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Simultaneous MR Noncontrast Angiography and Intraplaque
Hemorrhage Imaging at 3T
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ABSTRACT

BACKGROUND AND PURPOSE: Craniocervical artery dissection is the most common cause of ischemic stroke identified in young adults.
For the diagnosis of craniocervical artery dissection, multisequence MR imaging is recommended but is time-consuming. Recently,
investigators proposed a simultaneous noncontrast angiography and intraplague hemorrhage imaging technique allowing simultaneous
noncontrast MRA and vessel wall imaging in a single scan. This study sought to investigate the feasibility of 3D simultaneous noncontrast
angiography and intraplaque hemorrhage MR imaging in the characterization of craniocervical artery dissection.

MATERIALS AND METHODS: Twenty-four symptomatic patients (mean age, 45.0 = 16.1 years; 21 men) with suspected craniocervical
artery dissection were recruited. The 3D simultaneous noncontrast angiography and intraplaque hemorrhage 3D TOF MRA and black-
blood imaging sequences were performed on a 3T MR imaging scanner. The agreement between simultaneous noncontrast angiography
and intraplague hemorrhage imaging and multisequence MR imaging in evaluating arterial dissection was determined.

RESULTS: Dissection was found to involve 1 artery in 22 patients and 2 arteries in 2 patients. The intramural hematoma and luminal
occlusion were detected in 19 (79.2%) and 11 (45.8%) patients, respectively. In measuring stenosis, the Cohen k value between 3D TOF MRA
and simultaneous noncontrast angiography and intraplaque hemorrhage imaging was 0.82 (P < .001). All intramural hematomas on
multisequence imaging were successfully identified by simultaneous noncontrast angiography and intraplaque hemorrhage imaging.

CONCLUSIONS: 3D simultaneous noncontrast angiography and intraplaque hemorrhage imaging showed excellent agreement with
multisequence MR imaging in evaluating luminal stenosis and intramural hematoma in patients with craniocervical artery dissection. The
simultaneous noncontrast angiography and intraplaque hemorrhage imaging saved nearly 50% of scanning time compared with multi-
sequence MR imaging. Our findings suggest that 3D simultaneous noncontrast angiography and intraplaque hemorrhage imaging might be
an alternative, time-efficient diagnostic tool for craniocervical artery dissection.

ABBREVIATIONS: CCAD = craniocervical artery dissection; IMH = intramural hematoma; MERGE = Multi-Echo Recombined Gradient Echo; SNAP = simultaneous

noncontrast angiography and intraplaque hemorrhage

C raniocervical artery dissection (CCAD) is the most common
cause of stroke identified in young and middle-aged adults.'
Pathophysiologically, arterial dissections occur when a tear develops
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in =1 layer of the vessel wall, allowing blood to enter the wall and split
the layers; this condition is characterized by a cavity or intramural
hematoma (IMH).? The increased volume of the IMH may narrow
or occlude the lumen, and it can also damage the intima and trigger
thrombosis. Because this arterial disorder is strongly associated with
acute ischemic events,*” it is clinically preferable to diagnose CCAD
at the early stages so that clinicians can properly treat and prevent
potential neurologic complications.®
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Angiographic imaging modalities, such as CTA, MRA, and DSA,
have been widely used for the diagnosis of CCAD in clinical set-
tings.””® These approaches can only provide the information of lumi-
nal narrowing or occlusion but are unable to directly delineate IMH,
which is a key sign of CCAD. Some investigators believe that cranio-
cervical arteries with occlusion but without evidence of IMH cannot
be diagnosed as dissection unless the dissected wall is completely

recanalized.'®

MR vessel wall imaging has been increasingly used for
the diagnosis of CCAD due to its capability of directly visualizing
IMH in the vessel wall.''"'*> Recently, a multisequence MR imaging
protocol, which includes both MRA and MR vessel wall imaging
sequences, was recommended for the diagnosis of CCAD.'® How-
ever, this protocol needs independent acquisition of 2 different time-
consuming MR imaging sequences.

Most recently, a simultaneous noncontrast angiography and
intraplaque hemorrhage (SNAP) MR imaging technique has been
proposed for the evaluation of vulnerable carotid atherosclerotic
plaques.'* The major advantage of the 3D SNAP imaging se-
quence is acquiring noncontrast MRA and vessel wall images si-
multaneously in a single scan. The vessel wall images derived from
the 3D SNAP sequence carry heavy T1-weighting, which is very
sensitive to intraplaque hemorrhage or IMH. The other advan-
tages of SNAP imaging include fast scanning, large longitudinal
coverage (up to 250 mm), and isotropic high resolution (0.8
mm?). Those advantages make SNAP an ideal candidate for quick
and reliable identification of dissection, particularly for tortuous
craniocervical arteries with longer lesions.

