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Background: Data on the clinical and radiological characteristics of intracranial
artery dissection (IAD) have remained limited. Our purpose was to reveal the clini-
cal and radiological characteristics of IAD according to diagnostic criteria for IAD
as recently reported by a group of international experts. Methods: Patients were ret-
rospectively enrolled using a prospective single-center stroke registry between 2011
and 2016. Baseline characteristics and radiological findings including conventional
magnetic resonance imaging (MRI) sequences, magnetic resonance angiography
(MRA), high-resolution 3-dimensional T1-weighted imaging (HR-3D-T1WI), and
digital subtraction angiography were reviewed. We performed statistical compari-
sons to determine which findings from which modalities are useful. Results: We
identified 118 patients with suspected artery dissection, with 64 patients (median
age, 51 [interquartile range, 45-56) years; 16 women) finally meeting the criteria for
definite (n = 47), probable (n = 15), or possible (n = 2) idiopathic IAD. Ischemic
stroke alone was found in 31 patients (48%) on admission. There were 36 patients
(56%) suffering from hypertension and 39 (61%) with smoking history. The verte-
bral artery alone was the most affected in 42 patients (66%). Intramural hematoma
(IMH) was more frequently detected on HR-3D-T1WI than on conventional MRI/
MRA (odds ratio, 4.72; 95% confidence interval, 1.71-13.00). In 54 patients (84%),
the modified Rankin Scale score after 3 months was 0-1. Conclusions: Male domi-
nance and age at IAD onset were similar to previous studies, and more than half
had hypertension and smoking history. We confirmed that HR-3D-T1WI is useful
for detecting IMH in the diagnostic criteria.
KeyWords: Criteria—high-resolution magnetic resonance imaging—intracranial artery
dissection—intramural hematoma—stroke
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Introduction

Intracranial artery dissection (IAD) is increasingly rec-
ognized as an important cause of stroke in young and
middle-aged adults.1-3 Diagnosis of IAD is difficult, as
widely recognized, standard radiological criteria remain
lacking.4 Details of inclusion and exclusion criteria for
IAD have differed between studies.5-8

Many researchers have tried to report the radiologi-
cal characteristics of patients with IAD.9,10 Because
high-resolution magnetic resonance imaging (HR-MRI)
has improved wall visualization compared with con-
ventional MRI11 and allows identification of intramural
hematoma (IMH),12 this modality appears important
for evaluating dissection of the arterial wall. However,
no consensus has been reached regarding diagnostic
criteria and imaging. This problem has made multicen-
ter, prospective, and randomized trials for patients
with IAD difficult to conduct.
A group of international experts on IAD recently

provided a consensus statement and criteria for the
diagnosis of IAD (Table 1).13 These criteria included
image diagnostic criteria based not only on the results
of vessel wall imaging from one-off examinations, but
also on changes in imaging results between baseline
and follow-up.
These new criteria appear to resolve the problem of

diagnosing IAD. However, little data have been reported
showing the features of IAD based on these new criteria.
The present study aimed to clarify the clinical and radio-
logical characteristics of IAD based on the criteria.
Table 1. Grading of imaging diagnostic criteria for evidence

of intracranial artery dissection

Definite IAD

Stenosis or occlusion of an intracranial artery secondarily

developing towards fusiform or irregular aneurysmal

dilation at a non-branching site

Intramural hematoma, intimal flap, or double lumen

Pathological confirmation of intracranial artery dissection

Probable IAD

Fusiform or irregular aneurysmal dilation and focal, long

filiform, or irregular stenosis (so-called pearl-and-string

sign) without subarachnoid hemorrhage, or still present >

1 month after subarachnoid hemorrhage

Fusiform or irregular aneurysmal dilation at non-

branching site with rapid change in morphology

(increase or reduction in size, or subsequent appearance

of stenosis)

Possible IAD

Fusiform or irregular aneurysmal dilation at non�
branching site without change in morphology on repeated

imaging within 6-12 months after first imaging

Long filiform or irregular stenosis of an intracranial

artery, with reduction in size or disappearance over time

Abbreviation: IAD, intracranial artery dissection.
Materials and methods

Subjects

This retrospective study was performed using the pro-
spective National Cerebral and Cardiovascular Center
stroke registry (Clinical Trial.gov: NCT02251665). This
registry included around 10,000 patients admitted to our
department between March 2011 and November 2016.
This registry did not contain patients with IAD admitted
to the Department of Neurosurgery for the purpose of
surgical procedures, including endovascular therapy. We
extracted patients with suspected artery dissection in this
registry. The registered diagnosis in each case was made
mainly by the team of doctors in charge, and also by the
consensus decision of our department. We excluded
patients who showed extracranial artery dissection or had
pre-existing diagnoses of arteritis/vasculitis/arterioscle-
rosis disease or traumatic, iatrogenic, or chronic (>1
month since onset) IAD. For the remaining patients, radio-
logical findings were reviewed. Only those patients who
met the new criteria for IAD were finally included in our
study population. Baseline patient characteristics includ-
ing age, sex, comorbid conditions (hypertension, dyslipi-
demia, and diabetes mellitus), smoking history, prior
medication, affected arteries, stroke subtype, clinical pre-
sentation on admission, date of onset, and modified Ran-
kin Scale score at 3 months after onset were collected from
our database. Hypertension, dyslipidemia, and diabetes
mellitus were defined according to medical records.8

