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INTERVENTIONAL

Contrast-Enhanced Time-Resolved MRA for Follow-Up
of Intracranial Aneurysms Treated with the Pipeline
Embolization Device

S.R.Boddu, F.C. Tong, S. Dehkharghani, J.E. Dion, and A.M. Saindane

ABSTRACT

BACKGROUND AND PURPOSE: Endovascular reconstruction and flow diversion by using the Pipeline Embolization Device is an effective
treatment for complex cerebral aneurysms. Accurate noninvasive alternatives to DSA for follow-up after Pipeline Embolization Device
treatment are desirable. This study evaluated the accuracy of contrast-enhanced time-resolved MRA for this purpose, hypothesizing that
contrast-enhanced time-resolved MRA will be comparable with DSA and superior to 3D-TOF MRA.

MATERIALS AND METHODS: During a 24-month period, 37 Pipeline Embolization Device—treated intracranial aneurysms in 26 patients
underwent initial follow-up by using 3D-TOF MRA, contrast-enhanced time-resolved MRA, and DSA. MRA was performed on a 1.5T unit by
using 3D-TOF and time-resolved imaging of contrast kinetics. All patients underwent DSA a median of 0 days (range, 0—68) after MRA.
Studies were evaluated for aneurysm occlusion, quality of visualization of the reconstructed artery, and measurable luminal diameter of
the Pipeline Embolization Device, with DSA used as the reference standard.

RESULTS: The sensitivity, specificity, and positive and negative predictive values of contrast-enhanced time-resolved MRA relative to DSA
for posttreatment aneurysm occlusion were 96%, 85%, 92%, and 92%. Contrast-enhanced time-resolved MRA demonstrated superior
quality of visualization (P = .0001) and a higher measurable luminal diameter (P = .0001) of the reconstructed artery compared with 3D-TOF
MRA but no significant difference compared with DSA. Contrast-enhanced time-resolved MRA underestimated the luminal diameter of
the reconstructed artery by 0.965 * 0.497 mm (27% = 13%) relative to DSA.

CONCLUSIONS: Contrast-enhanced time-resolved MRA is a reliable noninvasive method for monitoring intracranial aneurysms following
flow diversion and vessel reconstruction by using the Pipeline Embolization Device.

ABBREVIATIONS: CE-TR = contrast-enhanced time-resolved; PED = Pipeline Embolization Device; TR-MRA = time-resolved MRA

S urgical clipping or endovascular coil embolization is generally
the preferred treatment for intracranial aneurysms.' The
Pipeline Embolization Device (PED; Covidien, Irvine, California)
is an endovascular device that has redefined the scope of treat-
ment for large, giant, wide-neck, or fusiform aneurysms or aneu-
rysms having failed coil embolization, by reconstructing the par-
ent artery and restoring its natural course.” The PED is designed
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for 85% reduction of blood flow within an aneurysm, which in-
duces thrombosis® while keeping perforators and/or side branch
vessels patent.” Results from a multicenter prospective trial for
treatment of uncoilable or failed large and giant ICA aneurysms
with the PED demonstrated 99% technical success and 74% com-
plete occlusion with 6% major ipsilateral stroke or death.* Flow
diversion with the PED has also been reported in the treatment of
HIV vasculopathy, with fusiform cerebral aneurysms precluding
parent vessel sacrifice or surgical bypass.®

Digital subtraction angiography is the reference standard for
the evaluation of aneurysms after endovascular treatment due to
its unsurpassed spatial resolution; however, DSA is invasive and
not without risks of puncture site and neurologic complications.®
Posttreatment follow-up of intracranial aneurysms after coil em-
bolization with MRA by using 3D-TOF or contrast-enhanced
techniques is a potential noninvasive alternative to DSA for the
evaluation of PED-treated aneurysms without the use of ionizing
radiation.” Contrast-enhanced time-resolved MRA (CE-TR



MRA) uses acquisition schemes aimed at accelerated data collec-
tion, primarily using parallel imaging algorithms and novel k-
space trajectories to achieve high temporal resolution for multi-
phasic MRA examinations. This technique provides consistent,
technologist-independent, optimal arterial enhancement for
contrast-enhanced MRA and provides information on temporal
contrast kinetics.*® Use of CE-TR MRA has been reported in the
evaluation of intracranial lesions such as arteriovenous malfor-
mations and dural arteriovenous fistulas and for assessment of
stenosis of the extracranial carotid artery, and it seems to be a
promising technique for evaluating aneurysms after stent-assisted
coil embolization.” "'

We hypothesized that TR-CE MRA could provide informa-
tion comparable with DSA and would be superior to 3D-TOF
MRA in the evaluation of intracranial aneurysms and the parent
artery following flow diversion and parent vessel reconstruction
with the PED.