We hypothesized that the 3D SNAP MR imaging technique is
capable of characterizing CCAD by providing both luminal and
vessel wall information simultaneously. In this study, we sought
to evaluate the feasibility of 3D SNAP MR imaging in the diagno-
sis of CCAD.

MATERIALS AND METHODS

Participants

Patients with recent ischemic cerebrovascular symptoms (within 2
weeks) and with suspected craniocervical artery dissection were pro-
spectively and consecutively recruited in this study. The inclusion
criteria were the following: 1) recent ischemic symptoms and/or neck
pain and/or headache; 2) MR angiography revealing stenosis with a
string sign or total occlusion or a double lumen or luminal dilation
(pseudoaneurysm)."> The exclusion criteria were as follows: 1) sub-
jects with evidence of cardiogenic ischemic stroke, 2) subjects with
evidence of cerebrovascular atherosclerotic disease according to tra-
ditional imaging examinations, and 3) subjects with contraindica-
tions to MR imaging. The clinical characteristics, including age, sex,
hypertension, diabetes, smoking, and hyperlipidemia, were col-
lected. The study protocol was approved by the local institutional
review board before the initiation of this study, and written consent
forms were obtained from all subjects.

MR Imaging

All subjects underwent MR imaging on a 3T Achieva TX scanner
(Philips Healthcare, Best, the Netherlands) with a custom-de-
signed 36-channel neurovascular coil.'"® The multisequence MR
imaging, including 3D TOF MRA and 3D Multi-Echo Recom-
bined Gradient Echo (MERGE; GE Healthcare, Milwaukee, Wis-
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consin), was performed with the following parameters: 3D TOF
MRA, turbo field echo; TR/TE, 25/3.5 ms; flip angle, 20°% FOV,
180 X 180 X 84 mm” for intracranial arteries and 130 X 168 X
140 mm? for carotid arteries; voxel size, 0.3 X 0.3 X 0.7 mm? for
intracranial arteries and 0.6 X 0.6 X 0.9 mm? for carotid arteries;
total scanning time, 9 minutes; 3D MERGE, turbo field echo;
TR/TE, 9.2/4.3 ms; flip angle, 6° FOV, 250 X 160 X 40 mm?>;
scanning time, 4 minutes 6 seconds. In this study, the presence of
IMH was determined by 3D MERGE images when lesions appeared
hyperintense because the imaging sequence MERGE has T1 con-
trast-weighting and has the potential to identify intraplaque hemor-
rhage.'” In contrast, the 3D SNAP imaging sequence was acquired
with the following parameters: 3D SNAP, turbo field echo sequence;
TR/TE, 10/4.8 ms; flip angle, 11°/5% FOV, 250 X 160 X 32 mm’;
voxel size, 0.8 X 0.8 X 0.8 mm?; scanning time, 6 minutes 45 seconds.
The 3D SNAP and MERGE images were acquired in the coronal
direction, and 3D TOF MRA images were acquired in the axial direc-
tion. Both extracranial carotid arteries and intracranial arteries were
covered on MR imaging.

Image Interpretation

The 3D TOF MRA, MERGE, and SNAP images were recon-
structed by using maximum intensity projection, minimum in-
tensity projection, and MPR at the workstation Extended MR
WorkSpace (Version 2.0.3.3; Philips Healthcare). A color-coded
algorithm was used to create 3D maximum intensity projection
images from SNAP images for joint display of luminal changes
and the components with hyperintense signal in the vessel wall.'*
Blinded to clinical information and SNAP images, 2 reviewers
evaluated with consensus the degree of luminal stenosis on 3D
TOF MRA images and the presence or absence of IMH, which is
defined as hyperintense signal in the vessel wall on 3D MERGE
images. The diagnosis of IMH was made when the signal intensity
of the vessel wall was 2 times as high as the reference tissue of
muscle. The other 2 reviewers measured the luminal stenosis on
noncontrast MRA derived from SNAP images and identified the
presence or absence of IMH on vessel wall images from SNAP
imaging blinded to clinical information and 3D TOF MRA and
MERGE image findings. Luminal stenosis was measured by using
the NASCET method.'® All observers were neuroradiologists and
had >3 years’ experience in cerebrovascular imaging. The lumi-
nal stenosis was divided into the following categories: mild steno-
sis (<50%), moderate stenosis (50%-70%), severe stenosis
(70%-99%), and occlusion (100%). The presence or absence of
pseudoaneurysm, double lumen and intimal flaps, and lesion
length was also assessed.

