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ABSTRACT
BACKGROUND AND PURPOSE: The Low-Proﬁle Visualized Intraluminal Support Device comprises a small-cell nitinol structure and a
single-wire braided stent that provides greater metal coverage than previously reported intracranial stents, as well as assumed strong
susceptibility artifacts. This study aimed to assess the beneﬁts of non-contrast-enhanced MRA by using a Silent Scan (Silent MRA) for
intracranial anterior circulation aneurysms treated with Low-Proﬁle Visualized Intraluminal Support Device stents.
MATERIALS AND METHODS: Thirty-one aneurysms treated with Low-Proﬁle Visualized Intraluminal Support Device stents were assessed
by using Silent MRA, 3D TOF-MRA, and x-ray DSA. The quality of MRA visualization of the reconstructed artery was graded on a 4-point
scale from 1 (not visible) to 4 (excellent). Aneurysm occlusion status was evaluated by using a 2-grade scale (total occlusion/remnant [neck
or aneurysm]). Weighted  statistics were used to evaluate interobserver and intermodality agreement.
RESULTS: The mean scores ⫾ SDs for Silent MRA and 3D TOF-MRA were 3.16 ⫾ 0.79 and 1.48 ⫾ 0.67 (P ⬍ .05), respectively, with substantial
interobserver agreement ( ⫽ 0.66). The aneurysm occlusion rates of the 2-grade scale (total occlusion/remnant [neck or aneurysm]) were
69%/31% for DSA, 65%/35% for Silent MRA, and 92%/8% for 3D TOF-MRA, respectively. The intermodality agreements were 0.88 and 0.30
for DSA/Silent MRA and DSA/3D TOF-MRA, respectively.
CONCLUSIONS: Silent MRA seems to be useful for visualizing intracranial anterior circulation aneurysms treated with Low-Proﬁle
Visualized Intraluminal Support Device stents.
ABBREVIATIONS: CE ⫽ contrast-enhanced; LVIS Jr. ⫽ Low-Proﬁle Visualized Intraluminal Support Device; UTE ⫽ ultrashort TE

E

ndovascular treatment involving coil embolization is commonly used to manage both ruptured and unruptured intracranial aneurysms.1,2 In recent years, intracranial stents, including
the Neuroform3,4 (Stryker, Kalamazoo, Michigan) and Enterprise
stents5,6 (Codman & Shurtleff, Raynham, Massachusetts), have been
implemented for the stent-assisted coil embolization of wide-neck
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aneurysms. Both types of stents comprise nitinol and are self-expandable. The Neuroform stent features an open-cell design with
stainless steel and platinum markers,7,8 whereas the Enterprise stent
is a closed-cell design with tantalum markers.9,10
This study implemented the Low-Profile Visualized Intraluminal Support Device11-14 (LVIS Jr. stent; MicroVention, Tustin,
California), a self-expandable nitinol single-wire braided stent
comprising 1.5-mm cells. The LVIS Jr. stent contains 3 radiopaque tantalum markers on the proximal and distal tines and 3
tantalum helical strands in the stent body13,14; thus, it provides
higher metal coverage (12%–21%)11-13 relative to previously reported stents. Accordingly, stent-related magnetic susceptibility
during MR imaging is a topic of research interest.
Despite reports of the use of 3D TOF-MRA after stent-assisted
coil embolization,9 the radiofrequency shielding and susceptibility artifacts make it difficult to visualize flow in an intracranial
stent with this technique. Because the LVIS Jr. stent is composed
of nitinol and features a braided component and higher metal
coverage relative to earlier stents, this device may not facilitate
depiction of an intracranial stent with 3D TOF-MRA for radiofrequency shielding and susceptibility artifacts.

used in 31 aneurysms). We deployed the
following stent sizes (diameter ⫻ length):
2.5 ⫻ 13 mm (n ⫽ 21); 2.5 ⫻ 17 mm (n ⫽
14); 2.5 ⫻ 23 mm (n ⫽ 3); and 3.5 ⫻ 18
mm, 3.5 ⫻ 23 mm, and 3.5 ⫻ 28 mm (n ⫽
1 each). The distribution of aneurysm locations was as follows: anterior communicating artery (n ⫽ 15), internal carotid artery (n ⫽ 3), and middle cerebral artery
(n ⫽ 13).
For all patients, Silent MRA and 3D
TOF-MRA were performed in a single
scanning session. The average interval between aneurysm treatment and both MRA
evaluations was 5.6 days (range, 1– 83
days; median, 1 day). The average interval
between the most recent DSA evaluation
and both MRA evaluations was 1.6 days
(range, 1–9 days; median, 1 day).

