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Abstract

Background: Intracranial artery dissection (IAD) is a pathological dissection of the arterial wall. .However, the morphological features
and imaging characteristics of patients with intracranial artery dissection (IAD) remain poorly understood. Methods: The study reports
on 70 IAD patients (30 culprit and 40 non-culprit). All participants underwent high-resolution magnetic resonance imaging (HR-MRI)
scans. The morphological features and imaging characteristics of artery dissection were carefully investigated. Demographics and
clinical characteristics of culprit and non-culprit patients were also collected. Apparent differences between the two groups, which could
be used as biomarkers for ischemic event caused by the culprit dissection, were identified by receiver operating characteristic (ROC)
curve analysis. Results: The IAD patients studied could be classified into five different types on the basis of morphological features:
classical dissection (n = 31), fusiform aneurysm (n = 2), long dissected aneurysm (n = 9), dolichoectatic dissecting aneurysm (n = 6),
and saccular aneurysm (n = 22). The direct sites of artery dissection (double lumen and intimal flap) can be seen in most IAD patients
on HR-MRI. Additionally, the presence of hypertension, double lumen and intimal flap were associated with culprit lesions and might
be considered biomarkers for the ischemic event caused by the culprit dissection. Conclusions: Analysis showed that HR-MRI allowed
easy visualization of abnormal morphology of artery dissection lesions. This was of great significance for the diagnosis of IAD and gave
a better understanding of its pathophysiological mechanism.
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1. Introduction

Intracranial artery dissection (IAD) is a pathological
dissection of the arterial wall [1,2]. It involves the arterial
intima, forming subintimal hematoma and expands between
the arterial intima and arterial media [3]. IAD can occur
in any part of the intracranial artery, mainly in the latter
circulation in Asia, but mainly in the former circulation in
Western countries [4]. It has been reported that the inci-
dence of IAD in European population is less than 10% of
carotid artery dissection. However, IAD accounts for 67%
to 90% of all CAD in East Asian populations [5]. There are
more male patients with IAD than females, with an average
age of 50.4 years. The site of IAD is more common in the
posterior circulation than the anterior circulation, with the
V4 segment of the vertebral artery the most common site.
IAD in the posterior circulation usually causes subarach-
noid hemorrhage, which is accompanied by headache and
neck pain, while patients with IAD in anterior circulation
mostly have symptoms of ischemia [6,7]. Until now, very
little is known about the etiology of IAD. Hypertension, di-
abetes, hyperlipidemia, moyamoya disease, oral contracep-

tives, migraine and recent history of infection are consid-
ered to be predisposing factors for IAD [8,9].

Due to the lack of specificity of clinical manifesta-
tions, the diagnosis of IAD mainly depends on imaging ex-
amination. The diameter of the intracranial artery is thin
and the aisle is also tortuous. Low spatial resolution of in-
tracranial artery therefore limits effective inspection meth-
ods, increasing the difficulty of diagnosis. Digital sub-
traction angiography (DSA), magnetic resonance imaging
(MRI) and computed tomography angiography (CTA) are
common imaging methods for IAD [10,11]. With the ad-
vantages of fast imaging and the ability to provide clini-
cians with dynamic vascular luminal conditions throughout
its course, DAS currently provides the best methodology
for the clinical diagnosis of IAD. However, it should be
noted that DSA is an invasive inspection method, which
may cause trauma to subjects during the implementation
process. Further, the risk of complications with DSA is
relatively high, which is not conducive to the active accep-
tance and cooperation of the examination. The characteris-
tic imaging signs of IAD with DSA are the intimal flap and
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double lumen, but they are only seen in a low number of
patients [12]. Additionally, DSA cannot directly show the
wall of the involved artery, so patients with no significant
changes in the diameter of the artery may be missed. For
this reason, fusiform expansion or gradual stenosis shown
on DSA should be distinguished from atherosclerotic dis-
ease.