MATERIALS AND METHODS

Patient and Aneurysm Characteristics

Approval for this study was obtained from the institutional review
board. Since the use of PED at our institution was instituted in
April 2011, 27 patients had follow-up evaluation with 3D-TOF
MRA, CE-TR MRA, and DSA following PED treatment, allowing
direct comparison. One patient with a PED-treated supraclinoid
ICA aneurysm was excluded from this study due to extensive sus-
ceptibility artifacts on MRA related to a previously clipped con-
tralateral MCA aneurysm, rendering the study nondiagnostic. Of
the remaining 26 patients, there were 4 men and 22 women with a
median age of 58 years (range, 41—84 years) with 36 aneurysms.
The distribution of aneurysms is as follows: cavernous ICA (n =
10), supraclinoid ICA (n = 8), ophthalmic artery (n = 7), poste-
rior communicating artery (n = 5), superior hypophyseal artery
(n = 2), anterior choroidal artery (n = 2), anterior temporal
artery (n = 1), intracranial vertebral artery (n = 1), and carotid
terminus (n = 1). Eight patients had 2 aneurysms each, and 1
patient had 3 aneurysms. Eighteen patients had a single PED
placed, 5 patients had 2 PEDs placed, and 3 patients had 3 PEDs
placed. The mean maximal diameter of the aneurysms was 11 *
7.4 mm (range, 1.2-28 mm). The median MRA follow-up was 149
days after PED placement (range, 49 —184 days). The median time
from CE-TR MRA to DSA for follow-up was 0 days (range, 0—68
days) because 19/26 patients had both CE-TR MRA and DSA on
the same day.

MRA Technique
MRA was performed on a 1.5T MR imaging system (Signa HDx;
GE Healthcare, Milwaukee, Wisconsin) with an 8-channel head
coil. 3D-TOF MRA was first performed by using a gradient-echo
sequence (spoiled gradient-recalled-echo) with parallel imaging
and scan parameters of TE, 6.9 ms; TR, 38 ms; flip angle, 20°; total
acquisition time, 6:09 minutes; number of sections, 110; section
thickness, 0.7 mm; FOV, 220 mm; rectangular FOV, 70%; acqui-
sition matrix, 320; reconstruction matrix, 512; reconstructed
voxel size, 0.43 X 0.43 X 0.7 mm.

The CE-TR MRA method used in this study is a commercially
available sequence (time-resolved imaging of contrast kinetics or

TRICKS; GE Healthcare). Imaging parameters were as follows:
TR/TE, 4.5/1.97 ms; flip angle, 35°% FOV, 170 mm; section thick-
ness, 1.2 mm interpolated to 0.6 mm; reconstructed voxel size,
0.48 X 0.48 X 0.7 mm; matrix, 256 X 160 zero-filled and inter-
polated to 512 X 512; averages, 0.75; bandwidth, 62.5 KHz; array
spatial sensitivity encoding technique acceleration factor, 2, yield-
ing 10 or 12 dynamic, temporally discrete postcontrast phases at
an approximately 4.0-second temporal update. Time-resolved
MRA (TR-MRA) in all patients was performed after the injection
of either a low protein—bound gadobenate dimeglumine (Multi-
Hance; Bracco Diagnostics, Princeton, New Jersey), prescribed at
0.1-mmol/kg and 2-mL/s injection rates, or the blood pool agent
gadofosveset trisodium (Ablavar; Lantheus Medical Imaging,
North Billerica, Massachusetts) at 0.03-mmol/kg and 1.5-mL/s injec-
tion rates. Bolus infusion in both protocols was followed immedi-
ately by 25- to 30-mL normal saline flush at 2 mL/s. Postinjection
delay and sequence triggering were prescribed in an automated fash-
ion, without user input. The dynamic data generated by the time-
resolved imaging of contrast kinetics sequence are presented in num-
bered temporal datasets. The scan baseline reflects the simultaneous
initiation of the sequence and initiation of contrast injection, both
occurring under fully automated parameters prescribed by the scan-
ner/sequence manufacturer without user input. Before contrast/se-
quence triggering, a noncontrast mask is acquired for subtraction.
Background subtraction of the precontrast imaging volume was per-
formed in-line during acquisition, allowing production of both
background-subtracted and unsubtracted TR-MRA volumes.