Brainstem compressive symptoms were defined when
dissecting aneurysmal dilation or basilar artery dissec-
tions compressed the brainstem and showed mass effects
causing brainstem dysfunction. If a patient showed more
than one dissection, only the artery considered to have
contributed most to patient symptoms was used to clas-
sify the diagnostic grade.

Institutional Ethics Approval

According to the standard ethical guidelines for retro-
spective clinical research in Japan, the requirement for
informed consent was waived. Ethics approval was
obtained from the local ethics committee at our center
(approval number, M28-054-3).

MRI

All patients underwent conventional MRI performed
using a 1.5-T MRI scanner (MAGNETOM Sonata; Siemens
Healthcare, Erlangen, Germany) or 3.0-T MRI scanner
(MAGNETOM Verio 3T or MAGNETOM Spectra 3T;
Siemens Healthcare). In addition, we adapted the high-
resolution 3-dimensional T1-weighted imaging (HR-3D-
T1WI) as HR-MRI using a 3.0-T MRI scanner. HR-
3D-T1WI is one of the efficient 3-dimensional-turbo spin
echo (3D-TSE) techniques that were originally applied for
whole-brain imaging.14 The 3D-TSE sequence adapts
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CLINICAL AND RADIOLOGICAL FEATURES OF IAD 1693
variable refocusing flip angle and nonselective radiofre-
quency pulses.15 Moreover, HR-3D-T1WI has proven use-
ful thanks to the excellent arterial wall imaging achieved
using the black blood technique16 and good correlation
with contrast-enhanced MR angiography (MRA) meth-
ods.17 HD-3D-T1WI generally uses fat-suppression tech-
nology. The team of doctors in charge judged the
indications for HR-3D-T1WI evaluations.
The conventional MRI protocol included diffusion-

weighted imaging, fluid-attenuated inversion recovery,
T2*-weighted imaging, and 3-dimensional time-of-flight
MRA. Generally, HR-MRI studies were performed with-
out a definite diagnosis based only on conventional MRI
(C-MRI)/MRA. The protocol parameters for C-MRI/
MRA and HR-3D-T1WI are shown in Table 2.
We defined IMH as eccentric-bright MRA (axial source

images) or HR-3D-T1WI elements showing >200% of the
signal intensity of sternocleidomastoid muscle18-20 in the
Table 2. Acquisition parameters for

a. MAGNETOM Spectra 3T (Siemens Healthcare)

DWI FLAIR

TR/TE (ms) 5000/82 12000/114

Matrix 128£ 104 320£ 189

FOV (mm) 230 230

Section thickness (mm) 5 5

Intersection gap (mm) 1 1

Other parameters: DWI (b-values, 0 s/mm2 and 1000 s/mm2), FLAI

6 min 15 s), HR-3D-T1WI (FA variable; slices = 52, acquisition ti

b. MAGNETOM Verio 3T (Siemens Healthcare)

DWI FLAIR

TR/TE (ms) 6300/80 12000/94

Matrix 128£ 115 320£ 182

FOV (mm) 230 230

Section thickness (mm) 5 5

Intersection gap (mm) 1 1

Other parameters: DWI (b-values, 0 s/mm2 and 1000 s/mm2), FLAI

6 min 15 s), HR-3D-T1WI (FA variable; 51 slices; acquisition tim

c. MAGNETOM Sonata 1.5T (Siemens Healthcare)

DWI FLAIR

TR/TE (ms) 3000/72 9000/119

Matrix 128£ 128 256£ 224

FOV (mm) 230 230

Section thickness (mm) 4 5

Intersection gap (mm) 2 1

Other parameters: DWI (b-values, 0 s/mm2 and 1000 s/mm2), FLAI

6 min 33 s)

Abbreviations: C-MRI/MRA, conventional magnetic resonance imagi

angiography; DWI, diffusion-weighted imaging; FA, flip angle; FLAI

3D-T1WI, high-resolution 3-dimensional T1-weighted imaging; MRA, 3

not available; T2*, T2*-weighted imaging; TE, echo time; TR, repetition
arterial wall, often appearing as crescent-shaped thickening.
The lipid core, an important component of atheromatous
plaque, can be distinguished from IMH because it appears
as hypointensity on fat-suppressed T1WI.21 An intimal flap
was defined as an arterial vessel layer crossing the lumen.22