Craniocerebral MRI better reveals blood vessel
wall, lumen and intramural hematoma than DSA. High-
resolution MRI (HR-MRI) is a clinical imaging evalua-
tion technology that has emerged in recent years. Com-
pared with conventional MRI, HR-MRI mainly uses black
blood sequence based on fast spin echo sequence and
bright blood sequence based on gradient echo sequence
[13,14]. Black blood technology eliminates the signals
of blood, extraluminal cerebrospinal fluid and perivascular
fat, while achieving high-resolution images of the vascular
wall. Bright blood technology clearly shows the boundary
between blood and the vascular wall and assists with obser-
vation of the fine structure of the lumen and vascular wall
lesions, so as to assist analysis of the etiology. HR-MRI is
a technique that can effectively inhibit the signals of flow-
ing blood in vessels, thereby providing the operator with
a static tissue image of the vessel wall This is helpful for
evaluating the pathological shape of the arterial vessel wall
[15]. Further, by reducing the layer thickness and voxel
size, HR-MRI provides high spatial resolution images for
more accurate evaluation. However, HR-MRI has rarely
been applied for the analysis of patients with IAD, so this
study aimed to show the morphological features and imag-
ing characteristics of IAD patients by use of HR-MRI and
demonstrate the clinical value of HR-MRI for IAD patients.

2. Materials and Methods
2.1 Subjects

For the current study, IAD patients who had under-
gone HR-MRI in the First Affiliated Hospital of Nanchang
University from October 2018 to October 2021 were se-
lected, along with their medical records and the results of
imaging examinations and laboratory tests. The study was
approved by the Medical Ethics Committee of the First Af-
filiated Hospital of NanchangUniversity. The inclusion cri-
teria for IAD patients included: (1) Meeting the diagnostic
criteria of IAD [16]; (2) Being over the age of 18 years; (3)
Having no liver or kidney disease; and (4) Having no con-
traindications for MRI examination. The exclusion criteria
were: (1) Cerebrovascular diseases, including intracranial
or extracranial atherosclerosis with stenosis≥50%, vasculi-
tis, moyamoya disease, and fibromuscular dysplasia; (2)
Chronic ischemic symptoms (>12 weeks); (3) Severe heart
disease or suspected cardiogenic stroke; (4) A previous his-
tory of stroke or transient ischemic attack; (5) Serious co-
agulation dysfunction; and (6) A history of mental illness
such as schizophrenia or bipolar disorder. IAD patients un-
derwent HR-MRI examination within seven days of hospi-

talization. Demographic and clinical characteristics were
collected, including age, gender, hypertension, hyperlipi-
demia, diabetes and smoking. Research was performed ac-
cording to the principles of medical ethics. All methods
were performed under the guidelines of the Declaration of
Helsinki. Additionally, all participants were informed of
the goals, procedures and potential risks and signed and in-
formed consent.

2.2 HR-MRI Acquisition
A 3-Tesla MR scanner with a 32-channel head coil

(Magnetom skyra, Siemens, Germany) was utilized to ob-
tain brain MR images. All participants were asked to keep
their heads still, close their eyes and stay awake for the du-
ration of their MRI scan. The scanning sequence included
three-dimensional time-of-flight magnetic resonance an-
giography (3D-TOF MRA) and three dismensional-T1
weighted sampling perfection with application of optimized
contrasts using different flip angle evolution (3D-T1WI
SPACE). The parameters for 3D-TOF MRA and 3D-T1WI
SPACE have been described elsewhere [17,18]. After the
3D-TOF MRA and 3D-T1WI SPACE scanning sequences,
the patient’s cubital vein was connected to a high-pressure
syringe and 20 mL of gadoterate meglumine and 30 mL of
normal saline were injected. After five minutes, scanning
using the 3D-SPACE-T1WI sequence was repeated.

2.3 Imaging Analysis
HR-MRI results were independently analyzed by two

senior radiologists. When their opinions differed, a more
senior doctor was consulted. Then three doctors then dis-
cussed the case and reached a consensus opinion of the di-
agnosis. The presence of ischemic stroke was judged by
cerebrovascular and neurological symptoms and traditional
MRI. IAD patients without typical cerebrovascular symp-
toms and dissected vessels showing a normal MRI signal
were considered non-culprit. Alternatively they were con-
sidered as culprit.

Two imaging physicians searched for evidence of IAD
in each patient HR-MRI image and recorded the follow-
ing information: location of the lesion, shape of the lumen,
presence or absence of hematoma, signal of hematoma,
presence or absence of a double lumen, intimal flap, intra-
luminal thrombus enhancement and intimal flap enhance-
ment, the grade of vessel wall enhancement and the type of
the dissection. Representative cases are shown in Fig. 1.