DSA Technique

All DSA was performed transfemorally with 5F catheters by using
a DSA unit (Integris Allura; Philips Healthcare, Best, the Nether-
lands) with an image-intensifier matrix of 1024 X 1024 pixels.
DSA was performed with bilateral selective internal carotid artery
injections and either unilateral or bilateral vertebral artery injec-
tions, as necessary. Ten milliliters of nonionic contrast medium
(270 mg of iodine per milliliter of iodixanol, Visipaque 270; GE
Healthcare) was used for each hand injection. Rotational 3D an-
giography was performed for additional confirmation of findings.
Standard anteroposterior and lateral projections were routinely
acquired for carotid and vertebral injections. Additional selected
oblique projections were obtained to clarify aneurysm anatomy at
the discretion of the angiographer. All acquired DSA images were
converted to internationally compatible DICOM files, and then
the converted files were transferred to our server through a PACS.

Image Analysis

All imaging studies were evaluated for occlusion of the treated
aneurysm, reconstruction of the parent artery (quality of visual-
ization and measurable luminal diameter), and stent-related
complications such as stent migration or in-stent stenosis. Studies
from all patients for each imaging technique were placed into an
anonymized folder on the PACS (ie, 3D-TOF MRA, CE-TR MRA,
and DSA studies from all patient populations formed 3 anony-
mized folders). The entire original acquired data, including both
source images (mask, subtracted, and unsubtracted images) and
standard reformats (MIP and MPR) for each technique, were
made available for review when evaluating that technique. Addi-
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Table 1: Quality of visualization of the reconstructed parent artery with the PED using

3D-TOF MRA and CE-TR MRA®

versus intensity of visualization was as-
sessed by using x> analysis. Bland-Altman

. 2] Comparison with  Comparison with analysis was used to measure the numeric
Technique Mean SD of Mean DSA (P Value) TR-MRA (P Value) .
and percentage variation in the measur-
3D-TOF MRA 2.62 0.898  2.243-2.936 .0001 .0001 . . .
CE-TR MRA 381 0694  3464-4162 344 NA able luminal diameter. The significance of

Note:—NA indicates not applicable.

2 Five-point grading scale from 0—4 (0, very poor; 1, poor; 2, fair; 3, good; 4, excellent). DSA is considered the reference

standard with a score of 4.

Table 2: Measured luminal diameter of the reconstructed parent artery with the PED

using 3D-TOF MRA and CE-TR MRA

variation in the measurable luminal di-
ameter between techniques was evaluated
by using x> analysis. Correlation between
the number of PEDs versus the measured
lumen diameter was evaluated by using

95% ClI Comparison with  Comparison with the Spearman correlation.
Technique  Mean (mm) SD of Mean DSA (P Value)  TR-MRA (P Value)
3D-TOF MRA 2.108 0.964 1.718-2.497 .0001 .0001 RESULTS
CE-TR MRA 3137 0.546  2.910-3.351 .661 NA The sensitivity, specificity, and positive
DSA 4.096 0.687 3.819-4.374 NA .661

Note:—NA indicates not applicable.

Table 3: Overestimation of luminal stenosis of the reconstructed parent artery with the

and negative predictive values of the 3D-
TOF MRA relative to DSA for confirma-
tion of posttreatment aneurysm occlu-

PED sion were 74%, 85%, 65%, and 90%,

Mean 95% Cl respectively. For CE-TR MRA relative to

Technique (mm) (%) SD (%) of Mean DSA, sensitivity, specificity, and positive

3D-TOF MRA versus DSA 1992(718)  0998(527)  0.036-3948(BL6%-175%) 414 negative predictive values were 96%

CE-TR MRA versus DSA 0.965 (26.6) 0.497 (12.7) 0.01-1.941 (1.7%-51.5%) 85%. 9204 d 92% ’
3D-TOF MRA versus CEETRMRA 1027 (50.)  0776(58.8)  0.495-2.55 (65.1%-165%) 0> 7570, and F270.

tional reformats in challenging cases were created by the authors
as needed by using the subtracted dataset. Images were reviewed
by an experienced Certificate of Added Qualification—certified
neuroradiologist (A.M.S.) in consensus with a neuroradiology
fellow (S.R.B.). The various imaging techniques were reviewed
separately to minimize the bias from knowledge of the results of
the other imaging technique.

