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ORIGINAL RESEARCH
INTERVENTIONAL

Diagnostic Performance of High-Resolution Vessel Wall MR
Imaging Combined with TOF-MRA in the Follow-up of

Intracranial Vertebrobasilar Dissecting Aneurysms after
Reconstructive Endovascular Treatment

S. Tan, X. Zhou, X. Xu, Y. Lu, X. Zeng, Q. Wu, and Y. Wang

ABSTRACT

BACKGROUND AND PURPOSE: Few studies have reported the utility of high-resolution vessel wall MR imaging in the follow-up of
endovascularly treated vertebrobasilar dissecting aneurysms. This study aimed to evaluate the diagnostic performance of high-reso-
lution vessel wall MR imaging combined with TOF-MRA in the follow-up of intracranial vertebrobasilar dissecting aneurysms after
reconstructive endovascular treatment.

MATERIALS AND METHODS: Patients with intracranial vertebrobasilar dissecting aneurysms with reconstructive endovascular treat-
ment and followed up with TOF-MRA, high-resolution vessel wall MR imaging, and DSA were included. With DSA as the criterion
standard, the diagnostic performance of TOF-MRA, high-resolution vessel wall MR imaging, and high-resolution vessel wall MR imag-
ing combined with TOF-MRA in the evaluation of aneurysm occlusion status and parent artery patency was assessed. Visualization
of the stented artery on TOF-MRA and high-resolution vessel wall MR imaging was rated on a 5-point scale.

RESULTS: Twenty-seven patients with 29 aneurysms were included. The sensitivity, specificity, positive predictive value, and nega-
tive predictive value of TOF-MRA, high-resolution vessel wall MR imaging, and high-resolution vessel wall MR imaging combined
with TOF-MRA for diagnosing aneurysm remnants were 80.0%, 100.0%, 100.0%, and 82.4%; 53.3%, 100.0%, 100.0%, and 66.7%; and
93.3%, 100.0%, 100.0%, and 93.3%, respectively. For the visualization of the stented artery, the mean score of high-resolution vessel
wall MR imaging was significantly higher than that of TOF-MRA (4.88 [SD, 0.32] versus 2.53 [SD, 1.25], P, .001). In the evaluation of
parent artery patency (normal or pathologic), whereas TOF-MRA had a sensitivity, specificity, positive predictive value, and negative
predictive value of 100.0%, 8.0%, 14.8%, and 100.0%, respectively, high-resolution vessel wall MR imaging was completely consistent
with the DSA.

CONCLUSIONS: High-resolution vessel wall MR imaging combined with TOF-MRA at 3T showed good diagnostic performance in
the follow-up of intracranial vertebrobasilar dissecting aneurysms after reconstructive endovascular treatment.

ABBREVIATIONS: EVT ¼ endovascular treatment; HR-VW-MR imaging ¼ high-resolution vessel wall MR imaging; IMH ¼ intramural hematoma; SPACE ¼
sampling perfection with application-optimized contrasts by using different flip angle evolutions; VBDA ¼ vertebrobasilar dissecting aneurysm

Intracranial dissecting aneurysms are rare and are usually located
at the vertebrobasilar artery. The treatment of intracranial verte-

brobasilar dissecting aneurysms (VBDAs) is challenging and diffi-
cult. Compared with surgical treatment, endovascular treatment

(EVT) has less treatment-associated morbidity and mortality and
has become the major treatment method for intracranial VBDAs.1

However, for VBDAs treated with reconstructive EVT, imaging
follow-up is imperative to detect recurrence in a timely manner.2

DSA, the criterion standard for imaging follow-up, is invasive and
has radiation exposure. Patients tend not to accept long-term
repeat DSA follow-up examinations. Therefore, a noninvasive
imaging technique is needed in clinical practice.
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Because of the severe artifacts arising from stents or coils, CTA is
seldom used in the follow-up of endovascularly treated intracranial
aneurysms. As a noninvasive imaging technique without radiation
exposure, TOF-MRA has been widely used in the follow-up of these
aneurysms.3 In VBDAs, compared with saccular aneurysms, the
injury of the arterial wall is more complex, and greater attention
must be paid to the repair of the injured vessel wall during the fol-
low-up period. Both DSA and MRA depict only geometric shapes
of the arterial lumen by blood flow signals but cannot visualize the
vessel wall. In contrast, high-resolution vessel wall MR imaging
(HR-VW-MR imaging) can reveal the arterial lumen and wall
simultaneously by suppressing the flow signals. In our center (First
Affiliated Hospital of Nanchang University), HR-VW-MR imag-
ing combined with TOF-MRA has been the most common fol-
low-up imaging technique for intracranial VBDAs. Multiple
studies have reported the utility of HR-VW-MR imaging in the
diagnosis of intracranial VBDAs.4-7 However, few studies have
reported the utility of HR-VW-MR imaging in the follow-up of
endovascularly treated VBDAs to date. In this study, we aimed to
evaluate the diagnostic performance of HR-VW-MR imaging
combined with TOF-MRA in the follow-up of intracranial
VBDAs treated with reconstructive EVT.