2.4 Statistical Analysis
Data were analyzed with SPSS software (version 22.0;

Armonk, New York, USA). Chi-square and Fisher’s exact
tests were applied to categorical data and the independent
Student’s t-test was utilized for continuous data. The differ-
ences in the serological indicators between the culprit and
non-culprit groupswere also calculated by independent Stu-
dent’s t-test. Data were presented as the mean ± SD. A
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Fig. 1. Typical HR-MRI of IAD with different morphological and compositional features. Abbreviations: HR-MRI, high-resolution
magnetic resonance images; IAD, intracranial artery dissection.

p < 0.05 was considered statistically significant. It was
hypothesized that differences in demographics and clini-
cal characteristics could be used as biomarkers for diagno-
sis of culprit. The receiver operating characteristic (ROC)
curve method was subsequently used to test this hypothesis
and was generated to analyze and identify ischemic events
caused by the culprit dissection.

3. Results

3.1 Demographics and Clinical Characteristics

A total of 70 patients (49 male and 21 female) were
recruited for this study. Among them, 48 patients (68.6%)
were diagnosed with hypertension, 7 (10%) with hyper-
lipidemia and 5 (7.14%) with diabetes. There were also
10 patients (14.3%) with a history of drinking and 14 pa-
tients (20%) with a history of smoking (20%). According to
morphological features, IAD patients involved in this study
could be classified into five different types. No statistical
significances were observed in terms of age, gender, hy-
perlipidemia, diabetes, drinking and smoking. However,
the distribution of patients with hypertension and clinical
symptoms in the five different types of IAD were statisti-
cally different. More details are given in Table 1 and Fig. 2.

3.2 Morphological Features and Imaging Characteristics
of HR-MRI

In this study, IAD was divided into five types: classi-
cal dissection (Type I; n = 31 (44.3%)), fusiform aneurysm
(Type II; n = 2 (2.8%)), long dissected aneurysm (Type III;
n = 9 (12.9%)), dolichoectatic dissecting aneurysm (Type
IV; n = 6 (8.6%)) and saccular aneurysm (Type V; n = 22
(31.4%)). Classical dissection was the most common, fol-
lowed by saccular aneurysm and long dissected aneurysm.
As for location of lesions, almost three-quarters of lesions
were found to occur in the vertebral artery (74.3%). Dou-
ble lumen and intimal flap on HR-MRI, which were direct
signs of IAD, were visible in 82.8% and 84.3% of IAD pa-
tients, respectively. Further, 28.6% and 71.4% of patients,
respectively, showed enhanced thrombosis and endometrial
flap enhancement. More detailed information is displayed
in Table 2.

3.3 Factors Associated with Culprit and Non-Culprit
Lesions

The ischemic event caused by the culprit dissection
can seriously affect the prognosis of IAD patients. There
were 30 patients with culprit and 40 patients without culprit
in this study. Serological indicators and imaging results of
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Table 1. Demographics and clinical characteristics of IAD patients among the five types.
Mean ± SD or n (%)

p value
Type I Type II Type III Type IV Type V

Patients number 31 2 9 6 22
Male/Female 18/13 1/1 6/3 5/1 19/3 0.185
Age 53.45 ± 11.03 56.00 ± 1.41 57.33 ± 11.36 62.00 ± 6.42 55.82 ± 8.72 0.391
Hypertension 20/11 0/2 8/1 6/0 14/8 0.020*
Hyperlipidemia 4/27 0/2 1/8 1/5 1/21 0.764
Diabetes 2/29 0/2 2/7 0/6 1/21 0.474
Drinking 5/26 0/2 1/8 1/5 3/19 0.937
Smoking 7/24 0/2 0/9 1/5 6/16 0.219
TG (mmol/L) 1.35 ± 0.76 1.08 ± 0.83 1.46 ± 0.52 1.00 ± 0.21 1.41 ± 0.65 0.660
LDL (mmol/L) 2.44 ± 0.83 2.28 ± 1.22 2.66 ± 1.36 2.54 ± 0.85 2.75 ± 0.78 0.756
HDL (mmol/L) 1.28 ± 0.28 0.91 ± 0.01 1.14 ± 0.31 1.14 ± 0.57 1.14 ± 0.35 0.268
Confirmed by DSA 27 (87.1) 2 (100.0) 9 (100.0) 6 (100.0) 22 (100.0) 0.146
Clinical symptoms 29/2 0/2 8/1 6/0 21/1 0.020*
Notes: *: p < 0.05 was set as statistical level. Abbreviations: IAD, intracranial artery dissection; TG, triglycerides; LDL,
low density lipoprotein; HDL, high density lipoprotein; DSA, digital subtraction angiography.

