissection can reportedly be
seen than conventional MRI or MRA when multidetec-
tor CT is used [16]. Although MRI is thought to be
more sensitive than other techniques for the detection
of subacute IMH, the hyperintense IMH signal may be
mistaken for flow-related signal in TOF-MRA. A com-
bination of black-blood sequences and CE-MRA can
help to distinguish blood flow from an adjacent IMH. A
pitfall of TOF-MRA is that signal loss caused by laminar
blood flow or blocking artifacts may lead to flow-related

https://www.bing.com/dict/search?q=plaque&FORM=BDVSP6&mkt=zh-cn


Fig. 3 Imaging of a dissecting aneurysm of the left vertebral artery. (a) 3D time of flight (TOF) magnetic resonance angiography shows focal
dilation of the left vertebral artery with hyperintense signal (arrow). (b) Source TOF data show the left vertebral artery separated by a linear
hypointense signal into a right posterior true lumen and a left anterior pseudolumen (arrow). (c) Magnetization-prepared rapid gradient echo
(MP-RAGE) sequence showing an intramural hematoma (arrow) with a bright hyperintense signal in the pseudolumen. (d) 3D black-blood T1-
weighted imaging showing an intramural hematoma (arrow) with a bright hyperintense signal

Fig. 4 Imaging of a dissection involving the inferior segment of the
basilar artery. T2-weighted imaging shows substantial dilation of the
basilar artery with ‘onion skin’ characteristics (arrow) owing to multiple
layers of dissection/thrombus in the vessel wall

Fig. 5 3D time of flight magnetic resonance angiography showing a
dissecting aneurysm (arrow) of the left vertebral artery
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Fig. 6 Digital subtraction angiography showing the ‘pearl-and-string’
sign (arrow) in the right vertebral artery distal to its branch with the
posterior inferior cerebellar artery
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signal attenuation in some horizontal-running arteries.
Compared with CT, MRI is superior for the visualization
of posterior fossa lesions and for the assessment of ver-
tebrobasilar dissections.
Vessel wall HR-MRI is increasingly used in clinical prac-

tice. The technique has been extensively used for carotid
artery imaging, highlighting its potential diagnostic utility
for intracranial arterial lesions. The technique reportedly
offers excellent visualization of the intracranial arterial
wall [7, 17], and is an effective non-invasive means of diag-
nosing IADs [18–21]. Nonetheless, the evidence base is
still somewhat lacking, and consequently HR-MRI has not
been widely adopted in clinical practice.
Black-blood sequences acquired with HR-MRI can be

used to obtain two-dimensional (2D) T1-, T2- and proton
density weighted images (PDWI) with thin-slice scanning
perpendicular to the vessel. High-resolution 3D TOF-
MRA should be included in the assessment of the verteb-
robasilar arteries. As the sensitivity of heavily T1WI for
the detection of hemorrhage is high, it may be more reli-
able for the detection of IMH [22, 23]. Development of
3D sequences expands the examination range of HR-MRI,
allowing a variety of aspects and angles for clinicians to
observe lesions [24–26]. Three-dimensional black-blood
T1WI can identify IMH more accurately than conven-
tional spin echo and TOF-MRA imaging [27]. In contrast-
enhanced HR-MRI, enhancement of the vessel wall is a
useful means of detecting an intimal flap [17].

Digital subtraction angiography for the diagnosis of
intracranial arterial dissection
Digital subtraction angiography is the conventional im-
aging modality. It is an accurate means of assessing the
shape of the affected artery, providing important
hemodynamic information and allowing collateral circu-
lation to be documented [4]. Three-dimensional rota-
tional angiography (3D–RA) provides high spatial
resolution of reconstructed 3D images so that the char-
acteristics of an artery can be assessed in cross-section
[28]. Findings pathognomonic of arterial dissection (the
double-lumen and/or ‘pearl-and-string’ sign) are ob-
served more frequently with 3D–RA (90%) than conven-
tional DSA. The main pitfall of DSA is that it does not
allow visualization of the arterial wall, and diagnosis of
IADs with normal-looking lumens can be challenging. If
the lumen is stenotic or occluded, an IAD may be diffi-
cult to distinguish from atherosclerosis, arteritis or vas-
culitis. Furthermore, DSA alone cannot provide the
complete view of an IAD, as it cannot detect any associ-
ated IMH or a partially thrombosed aneurysmal lumen.
Patients with spontaneous IAD usually also have ar-

