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R angiography (MRA) and CT angiography (CTA) are

routinely used to diagnose cerebral aneurysms.'™* In
many instances, these same noninvasive data can be used to
plan subsequent treatment. After treatment has been com-
pleted, the application of these powerful noninvasive imaging
techniques becomes much more challenging owing to the in-
teraction of the various therapeutic devices (ie, aneurysm
clips, embolic coils, and/or stents) with the proton relaxation
signal intensity or photon flux in MR imaging and CT, respec-
tively, in the region of the treated aneurysm. The standard of
practice has been to use catheter-based angiography>® for the
evaluation of treated aneurysms. However, recent studies have
suggested that noninvasive imaging techniques can be used to
reduce, or in some cases eliminate, the need for follow-up
conventional angiography.””'*

Neurovascular Imaging Following Coil Embolization
Endovascular therapy is increasingly being used as the primary
treatment of ruptured and unruptured intracranial aneurysms.
Results of the International Subarachnoid Aneurysm Trial
(ISAT)"? indicate that for patients with ruptured intracranial an-
eurysms, those treated with endovascular coiling are more likely
to survive and live independently than those treated with surgical
clipping.'* The same study also demonstrated a small increase in
the risk of rebleed after coiling in comparison with surgical clip-
ping. This potential for rebleeding represents the primary short-
coming of endovascular aneurysm therapy. Manabe et al'® re-
ported that incomplete aneurysm embolization or aneurysm
recurrence after complete embolization is associated with a con-
tinued potential for aneurysm rupture (or rerupture).
Aneurysm recurrence after coil embolization has been esti-
mated to occur in anywhere from 10%—40% of patients and is
dependent on multiple variables.'®** Aneurysm recurrence re-
fers to a new or increased area of patency within an aneurysm that
has been previously treated. This process may be related to insta-
bility and subsequent compaction of the original coil mass or
migration of the coil mass into intra-aneurysmal thrombus or
into the fundus of a continually expanding aneurysmal sac (Fig
1). Occasionally, recurrence is the result of the growth of a new
outpouching from a diseased parent vessel adjacent to the neck of
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Noninvasive Imaging of Treated Cerebral
Aneurysms, Part I: MR Angiographic Follow-Up of
Coiled Aneurysms

SUMMARY: MRA is emerging as an alternative to conventional catheter based angiography for the
assessment of aneurysms after endovascular treatment. Short TE and contrast enhanced MRA
techniques can be applied to optimize image quality. We review the available data regarding the
application of MR for the assessment of cerebral aneurysms after endovascular therapy.

the originally treated aneurysm with the recurrence projecting
alongside the original coil mass. Although various factors have
been associated with aneurysm recurrence, it is impossible to pro-
spectively and accurately predict which aneurysms will recur and
require retreatment.

Although there is no established estimate of the risk associated
with aneurysm recurrence or incomplete embolization and no
accepted threshold for the severity of aneurysm recurrence that
warrants retreatment, continued surveillance of aneurysms after
coil embolization has become standard practice.**® Some inves-
tigators have recommended that at least 2 follow-up examina-
tions be performed within the first year after treatment.'” Cathe-
ter-based digital subtraction angiography (DSA) is the most
common technique used for this purpose. However, DSA is in-
vasive and carries a small yet significant risk of neurologic mor-
bidity.?” " Serial follow-up DSA examinations could conceivably
result in a cumulative morbidity and with time could erode the
advantages of endovascular treatment. Minimizing morbidity re-
lated to angiographic surveillance is particularly important when
analyzed within the context of the very low risk of rebleeding after
successful coil embolization—estimated to be 0.11% per year in
the recent Cerebral Aneurysm Rerupture After Treatment
study’> and 0.21% per year in the ISAT study."* Primarily for the
aforementioned safety reasons but also for patient comfort, con-
venience, and overall cost containment, it would be optimal if
surveillance imaging could be performed by using a noninvasive
technique, rather than conventional angiography. MR imaging is
particularly attractive for this purpose because it does not involve
exposure to ionizing radiation and resultant images are mini-
mally impacted by coil-induced artifact.