A double lumen was defined when vascular flow was seen
in both true and false arterial lumina.23 Aneurysmal dilata-
tion was defined when the arterial vessel diameter was
1.5 times the width of the normal-appearing artery.24 Exam-
ples are shown in Figure 1A-H.
Digital Subtraction Angiography (DSA)

Indications for DSA in each patient were determined by
the team of attending physicians. We evaluated represen-
tative DSA findings considered to indicate arterial dissec-
tion, as follows. We categorized fusiform or irregular
aneurysmal dilation if the ratio between the diameter of
C-MRI/MRA, and HR-3D-T1WI

T2* MRA HR-3D-T1WI

550/12 25/3.69 550/22

320£ 182 384£ 261 320£ 320

230 200 200

4 0.6 0.6

2 N/A N/A

R (TI, 2800 ms), MRA (FA = 18˚, acquisition time =

me = 6 min 27 s)

T2* MRA HR-3D-T1WI

550/12 25/3.69 450/27

320£ 260 384£ 261 384£ 261

230 200 200

4 0.6 0.6

2 N/A N/A

R (TI, 2700 ms), MRA (FA = 18˚, acquisition time =

e, 6 min 45 s)

T2* MRA

700/20 37/7.15

256£ 224 514£ 224

230 200

5 0.6

1 N/A

R (TI 2500 ms), MRA (FA = 25˚, acquisition time =

ng and magnetic resonance angiography; DSA, digital subtraction

R, fluid-attenuated inversion recovery; FOV, field of view; HR-

-dimensional time-of-flight magnetic resonance angiography; N/A,

time.



Figure 1. Vessel images suggesting intracranial artery dissection. High-resolution 3-dimensional T1-weighted imaging shows: (A) intramural hematoma of the
right vertebral artery (arrow indicates eccentric bright elements>200% of signal intensity of the sternocleidomastoid muscle); (B) intimal flap of the left vertebral
artery (arrow indicates arterial vessel layer crossing the lumen); (C) double lumen of the left vertebral artery (arrow and arrowhead); and (D) aneurysmal dilata-
tion of the right vertebral artery (arrow indicates arterial vessel dilatation, representing a diameter 1.5 times the width of the normal-appearing artery [arrow-
heads]). Magnetic resonance angiography imaging shows: (E) intramural hematoma (arrow) and lumen (arrowhead) of the right vertebral artery; (F) double
lumen of the right vertebral artery (arrows indicate true lumen and arrowheads indicate false lumen); (G) pearl-and-string sign of the right vertebral artery
(arrow indicates “pearl” part, arrowheads indicate “string” part); and (H) aneurysmal dilatation of the right vertebral artery (arrow indicates aneurysmal dilata-
tion, arrowheads indicate normal-appearing artery).
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the aneurysm and that of the normal-looking artery was
>1.5.24 The string sign included luminal narrowing
>30%.24 If the lumen gradually tapered and ended in total
occlusion, we included tapered occlusion.5,24,25 The com-
bined pattern was categorized as pearl-and-string sign
when aneurysmal dilation was seen with stenosis on both
sides. Pearl sign included dilation without stenosis, not
including aneurysm.5,25 If the pearl-and-string sign
accompanied tapered occlusion, we considered this as
total occlusion with proximal distension. When intra-
aneurysmal contrast retention was seen even in the late or
venous phase of angiography, we included retention of
contrast.26 We also defined an intimal flap and a double
lumen in the same manner as for C-MRI/MRA.22,23 Exam-
ples are shown in Figure 2A-G.
Imaging Analysis

Three vascular neurologists (YN, NM, and YY) checked
all images to identify specific radiological findings of IAD
according to the criteria.13 We classified radiological find-
ings for each patient as definite, probable, possible dissec-
tion, or undiagnosed IAD. The neurologists were blinded
to patient characteristics. In cases of disagreement regard-
ing the diagnosis of IAD or radiological findings, the neu-
rologists re-evaluated the radiological findings together
and reached a final consensus decision. After this evalua-
tion, three other vascular neurologists (TM, HI, and KM)
performed a re-evaluation (definite, probable, possible
dissection, or undiagnosed IAD) in a random sample of
20% and inter-rater reliability was calculated. When
patients underwent each imaging modality for the first
time after admission, we defined this as the initial imag-
ing in each radiological modality. The timing of follow-up
imaging depended on the decisions of each physician. We
compared radiological findings between initial and fol-
low-up imaging in the same modality according to the
proposed grading of imaging criteria.13 We defined rapid
changes in morphology13 as either (1) fusiform or irregu-
lar aneurysmal dilation at a non�branching site with
increased or reduced size, or subsequent appearance of
stenosis, or (2) long filiform or irregular stenosis with
increased or reduced size, or subsequent appearance of
aneurysmal dilation, confirmed on both initial imaging
and follow-up imaging in the same modality (C-MRI/
MRA or DSA). We did not evaluate rapid change in mor-
phology using HR-3D-T1WI, because HR-3D-T1WI could
not be extracted as a 3-dimensional image and evaluation
of stereoscopic changes was predicted to often be diffi-
cult.
Statistical Analysis