Table 2. Morphological features and imaging characteristics of the dissection among the five types.
Mean ± SD or n (%)

p value
Type I Type II Type III Type IV Type V

Location 0.467
MCA 3 (9.7) 1 (50.0) 0 (0) 0 (0) 1 (4.5)
VA 23 (74.2) 1 (50.0) 5 (55.6) 6 (100.0) 17 (77.3)
BA 4 (12.9) 0 (0) 4 (44.4) 0 (0) 3 (13.6)
PCA 0 (0) 0 (0) 0 (0) 0 (0) 1 (4.5)
ACA 1 (3.2) 0 (0) 0 (0) 0 (0) 0 (0)

Lumen shape 0.062
Normal 4 (12.9) 0 (0) 0 (0) 0 (0) 1 (4.5)
Stenosis 10 (32.2) 0 (0) 1 (11.1) 2 (33.3) 12 (54.5)
Dilatation 17 (54.8) 2 (100.0) 6 (66.7) 3 (50.0) 9 (40.9)
Stenosis and dilatation 0 (0) 0 (0) 2 (22.2) 1 (16.7) 0 (0)

Hematoma 5 (16.1) 0 (0) 6 (66.7) 6 (100.0) 10 (45.5) <0.001*
Hematoma signal on T1WI 0.008*

No enhancement 26 (83.9) 2 (100.0) 3 (33.3) 0 (0) 12 (54.5)
Isointensity 0 (0) 0 (0) 2 (22.2) 2 (33.3) 2 (9.1)
Hyperintensity 3 (9.7) 0 (0) 2 (22.2) 1 (16.7) 5 (22.7)
Hypointensity 2 (6.4) 0 (0) 1 (11.1) 3 (50.0) 3 (13.6)
Heterogeneous intensity 0 (0) 0 (0) 1 (11.1) 0 (0) 0 (0)

Double lumen 28 (90.3) 2 (100.0) 7 (77.7) 3 (50.0) 18 (81.8) 0.222
Intimal flap 27 (87.1) 2 (100.0) 6 (66.6) 5 (83.8) 19 (86.4) 0.617
Thrombus enhancement 2 (6.5) 0 (0) 0 (0) 5 (83.8) 13 (59.1) <0.001*
Intimal flap enhancement 24 (77.4) 2 (100.0) 5 (55.6) 3 (50.0) 16 (72.7) 0.383
Vessel wall enhancement grade 0.108

No enhancement 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Enhancement 4 (12.9) 0 (0) 2 (22.2) 0 (0) 0 (0)
Obvious enhancement 27 (87.1) 2 (100.0) 7 (77.7) 6 (100.0) 22 (100.0)

Notes: *: p < 0.05 was set as statistical level. Abbreviations: MCA, middle cerebral artery; VA, vertebral
artery; BA, basilar artery; PCA, posterior cerebral artery; ACA, anterior cerebral artery; TIWI, T1 weighted
image.
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Fig. 2. Typical manifestations of different types of IAD on DSA, MRA and HR-MRI. Type I: Classical dissection; Type II: Fusiform
aneurysm; Type III: Long dissected aneurysm; Type IV: Dolichoectatic dissecting aneurysm; Type V: Saccular aneurysm. Abbrevi-
ations: IAD, intracranial artery dissection; DSA, digital subtraction angiography; MRA, magnetic resonance angiograpgy; HR-MRI,
high-resolution magnetic resonance images.

the two culprit and non-culprit patients were analyzed in an
attempt to find risk factors for an ischemic event caused by
culprit dissection. The results displayed remarkable differ-
ences in the percentage of patients with hypertension, dou-
ble lumen and intimal flap (p < 0.05). A detailed compari-
son is given in Table 3. Representative cases of culprit and
non-culprit dissections are displayed in Fig. 3.