MATERIALS AND METHODS
Ethics Approval
This study was approved by the ethics committee of First
Affiliated Hospital of Nanchang University (Nanchang, China,
No. 2020047).

Patient Cohort
The local institutional review board (First Affiliated Hospital of
Nanchang University) approved this study. Because the study
was retrospective, the requirement for written informed consent
was waived. Between January 2016 and December 2021, patients
with intracranial VBDAs treated with reconstructive EVT and
followed up with HR-VW-MR imaging, TOF-MRA, and DSA in
our center were included. If the interval between HR-VW-MR
imaging and the DSA examination was.2weeks, the patient was
excluded. Patients’ baseline and treatment information was
acquired from the medical record system.

Image Acquisition
The MR imaging examination was performed on a 3T system
(Magnetom Skyra; Siemens) with a 20-channel head and neck

united coil. A TOF-MRA was performed first. HR-VW-MR imag-
ing included pre- and postcontrast 3D T1-weighted sampling per-
fection with application-optimized contrasts by using different flip
angle evolutions (SPACE) sequences. Postcontrast images were
obtained 5minutes after venous injection of single-dose (0.1mmol/
kg) gadopentetate dimeglumine (Magnevist; Bayer HealthCare
Pharmaceuticals) with the same parameters as for the precontrast
T1-weighted images. The scanning range included the whole brain.
The scan parameters are listed in Table 1.

With transfemoral catheterization, EVT and follow-up DSA
were performed with the following angiographic systems: UNIQ
FD20/15 (Philips Healthcare) or Axiom Artis dFA (Siemens).

Image Analysis
All images were reviewed blindly in random order by 2 interven-
tional neuroradiologists with.10 years’ experience. Only the loca-
tions of the treated aneurysms were provided to the reviewers.
TOF-MRA and HR-VW-MR imaging were reviewed separately
with an interval of 1month. For TOF-MRA, both MIP images and
source images were reviewed. For 3D T1 SPACE, MPRs were per-
formed in the axial and oblique sagittal directions to visualize
VBDAs from different planes. The image quality of the stented ar-
tery on TOF-MRA and HR-VW-MR imaging was rated on the fol-
lowing 5-point scale:8 1) not visible (the arterial structure was
invisible, and strong artifacts were present); 2) poor (structures
were slightly visible, and substantial artifacts or blurring was pres-
ent); 3) acceptable (the diagnostic quality was acceptable, andmod-
erate artifacts or blurring was present); 4) good (the images were of
good quality, and minimal artifacts or blurring was present); or 5)
excellent (the depiction was nearly equal to that of DSA). In cases
of disagreement, the scores of the 2 reviewers were averaged. The
patency of the parent artery was divided into 3 grades (normal, ste-
nosis, or occlusion) or 2 grades on a simplified scale (normal or
pathologic [stenosis or occlusion]). The aneurysm occlusion status
was classified as complete or incomplete occlusion. Complete
occlusion was defined by an absence of contrast agent in the
aneurysmal sac observed on DSA, no flow signal in the aneurys-
mal sac on TOF-MRA, or no flow void in the aneurysmal sac on
HR-VW-MR imaging. Otherwise, the aneurysm was considered
incomplete occlusion. In cases of discrepancy, a consensus was
reached between the reviewers by discussion.

After another month, the TOF-MRA and HR-VW-MR
imaging findings were again reviewed together. After the diag-
nostic information from TOF-MRA and HR-VW-MR imaging
was combined, the aneurysm occlusion status and parent artery
patency were assessed. In cases of discrepancy, a consensus was
reached by discussion.