We performed multivariable logistic regression analysis
to clarify which modalities (C-MRI/MRA, HR-3D-T1WI,
and DSA) were useful for detecting each radiological



Figure 2. Representative digital subtraction angiography findings of intracranial artery dissection. (A) Irregular aneurysmal dilation at a non-branching site of
the right vertebral artery. (B) Arrow points to secondarily developed stenosis (occlusion) at a non�branching site of the right vertebral artery. (C) Fusiform aneu-
rysmal dilation at a non-branching site of the right anterior cerebral artery. (D) Arrow points to subsequent appearance of stenosis (pearl-and-string sign) of the
right anterior cerebral artery. (E) Intimal flap of the left vertebral artery (arrowhead). (F) Double lumen of the left middle cerebral artery (arrowhead). G) Reten-
tion of contrast in the left vertebral artery (arrowhead). A and B are from the same patient, at an interval of 1 week. C and D are from the same patient, at an inter-
val of 2 weeks.
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finding. When we evaluated a radiological finding using 2
modalities, we processed paired comparisons. When we
evaluated radiological findings using 3 modalities to com-
pare the diagnostic contributions of each finding in the 3
modalities, we used dummy variable and processed-
paired comparisons27 (C-MRI/MRA versus HR-3D-T1WI,
C-MRI/MRA versus DSA, HR-3D-T1WI versus DSA). We
adopted multiple evaluations in different radiological
modalities as explanatory variables for all multivariable
logistic regression analyses, because the combination of
imaging modalities used influences the findings
obtained.28 Our study also needed to determine whether
evaluation in multiple radiological modalities for 1 patient
influenced the proportion of the presence of each radio-
logical characteristic. When we performed multivariable
logistic regression analysis at initial imaging, we adopted
the interval from symptom onset to initial imaging as an
explanatory variable. When we performed multivariable
logistic regression analysis for comparisons between ini-
tial and follow-up imaging, we adopted the interval from
initial to follow-up imaging as an explanatory variable.
We selected this time period as an explanatory variable
because radiological findings suggesting IAD varied
depending on the timing of symptom onset.5,10 None of
the data on the intervals from onset to performance of
each imaging modality were missing. As increasing other
explanatory variables carries a risk of making the statisti-
cal model unstable and factors suggested as relevant from
past reports have not yet become well known, we finally
selected these 2 explanatory variables. All reported proba-
bility values were 2-sided, and values of P < .05 were con-
sidered statistically significant. To reduce the risk of type I
errors, the Bonferroni correction was used to adjust P val-
ues when we performed multiple statistical tests between
the 3 groups (P < .016). The weighted kappa was used to
evaluate the inter-rater reliability of the diagnosis of IAD.
All statistical analyses were performed using R for Win-

dows version 3.2.2 software (www.r-project.org).
Results

A retrospective review of patients with suspected artery
dissection identified 118 patients in this registry. Finally,
64 patients met the new criteria for IAD and were
included in the study population. Inter-rater reliability of
diagnosis of IAD was excellent (weighted kappa = 0.95).
Baseline characteristics of the 64 patients are shown in
Table 3. Median age at occurrence was 51 years, and a
male preponderance (48 patients, 75%) was seen, with
more than half of the patients having histories of both
hypertension (56%) and smoking (61%). Four patients
(6%) were using antithrombotic drugs on admission.
Ischemic stroke was the most common subtype (48%), fol-
lowed by patients with nonstroke onset (41%). All non-
stroke onset patients except one reported head or neck
pain. Forty-eight patients (75%) had headache or neck
pain on admission. No patient had compressive symp-
toms related to mass effects such as progressive brainstem

http://www.r-project.org


Table 3. Demographic characteristics of patients with intra-

cranial artery dissection

Patients diagnosed

with IAD (n = 64)

Age (years), median (IQR) 51 (45-56)

Woman, n (%) 16 (25)

Antithrombotic use on

admission, n (%)

4 (6)

Vascular risk factors, n (%)

Hypertension 36 (56)