3.4 ROC Analysis

Following computational analysis, it was observed
that the presence of hypertension, double lumen and in-
timal flap might be useful for the diagnosis of ischemic
events caused by culprit dissection. Further, the area under
curves (AUCs) of hypertension, double lumen and intimal
flap were 0.604, 0.671 and 0.658, respectively. Addition-
ally, the AUCs of combinations of hypertension + double,
hypertension + intimal flap, lumen + intimal flap and hy-
pertension + double + intimal flap were respectively, 0.753,
0.717, 0.811 and 0.866, indicating high values for predic-
tion of ischemic events caused by culprit dissection (Fig. 4).

4. Discussion
IAD, including dissection and dissection aneurysm, is

a primary cause of stroke in young and middle-aged peo-
ple [19]. IAD can lead to severe cerebral ischemia or cere-
bral hemorrhage, so early diagnosis is particularly impor-
tant. However, it is difficult to show the abnormal lumen
structure of lesions by CTA and DSA, so the diagnosis of
IAD remains a considerable challenge.

The application of HR-MRI in vascular-related dis-
eases has attracted increasing attention in recent years. With
the advantages of being non-invasive, high repeatability,
high spatial resolution and providingmulti-parameter imag-
ing, HR-MRI has been used in previous studies for eval-
uating atherosclerotic diseases, ischemic stroke and moy-
amoya disease [20–22]. This technology provides infor-
mation not only on the lumen, but also on the morphol-
ogy and composition of the tube wall. In this study, it was
shown that HR-MRI significantly assisted the visualization
and characterization of IAD, which was also helpful in pro-
viding a greater in-depth understanding of IAD and its dif-
ferentiation from other intracranial artery diseases.

Several characteristic patterns of HR-MRI in artery
disease have been described. In unilateral middle cerebral
artery inflammatory stenosis, HR-MRI has accurately de-
termined the degree of intracranial artery stenosis and pro-
vided important diagnostic information for arterial inflam-
matory stenosis [23]. Additionally, the HR-MRI results
of middle cerebral artery occlusion caused by intracranial
atherosclerosis primarily manifested as eccentric involve-
ment of the vessel wall with uneven signal intensity, while
patients with moyamoya disease typically exhibited con-
centric involvement of the vessel wall with relatively uni-
form signal intensity [24,25]. HR-MRI was also considered
to be a useful future tool for the differential diagnosis of
moyamoya disease due to its value in assessing the patho-
logical changes of blood vessel walls and understanding the
fundamental mechanisms of the disease. A previous study
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Fig. 3. The cases of IAD with culprit and non-culprit dissections. (a–e) A 48-year-old IAD patient with culprit dissection. DSA
and MRA demonstrated local thickening in the V4 segment of the right vertebral artery and local stenosis in the V4 segment of the left
vertebral artery (a,b). DWI confirmed acute cerebral infarction in the right medulla oblongata (c). HR-MRI showed double lumen (five-
pointed star) and the intimal flap (red arrow) and intermural hematoma (blue arrow) (d). CE-T1 image showed enhanced intimal flap
and vessel wall in the V4 segment of the right vertebral artery (e). (f–j) The case of 58-year-old IAD patient with non-culprit dissection.
Both DSA and MRA showed the formation of basilar artery aneurysm (f,g). No obvious acute cerebral infarction was observed on DWI
(h). HR-MRI showed double lumens (five-pointed star) and intimal flap (red arrow) in the basilar artery lesion (i). And CE-T1 image
also displayed obviously enhanced intimal flap and vessel wall (j). Abbreviations: IAD, intracranial artery dissection; DWI, diffusion
weighted imaging; MRA, magnetic resonance angiograpgy; DSA, digital subtraction angiography; HR-MRI, high-resolution magnetic
resonance images; CE-T1, T1 weighted image.