Statistical Analysis

The continuous variables were described as mean * SD, and cat-
egoric ones were presented as absolute frequencies or percentages.
The Cohen k was used for evaluating the agreement between 3D
TOF MRA and SNAP imaging in measuring luminal stenosis. The
agreement between 3D SNAP and 3D MERGE in the identifica-
tion of IMH, pseudoaneurysm, intimal flaps, and double lumen
was also determined. A P value of <.05 was statistically signifi-
cant. All statistical analyses were conducted in SPSS 19.0 (IBM,
Armonk, New York).



RESULTS

In total, 24 patients (mean age, 45.0 = 16.1 years; 21 men) were
recruited for this study between June 2012 and September 2014.
Of the 24 patients, 4 (16.7%) presented with headache, 3 (12.5%)
presented with neck pain, 20 (83.3%) had ischemic stroke, and 4
(16.7%) had TIA. All patients denied blunt traumatic injury to the
head and neck. The clinical characteristics are summarized in
Table 1.

Characteristics on Multisequence 3D MR Imaging

The characteristics of each subject on multisequence MR images
are shown in Table 2. Twenty-two patients developed dissection
in 1 artery, and 2 patients had dissection in 2 arteries. The dissec-
tion involvement in different vascular beds was as follows: 3

Table 1: Clinical characteristics of study population

Mean or No. Range
Characteristics (%) (if Applicable)

Age (yr) 45.0 £16.1 14-70
Male sex 21(87.5)
Weight (kg) 751 %85 60-90
Height (cm) 1712 £55 160183
Smoking 10 (41.7)
Hypertension 13(54.2)
Diabetes 6(25)
High-density lipoprotein (mmol/L) 1.0 £0.2 0.5-1.8
Low-density lipoprotein (mmol/L) 23+08 1.0-5.7
Total cholesterol (mmol/L) 40=*11 22-7.8
Triglycerides (mmol/L) 15*+07 0.6-3.0
Headache 4(167)
Neck pain 3(12.5)
Ischemic stroke 20 (83.3)
Transient ischemic attack 4(167)

(12.5%) in the common carotid artery, 8 (33.3%) in the C1 seg-
ment of the internal carotid arteries, 3 (12.5%) in the middle
cerebral artery, 6 (25%) in the basilar artery, and 6 (25%) in the
vertebral artery. IMHs were detected in 19 (79.2%) patients. In
arteries with dissection, we found no luminal changes (stenosis or
dilation) in 3 (12.5%) patients, mild stenosis in 2 (8.3%) patients,
moderate stenosis in 3 (12.5%) patients, severe stenosis in 3
(12.5%) patients, and occlusion in 11 (45.8%) patients. The pat-
tern of pseudoaneurysm and intimal flaps and double lumen was
observed in 2 (8.3%) and 3 (16.7%) patients, respectively.

Agreement between 3D SNAP and Multisequence 3D MR
Imaging

In measuring luminal stenosis of diseased arteries, the Cohen &
value between 3D TOF MRA and SNAP imaging was 0.82 (P <
.001). Figure 1 demonstrates mild stenosis in the basilar artery on
the MRA image derived from SNAP imaging (Fig 1A), corre-
sponding to the TOF MRA image (Fig 1B), while the hyperintense
signal on the SNAP vessel wall image (Fig 1C) indicates IMH. One
patient with mild stenosis on 3D TOF MRA was classified as hav-
ing moderate stenosis by SNAP imaging, and 2 patients with se-
vere stenosis on 3D TOF MRA were diagnosed as having occlu-
sion. All IMHs on multisequence imaging were successfully
identified by SNAP imaging. IMH appeared hyperintense on the
3D SNAP image, corresponding to the 3D MERGE images (Fig 2).
In addition, the characteristics of pseudoaneurysm, intimal flaps,
and double lumen on multisequence imaging were also accurately
determined by SNAP imaging (Fig 3). Figure 4 is an example of
the excellent joint visualization of luminal changes and IMH in
the vessel wall on SNAP images after color-coded reconstruction.