DSA images were reviewed 1month later by the same
reviewers without knowledge of the MR imaging results. The
evaluation included the aneurysm occlusion status and parent
artery patency with the same classification standard used for the
MR imaging examinations.

To investigate the vessel wall features of VBDAs after proce-
dures, the presence of an intimal flap, double lumen sign, or
intramural hematoma was reviewed on HR-VW-MR imaging.
An intimal flap was defined as a linear layer crossing the arterial
lumen that extended to the sidewall. The double lumen sign was

Table 1: Imaging parameters of MR imaging sequences
Parameters TOF-MRA 3D T1-Weighted SPACE

TR (ms) 21 900
TE (ms) 3.43 16
Flip angle 18° –

FOV (mm) 180� 180 200� 200
Matrix 320� 320 384� 384
No. of excitations 1 1
Section thickness (mm) 0.55 0.53
No. of slices 162 256
Echo-train length – 293
Scanning time (min) 4:05 9:18

Note:—The en dash indicates not applicable.
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defined as 2 lumens represented as 2 jets of flow void within 1
vessel.5 An intramural hematoma was identified as a false lumen
filled with hematoma.

Statistical Analysis
All statistical analyses were performed in SPSS 26.0 (IBM) and
SAS 9.4 (SAS Institute). Quantitative variables are expressed as
mean (SD) or median (interquartile range), and qualitative varia-
bles are presented as counts (percentages). The aneurysm size is
expressed as (the Maximum Diameter Perpendicular to the
Parent Artery) � (the Length of Lesion along the Parent Artery)
on preoperative DSA. Interobserver and intermodality consis-
tency were evaluated with k or weighted k statistics. The k value
was interpreted as follows:9 0.81–1.00, almost perfect agreement;
0.61–0.80, substantial agreement; 0.41–0.60, moderate agreement;
0.21–0.40, fair agreement; 0.00–0.20, slight agreement; and ,0.00,
poor agreement. The Wilcoxon signed-rank test was used to com-
pare image quality between TOF-MRA and HR-VW-MR imaging.
With DSA used as the criterion standard to assess the aneurysm
occlusion status and parent artery patency, the accuracy, sensitiv-
ity, specificity, positive predictive value, and negative predictive
value of TOF-MRA, HR-VW-MR imaging, and HR-VW-MR
imaging combined with TOF-MRA were calculated. P, .05 was
considered significant.

RESULTS
Patient and Aneurysm Characteristics
Twenty-seven patients (5 women, 22 men; mean age, 48.7 [SD,
10.3] years; range, 25–66 years) with 29 intracranial VBDAs were
included in this study. Among those patients, 25 patients had 1
aneurysm, and 2 patients had 2 aneurysms. Twelve (41.4%)
aneurysms ruptured before the procedures. The distribution of
these aneurysms was as follows: basilar artery, 3 (10.3%); left ver-
tebral artery, 12 (41.4%); right vertebral artery, 13 (44.8%); and
vertebrobasilar junction, 1 (3.4%). The average size of these aneur-
ysms was 7.7 (SD, 2.2) � 13.7 (SD, 5.3)mm. The 29 aneurysms
were treated as follows: 24 with stent-assisted coiling (single LVIS,
MicroVention, 17; single Enterprise, Codman & Shurtleff, 2; double
LVIS, 1; double Enterprise, 2; LVIS1 Enterprise, 2), 1 with double

LVIS without coils, 1 with single Tubridge (MicroPort Medical
Company) with coiling, 2 with a single Pipeline (Medtronic) alone,
and 1 with a double Pipeline without coils. All coils used in this
study were bare platinum coils. Seven (24.1%) aneurysms were
completely occluded, and 22 (75.9%) aneurysms were incompletely
occluded immediately after treatment. The median interval between
the procedures and MR imaging examinations was 191days (range,
49–1128days; interquartile range, 129–273days).