Silent MRA
Silent MRA was performed with a Silent
Scan. However, the details of the Silent Scan algorithm were undisclosed.
Silent Scan is a combination of a 3D acquisition and reconstruction technology. This technique requires highly stable system power electronics (gradients
and radiofrequency) and fast radiofrequency switching capability within the
FIG 1. Examples of MRA scoring. The MRA scores by 2 observers were classiﬁed on a 4-point scale
radiofrequency coil structure.
as follows: 1, (A); 2, (B); 3, (C); 4, (D). Outlined arrows are the stented segment.
This process slowly steps the gradiSilent Scan (GE Healthcare, Milwaukee, Wisconsin) MRA (Sients while collecting data during a 3D acquisition. The data aclent MRA) is a non-contrast-enhanced MRA technique that uses
quisition is based on a 3D radial sampling, and an arterial spinan ultrashort TE (UTE) combined with arterial spin-labeling,15
labeling technique is used as a preparation pulse to visualize blood
which is used as a preparation pulse to visualize blood flow. Subflow. In Silent MRA, control images (nonlabelled images) are
sequent data acquisition is based on 3D radial sampling.15,16 Bescanned before the labeling pulse. Labeled images are scanned
cause UTE decreases the susceptibility artifacts associated with
after the labeling pulse, and the labeled blood exhibits low signal
metallic devices, Silent MRA could potentially reduce the artifacts
intensity. The angiographic images of blood flow are the result of
associated with braided, high-metal-coverage stents. Accordingly,
subtraction of labeled images from control images.
we evaluated the efficacy of Silent MRA versus 3D TOF-MRA for
intracranial anterior circulation aneurysms treated with LVIS Jr.
Intra-Arterial DSA Technique
stent-assisted coil embolization.
X-ray catheter-based intra-arterial cerebral DSA was performed
with the following biplane angiographic system: Artis Q BA Twin
MATERIALS AND METHODS
(Siemens, Erlangen, Germany). The image matrix and FOV were
Patient and Aneurysm Characteristics
1024 ⫻ 1024 and 170 ⫻ 170 mm, respectively. The temporal
Between July 2015 and September 2016, 32 aneurysms in 29 paresolution was 3 frames per second. Selective manual internal
tients treated with LVIS Jr. stent-assisted coil embolization for
carotid artery injections were administered according to the ananterior circulation aneurysms were retrospectively examined.
eurysm location. Rotational 3D angiography was performed for
We obtained approval for this study from the ethics review board.
additional confirmation of the findings. Additional selected
Written informed consent was not required because of the retrospecworking angles were obtained to clarify the aneurysmal anatomy
tive nature of this study. One patient was excluded from the study
at the discretion of the neurosurgical interventionist.
due to postoperative deep brain stimulation with an MR imaging–
unsafe device. The remaining 28 patients with 31 aneurysms comprised 13 men and 15 women with a mean age of 60.8 ⫾ 11.3 years
(range, 41–77 years). Twenty-one aneurysms were treated with a single stent, and 10 were treated with 2 stents (ie, 41 LVIS Jr. stents were

MRA Scan Parameters
Silent MRA and 3D TOF-MRA were performed on a 3T MR imaging
unit (Discovery MR750w; GE Healthcare) with a 12-channel
AJNR Am J Neuroradiol 38:1610 –16
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FIG 2. A 73-year-old woman. A, Stent-assisted coil embolization of the anterior communicating
artery was performed with a LVIS Jr. stent (2.5 ⫻ 17 mm). The aneurysm remnant is indicated by the
long white arrow. Short black arrows indicate stent edges. B, X-ray digital angiography reveals stent
edges (short black arrows). C, Silent MRA shows minimal signal loss at the stented segment (outlined
arrows). The aneurysm remnant is visible (long white arrow). D, 3D time-of-ﬂight MRA shows complete signal losses at the stented segments (outlined arrows). The aneurysm remnant is not depicted.
The scores of Silent MRA by 2 observers are 4 and 4. The scores of 3D TOF-MRA are 1 and 1.