Images were evaluated for aneurysm occlusion following PED
as a primary outcome of treatment. MR imaging demonstrating
complete aneurysm occlusion in concordance with DSA was con-
sidered a true-positive. Angiographic quality of the reconstructed
artery was assessed with respect to vessel visualization and suscep-
tibility-mediated degradation compared with the adjacent native
artery; the quality of visualization of the reconstructed artery by
MRA was graded by using a 5-point scale from 0 to 4 as follows: 0,
extremely limited; 1, poor; 2, fair; 3, good; 4, excellent. The ap-
parent luminal stenosis of the reconstructed artery was evaluated
by measuring the maximal luminal diameter on both 3D-TOF
MRA and CE-TR MRA. These findings were correlated with the
quality of visualization and lumen diameter of the reconstructed
artery on DSA as the reference standard. An experienced inter-
ventional neuroradiologist determined the clinical significance of
discrepant findings between MRA techniques and DSA in the
context of the particular patient study.

Statistical Analysis

Statistical analysis was performed by using SPSS software, Version
20 (IBM, Armonk, New York). The sensitivity, specificity, and
positive and negative predictive values of 3D-TOF MRA and
CE-TR MRA were measured. The quality of visualization of the
reconstructed artery was compared between techniques with the
Wilcoxon signed rank test. The correlation between the number
of PEDs versus the quality of visualization was evaluated by using
the Spearman correlation. Correlation between types of contrast
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The mean quality of visualization in
the arterial segment, reconstructed with a
PED, on 3D-TOF MRA was 2.62 * 0.898 and 3.81 =+ 0.694 for
CE-TR MRA (Table 1). The quality of visualization of the arterial
segment reconstructed with a PED was superior on CE-TR MRA
compared with 3D-TOF MRA (P = .0001). Compared with the
quality of visualization on DSA, both MRA techniques had infe-
rior quality, with a significant difference for 3D-TOF MRA (P =
.0001) but not for CE-TR MRA (P = .344).

The mean measurable luminal diameter of the arterial seg-
ment, reconstructed with the PED, on 3D-TOF MRA was 2.108 *=
0.964 and 3.137 = 0.546 on CE-TR MRA (Table 2). The measur-
able luminal diameter of the reconstructed artery on CE-TR MRA
was higher compared with 3D-TOF MRA (P = .0001). Compared
with the luminal measurement on DSA, both MRA techniques
overestimated the luminal stenosis within the PED, with a signif-
icant difference for 3D-TOF MRA (P = .0001) but not for CE-TR
MRA (P = .661) (Table 3).

Both 3D-TOF MRA and CE-TR MRA techniques showed a
negative correlation between the number of PEDs used versus the
intensity of visualization (r — —0.8 and —0.3, respectively) and the
number of PEDs used versus the measurable luminal diameter
(r — —0.9 and —0.6, respectively) of the reconstructed artery. The
type of contrast material caused no significant variation in the
intensity of visualization of the reconstructed artery on CE-TR
MRA (P = .684).

DISCUSSION

The PED provides flow diversion by an attenuated braided con-
struction of a bimetallic design of 75% cobalt chromium and 25%
platinum tungsten. The device has a 30%—35% metal surface area
when fully deployed, which is substantially greater than the
6.5%-9% metal surface area coverage provided by the commer-
cially available self-expanding intracranial microstents.> The
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Cranial migration
of stent

FIG1. Stent migration with concordance between CE-TR MRA and DSA. A 56-year-old woman
with a right cavernous carotid aneurysm. A, Immediate post-PED of the right cavernous ICA
aneurysm with stasis. B, DSA shows the actual position of the PED after embolization (yellow line
along stent course). C, Complete opacification of the aneurysm at 6-month DSA with no stasis
or thrombus. D, DSA confirms distal migration (yellow line along stent course) resulting in
reopening of the aneurysm neck (red line with red arrow). Superior demonstration of complete
aneurysm opacification (yellow arrow) on CE-TR MRA (F) over 3D-TOF MRA (E) at 6-month
follow-up. The hyperintensity in the aneurysm sac on TOF MRA (E) may represent either throm-
bus from intact PED or aneurysm refilling from PED migration (yellow arrow).