Available Noninvasive Imaging Techniques and Their
Utility in the Assessment of Coiled Aneurysms

Platinum alloy coils are designed to allow optimum visibility dur-
ing endovascular treatments performed under fluoroscopic con-
trol. However, the high attenuation of the subsequent endovas-
cular coil mass causes marked beam hardening and streak artifact
on CT and CTA, which typically obscures not only the aneurysm
but also the adjacent parent and branch vessels as well as the
surrounding brain parenchyma.” On the other hand, these plat-
inum alloys create relatively little distortion of the local magnetic
field and, therefore, cause a much less dramatic disruption of the
MR imaging/MRA signal intensity. In fact, it is highly unusual for
a coil mass to cause any significant degradation of the MR imag-
ing signal intensity from the brain parenchyma immediately ad-
jacent to a treated aneurysm. As such, noninvasive imaging sur-
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Fig 1. A, Internal carotid angiogram demonstrates near-complete coil embolization of a large anterior communicating artery
aneurysm. Follow-up short TE MRA was performed with MPR and MIP postprocessing. B, An image from the coronal MPR
demonstrates a large recurrence (arrow) within the central aspect of the coil mass. A black signal-intensity void is distributed
about the periphery of this central recanalization, indicative of the displaced and compacted coil mass that is now draped
around the periphery of the recanalized pocket of central flow. Signal-intensity voids running though the central area of
flow-related enhancement correspond to individual coil strands that bridge the recanalization. C, Correlative follow-up right
internal carotid angiogram in a projection performed to replicate the coronal MPR confirms the large central recanalization
with the coil mass displaced into the periphery of the fundus and a few individual coil strands bridging the recurrent

aneurysm.

veillance after coil embolization has been essentially limited to
MRA techniques.

MRA Techniques for the Evaluation of Coiled
Aneurysms: Efficacy
A number of small studies have investigated the utility of MR
imaging for follow-up after coil embolization. Despite the appli-
cation of different MRA techniques, most investigators have re-
ported sensitivity and specificity rates for the detection of residual
aneurysms between 90% and 100%, respectively.”'>** For ex-
ample, Westerlaan et al>* reported a positive predictive value
for demonstrating residual aneurysms of 89% and a negative
predictive value for the exclusion of neck remnants and resid-
ual flow of 95% and 100%, respectively. In a series of 26 pa-
tients, Brunereau et al® reported a positive predictive value of
100% and a negative predictive value of 96% for the detection
of residual flow within the coil mass. Gaurvit et al*> reported
that contrast-enhanced MRA (CE-MRA) successfully identi-
fied all recanalizations in a series of 48 aneurysms evaluated by
both DSA and MRA during 12 months. Leclerc et al*® reported
a 100% sensitivity of CE-MRA for the identification of resid-
ual aneurysm filling at 1 year. In most studies, regardless of the
MRA technique used, the aneurysm remnants missed on MRA
were very small (<2 mm) and in most cases would not neces-
sarily have warranted retreatment.>*” However, Farb et al*®
reported that 3 larger aneurysm remnants measuring between 4
and 5 mm were missed when a time-of-flight (TOF)-MRA se-
quence was used alone. At the same time, all recurrences >3 mm
were detected on a CE-MRA sequence used in the same study.
Our experience would also be commensurate with the literature
indicating that most treatable aneurysm remnants can be visual-
ized with reasonable confidence by using high-resolution TOF-
MRA or CE-MRA (Fig 2).

In some series and in our own experience, MRA data were
also found to be complimentary to those of DSA, demonstrat-
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ing small aneurysm residuals that were not appreciated on the
initial conventional angiographic views but were found after
MR imaging correlation (Fig 3) and additional angiographic
investigation/evaluation.'>*® When evaluating the various
studies that have attempted an MRA-DSA comparison, one
should consider that the gold standard of DSA is also an im-
perfect test. The radiopaque coil mass can, in some projec-
tions, completely obscure a small recanalization that is evident
on MRA. This issue is particularly important if the working
angles used for the original coiling procedure are not meticu-
lously reproduced at follow-up angiography.

MRA Techniques for the Evaluation of Coiled Aneurysms:
Limitations and Technical Points

There are several challenges associated with the MRA follow-up
of coiled aneurysms. These include the following: 1) artifacts re-
lated to distortion of the regional By, field by the coil mass (ie,
susceptibility artifacts); 2) dynamic eddy currents associated with
the coil mass; 3) spin dephasing due to complex flow within the
residual aneurysm and tortuous parent vascular segments; 4)
slow flow within partially occluded aneurysm remnants with sub-
sequent spin saturation; 5) long acquisition times (particularly
for unenhanced 3D TOF scans), which increase the probability of
patient motion artifacts; and 6) the recently described risk of
nephrogenic systemic fibrosis associated with the administration
of gadolinium in patients with compromised glomerular filtra-
tion rates.”