head-neck coil system. The following scan parameters were used
for Silent MRA: TR/TE, 642.8/0.016 ms; flip angle, 5°; FOV, 180 ⫻
180 mm; matrix, 180 ⫻ 180; section thickness, 1.0 mm (with
section interpolation); NEX, 1.4; bandwidth, ⫾31.2 kHz; acquisition time, 12 minutes 13 seconds; and reconstructed voxel
size, 1.0 ⫻ 1.0 ⫻ 0.5 mm.
The 3D TOF-MRA scan parameters were as follows: TR/TE,
20/2.9 ms; flip angle, 18°; FOV, 200 ⫻ 200 mm; acquisition matrix, 416 ⫻ 224; section thickness, 1.0 mm (with section interpolation); NEX, 1; bandwidth, ⫾ 41.7 kHz; acquisition time, 4 minutes 45 seconds (3 slabs, overlap between a slab: 14 sections, 1 slab:
38 sections); reconstruction matrix, 512; and reconstructed voxel
size, 0.39 ⫻ 0.39 ⫻ 0.5 mm.

Image Analysis
Each DSA, Silent MRA, and 3D TOF-MRA series was anonymized
by random number assignment. We evaluated DSA images and
the 2 types of MRA images. The 2 types of MRA images were
1612
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assessed separately to minimize bias due
to knowledge of the results of the other
MRA image. We used MIP and source
images. All images were independently
evaluated in random order by 2 neuroradiologists (M.S. and R.I., who have 15
and 6 years of experience in neuroradiology, respectively) on the PACS. In all
images, the window-width and windowlevel could be modified for evaluation.
The locations of the treated aneurysms
to be evaluated were provided to the 2
observers because the pretreatment
x-ray DSA images were unavailable.
The quality of Silent MRA- and 3D
TOF-MRA-based visualization of the
reconstructed arteries was evaluated.
Two neuroradiologists independently
reviewed both types of MRAs and rated
visualization of the flow in each stent
subjectively on a 4-point scale as follows:
1, not visible (near-complete signal loss
or no signal); 2, poor (structures are
slightly visible but with substantial artifacts or blurring); 3, acceptable (acceptable diagnostic quality with medium artifacts or blurring); 4, excellent (good
diagnostic quality with minimal artifacts
or blurring). Figure 1 shows a sample of
the 4-point scale. Aneurysm occlusion
was evaluated by using a 2-grade scale
(total occlusion/remnant [neck or aneurysm]). The most recent DSA images
were used as a reference standard.

Statistical Analysis

The scores of MIP images from the 2
observers were averaged, and the scores
were compared between techniques by
using the Wilcoxon signed rank test. A
P value ⬍ .05 was statistically significant. Weighted  statistics were
used to evaluate interobserver and intermodality agreement. According to Landis and Koch,17  was interpreted as follows: ⬍0, no agreement; 0 – 0.19, poor agreement; 0.20 – 0.39, fair agreement; 0.40 –
0.59, moderate agreement; 0.60 – 0.79, substantial agreement; and
0.80 –1.00, almost perfect agreement. All statistical analyses were performed by using SPSS software, Version 22 (IBM, Armonk, New York).

RESULTS
The mean scores (⫾ SDs) for Silent MRA and 3D TOF-MRA differed
significantly, with respective values of 3.16 ⫾ 0.79 and 1.48 ⫾ 0.67
(P ⬍ .05), and substantial interobserver agreement was observed
( ⫽ 0.66). The aneurysm occlusion rates of the 2-grade scale (total
occlusion/remnant [neck or aneurysm]) were 69%/31% for DSA,
65%/35% for Silent MRA, and 92%/8% for 3D TOF-MRA. Intermodality agreement values of 0.88 and 0.30 were obtained for DSA/
Silent MRA and DSA/3D TOF-MRA, respectively. Figures 2-4 are
representative images.