Dyslipidemia 22 (34)

Diabetes 2 (3)

Past/current smoking history 39 (61)

Current smoker 21 (33)

Past smoker 18 (28)

Systolic BP (mmHg), mean § SD 156 § 24

Diastolic BP (mmHg), median (IQR) 95 (82-102)

Clinical presentation on

admission, n (%)

Head or neck pain 48 (75)

Compressive symptoms 0 (0)

NIHSS on admission of stroke

patients, median (IQR)

2 (1-4.5)

Initial stroke subtype, n (%)

Stroke onset 38 (59)

Ischemic stroke alone 31 (48)

Non-stroke onset 26 (41)

Affected (dissected) artery, n (%)

Posterior circulation 49 (77)

Vertebral artery 42 (66)

Anterior circulation 15 (23)

Abbreviations: BP, blood pressure; IAD, intracranial artery dis-

section; IQR, interquartile range; NIHSS, National Institutes of

Health stroke scale; SD, standard deviation.

Total number of stroke patients was 38.

Continuous variables are presented as mean § standard devia-

tion, median (interquartile range: 25th-75th percentile), absolute

frequency or percentage (%), as appropriate.
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ischemia or cranial nerve deficits. Median National Insti-
tutes of Health Stroke Scale score in stroke patients was 2
(interquartile range [IQR], 1-4.5). Dissection was more
common in the posterior circulation than in the anterior
circulation (77% versus 23%), and the vertebral artery was
most affected.
Table 4. Initial grading under differ

Grading C-MRI/MRA (n = 64) HR-3D-T1WI (n

Definite, n (%) 12 (19) 33 (66)

Probable, n (%) 10 (15) 0 (0)

Possible, n (%) 0 (0) 0 (0)

Undiagnosed, n (%) 42 (66) 17 (34)

Abbreviations: C-MRI/MRA, conventional magnetic resonance imagi

angiography; HR-3D-T1WI, high-resolution 3-dimensional T1-weighted
Initial grading of imaging diagnostic criteria is shown
in Table 4. We evaluated 64 patients by C-MRI/MRA, 50
by HR-3D-T1WI, and 51 by DSA at the initial imaging.
Using the same modality, we were able to follow-up all 64
patients who initially underwent C-MRI/MRA, all 34
patients who initially underwent HR-3D-T1WI, and all 20
patients who initially underwent DSA at the subacute
stage. The timings of acquisition for each imaging modal-
ity from symptom onset are shown in Table 5. IAD was
definite in 47 cases, probable in 15 cases, and possible in 2
cases (Table 6). Thirteen patients (20%) were not diag-
nosed as having IAD from the first imaging. However,
follow-up imaging contributed to the diagnosis of IAD in
all patients.
Radiological findings with each modality are shown in

Table 7. When we focused on HR-3D-T1WI, IMH was
identified in 26 patients (52%) from the initial image and
in 20 patients (59%) from follow-up images. Four patients
showed the presence of IMH only on repeated HR-
3D-T1WI studies.
We compared initial and follow-up imaging with the

same modality. IMH was found with at least one modal-
ity in 29 patients on the initial image and in 24 patients on
follow-up imaging. Compared with imaging modalities,
IMH was more frequently observed on HR-3D-T1WI than
on C-MRI/MRA (initial image: odds ratio, 4.72; 95% con-
fidence interval, 1.71-13.00; Table 8). Three patients were
diagnosed with IAD only when detecting IMH on follow-
up imaging (Table 6). No other significant differences
were observed in rate of double lumen/intimal flap, fusi-
form or irregular aneurysmal dilation, pearl-and-string
sign, or string sign.
When we compared differences between primary and

subsequent shape of the dissected artery, rapid change in
morphology was confirmed in 46 patients (72%) on C-
MRI/MRA and in 13 patients (65%) on DSA (Table 7).
Forty-seven patients showed rapid changes in morphol-
ogy on either C-MRI/MRA or DSA. No significant differ-
ence was observed between C-MRI/MRA and DSA
(Table 8). Four patients were diagnosed with IAD based
solely on a finding of a rapid change in morphology
(Table 6).
Regarding the clinical outcome, median modified Ran-

kin Scale at 3 months after onset was 0 (IQR, 0-1) for 64
IAD patients and 1 (IQR, 0-1.75) for stroke patients
ent imaging diagnostic criteria

= 50) DSA (n = 51) All modalities combined (n = 64)

6 (12) 36 (61)

16 (31) 12 (19)

0 (0) 0 (0)

29 (57) 13 (20)

ng and magnetic resonance angiography; DSA, digital subtraction

imaging.