Table 2: Characteristics of 24 patients with CCAD on multisequence MR imaging

Presence or Absence

Patient Sex/Age Length Category of Intimal Flaps and
No. (yr) Location (mm) Stenosis® IMH Pseudo-aneurysm Double Lumen
1 M/65 BA 16.7 Moderate + - -
2 M/24 MCA 8.1 Occlusion + -
3 M/14 MCA 6.0 Mild + - -
4 M/53 ICA (C1) 358 No stenosis — + +
5 M/20 BA 127 No stenosis - - +
6 M/40 ICA (C1) 70.2 Occlusion + - -
7 M/62 BA and VA 441 Occlusion + -

8 M/59 BA 222 No stenosis - + -
9 M/36 MCA 10.7 No stenosis - - +
10 F/18 CCA 233 Occlusion + - -
1 M/34 VA 10.1 Moderate - - -
12 F/38 ICA (C1) 424 Severe + - -
13 F/66 CCA 44.8 No stenosis + - -
14 M/43 VA 7.5 Occlusion + - -
15 M/62 ICA (C1) 40 Severe + - -
16 M/68 CCA 37.1 Occlusion + - -
17 M/42 VA 24.8 Occlusion + - -
18 M/35 ICA (C1) 63.4 Occlusion + - -
19 M/51 BA and VA 50.8 Mild + - -
20 M/69 ICA (C1) 57 Occlusion + - -
21 M/56 ICA (C1) 66.4 Severe + - -
22 M/40 ICA (C1) 13.6 Occlusion + - -
23 M/41 VA 427 Occlusion + - -
24 M/43 BA 1.6 Moderate + - +

Note:—BA indicates basilar artery; VA, vertebral artery; CCA, common carotid artery; +, positive; —, negative.
# Mild stenosis, 1%—49%; moderate stenosis, 50%—69%; severe stenosis, 70%—99%; occlusion, 100%.
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FIG1. Excellentagreement between SNAP imaging and TOF MRA in measuring stenosis. Mild stenosis in the basilar artery is determined by MRA
images derived from SNAP imaging (A), which corresponds to the TOF MRA image (B). The hyperintense signal on the SNAP vessel wall image (C)

indicates intramural hematoma.

FIG 2. SNAP imaging depicts intramural hematoma. The intramural
hematoma in the internal carotid artery appears hyperintense on
both 3D MERGE (A, white arrows) and SNAP images (B, white
arrows).

DISCUSSION

This study investigated the feasibility of 3D SNAP imaging in
characterizing CCAD. We found that 3D SNAP imaging showed
excellent agreement with multisequence 3D MR imaging in
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measuring luminal stenosis and identification of IMH. In ad-
dition, 20.8% (5/24) of patients developed no or mild stenosis
and 79.2% (19/24) of patients had IMH, indicating the impor-
tance of delineating wall changes by vessel wall imaging in the
diagnosis of dissection. Because SNAP imaging provides non-
contrast MRA and vessel wall images simultaneously with large
longitudinal coverage and much shorter scanning time, it
might be an alternative, time-efficient diagnostic tool for char-
acterization of CCAD compared with multisequence 3D MR
imaging.

We found that noncontrast MRA images derived from SNAP
imaging showed excellent agreement with 3D TOF MRA in eval-
uating the luminal stenosis in patients with craniocervical artery
dissection. Our findings are consistent with those in previous
studies. Wang et al'* demonstrated that there was significant cor-
relation between SNAP imaging and TOF MRA in the quantifica-
tion of the lumen area of carotid arteries (intraclass correlation
coefficient = 0.96; 95% CI, 0.94—0.97). Previous s'[udy14 has also
shown that the SNAP image will generate a smaller lumen size
compared with TOF MRA when the lumen area is <20 mm?,
indicating that it may overestimate the degree of stenosis at the
arterial segment with a naturally small lumen size or severe
luminal narrowing. Similarly, the luminal stenosis measured
by SNAP images was overestimated compared with 3D TOF
MRA in 3 arteries. In addition, the SNAP technique does not
require contrast injection, so it can be used in patients with
poor intravenous access or contraindications to gadolinium
contrast administration (eg, pregnancy or renal failure). Our
results indicate that noncontrast MRA derived from SNAP im-
aging might be an alternative approach for assessing the lumi-
nal changes in arterial dissection.

All the IMHs of this study population were successfully de-
tected by 3D SNAP imaging. The IMH exhibited hyperintense
signals on SNAP images, indicating the component with a short
T1. It has been shown that the SNAP imaging sequence increased
the contrast between hemorrhage and the vessel wall by another
35%, which allows more detection of carotid intraplaque hemor-
rhage compared with the widely used 3D magnetization prepared
rapid acquisition of gradient echo sequence.'* In previous studies,



FIG 3. SNAP imaging delineates the intimal flaps. The SNAP MRA image (A) shows a dilated lumen
(pseudoaneurysm) in the internal carotid artery. The intimal flaps (hollow arrow) and double
lumen (white arrow) are noted on vessel wall images derived from SNAP imaging in the coronal (B)
and axial (C) views after MPR reconstruction. The white line on the coronal view indicates the
location of the axial view acquisition.