Aneurysm Occlusion Status
The assessment of aneurysm occlusion status with different imag-
ing modalities is summarized in Table 2. DSA showed 14 (48.3%)
aneurysms with total occlusion and 15 (51.7%) with incomplete
occlusion. TOF-MRA and DSA were discordant for 3 (10.3%)
aneurysms that showed incomplete occlusion on DSA but were
classified as complete occlusion with TOF-MRA (k ¼ 0.794).
HR-VW-MR imaging and DSA were discordant for 7 (24.1%)
aneurysms that showed incomplete occlusion on DSA but were
classified as complete occlusion with HR-VW-MR imaging (k ¼
0.525). However, only 1 (3.4%) aneurysm was discordant between
HR-VW-MR imaging combined with TOF-MRA and DSA (k ¼
0.931). One aneurysm treated with 2 Pipeline implantations, with
small remnants visible on DSA, was classified as complete occlu-
sion on HR-VW-MR imaging combined with TOF-MRA.
Figures 1–3 show representative images.

The comparative diagnostic performance of different imaging
modalities is shown in Table 3. Whereas TOF-MRA and HR-
VW-MR imaging showed a sensitivity and specificity of 80.0%
and 100.0% and 53.3% and 100.0%, respectively, HR-VW-MR
imaging combined with TOF-MRA showed a sensitivity and
specificity of 93.3% and 100.0%, respectively.

Patency of the Parent Artery
The mean image quality score of HR-VW-MR imaging was sig-
nificantly higher than that of TOF-MRA (4.88 [SD, 0.32] versus
2.53 [SD, 1.25], P, .001). Although all HR-VW-MR images had
good or excellent image quality (score,$4), only 31.0% (9/29) of
the TOF-MRA images had good or excellent image quality.
When the TOF-MRA and HR-VW-MR images were reviewed to-
gether, all assessments of the patency of the parent artery were
made on the basis of the HR-VW-MR images in this study
because the HR-VW-MR imaging provided a better view of the
arterial lumen than TOF-MRA in all cases. Four (14.8%) patients
showed mild motion artifacts on HR-VW-MR imaging, whereas
no motion artifacts were found in TOF-MRA. The motion arti-
facts were presumed to have been caused by oral motion and had
little influence on image quality.

DSA indicated that 25 (86.2%) patients had a normal parent ar-
tery, and 4 (13.8%) patients had mild parent artery stenosis
(,50%). TOF-MRA indicated that 2 (6.9%) patients had a normal
parent artery, 18 (62.1%) patients had parent artery stenosis, and 9
(31.0%) patients had parent artery occlusion. TOF-MRA and DSA
were discordant for 23 (79.3%) patients (k ¼ 0.088): Nineteen nor-
mal parent arteries on DSA were classified as stenosis with TOF-
MRA, and 4 other normal parent arteries on DSA were classified as
occlusion with TOF-MRA. With the simplified 2-grade scale, the
intermodality agreement between DSA and TOF-MRA was 0.023.

Table 2: Evaluation of aneurysm occlusion status with different
imaging modalities

DSA
j (95% CI)InCO CO Total

TOF-MRA 0.794 (0.579–1.0)
InCO 12 0 12
CO 3 14 17
Total 15 14 29

HR-VW-MR imaging 0.525 (0.255–0.794)
InCO 8 0 8
CO 7 14 21
Total 15 14 29

TOF-MRA combined
with HR-VW-MR
imaging

0.931 (0.799–1.0)

InCO 14 0 14
CO 1 14 15
Total 15 14 29

Note:—CO indicates complete occlusion; InCO, incomplete occlusion.

AJNR Am J Neuroradiol 44:453–59 Apr 2023 www.ajnr.org 455



The sensitivity, specificity, positive predictive value, negative predic-
tive value, and accuracy of TOF-MRA were 100.0%, 8.0%, 14.8%,
100.0%, and 20.7%, respectively. However, regardless of whether
the simplified 2-grade scale or the 3-grade scale was used, the
assessment results based on HR-VW-MR imaging were completely
consistent with those based on DSA. Therefore, the intermodality
agreement was 1.00.

Evaluation of the Vessel Wall
The presence of an intimal flap, double lumen sign, and intramural
hematoma (IMH) was observed in 2 (6.9%), 3 (10.3%), and 17
(58.6%) patients, respectively. All intimal flaps and double lumen
signs were observed in incompletely occluded aneurysms. Intramural
hematomas were observed in 42.9% (6/14) of completely occluded
aneurysms and 73.3% (11/15) of incompletely occluded aneurysms,
respectively (P ¼ .139). Contrast enhancement of the affected vessel
wall and intimal flaps was observed in all the cases.

Interobserver Agreement
In the evaluation of the aneurysm occlusion status, the k value of
interobserver agreement for TOF-MRA, HR-VW-MR imaging,
HR-VW-MR imaging combined with TOF-MRA, and DSA was
0.86, 0.83, 1.00, and 0.93, respectively.