versus 3D TOF-MRA, they assessed only
closed-cell Enterprise stents. Takano et
al19 reported on a Silent MRA study in Yconfiguration stent-assisted coil embolization. The visualization ability of Silent
MRA was superior to that of 3D TOFMRA in a study that included Neuroform,
Enterprise, and LVIS Jr. stents. In this
study, Silent MRA showed neck remnants more precisely than did 3D TOFMRA. In contrast, Agid et al7 reported
that CE-MRA better depicted flow in a
stent, compared with 3D TOF-MRA, in
a study that included Neuroform, Enterprise, and LEO (Balt Extrusion, Montmorency, France) stents. CE-MRA and
DSA had similar visualization abilities;
however, CE-MRA was associated with
several complications such as nephrogenic systemic fibrosis,20 gadolinium accumulation,21 and anaphylactic shock.
In this study, although Silent MRA
had a larger matrix size than 3D TOFMRA, it yielded superior visualization of
the reconstructed artery. This outcome
was attributed to the use of a UTE, which
minimizes phase dispersion of the labeled blood flow signal and reduces
magnetic susceptibility artifacts. Specifically, the TE was 2.9 ms during 3D
TOF-MRA, but only 0.016 ms during Silent MRA. Choi et al8 reported that a
short TE could increase signal intensity
FIG 3. A 71-year-old man. A, Stent-assisted coil embolization of the anterior communicating while optimizing the stent-visualization
artery is performed with a LVIS Jr. stent (2.5 ⫻ 17 mm). The neck remnant is indicated by the long
22
white arrow. Short black arrows indicate stent edges. B, X-ray digital angiography shows the parameter. Similarly, Yamada et al restent edges (short black arrows). C, Silent MRA shows minimal signal loss at the stented segment ported that a TE of 1.54 –1.60 ms was
(outlined arrow). The neck remnant is depicted almost equally well as with digital subtraction used in their 3D TOF-MRA study, and
angiography (long white arrow). D, 3D time-of-ﬂight MRA shows almost complete signal loss in
23
the stented segment (outlined arrow). The neck remnant is not depicted. The scores of Silent Ikushima et al reported that a wide
MRA by 2 observers are 4 and 4. The scores of 3D TOF-MRA are 1 and 1.
bandwidth (short TE) could increase the
in-stent signal intensity and in-coil sigDISCUSSION
nal intensity during a CE-MRA phantom study. Furthermore, Irie
This study demonstrated superior visualization of the reconet al15 reported a TE of 0.016 ms during Silent MRA. In our study,
structed artery with Silent MRA compared with 3D TOF-MRA in
Silent MRA with a UTE allowed the precise visualization of inpatients treated with LVIS Jr. stents. With consensual x-ray DSA
stent flow.
as a reference standard, the intermodality agreement was better
A LVIS Jr. stent diameter of 2.5 mm was used for 38 stent
with Silent MRA than with 3D TOF-MRA. Moreover, Silent MRA
placements
in 28 patients (93%). During 3D TOF-MRA, the inshowed strong concordance with DSA for the detection of ocstent
signal
in this type of stent is affected by susceptibility articluded aneurysms, despite the small diameter of the LVIS Jr. stent.
facts caused by stents and coils. Therefore, the use of a smallSeveral studies have evaluated LVIS Jr. stent-assisted coil embolidiameter stent is more likely to reduce the in-stent signal. In
zation11-14; however, none have used MRA for follow-up evaluations
contrast, Silent MRA allows precise visualization of the in-stent
after treatment with LVIS Jr. stents, though 3D TOF-MRA, Silent
signal. The UTE used with this technique can minimize phase
MRA, and contrast-enhanced (CE)-MRA have been used to follow
dispersion of the labeled blood flow signal in the voxel and reduce
up patients who underwent other stent-assisted coil embolizathe magnetic susceptibility artifacts. Accordingly, artifacts caused
tions.7,9,10,15,18 Cho et al9 reported a good correlation between 3D
by stents or coils are reduced.
rotational angiography and 3D TOF-MRA, which was attributed to
Notably, Silent MRA yields better detection of aneurysm octhe very small voxel size, whereas Irie et al15 reported the efficacy of
clusions compared with 3D TOF-MRA. Because 3D TOF-MRA
Silent MRA in stent-assisted coil embolization. Although the authors
reported superior visualization of neck remnants with Silent MRA
uses the inflow effect to visualize blood flow signal, a higher flip
AJNR Am J Neuroradiol 38:1610 –16
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MRA depictions of the neck remnants
of aneurysms are thought to be more
difficult following LVIS Jr. stent placement, compared with Neuroform and
Enterprise stent placement.
Nevertheless, our study observed a
good intermodality agreement between DSA and Silent MRA during an
evaluation of aneurysm occlusion. In
particular, Silent MRA and x-ray DSA
yielded results of similar quality, a
finding that was attributed to the reduction in susceptibility artifacts as a
result of using a UTE during Silent
MRA. In addition, the blood flow saturation effect was reduced when using