teriosclerotic lesions and atheromatous plaque. Fibro-
muscular dysplasia or abnormal collagen protein content
can lead to weakness of the arterial wall in some patients
[3]. Thus, DSA examination should be standardized to
avoid procedure-related complications such as embolism
and vascular injury. Dynamic images of the whole circu-
lation period should be examined carefully. In lesions
with unclassifiable lumen shapes, X-ray exposure time
should be prolonged to the venous sinus phase, which
may also detect contrast agent retention. In spontaneous
vertebrobasilar dissection, 62%–76% of IADs re-
examined by DSA resolve [29, 30], although a minority
of cases may progress rapidly with substantial changes in
lesion characteristics observed over days or even hours
[31, 32]. Given the potential speed of these changes, it is
critical to compare images with previous ones to illu-
minate dynamic changes in the status of lesions. Al-
though DSA was traditionally the first-line investigation
for IAD, it has largely been supplanted by CTA and
MRA, but it still has a role in patients with SAH or
acute ischemic stroke, as it allows endovascular treat-
ment to be undertaken.
The radiologic findings of DSA in IAD are as follows:

(1) irregular or segmental stenosis; (2) tapered occlusion;
(3) ‘pearl-and-string’ sign or string sign (irregular fusi-
form or aneurysmal dilation with or without proximal
and/or distal stenosis; Figs. 6 and 7); (4) contrast agent
retention in the pseudolumen (Fig. 8); and (5) the



Fig. 7 Digital subtraction angiography showing the ‘pearl-and-string’
sign (arrow) in the right vertebral artery proximal to its branch with
the posterior inferior cerebellar artery
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double-lumen sign (Fig. 2). The ‘pearl-and-string’ sign
and segmental stenosis are the most common findings
[33]. An intimal flap or a double lumen, which are path-
ognomonic of dissection, are detected by DSA in fewer
than 10% of cases [34]. Nonetheless, DSA can identify
faster blood inflow in the true lumen, contrast agent re-
tention in the pseudolumen and intraluminal flap-like
structures. The angiographic appearance of aneurysmal
Fig. 8 Contrast agent filling phase of digital subtraction angiography.
a Contrast agent filling the aneurysmal lumen in the arterial phase
(arrow). b Retention of contrast agent in the venous phase (arrow)
dilation with stenosis is more frequent in SAH, and it is
more common to see stenosis without dilation in pa-
tients with infarcts, and fusiform or aneurysmal dilation
in unruptured cases without infarcts.

Computed tomography angiography for the diagnosis of
intracranial arterial dissection
Multisection CTA is a sensitive and accurate means of
diagnosing IAD [35, 36]. Compared with DSA, the sensi-
tivity, specificity and accuracy of multisection CTA for
the diagnosis of extracranial vertebral dissection are
100%, 98%, and 98.5%, respectively [37]. Multisection
CT volume scanning examination, with a fast scanning
speed and wide range, can provide high-resolution im-
ages of the arterial lumen and wall, and evaluate both
extracranial and intracranial segments. The detection
rate and diagnostic accuracy of craniocervical dissections
have improved as CT technology has advanced [38].
Post-processing of CTA source data can increase the
rate of detection of small lesions by providing global,
multi-angle reconstructions. Thin axial CTA source data
is very useful for the identification of specific signs of
vascular disease, helping to identify intimal flaps, but
skull base and tooth artifacts can impair CT images and
lead to misdiagnosis. Radiation doses and administration
of iodine-containing contrast agents may also cause ad-
verse reactions and increase the risk of complications
during IAD detection. The conduct of image acquisition
in CTA also allows non-enhanced cross-sectional CT
images of the head to be obtained, for the assessment of
any associated ischemic or hemorrhagic changes. Com-
puted tomography also has the advantage of rapid image
acquisition of vascular and cerebral tissue, bone and ex-
tracranial organs with minimal movement artifact. Con-
sequently, CTA is the preferred imaging technique for
traumatic dissections.
Detection of eccentric luminal narrowing with in-

creased external diameter on CT is highly suspicious of
IAD, and the crescent abnormality on cross-sectional
images is suggestive of IMH. Source CTA images can
present a likely IMH due to accompanying luminal nar-
rowing and increased external diameter; an IMH is usu-
ally isodense and does not enhance after contrast
administration. In their 2009 study, Lum and colleagues
reported that the ratio of lumen diameter to total diam-
eter is a sensitive means of detecting IAD [39]. For an
IAD with a normal luminal appearance, caution must be
exercised when mural thickening is detected on source
CTA images. Increased total vessel diameter and vessel
wall thickening can be found in 93.3% and 97.7% of dis-
sected vertebral arteries, respectively, but they can also
be seen in other vascular diseases [40]. If a double-
lumen sign is observed, a diagnosis of dissection can be
made with confidence. The true lumen is round or oval,