In the assessment of the patency of the parent artery with the
3-grade scale, the k value for TOF-MRA, HR-VW-MR imaging,
HR-VW-MR imaging combined with TOF-MRA, and DSA was
0.88, 0.84, 0.84, and 0.84, respectively. With the simplified 2-
grade scale, the k value for TOF-MRA, HR-VW-MR imaging,
HR-VW-MR imaging combined with TOF-MRA, and DSA was
0.65, 0.84, 0.84, and 0.84, respectively.

DISCUSSION
This study demonstrated that HR-VW-MR imaging combined
with TOF-MRA at 3T had high concordance with DSA in the

FIG 1. Follow-up images of a left vertebral artery dissecting aneurysm treated by LVIS stent-assisted coiling 6months after the procedure.
White arrows indicate the location of the aneurysm. A, DSA shows that the aneurysm involves incomplete occlusion and the stented artery is
normal. B and C, MPR and MIP images of TOF-MRA show an aneurysm remnant. Moderate artifacts and a stenosis are observed at the stented
artery on TOF-MRA. D and E, On pre- and postcontrast 3D T1-weighted SPACE, though no aneurysm remnant is observed, the stented artery is
depicted well and indicates an absence of stenosis. The postcontrast image shows enhancement of the aneurysm wall, aneurysm lumen, and
stented artery. The image quality score assigned by the 2 reviewers for TOF-MRA and 3D T1WI SPACE is 3/3 and 5/5, respectively.

FIG 2. Follow-up images of a left vertebral artery dissecting aneurysm treated with LVIS stent-assisted coiling at the third month postopera-
tively. A, DSA shows recurrence of the aneurysm and mild stenosis of the proximal stented artery. Arrowheads indicate the stent edges. B and
C, MPR and MIP images of TOF-MRA show the residual aneurysm lumen (white arrow) clearly. However, substantial artifacts and severe stenosis
are observed at the proximal stented artery on TOF-MRA. D and E, On pre- and postcontrast 3D T1-weighted SPACE, the residual aneurysm
lumen (white arrow) is depicted clearly, and an intramural hematoma (outline arrow) is observed. The depiction of the in-stent lumen is similar
to that of DSA, with hardly any artifacts. The postcontrast image shows enhancement of the aneurysm wall, intramural hematoma, and stented
artery. The image quality score assigned by the 2 reviewers for TOF-MRA and 3D T1WI SPACE is 2/2 and 5/5, respectively.
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evaluation of aneurysm occlusion status and the patency of the
parent artery in the follow-up of intracranial VBDAs after recon-
structive EVT. For visualization of the stented artery, HR-VW-
MR imaging provided obviously better image quality than TOF-
MRA. The interobserver agreement in the image analysis for dif-
ferent imaging modalities ranged from substantial to almost
perfect.

Aneurysm Occlusion Status
The aneurysm occlusion status and patency of the parent artery
were the 2 major concerns in the follow-up of VBDAs. Because
TOF-MRA used bright-blood technology to depict the blood
flow, the blood flow in the parent artery and residual aneurysm
showed high signals, which were distinguishable from those of
the surrounding tissues. In contrast, to depict the vessel wall and
lumen directly, black-blood technology was used in HR-VW-MR
imaging. Because the blood flow signals were suppressed in HR-
VW-MR imaging, the residual aneurysm was sometimes difficult
to distinguish from surrounding tissues (Fig 1). In general, TOF-
MRA was superior to HR-VW-MR imaging in the evaluation of
aneurysm occlusion status in our study. However, HR-VW-MR
imaging was less sensitive to the susceptibility artifacts caused by
stents and coils than TOF-MRA, and the vessel wall features on
HR-VW-MR imaging might be helpful in assessing aneurysm
occlusion status. Figure 3 shows the follow-up images of a

vertebral artery dissecting aneurysm treated with Enterprise
stent-assisted coiling. Whereas the residual aneurysm and most
of the stented artery were invisible on TOF-MRA because of arti-
facts, the HR-VW-MR imaging showed a fusiform dilation of the
parent artery, similar to the DSA findings. The aneurysm was
classified as incomplete occlusion on DSA and HR-VW-MR
imaging. Therefore, the combination of TOF-MRA and HR-
VW-MR imaging improved the diagnostic accuracy in the evalu-
ation of aneurysm occlusion status.