arterial spin-labeling for blood flow
depiction. Thus, Silent MRA might be
useful for follow-ups of patients
treated with LVIS Jr. stents.
Silent MRA can be used to visualize
the in-stent flow. Moreover, it can deFIG 4. A 45-year-old woman. A, Stent-assisted coil embolization is performed with LVIS Jr. pict a neck remnant also shown with xstents (2.5 ⫻ 13 mm and 2.5 ⫻ 17 mm) for a left middle cerebral artery bifurcation. The neck
or aneurysm remnant is not depicted. Short black arrows indicate stent edges. B, X-ray ray DSA. Therefore, Silent MRA can be
digital angiography indicates stent edges (short black arrows). C, Silent MRA depicts the used as a substitute for the x-ray DSA.
aneurysm remnant (long white arrow). Stented segments are slightly visible, and moderate
One of the disadvantages of Silent
signal loss is apparent on Silent MRA (outlined arrows). D, 3D time-of-ﬂight MRA does not
MRA
is motion artifacts due to the long
depict the neck or aneurysm remnant and yields a complete signal loss at the stented
segment (outlined arrows). The scores of Silent MRA by 2 observers are 3 and 2. The scores scanning duration. However, only a few
of 3D TOF-MRA are 1 and 1.
cases showed severe motion artifacts. In
many cases, the artifacts were caused by
angle is needed to increase the signal intensity8,24,25; however, in
an oral motion, so there was not much influence on the depiction
areas of slow or turbulent flow, the saturation effect caused by a
of intracranial blood vessels. The acquisition time required for
high flip angle decreases the signal intensity. Therefore, visualizaSilent MRA is very long for clinical use, but it offers advantages in
tion of the neck remnant is difficult, even if the higher flip angle
the visualization of in-stent flow.
increases the signal intensity in the stent. In contrast, Silent MRA
Our study had some limitations. First, the sample size was small;
yields good visualization of the neck remnant because it uses arpreferably, we would add additional cases. Second, we did not evalterial spin-labeling and UTE for blood flow depiction and phase
uate CE-MRA, which is known to be useful for follow-ups after stentdispersion, respectively.
assisted coil embolization7,18,24 and depiction of helmet-type remMost interesting, in our series, a helmet-type remnant26 was
nants.26 Therefore, comparative evaluations with CE-MRA are also
detected in 3 patients by Silent MRA. This remnant type is caused
required. Third, in this study, we evaluated only anterior circulation
by a lack of x-ray penetration of the coil mass itself. According to
aneurysm cases. Additional study is needed because posterior circu26
Agid et al, CE-MRA is superior to x-ray DSA for the detection of
lation aneurysm cases may yield different results. Fourth, a Pointwise
helmet-type remnants. Notably, Silent MRA may similarly detect
Encoding Time Reduction with Radial Acquisition (PETRA) MRA
helmet-type remnants and has the advantage of being a non-consequence (Siemens) with similarities to Silent MRA has been retrast-enhanced technique. Figure 4 demonstrates a helmet-type
ported,28,29 and this sequence may yield results similar to those of the
remnant.
present study. A comparison of these sequences should be performed
The self-expandable, single-wire braided nature of the LVIS
in the future.
Jr. stent allows greater metal coverage of the blood vessel, comWe did not set the time interval between the MRA readings.
pared with conventional open-cell and closed-cell stents. The
This study may be biased by a neuroradiologist’s recognition of
open-cell Neuroform stent and closed-cell Enterprise stent
previous MRA images. Experienced neuroradiologists might recyield 11% and 10% coverage, respectively,14 and flow-diverter
ognize 2 types of MRA images of the same subject. Therefore, this
stents yield approximately 30%–35%27 coverage. In contrast,
evaluation may, in effect, be nonblinded. Moreover, in this study,
the LVIS Jr. stent yields approximately 12%–21% coverthere are some of cases of differences in the duration of the period
age.11-13 Furthermore, the adaptation blood vessel diameter is
between the evaluation of DSA and MRA images (average, 1.6
smaller with the LVIS Jr. stent compared with the Neuroform
days; range, 1–9 days; median, 1 day). These differences may lead
and Enterprise stents. Because the metal quantity per unit
blood vessel area increases with the LVIS Jr. stent, 3D TOFto changes in remnant size.
1614
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CONCLUSIONS
Silent MRA is superior to 3D TOF-MRA in the quality of visualization of a reconstructed artery and has strong concordance with
DSA for the detection of aneurysm occlusions. Moreover, Silent
MRA may detect helmet-type remnants, thus eliminating the
need for gadolinium contrast agents. Silent MRA might therefore
be useful for intracranial anterior circulation aneurysms treated
with LVIS Jr. stent-assisted coil embolization.
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