Fig. 4. ROC curves of the statistically different factors related to culprit and non-culprit lesions. (a) The ROC curve of independent
factors. The AUCs were 0.604, 0.671 and 0.658 for hypertension, double lumen and intimal flap respectively. (b) The ROC curve of
different combinations. The AUCs of hypertension + double lumen, hypertension + intimal flap, double lumen + intimal flap, and
hypertension + double lumen + intimal flap were 0.753, 0.717, 0.811 and 0.866 respectively. Abbreviations: ROC, receiver operating
characteristic; AUCs, area under curves.

detected the abnormal signal of the third cranial nerve in
patients with giant cell arteritis by using HR-MRI [26]. It
was found that the sensitivity, specificity, positive and neg-
ative predictive values of the abnormal signal were 0.88, 1,
1 and 0.99, respectively, indicating high diagnostic signifi-

cance for HR-MRI in patients with this condition. Accord-
ing to the correlation between HR-MRI abnormalities and
clinical manifestations in patients with ischemic stroke, the
hypothesis that positive remodeling was an unsafe remod-
eling that can easily cause acute ischemic stroke had been
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Table 3. Clinical characteristics and radiological features
between IAD patients with culprit and non-culprit

dissections.
Culprit
(n = 30)

Non-culprit
(n = 40)

p value

Male/Female 21/9 28/12 1.000
Age (≥60) 19/11 24/16 0.777
Hypertension 25/5 23/17 0.021*
Hyperlipidemia 5/25 2/38 0.227
Diabetes 3/27 2/38 0.738
Drinking 6/24 4/36 0.402
Smoking 9/21 5/35 0.070
TG (mmol/L) 1.28 ± 0.55 1.40 ± 0.74 0.443
LDL (mmol/L) 2.59 ± 0.94 2.55 ± 0.87 0.886
HDL (mmol/L) 1.21 ± 0.36 1.19 ± 0.27 0.760
Confirmed by DSA 28/2 38/2 1.000
Location 0.186
MCA 3 (10.0) 2 (5.0)
VA 19 (63.3) 33 (82.5)
BA 7 (23.3) 4 (10.0)
PCA 0 (0) 1 (2.5)
ACA 1 (3.3) 0 (0)

Lumen shape 0.849
Normal 2 (6.7) 3 (7.5)
Stenosis 11 (36.6) 14 (35.0)
Dilatation 15 (50.0) 22 (55.0)
Stenosis and dilatation 2 (6.7) 1 (2.5)

Hematoma 13 (43.3) 14 (35.0) 0.478
Hematoma signal on T1WI 0.726
No enhancement 17 (56.7) 26 (65.0)
Isointensity 3 (10.0) 3 (7.5)
Hyperintensity 5 (16.7) 6 (15.0)
Hypointensity 5 (16.7) 4 (10.0)
Heterogeneous intensity 0 (0) 1 (2.5)

Double lumen 29 (96.7) 29 (72.5) 0.008*
Intimal flap 29 (96.7) 30 (75.0) 0.033*
Thrombus enhancement 7 (23.3) 13 (43.3) 0.401
Intimal flap enhancement 27 (90.0) 35 (87.5) 1.000
Vessel wall enhancement grade 0.423
No enhancement 0 (0) 0 (0)
Enhancement 4 (13.3) 2 (5.0)
Obvious enhancement 26 (86.7) 38 (95.0)

Notes: *: p < 0.05 was set as statistical level. Abbreviations: IAD,
intracranial artery dissection; TG, triglycerides; LDL, low density
lipoprotein; HDL, high density lipoprotein; DSA, digital subtraction
angiography; MCA, middle cerebral artery; VA, vertebral artery; BA,
basilar artery; PCA, posterior cerebral artery; ACA, anterior cerebral
artery; TIWI, T1 weighted image.

corroborated [27]. It was also proposed that HR-MRImight
be a promising tool for detecting characteristics of the in-
tracranial artery wall and revealing the relationship between
ischemic stroke and the remodeling pattern after atheroscle-
rosis. Further, HR-MRI confirmed that six months of high-

dose statin treatment effectively stabilized symptomatic in-
tracranial atherosclerotic plaques and improved the degree
of vascular stenosis [28]. Based on the foregoing, we be-
lieve that HR-MRI has high application value in vascular
diseases.