In this study, the overall sensitivity and specificity of TOF-
MRA in the assessment of aneurysm occlusion status were 80.0%
and 100.0%, respectively. Except for 4 aneurysms treated with flow
diverters, TOF-MRA had a sensitivity and specificity of 84.6% and
100.0%, respectively, in the rest of the aneurysms treated with stent
placement with or without coils. In the largest prospective study
on the diagnostic performance of TOF-MRA in the follow-up of
treated intracranial aneurysms to date, Xiang et al3 reported a sen-
sitivity and specificity of 0.67 and 0.95, respectively, for aneurysms
treated with stent-assisted coiling, and 0.92 and 1.00, respectively,
for aneurysms treated with flow diverters. TOF-MRA showed a
better diagnostic performance in this study than in previous stud-
ies of aneurysms treated with stent placement,3,10 possibly because
of the use of different treatment concepts for dissecting aneurysms
and saccular aneurysms. Because the dissecting aneurysmal wall
might be more fragile than the wall of a saccular aneurysm, the

FIG 3. Follow-up images of a left vertebral artery dissecting aneurysm treated with Enterprise stent-assisted coiling at the sixth month postop-
eratively. A, DSA shows fusiform dilation (white arrows) of the left vertebral artery. The aneurysm is diagnosed as having incomplete occlusion.
Arrowheads indicate the stent edges. B, The MIP image of TOF-MRA shows strong signal loss at the stented artery. The aneurysm remnant is
not depicted. C and D, Pre- and postcontrast 3D T1-weighted SPACE shows a fusiform dilation of the parent artery, similar to the DSA findings.
The aneurysm is classified as having incomplete occlusion on 3D T1-weighted SPACE. The postcontrast image shows mild enhancement of the
stented artery. The image quality score for TOF-MRA and 3D T1-weighted SPACE is 1/1 and 5/5, respectively.

Table 3: Diagnostic performance of TOF-MRA, HR-VW-MR imaging, and HR-VW-MR imaging combined with TOF-MRA in the assess-
ment of aneurysm occlusion status

Sensitivity Specificity
Positive Predictive

Value
Negative Predictive

Value Accuracy
TOF-MRA 80.0% 100.0% 100.0% 82.4% 89.7%
HR-VW-MR imaging 53.30% 100.0% 100.0% 66.7% 75.9%
HR-VW-MR imaging
combined with
TOF-MRA

93.3% 100.0% 100.0% 93.3% 96.6%
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VBDAs may pose greater risk than saccular aneurysms in emboli-
zation with coils. The relatively looser coil packing resulted in
fewer susceptibility artifacts caused by coils.

Patency of the Parent Artery
The image quality of the stented artery on TOF-MRA was disap-
pointing because TOF-MRA was sensitive to the susceptibility
artifacts and radiofrequency shielding artifacts of implanted stents
or flow diverters. Consequently, TOF-MRA often showed false
stenosis or occlusion of the stented artery (Figs 1 and 3).11,12 In
contrast, HR-VW-MR imaging showed significantly better image
quality than TOF-MRA, with no or few artifacts. This result was
consistent with findings from a previous study demonstrating that
3D T1-weighted SPACE was more accurate than TOF-MRA in
the assessment of patency of the stented artery in 53 intracranial
aneurysms treated with the Pipeline.13 In this study, regardless of
whether the simplified 2-grade or 3-grade scale was used, the HR-
VW-MR imaging had a 100% coincidence rate with DSA in the
evaluation of the patency of the parent artery. Therefore, HR-
VW-MR imaging is a good technique for assessing the patency of
the parent artery in intracranial VBDAs treated with reconstruc-
tive EVT.