the IMH was evaluated by 2D TI1-
weighted MR imaging with fat satura-
tion."'"'* However, acquisition of 2D
T1-weighted images is time-consuming
and has limited longitudinal coverage.
Recently, the 3D black-blood TI1-
weighted imaging technique has been
used to detect IMH in patients with ar-
terial dissection.'”! Taking advantage
of large coverage, black-blood effect,
and high spatial resolution, 3D black-
blood imaging sequences seem to be a
substitute for 2D imaging techniques.
Similar to the 3D T1-weighted imaging
sequences, 3D SNAP imaging tech-
niques enable fast and high-resolution
imaging with large longitudinal cover-
age of up to 250 mm. Benefiting from
the large coverage of SNAP imaging, the
extent of IMHs, particularly those in-
volving multiple vascular beds, can be
delineated.

In the present study, a substantial
number of patients only had intimal
flaps and double lumen without evi-
dence of luminal stenosis and IMH. The
intimal flaps and double lumen were

FIG4. The luminal narrowing and intramural hematoma are jointly visualized in a single SNAP image. Total occlusion in the internal carotid artery
is demonstrated by TOF MRA (A, hollow arrow) and SNAP MRA (C, hollow arrow). A vessel wall image (B) derived from SNAP imaging shows a
hyperintense lesion in the vessel wall (white arrows), indicating intramural hematoma. The intramural hematoma is well-depicted by maximum
intensity projection of SNAP images (D). The MRA and vessel wall images derived from SNAP imaging are naturally registered to jointly visualize

luminal narrowing and intramural hematoma in red (E) after color-coded processing.

AINR Am J Neuroradiol 36:1769-75  Sep 2015 www.ajnr.org 1773



successfully depicted on the vessel wall images derived from
SNAP imaging in this study. Similar to luminal narrowing and
IMH, these characteristics are important evidence for the diagno-
sis of dissection. It has been shown that these patterns exist when
patients developed complete recanalization after dissection, but
they were only seen in approximately 10% of cases.>” Our findings
suggest that SNAP imaging might be a useful tool for comprehen-
sive evaluation of CCAD.

For the diagnosis of arterial dissection, SNAP imaging seems
to be a time-efficient approach that saves nearly 50% of scan-
ning time compared with the recommended multisequence im-
aging protocol with 2 separate sequences (MRA and MR vessel
wall imaging). This difference is because the 3D SNAP imaging
can provide noncontrast MRA and vessel wall images simulta-
neously in a single scan in a much shorter scanning time. On
the other hand, the MRA and vessel wall images generated
from SNAP imaging are intrinsically registered by avoiding the
misregistration between images acquired from 2 independent
sequences. SNAP imaging enables joint visualization of the
lumen and arterial wall changes at a single image. The assess-
ment of the location of the relationship between the lumen and
vessel wall in arteries with dissection might be useful for treat-
ment planning of revascularization. Although SNAP imaging
is capable of identifying CCAD comprehensively, multi-
sequence MR imaging techniques might be needed in some
complicated cases.

In this study, a custom-designed 36-channel coil was used to
acquire intracranial and extracranial vessel wall images simul-
taneously. Compared with a commercialized neurovascular
coil, this coil allows large-coverage MR imaging with a suffi-
cient signal-to-noise ratio due to the dedicated coil elements
for extracranial carotid arteries. The design of this 36-channel
coil might be desirable for assessment of the arterial dissection,
particularly for lesions involving a large extent of vessel wall or
multiple vessels (carotid arteries and vertebral arteries)
simultaneously.

Our study has several limitations. First, the sample size of this
study was small, and all patients were suspected of having dissec-
tion. Future studies with a large sample size and a broad spectrum
of disease should be conducted. Second, to determine the feasibil-
ity of SNAP imaging in the detection of IMH, the 3D MERGE
imaging sequence was considered as a reference technique. This
may decrease the specificity of identifying IMH because 3D
MERGE introduces both T1- and T2-contrast-weighting during
imaging. Finally, the signal pattern of IMH on SNAP imaging was
obtained at only 1 time point. Previous studies reported that the
signal of IMH will change with time on MR vessel wall imag-
ing.'>?* To evaluate the usefulness of SNAP imaging in the char-
acterization of CCAD, further prospective studies with larger
sample sizes are warranted.

CONCLUSIONS

We found 3D SNAP imaging to have excellent agreement with
multisequence MR imaging in the assessment of luminal stenosis
and intramural hematoma in patients with CCAD. Our findings
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suggest that benefiting from fast imaging with large longitudinal
coverage, 3D SNAP imaging might be an alternative, time-effi-
cient diagnostic tool for CCAD compared with multisequence
MR imaging.
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