Table 5. Intervals from symptom onset to performance of each imaging modality

Onset to initial imaging (days) Onset to follow-up imaging (days) Interval between initial

and follow-up (days)

C-MRI/MRA 4.0 (1.0-9.0) 17.5 (12.0-35.0) 13.0 (7.0-27.3)

HD-3D-T1WI 10.0 (7.5-13.5) 24.5 (16.0-39.8) 8.0 (6.0-26.5)

DSA 8.0 (3.0-12.0) 24.0 (17.8-59.8) 17.5 (14.0-48.8)

Abbreviations: C-MRI/MRA, conventional magnetic resonance imaging and magnetic resonance angiography; DSA, digital subtraction

angiography; HR-3D-T1WI, high-resolution 3-dimensional T1-weighted imaging.

Descriptive statistics are presented as median value (25th-75th percentile).
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(Table 9). A modified Rankin Scale score �1 at 3 months
was observed in 54 of 64 IAD patients (84%).
Discussion

This retrospective study investigated clinical character-
istics and radiological features of patients with IAD using
the recently proposed diagnostic criteria. Our results
showed a male predominance and middle-aged onset,
supporting previous reports.5,29 More than half of the
IAD cases showed a medical history of hypertension or
smoking. The rate of observed IMH was significantly
higher on HR-3D-T1WI than on C-MRI/MRA.
Relatively little data have been accumulated in relation

to IAD compared with cervical artery dissection, and inci-
dences of IAD might differ between Asian and Western
countries.13 Non�high-resolution vascular imaging might
have been one important reason for not detecting specific
findings of IAD, such as IMH, intimal flap, and double
Table 6. Grading of imaging diagnostic criteria and grad

intracranial arter

a. Grading change at follow-up imaging (n = 64)

Grading Initial imaging only

Definite 36 (61)

Probable 12 (19)

Possible 0 (0)

Undiagnosed 13 (20)

b. Grading change of imaging diagnostic criteria and radiological fin

dissection patients

Radiological findings with grade changed at follow-up imaging

Fusiform or irregular aneurysmal dilation at a non�
branching site with rapid change in morphology

Intramural hematoma

Double lumen or intimal flap

Pearl-and-string sign

Fusiform or irregular aneurysmal dilation at non�
branching sites without changes in morphology on repeated imagi
lumen. For example, probably due to the quality of vascu-
lar imaging, the prevalence of anterior cerebral artery dis-
section varied markedly between studies,8,30,31 before the
recently proposed diagnostic criteria were published.
In our study, more than half of the IAD patients had

hypertension or smoking history, suggesting these as
potential risk factors for IAD. Hypertension may increase
the risk of IAD compared with extracranial artery dissec-
tion.32 A recent meta-analysis of studies into anterior cere-
bral artery dissection reported hypertension in 60% of
cases and diabetes mellitus in 2%.33 However, part of the
risk factor data was missing. Experimental studies have
shown that hypertension damages the normal endothe-
lium and causes endothelial dysfunction. Recent studies
have also identified new evidence of endothelial dysfunc-
tion in human hypertension.34 Smoking has a pathologic
effect on the arterial wall.35 A subanalysis of the largest
case series of cervical artery dissection suggested an asso-
ciation between current smoking and cervical artery
ing change at follow-up imaging in 64 patients with

y dissection

, n (%) Initial and follow-up

imaging, n (%)

47 (73)

15 (23)

2 (4)

Not applicable

dings in 13 initially undiagnosed intracranial artery

n Grading change of imaging

diagnostic criteria

4 Undiagnosed! Probable

3 Undiagnosed!Definite

2 Undiagnosed!Definite

2 Undiagnosed! Probable

ng

2 Undiagnosed! Possible



Table 7. Representative radiological findings and imaging modalities

a. C-MRI/MRA (Initial imaging, n = 64, follow-up imaging, n = 64)

Initial Follow-up

Intramural hematoma, n (%) 9 (14) 14 (22)

Double lumen or intimal flap, n (%) 6 (9) 5 (8)

Fusiform or irregular aneurysmal dilation, n (%) 24 (38) 21 (33)

Pearl-and-string sign, n (%) 12 (19) 10 (16)

Comparison between initial and follow-up imaging (n = 64)

Rapid change in morphology, n (%) 46 (72)

Fusiform or irregular aneurysmal dilation at a non�branching site

(increased or reduced size, or subsequent appearance of stenosis), n (%)

18 (28)

Long fusiform or irregular stenosis (increased or reduced size,

or subsequent appearance of aneurysmal dilation), n (%)

28 (44)

b. HR-3D-T1WI (initial imaging, n = 50, follow-up imaging, n = 34)

Initial Follow-up

Intramural hematoma, n (%) 26 (52) 20 (59)

Double lumen or intimal flap, n (%) 9 (18) 6 (18)