Fig. 10 Right vertebral artery dissecting aneurysm (arrow). Volume
rendering of computed tomography angiography showing increased
vessel diameter of the right vertebral artery with focal aneurysmal dilation
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and an incompletely occluded lumen has rapid inflow
and contrast agent filling, while the hypodense cres-
centic pseudolumen exhibits slow flow velocity and con-
trast agent retardation due to extension of the arterial
wall. Detection of an intimal flap or a dissecting
aneurysm is a reliable sign of dissection. An intimal flap
is less frequently seen than an IMH, requiring careful
observation on thin source CTA data (Figs. 9 and 10).

Imaging differential diagnosis for intracranial arterial
dissections
To make a diagnosis of IAD, it is essential to distinguish a
range of pathologic conditions affecting cerebral vascula-
ture. While anatomic diagnosis of arterial narrowing is
made with reasonable accuracy, ascribing the etiology for
the stenosis remains challenging in clinical practice as
radiographic mimics of IAD such as intracranial athero-
sclerosis, intracranial vasospasm (reversible cerebral vaso-
spasm syndrome, RCVS), fibromuscular dysplasia and to a
lesser extent arteritis/vasculitis are often encountered [41].
In addition, IDAs with intramural hemotoma formation
should be distinguished from thrombosed intracranial sac-
cular aneurysms. Thus, multimodal imaging techniques
are needed to offer the potential information to discrimin-
ate between these pathologies. Existing modalities for im-
aging the lumen of blood vessels, including CTA, TOF
MRA or DSA may have a limited ability to differentiate
vascular pathologies. Looking beyond the arterial lumen,
direct imaging of the blood vessel wall offers further
insight into the pathogenesis.
Fig. 9 Basilar dissecting aneurysm on source image of computed
tomography angiography. There is irregular luminal thickening of
the basilar artery, and the lumen is divided by an irregular isodense
linear intimal flap (arrow)
As we know, intracranial atherosclerosis has been sug-
gested to be the most common cause of ischemic stroke
worldwide, accounting for 33–50% of all strokes in
China [42]. We need to be careful to avoid misreading
irregular stenosis of intracranial atherosclerosis with
pearl-and-string sign or tapered stenosis of dissection
Most atherosclerotic segments display some compensa-
tory enlargement (positive remodeling [PR]) when the
stenosis degree is less than 30–40%, but it may be inad-
equate to prevent luminal stenosis (inadequate PR) [43].
Some vessels may paradoxically shrink at the lesion site
(negative remodeling [NR]), exacerbating rather than
compensating for luminal loss [44]. Characterization of
atherosclerotic plaque using high resolution MRI is
already well established [45–47].
Cross-sectional and longitudinal imaging by HR-MRI

at 3 T are recommended to be performed to depict in-
timal and adventitial vessel wall boundaries in the dis-
eased vessel segment for differentiating IMH from
intraluminal thrombus [48]. Basi-parallel anatomic scan-
ning (BPAS)–MR imaging, which allows visualization of
the external contour and surface appearance of the ver-
tebrobasilar artery, can also be added to differentiate ar-
terial dissection from atherosclerosis or hypoplasia [49].
On vessel wall HR-MR imaging, intracranial athero-

sclerosis generally reveals eccentric thickening with ir-
regular surface, with variable signal intensity within
plaque due to different components. Intracranial dissec-
tion can also present as eccentric wall thickening with
enlargement of outerwall diameter. If the “double-



Fig. 11 Protocol for diagnosis of intracranial arterial dissection. Abbreviations: DWI, diffusion weighted imaging; PWI, perfusion weighted imaging;
PDWI, proton density weighted imaging; MP-RAGE, magnetization-prepared rapid gradient echo; SNAP, simultaneous non-contrast angiography
and intra-plaque hemorrhage; HR, high-resolution. EVT, endovascular treatment
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lumen” [17] or the intimal flap was visualized, the diag-
nosis of IAD can be confirmed. Bright wall elements on
non-enhanced T1 sequence is another feature of IAD,
indicating methemoglobin in the arterial wall. However,
this bright signal can also be found with intraplaque
hemorrhage. Involvement of long segment along the lon-
gitudinal axis of vessel wall could be a very important
sign of dissection different from other vascular diseases.
Unfortunately, it is not common for intracranial
dissections.
Patterns and intensity of postgadolinium enhancement