Evaluation of Vessel Walls
Beyond the aneurysm occlusion status and the patency of the par-
ent artery, attention should also be paid to arterial wall evolution
during the follow-up period. In this study, whereas an intimal
flap and double lumen sign were observed only in incompletely
occluded aneurysms, IMH was observed in both completely
occluded and incompletely occluded aneurysms. Complete occlu-
sion of the aneurysms indicated an absence of blood flow into the
vessel wall through the ruptured internal elastic lamina but did
not indicate that the affected vessel wall was healing well. Tian et
al14 reported that persistent high signal intensity of IMHs may be
associated with the progression of intracranial VBDAs after
reconstructive EVT. Zhang et al15 reported 3 VBDAs that were
confirmed to have total occlusion on DSA and showed IMH
enlargement on MR imaging. Even if the parent arteries are sacri-
ficed, the IMH might continue to enlarge; however, the mecha-
nism is unclear in this circumstance.15 Some authors have
speculated that the rupture of the vasa vasorum in the arterial
wall results in IMH recurrence.16,17 Therefore, for patients with
treated VBDAs whose symptoms persist or worsen, an HR-VW-
MR imaging examination is recommended even if the DSA
shows that the aneurysms involve total occlusion.

Zhang et al18 have reported that aneurysm wall enhancement of
unruptured VBDAs on HR-VW-MR imaging before procedures
might predict an unstable state and can be used to predict aneurysm
progression after reconstructive EVT. A study including 53 intracra-
nial saccular aneurysms has reported that aneurysm wall enhance-
ment is commonly observed after embolization and decreases with
time.19 However, no study on affected vessel wall enhancement in
VBDAs after reconstructive EVT has been reported. In our study, the
affected vessel wall enhancement was observed in all cases. The associ-
ation between the degree of affected vessel wall enhancement and the
stability of VBDAs after reconstructive EVT and the change in vessel
wall enhancement with time will be explored in our future studies.

Imaging Protocol
Although HR-VW-MR imaging can be acquired with both 2D
and 3D sequences, only the 3D T1-weighted SPACE sequence
was performed in this study. The 2D sequences can provide high
spatial resolution and a good SNR but require longer acquisition
times than 3D sequences when the VBDAs are large.4 In contrast,
3D T1-weighted SPACE using isotropic volume scanning can
cover a large scope in a relatively short scanning time. In addi-
tion, the vessel wall and lumen can be observed from different
projections through MPR of 3D SPACE. The major limitation of
HR-VW-MR imaging is its relatively long scanning time. The
total examination time in our study was nearly 20minutes.
Therefore, the HR-VW-MR imaging examination is not suitable
for patients with claustrophobia or postoperative restlessness. To
decrease the examination time, we changed the imaging protocol
of HR-VW-MR imaging from 2022: First, TOF-MRA was per-
formed to define the location of the vertebrobasilar artery; then,
the scanning scope of 3D T1-weighted SPACE was limited to the
location of the vertebrobasilar artery. This imaging protocol
decreased the examination time by nearly half.

Owing to the high signal intensity of the contrast agent, con-
trast-enhanced MRA has been reported to be superior to TOF-
MRA in the assessment of aneurysmal occlusion status for endo-
vascularly treated intracranial aneurysms.11,20 In recent years,
Silent MRA (GE Healthcare) and pointwise encoding time reduc-
tion with radial acquisition subtraction-based MRA (PETRA;
Siemens), both using an arterial spin-labeling combined with an
ultrashort TE technique, have been demonstrated to be superior
to TOF-MRA in the evaluation of aneurysm occlusion status for
endovascularly treated aneurysms.10,20-22 Given that most treated
intracranial aneurysms in these previous studies were saccular
aneurysms, the diagnostic performance of these MRA techniques
should be compared in intracranial VBDAs treated with recon-
structive EVT in future studies. Because all MRA techniques are
unable to provide a precise assessment of the affected arterial
wall, HR-VW-MR imaging is always recommended in the fol-
low-up of treated VBDAs.

Limitations
This article had several limitations: First, it was a retrospective
study with a small sample size. Second, the exact sizes of dissect-
ing aneurysms should be measured on the 3D SPACE images.
Because some patients did not undergo HR-VW-MR imaging
before their procedures, the aneurysmal size was measured on
the DSA images during their procedures. The exact size of the
VBDAs might have been larger because the IMHs could not be
visualized on DSA images. Finally, the interval between the pro-
cedures and MR examinations varied widely among patients.

CONCLUSIONS
In the follow-up of intracranial VBDAs after reconstructive
EVT, HR-VW-MR imaging combined with TOF-MRA at 3T
showed good diagnostic performance in the evaluation of aneu-
rysm occlusion status and patency of the parent artery. As a
noninvasive imaging technique, the combination of HR-VW-
MR imaging and TOF-MRA may be an ideal option for repeat
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examinations in patients with intracranial VBDAs after recon-
structive EVT.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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