Fusiform or irregular aneurysmal dilation, n (%) 18 (36) 16 (47)

c. DSA (Initial imaging, n = 51, follow-up imaging, n = 20)

Initial Follow-up

Double lumen or intimal flap, n (%) 6 (12) 3 (15)

Fusiform or irregular aneurysmal dilation, n (%) 19 (37) 3 (15)

Pearl-and-string sign, n (%) 18 (35) 6 (30)

Comparison between initial and follow-up imaging (n = 20)

Rapid change in morphology, n (%) 13 (65)

Fusiform or irregular aneurysmal dilation at a non�branching site

(increased or reduced size, or subsequent appearance of stenosis), n (%)

5 (25)

Long fusiform or irregular stenosis (increased or reduced size,

or subsequent appearance of aneurysmal dilation), n (%)

8 (40)

Abbreviations: C-MRI/MRA, conventional magnetic resonance imaging and magnetic resonance angiography; DSA, digital subtraction

angiography; HR-3D-T1WI, high-resolution 3-dimensional T1-weighted imaging.

We omitted the data of string sign in C-MRI/MRA.

We omitted the data of string sign, pearl sign, retention of contrast, tapered occlusion, and total occlusion with proximal distension in

DSA.
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dissection with cerebral ischemia in referents extracted
from population-based surveys.36 From these points of
view, hypertension and smoking may increase the risk of
IAD. Nevertheless, no reports have confirmed smoking as
a risk factor for the onset of IAD. True putative-risk fac-
tors for IAD are not well known.13 However, although
detailed mechanisms have been unclear, both hyperten-
sion and smoking may damage the vascular endothelium,
resulting in a dissection-prone situation.
In this study, 13 patients (20%) could not be diagnosed

with IAD from the initial imaging among those patients.
Scant data are available regarding the importance of fol-
low-up imaging for diagnosing IAD.5,10 Follow-up imag-
ing was performed to observe dissecting aneurysm or
changes in primary-vessel shape after diagnosing IAD.5,37

Intracranial arteries show small diameter and winding,
which increases the difficulty of distinguishing between
IAD and other diseases such as arteriosclerotic change on
first imaging. Some studies have reported that segmental
stenosis, occlusion, and aneurysmal dilatation are often
seen in IAD,5,7,25 but these findings are not specific to
IAD. Because morphological changes are important fea-
tures for IAD, and additional radiological information is
required to ensure the diagnosis of IAD, the new criteria13

emphasize repeated imaging.
On follow-up, rapid changes in morphology and pres-

ence of IMH contributed to diagnosis of IAD, and re-
examination including these 2 findings was important for
diagnosing IAD in more than one-fifth of IAD patients in
this study. A total of 47 cases showed a rapid change in
morphology and 24 cases had IMH in the follow-up
study. Meanwhile, one of the studies using HR-MRI



Table 8. Multivariable logistic regression analysis for associations between each imaging modality and radiological findings

a. Comparisons among initial imaging modalities

Imaging modality Reference modality OR (95% CI)

Intramural hematoma HR-3D-T1WI C-MRI/MRA 4.72 (1.71-13.00)

Double lumen or intimal flap HR-3D-T1WI C-MRI/MRA 2.06 (0.60-6.96)

HR-3D-T1WI DSA 1.54 (0.49-4.75)

DSA C-MRI/MRA 1.34 (0.37-4.79)

Fusiform or irregular aneurysmal dilation HR-3D-T1WI C-MRI/MRA 0.80 (0.35-1.84)

HR-3D-T1WI DSA 0.86 (0.37-1.97)

DSA C-MRI/MRA 0.92 (0.42-2.05)

Pearl-and-string sign DSA C-MRI/MRA 2.07 (0.83-5.12)

b. Comparison between initial and follow-up imaging

Imaging modality Reference modality OR (95%CI)

Rapid change in morphology DSA C-MRI/MRA 0.67 (0.14-3.10)

Abbreviations: CI, confidence interval; C-MRI/MRA, conventional magnetic resonance imaging and magnetic resonance angiography;

DSA, digital subtraction angiography; HR-3D-T1WI, high-resolution 3-dimensional T1-weighted imaging; OR, odds ratio.

Adjusted for multiple evaluations in different modalities and days from symptoms onset to performance of each imaging modality or inter-

val days between initial and follow-up imaging.

We omitted the data of string sign.

Dummy variable was used for analysis of double lumen or intimal flap, fusiform or irregular aneurysmal dilation.