of vascular lesions on MRI T1 post-contrast vessel wall
imaging can be used to make differential diagnosis.
Intracranial atherosclerotic plaques usually display
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variable enhancement; IAD may demonstrate a similar en-
hancement pattern to atherosclerosis. However, contrast
imaging can increase the visualization of intimal flap,
which can help the differential diagnosis. No enhancement
of IMH associated with acute dissection is distinguishable
from clear enhancement of intraluminal thrombus [18, 50].
Focal enhancement of IMHs after gadolinium application
may be seen possibly due to neovascularization or the vasa
vasorum sprouting into the IMH.
Vasculitis often shows characteristic concentric and

smooth wall thickening, with intense and homogeneous
enhancement; reversible cerebral vasoconstriction syn-
drome (RCVS) has minimal to no enhancement and
minimal wall thickening [48]. If diagnosis of dissection is
still uncertain, it would be necessary to make short-term
follow-up by HR-MRI to gain information with regard to
recanalization, degree of stenosis, formation of pseudoa-
neurysm, and appearance of new dissections [18].

Recommendations
Imaging strategy for intracranial arterial dissection
(1) Intracranial imaging should be undertaken in all pa-
tients with typical clinical symptoms (hemorrhage, ische-
mia and neurologic dysfunction) and those with a
history of head or neck trauma, especially young and
middle-aged patients. (2) Computed tomography with
CTA, or MRI with MRA, are recommended for initial
screening. (3) Cerebral DSA is an important tool for
diagnosis and allows endovascular treatment to be
undertaken. For a confirmed or highly suspicious IAD,
DSA is recommended to achieve accurate evaluation of
the shape of the lumen, hemodynamic status, and the
collateral circulation of the dissecting artery. (4) Com-
puted tomography angiography is recommended for sus-
pected traumatic artery dissection or emergencies. In the
event of images being inconclusive or not diagnostic of
IAD, HR-MRI or DSA should be performed. (5) A CT
scan should be performed in patients with suspected
SAH to identify the bleeding site and severity. (6) In
cases with suspected cerebral ischemia, MRI and diffu-
sion weighted imaging are recommended to establish
whether there is acute infarction. If necessary, cranial
CT perfusion or perfusion weighted imaging is recom-
mended to identify areas of ischemia-reperfusion. (7)
Conventional TOF-MRA or contrast-enhanced MRA
can be used to screen for and locate vessel lesions; HR-
MRI should be focused on the affected artery when IAD
is likely, and include 2D black-blood T1WI, T2WI and
PDWI perpendicular to the artery. We recommend that
3D TOF-MRA should be included for examination of
the vertebrobasilar artery. One heavily T1 weighted se-
quence, such as MP-RAGE or SNAP, is also recom-
mended, as they are very sensitive means of detecting
the signal intensity of an IMH. At least one 3D sequence
is also recommended to obtain different views of lesions.
(8) If IAD is confirmed or highly suspicious on DSA, HR-
MRI should be used as a complementary method to reveal
the pathologic condition of the vessel wall, and establish
the presence of an IMH, intimal flap and/or mass effect.
Additional plain cerebral CT or MRI is helpful to
document associated intracranial hemorrhagic or ischemic
events. (9) As some IADs may progress rapidly, images
should be viewed in the context of previous findings, if
available. Short-term imaging follow-up is suggested
for dynamic observation of cases in whom diagnosis
is uncertain (Fig. 11).

Imaging diagnosis of intracranial arterial dissection
(1) The diagnosis of IAD can be made on DSA if there is
tapered stenosis or occlusion, segmental stenosis with
dilation (the ‘pearl-and-string’ sign) or contrast agent re-
tention in the late venous phase. (2) A definitive diagnosis
can be made if a double lumen and/or an intimal flap are
detected by CTA, MRA OR DSA. The double-lumen sign
is manifested as two lumens (that enhance with contrast
to different extents) separated by a linear isodense struc-
ture on CTA, a hypointense signal in the true lumen with
mixed signal intensity in the pseudolumen caused by tur-
bulent flow on black-blood HR-MRI sequences, and reten-
tion of contrast agent in the pseudolumen on DSA. An
intimal flap can be easy to observe on T2WI and contrast-
enhanced black-blood HR-MRI as a linear or septal struc-
ture located within the vessel lumen. (3) A subacute IMH
exhibits hyperintense signal on T1WI, TOF and MP-
RAGE sequences; detection of an IMH supports the diag-
nosis of IAD. (4) Either TOF-MRA, CE-MRA, CTA or
DSA can be used to assess luminal changes in the affected
artery, such as irregular narrowing, dilation, stenosis with
dilation or complete occlusion (Fig. 12).