contributory in only 6% of the patients
with treated intracranial aneurysms by
using coil embolization.” The results of
MRA follow-up for coil-embolized aneu-
rysms should not be directly applied to
patients treated with the PED. In contra-
distinction to platinum coils, the larger
bimetallic surface area coverage and
radiofrequency shielding by the PED can
result in a marked local signal void.'>'*

Aneurysm residua, recurrence due to
recanalization, in-stent stenosis due to in-
timal hyperplasia, stent occlusion from an
organized thrombus, and stent migration
must be evaluated by follow-up imaging
in patients with parent vessel reconstruc-
tion.">' Shorter angiographic follow-
up has been shown to be a negative pre-
dictor of aneurysm obliteration following
PED." This finding highlights the impor-
tance of the immediate and long-term
posttreatment follow-up in patients after
PED.

Our results showed that the quality of
visualization and measured luminal di-
ameter of the reconstructed arterial seg-
ment on 3D-TOF MRA were significantly
less than those on CE-TR MRA and DSA.
These parameters were further adversely
affected by the increased number of PEDs
used for reconstruction. The inherent
spatial resolution of 3D-TOF MRA in our
imaging protocol is superior, with voxel
reconstruction of 0.43 X 0.43 X 0.7 mm
compared with CE-TR MRA with a larger
interpolated voxel size of 0.48 X 0.48 X
0.7 mm. We believe our findings on 3D-
TOF MRA, despite its better spatial reso-
lution, are due to the signal loss from a
combination of the inherent high metallic
surface area of the PED and the predom-
inant use in the proximal anterior intra-
cranial circulation. Turbulent flow with
intravoxel dephasing and/or slow flow
with subsequent spin saturation can re-
sult in marked signal loss and can limit
TOF MRA in tortuous vascular segments
such as the cavernous or supraclinoid
ICA.">!*1%1% Among the patients consti-
tuting our study population, all except 2
subjects (1 with an anterior temporal artery
aneurysm and 1 with a PICA aneurysm) un-
derwent treatment of intracranial ICA an-
eurysms distributed between the intradural

pooled sensitivity and specificity for evaluating complete aneu-  cavernous ICA and carotid terminus. Tortuosity and redundancy

rysm occlusion after coil embolization was 83% and 91% by using ~ among these segments may expose such vulnerabilities in 3D-TOF
TOF-MRA and 87% and 92% with CE-MRA.'> CE-MRA was  MRA and likely account, in part, for the observed results.
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FIG 2. Discordance between CE-TR MRA and DSA. A 68-year-old woman with a right paraophthalmic aneurysm. A, Post-Pipeline embolization
right paraophthalmic aneurysm. B, No residual neck is demonstrated (yellow arrow) on the 6-month follow-up CE-TR MRA. C, A thin crescentic
residual neck measuring 1 mm deep (yellow arrow) is seen on the subsequent DSA.

FIG 3. Overestimation of in-stent stenosis on MRA techniques. A 63-year-old woman with a left ophthalmic artery aneurysm. A, 3D-TOF MRA
shows complete loss of flow-related enhancement in the PED (yellow arrow), suggestive of occlusion. B, Preserved enhancement within the PED
with a narrowed lumen (yellow arrow) suggestive of in-stent stenosis. C, DSA demonstrates a normal-caliber ICA with no in-stent stenosis or
occlusion.

3D-TOF MRA is further limited in its ability to differentiate
thrombus from residual flow in treated aneurysms, both of which
may exhibit intrinsic T1-weighted hyperintensity. Because the
PED is designed for 85% reduction of blood circulation within the
aneurysm, which induces thrombosis,* this limitation decreases
the diagnostic accuracy of 3D-TOF MRA compared with CE-TR
MRA.