CLINICAL AND RADIOLOGICAL FEATURES OF IAD 1699
found that IMH decreased from the earlier period to the
chronic period (>60 days).10 However, the interval for
repeated imaging was short compared with previous
research10 and another study showed that IMH had the
highest signal intensity 4-37 days from onset.38 Closer re-
evaluation may contribute to detection of IMH. Our
results also showed the importance of follow-up imaging
in the subacute stage for diagnosing IAD.
Recognition and diagnosis of IAD increasingly depends

on improved-neurovascular-imaging tools.39-41 Both C-
MRI/MRA and HR-3D-T1WI were noninvasive and effec-
tive techniques for vascular evaluation in this research.
Table 9. Modified Rankin scale score at 3 months after symp-

toms onset in IAD patients

a. Sixty-four IAD patients

mRS at 3 months Patients (n = 64)

0, n (%) 36 (56)

1, n (%) 18 (28)

2-6, n (%) 10 (16)

b. Stroke patients

mRS at 3 months Patients (n = 38)

0, n (%) 12 (32)

1, n (%) 16 (42)

2-6, n (%) 10 (26)

Abbreviations: IAD, intracranial artery dissection; mRS, modi-

fied Rankin scale score.
We found that the rate of observed IMH was significantly
higher on HR-3D-T1WI than on C-MRI/MRA sequences
at initial imaging. This is because HR-MRI has been
proven to have the ability to look beyond the vessel
lumen,41,42 providing direct visualization of the arterial
wall in dissection,12,19 which also enabled us to diagnose
dissection present as occlusions, stenosis, or hypoplasia
on MRA.21,43 The fat-suppression technique in HR-3D-
T1WI was also helpful in distinguishing fat tissue from
IMH including methemoglobin.44 HR-3D-T1WI has been
reported as superior to MRA for evaluating IMH. How-
ever, that previous study targeted cases already diag-
nosed as IAD.45 Our research showed that HR-3D-T1WI
was excellent compared with MRA for detecting IMH in a
process to diagnose IAD based on new diagnostic criteria
advocated by international experts. Conducting evalua-
tions by including HR-3D-T1WI from the early stage is
therefore important.
When we compared initial and follow-up imaging, no

significant difference in detecting rapid changes in mor-
phology was evident between C-MRI/MRA and DSA,
although DSA offers the ability to obtain images inva-
sively in various projections.46 This might be influenced
by the smaller number of patients able to be followed-up
by DSA compared to C-MRI/MRA because diagnostic
DSA was relatively invasive. However, the results may
suggest that rapid changes in morphology in IAD can be
sufficiently evaluated by C-MRI/MRA. The role of DSA
in the diagnosis of IAD may be limited to simultaneously
providing information on diagnosis and treatment strate-
gies by evaluating image patterns for the vessel lumen.
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Our study has some limitations requiring consideration.
First, although all documented data except radiological
findings were checked by a team of doctors in charge, and
in departmental conferences, inclusions were dependent
on the registered diagnosis, and our results thus may
have included some selection bias. Second, our registry
did not contain patients with IAD admitted to the Depart-
ment of Neurosurgery mainly due to dissection-related
subarachnoid hemorrhage. Patients with IAD admitted
for the purpose of surgery or endovascular therapy were
also seen in the Department of Neurosurgery. Stroke
severity in our study was very mild, less likely to be asso-
ciated with aneurysmal dilation, and thus showing lower
rates of headache or neck pain and compressive symp-
toms. This study was therefore unable to show the rela-
tionship between HR-3D-T1WI and pathological findings.
Third, we did not compare HR-3D-T1WI with 2-dimen-
sional T1WI, because T1WI was not included in the MRI
protocol at the time of emergency admission to the
National Cerebral and Cardiovascular Center. However,
one of the reports on diagnosing vertebral artery dissec-
tion has already noted 3-dimensional black blood T1WI
as an excellent tool for detecting intramural hematoma
compared with axial T1WI.45 Fourth, we were not
completely able to distinguish intramural hematoma from
intraplaque hemorrhage of atheromatous plaque, because
intraplaque hemorrhage appeared hyperintense on fat-
suppressed T1WI. Finally, T2*-weighted imaging findings
of intramural hematoma were not discussed in this study.
This was because susceptibility-weighted imaging, which
is more sensitive to changes in magnetic susceptibility,
has already been discussed in a past study,47 and intramu-
ral hematoma was defined by MRA (axial source images)
or HR-3D-T1WI.

Conclusions

In conclusion, we have described the clinical and radio-
logical characteristics of IAD using diagnostic criteria
recently proposed by the International expert group on
IAD. The predominance of male and middle-aged
patients in our study was similar to previous studies, and
more than half had hypertension and smoking history.
HR-3D-T1WI was suggested to be more useful than C-
MRI/MRA in detecting IMH at initial imaging. Addi-
tional follow-up imaging enabled about 1 in 5 of our
patients to be diagnosed with IAD.
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