Imaging classification strategies for intracranial
dissecting aneurysm
Background
The IDA is a subtype of IAD. As for IAD, there are no
globally or nationally recognized standards for the diag-
nosis and classification of IDA. Non-atherosclerotic
cerebral fusiform and dissecting aneurysms have been
classified by Mizutani et al. [51] into four types: classic
dissecting aneurysms, segmental ectasia, dolichoectatic
dissecting aneurysms, and saccular aneurysms unrelated
to the branching zones. Basilar trunk aneurysms have
been categorized by Saliou et al. [52] also into four types:
acute dissecting aneurysms, segmental fusiform ectasia,
chronic mural bleeding ectasia, and saccular aneurysms.
Both taxonomies have been recognized by some
scholars, but neither was designed specifically to classify
dissecting aneurysms. The clinical manifestations, patho-
physiology, treatment and outcomes of saccular and



Fig. 12 Images of a dissecting aneurysm. a-c Frontal, lateral and left anterior view demonstrate the ‘pearl-and-string’ sign (arrow) in the left
vertebral artery. d-l Lesion (arrow) viewed by different high-resolution magnetic resonance image sequences and from different viewing angles.
d-i Axial T1-weighted images (WI), contrast-enhanced T1WI, T2WI, perfusion weighted imaging, magnetization-prepared rapid gradient echo and
3D time of flight. j Saggital T2WI. k Coronal T2WI. l Magnetic resonance angiography
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dissecting aneurysms differ, so it is important to have a
precise means of classifying the morphologic charac-
teristics of IDAs [2, 20]. In China, an IDA may be re-
ferred to as a ‘a fusiform aneurysm’, ‘a serpentine
aneurysm’, ‘a pseudoaneurysm’, ‘a thrombosed aneurysm’
and ‘vertebrobasilar dolichoectasia’; however, there is no
clear taxonomy of these concepts. Some terms refer only
to dissecting aneurysms, while others may include non-
aneurysmal lesions. The ideal classification should be
clearly defined and comprehensive, to inform appropriate
clinical-decision making and guide treatment strategies.

Recommendations
Based on previous international morphologic classifications,
[51, 52] and in the context of differences in the pathophysi-
ologic and morphologic characteristics of the vessel lumen
and wall, and differences in treatment strategy and clinical
prognosis, we recommend that intracranial fusiform and



Fig. 13 Proposed classifications of intracranial dissecting aneurysms (arrow). a-d Digital subtraction angiography images of the classical type
(Type I), segmental dilation (Type II), dolichoectasia type (Type III) and large mural bleeding ectasia (Type IV). e-h Corresponding magnetic
resonance images of each type
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dissecting aneurysms are categorized into four types:
classical type, segmental ectasia, dolichoectatic type, and
large mural bleeding ectasia (Fig. 13) [53].

(1)Classical type (type I) presents as an irregular fusiform
or aneurysmal dilation, accompanied by proximal
and/or distal stenosis (the ‘pearl-and-string’ sign) on
DSA, CTA and MRA. Typical intimal flaps and IMHs
(<10 mm in diameter) can often be found on HR-MRI.
Pathologic findings consist of local disruption of the
internal elastic lamina, formation of intimal
breakthrough, communication with the arterial lumen,
intimal and medial tears, flow of blood through the
tear, and the presence of a pseudolumen packed with
mural thrombosis. This type is thought to be an early
manifestation of dissection. Endovascular treatment by
stenting or stent-assisted coiling is considered the most
appropriate treatment to achieve the best outcomes.

(2)Segmental ectasia (type II) presents with segmental
dilation, without proximal or distal stenosis, without
evidence of an intimal flap or the double-lumen sign,
and without obvious hematoma in the aneurysmal
wall. Typical pathologic findings of this type are seg-
mental ectasia owing to degeneration of the internal
elastic lamina or atrophy of medial smooth muscle,
often accompanied by collagen deficiency and endo-
thelial proliferation. Typical lesions are detected
without concomitant atheromatous deposits, but
with a smooth luminal intimal surface, no thrombus
formation, a thin wall and larger size. This type of
aneurysm can be treated conservatively, as they are
considered stable and in the chronic repair stage.