The typical imaging signs of IAD in HR-MRI include
double lumen, intimal flap, luminal morphological changes
and intermural hematoma [29]. The double lumen is a di-
rect sign for diagnosis of IAD. The true cavity is generally
narrow and accompanied by high-velocity blood flow. This
presents a low signal on a MR black blood image sequence
and a high signal on the bright blood sequence. However,
a false cavity is generally wider and the blood flow rate is
much slower. It is easy to form turbulence on a false cavity,
thus showing an uneven signal on HR-MRI. The morphol-
ogy of the true and false cavity shown by HR-MRI allows
IAD to be distinguished from other cerebrovascular dis-
eases. Intimal flap is another direct manifestation of the ar-
terial interlayer, which can be used for the diagnosis of IAD
[30]. It is known that DSA provides a reference standard for
diagnosing IAD. However, in the DSA examination, the di-
rect signs of artery dissection such as double lumen and in-
timal flap can be seen in less than 10% of IAD cases [12].
The application of black blood sequence can suppress the
blood flow signal, so that the tube wall is well displayed
on HR-MRI. In the T1 black blood sequence, the intimal
flap located in the vascular cavity, was observed to mani-
fest as a petal-like structure with equal or high signal. The
three-dimensional black blood sequence better displays the
intimal flap throughmulti-planar reorganization. In a previ-
ous study [31], 84.3% of IAD patients showed the presence
of an intimal flap on T1WI sequence of HR-MRI. Consis-
tent with that research, here it was found that 82.8% and
84.3% of IAD patients showed double lumen and intimal
flap, respectively, on HR-MRI. There findings confirmed
that HR-MRI has great potential for been used to IAD.

Lumen imaging can indicate the location of a lesion.
As for luminal changes, beaded or segmental stenosis were
the most common signs of IAD on DSA [32]. When the
lesion is small, common lumen imaging may not be suffi-
ciently specific and currently HR-MRI has an absolute di-
agnostic advantage. In IAD patients, intramural hematoma
usually manifests as crescent thickening of the arterial wall
with increased diameter, stenosis or occlusion of the true
lumen, while the signal of intramural hematoma depends
on the time of hematoma formation. The hematoma man-
ifests high signal in the T1WI sequence after 48–72 hours
of IAD, which is the same as atherosclerotic plaque hemor-
rhage in T1WI sequences [33]. However, the detection of
intramural hematomas of IAD can be improved by use of
HR-MRI and black blood technology [34]. In the current
study 92.9% and 38.6% of IAD patients were respectively
found to show altered lumen shape and visible hematoma
on HR-MRI. Additionally, 28.6% and 88.6% of IAD pa-
tients showed enhanced thrombosis and endometrial flap
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enhancement, respectively. So HR-MRI may make easy
visualization possible for abnormal morphologies of artery
dissection lesions in IAD patients.

An ischemic event was one of the common symptoms
of IAD and in this study more than 90% of IAD patients
had clinical symptoms. Since an ischemic event caused by
a culprit dissection might seriously affect the prognosis of
an IAD patient, finding predictive factors is of great signif-
icance. It was suggested in a previous study that hyperten-
sion was a key factor for vertebral artery dissection [35]. In
accordance with previous studies, a remarkable difference
was found here in the percentage of patients with hyper-
tension, together with double lumen and intimal flap be-
tween culprit and non-culprit. The results of ROC analysis
showed that the AUCs of hypertension, double lumen and
intimal flap were 0.604, 0.671 and 0.658, respectively. Ad-
ditionally, all AUCs of combinations of two or three factors
were above 0.7, suggesting they provided high value for
predicting ischemic events caused by the culprit dissection.

Nevertheless, there were limitations in this study.
First of all, the simple size of patients recruited was rel-
atively small. More patients are needed to verify the re-
ported conclusions. Secondly, the HR-MRI technique had
more requirements for both operators and patients. As the
HR-MRI scan time was longer, slight movements of the
patient seriously affected image quality. Further, some pa-
tients have severe motion artifacts and cannot be diagnosed.
Finally, it is easy to misjudge flow artifacts as intimal flap
in the area of large aneurysm or severe lumen stenosis.

5. Conclusions
In summary, HR-MRI allowed easy visualization of

the blood vessel wall, which enabled visual observation of
direct and indirect signs of IAD. HR-MRI not only im-
proves the diagnostic rate of IAD, but also provides use-
ful information for a better understanding of its pathophys-
iological mechanisms. Additionally, hypertension, double
lumen and intimal flap were identified as the risk factors
for predicting the occurrence of an ischemic event caused
by the culprit dissection.
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