CE-TR MRA showed significantly superior quality of visual-
ization and higher measurable luminal diameter of the recon-
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structed arterial segment compared with 3D-TOF MRA, a better
reflection of DSA findings. CE-TR MRA uses precontrast mask
images to subtract the background signal before contrast injec-
tion, so high signal intensity due to the T1 shortening effect of a
thrombosed aneurysm is effectively eliminated. Signal loss related
to turbulent flow or susceptibility artifacts may be partially over-
come with conventional non-time-resolved CE-MRA; however,
the limitations with this technique are venous contamination and
enhancement of the aneurysm wall, potentially leading to false-



positive results.'' While high-temporal-resolution and multipha-
sic MRA examinations are not critical for evaluation of the PED,
they effectively prevent mistiming of the contrast bolus. Of note,
none of the CE-TR MRA examinations were technical failures due
to inadequate contrast-bolus timing. CE-TR MRA also would
have potential benefit for cases with postprocedural rupture of
cavernous segment aneurysms with arteriovenous fistula forma-
tion, though none were present in this study population. A single
distal stent migration in 1 patient with refilling of the entire an-
eurysm was diagnosed on CE-TR MRA and was confirmed on
DSA (Fig 1).

Small residual lumen and suboptimal projections on DSA
were independently associated with discordance between intra-
arterial DSA and MR angiography.” In our study group, 3 patients
were nonconcordant between the CE-TR MRA and DSA. Two of
3 patients had false-positives, with erroneous diagnosis of com-
plete aneurysm occlusion following PED. Subsequent DSA con-
firmed a thin crescentic filling in the aneurysm neck measuring 1
mm in depth (Fig 2). Findings in 1 of 3 patients were false-nega-
tive with minimal interstitial filling with an intra-aneurysmal coil
pack on CE-TR MRA, which was demonstrated to be complete
occlusion on the DSA performed on the same day. The superior
spatial resolution of DSA compared with CE-TR MRA can ex-
plain the discordance between the techniques. DSA has a superior
spatial resolution of 0.2 X 0.2 X 0.2 mm isotropic voxel size,*'
compared with the 0.48 X 0.48 X 0.7 mm voxel size of CE-TR
MRA, which increases the sensitivity for small 1-mm residual fill-
ing in the treated aneurysms. In each of these cases, the results did
not affect immediate patient outcome in terms of repeat endovas-
cular treatment or anticoagulation. Patients undergo the standard
follow-up procedure of our institution: 6 months, 2 years, and 5
years’ posttreatment with the PED.

Overestimation of in-stent stenosis was well-reported in the
literature in both in vitro and in vivo studies by using 3D-TOF
MRA techniques®>*? and on CE-TR MRA."! Our study results are
in agreement with the literature findings (Fig 3). 3D-TOF MRA
overestimated the measurable lumen diameter of the PED by 72%
in comparison with DSA or by 50% in comparison with CE-TR
MRA. CE-TR MRA overestimated the measurable lumen diame-
ter of the PED by only 27% in comparison with DSA. This over-
estimation is a definite limitation of both MRA techniques, be-
cause even small degrees of intimal hyperplasia and luminal
narrowing, which are much more effectively evaluated by DSA
(due to lack of artifactual apparent narrowing), can impact pa-
tient management. Indeed, the intrinsic spatial and temporal res-
olution of DSA is superior to MRA techniques. Incorporation of
MRA techniques in the follow-up algorithm of PED to exclude a
tiny residual/recurrent aneurysm filling or in-stent stenosis
should be evaluated in light of clinical context, as this may affect
the patient management on individual basis.

We acknowledge the limitations of this study. First, the retro-
spective nature of this study incorporates a learning curve in both
the performance of the technique by technologists and the expe-
rience of the readers. The relatively small number of cases is also a
limitation, and clinically significant discrepancies between the
CE-TR MRA and DSA could emerge as a larger number of proce-
dures are performed. In some cases, DSA was performed with

knowledge of the MRA results, potentially influencing detection.
Finally, while follow-up MRA and DSA were performed on the
same day for most patients, in a few cases there was a time interval
between the 2 examinations, which could result in disappearance
or new emergence of contrast filling within an aneurysm that
would introduce discrepancies between techniques not present if
the studies had been performed on the same day.

CONCLUSIONS

CE-TR MRA can be used to noninvasively monitor intracranial
aneurysms following flow diversion and parent vessel reconstruc-
tion with the PED. CE-TR MRA is superior to conventional 3D-
TOF MRA and has excellent concordance with DSA for detection
of aneurysm occlusion and visualization of the reconstructed ar-
tery. Both MRA techniques evaluated overestimated apparent in-
stent stenosis, which was worse on 3D-TOF MRA compared with
CE-TR MRA.
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