(3)Dolichoectatic type (type III). Dolichoectatic
dissecting aneurysms are most frequently located on
the basilar artery. They are tortuous, fusiform and of
giant size, with extensive involvement of the
longitudinal axis of the vessel with a thickened
intima, intimal flap and IMH. Pathologic findings are
most often a result of fragmentation of the internal
elastic lamina (IEL) and multiple dissections of the
thickened intima, with thrombus formation across the
disrupted intima. In contrast with large mural bleeding
ectasia (type IV), dolichoectatic aneurysms may affect
the artery along its entire length, but local IMH is not
that extensive. Despite these findings, treatment is
nonetheless conservative due to the high risk of
complications with intervention; there is no clear
evidence to support surgery for this type of aneurysm.

(4)Large mural bleeding ectasia (type IV) are
characterized by obvious IMH, frequently with
multiple layers of recurrent hematoma, presenting as
a crescent or ‘onion-skin’ appearance on MRI. The
diameter of this type of aneurysm may exceed
25 mm, resulting in substantial brain compression. The
shape of the lumen is variable, and may appear normal
on DSA in some cases. Pathologic characteristics of
this type are wide disruption of the internal elastic
lamina, intimal hyperplasia, multiple layers of thrombus
formation and neovascularization within the thickened
intima. Any mass effect can be addressed by
craniotomy, at which the lesion can be excised and
vascular bypass performed if necessary, but operative
risks are nonetheless high. Endovascular treatment
cannot address any mass effect, and its therapeutic
benefits are unclear; treatment of this type of aneurysm
is very challenging and the prognosis is usually poor.

Imaging follow-up strategies for intracranial arterial
dissection
Background
The natural course and clinical outcomes of IAD are still
unclear and mandate further investigation. Asymptomatic



Wang et al. Chinese Neurosurgical Journal  (2017) 3:30 Page 12 of 14
IADs are increasingly being detected as incidental findings
on brain imaging. They may be much more common than
previously thought, and the majority may arise and heal
without any symptoms [6]. Nakagawa et al. found that the
clinical course in most dissections is benign [10]. Vascular
healing is normally complete within 2 months, but a mi-
nority of cases may be at risk of bleeding or rapid progres-
sion. Even if angiographic improvement of the dissection
is observed, there is still a risk of SAH [54]. In the absence
of strong evidence for the treatment of IAD, it is crucial to
undertake clinical and imaging surveillance before inter-
vention. The underlying pathophysiologic mechanisms of
IAD are not the same as that of saccular aneurysms.
Changes in the vessel lumen and wall should be assessed
during follow-up, rather than simply focusing on luminal
reconstruction. Some experts have recommended surgery
only in patients with progressing symptomatic unruptured
IAD. If symptoms remain stable, management should be
conservative, with surveillance MRI performed 2 weeks,
and 1, 3, 6, 12 and 24 months after onset. Once morpho-
logic progression has been identified, surgery should be
considered [55].

Recommendations
(1) Imaging follow-up of IAD should be carried out using
standard methods tailored to the individual patient. Rou-
tine imaging review by MRI and MRA is required in the
third and sixth month after presentation in cases managed
conservatively. If clinical and imaging findings remain
stable, MRI and MRA review should be undertaken annu-
ally. If new symptoms highly suspicious of dissection arise,
imaging should be performed as soon as possible. (2) Pa-
tients with IAD may suffer from late recurrence and new
bleeding. If endovascular treatment was successful, first
imaging follow-up is recommended 3–6 months after
treatment. First imaging reviews should be undertaken by
MRI and MRA, or MRI and CTA, in patients with occlu-
sion of the aneurysm and parent artery. As for patients
who have undergone reconstructive treatment, DSA and
MRI are recommended. Long-term follow-up by annual
MRI and MRA is recommended in stable cases. High-
resolution techniques can be used after treatment, as most
modern clinical embolic materials (such as coils and intra-
cranial stents) are paramagnetic. Although local artifact
caused by metallic materials is inevitable, HR-MRI plays
an indispensable role in identifying new IMH and signal
changes within a lesion. Consequently, HR-MRI is recom-
mended as the preferred non-invasive follow-up technique
after endovascular treatment. Further examination by
DSA is needed when follow-up findings are ambiguous.

Conclusion
This detailed document presents a Chinese specialist
consensus on the imaging diagnosis of intracranial
arterial dissection. Recommendations are made for
clinicians to provide criteria for the diagnosis and
classification of IADs. It also gives a comprehensive
view of imaging features of IADs.
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