Even under optimal conditions, the evaluation of postcoil-
ing MRA can be difficult, particularly for inexperienced read-
ers. The coil mass appears as a region of signal-intensity void
and can be difficult or impossible to perceive on the MR im-
aging source and reconstructed images. The anatomic rela-
tionship of the aneurysm with respect to the parent vessel may
be complex and difficult to understand on MRA source im-
ages. Several procedural and technical aspects of imaging and



image interpretation have evolved that may improve the util-
ity of MRA for the follow-up of coiled aneurysms.

Image Interpretation. An accurate interpretation of the
posttreatment MR image requires a familiarity with the pre-
treatment and immediate postembolization conventional an-
giograms'? (Fig 4). A review of the images from the initial
treatment provides the reader with a 2D projection of the 3D
anatomy, demonstrating the orientation of the coil mass and
aneurysm neck with respect to the parent vessel. Once this
anatomy is understood on the angiograms, the interpreter can
carefully scrutinize the MR imaging data with attention di-
rected specifically to the aneurysm neck-parent vessel inter-
face (the potential site of aneurysm residual or recurrence).

The primary interpretation of the MRA should be based on
the source images. Source data are complemented by multi-
planar reformations (MPRs) and maximum intensity projec-

Fig 2. A, Conventional left internal carotid angiogram dem-
onstrates a tiny 1- to 2-mm residual neck at the base of a
coiled anterior communicating artery aneurysm. B, Correla-
tive MIP projection from a TOF-MRA accurately demonstrates
this tiny residual.

Fig 3. A Conventional right internal carotid angiogram de-
picts a coil mass within a right carotid terminus aneurysm. A
tiny (2-mm) residual aneurysm (arrow) is evident only as a
double attenuation overlapping the parent vessel. On the
other A-plane angiographic views, this small residual pro-
jected over the coil mass and was obscured. On the lateral
projections, the residual was obscured by overlying anterior
cerebral artery and middle cerebral artery branches. B-D,
Correlative TOF-MRA source images demonstrate that the
tiny residual arises from the anterior aspect of the aneurysm
neck and projects superiorly along the anterior aspect of the
coil mass (arrows). In retrospect, it can be appreciated just
how this small residual would be obscured by either the coil
mass or adjacent vessels on the most angiographic projec-
tions. £, An image from a rotational angiogram with the coil
mass attenuation mapped to a blue color provides additional
evidence of the tiny residual at the base of the coil mass,
projecting superiorly from the anterior aneurysm neck.

tion (MIP) images. Given the added value of data postprocess-
ing, one should perform interpretation of these studies on a
3D workstation capable of real-time postprocessing by the in-
terpreter. Depending on institutional workflow, this 3D work-
station may be separate or embedded within the organiza-
tional PACS system. MIPs alone frequently lack the sensitivity
required to demonstrate small aneurysm remnants, and they
should not be interpreted in the absence of source data. At the
same time, when large residuals are present, the optimal an-
giographic projections for retreatment can often be prospec-
tively approximated by using the MIPs.

Short Echo Time Imaging. The shortest possible echo time
(TE) is a key parameter in reducing coil-associated artifact.
Most intracranial MRA examinations use a TE in the range of
3-7 ms. MRA techniques that use TE values >5 ms have been
shown to result in artifact of approximately 1-2 mm in the
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Fig 4. A, Conventional angiogram demonstrates a small right posterior communicating artery aneurysm after coil embolization. The unsubtracted image (left) depicts a tail of coil projecting
anteriorly (arrow). The subtracted image (right) demonstrates that this coil tail projects toward the parent artery from which the aneurysm arises. A small amount of filling between the
interstices of the coil mass is also noted along the anterior aspect of the aneurysm neck. B, Correlative TOF-MRA source image demonstrates the coil mass as a signal-intensity void. A
linear signal-intensity void (arrow) projects anteriorly into the parent posterior communicating artery corresponding to the coil tail visualized on the native image. The small pocket of residual
filling is also appreciated along the lateral aspect of the coil mass. Reading the MRA without the posttreatment angiographic correlation could lead to confusion with respect to the
interpretation of these structures in the region of the aneurysm neck. A correlation of the 2 techniques provides a detailed and complimentary understanding of the anatomy in this region.

vicinity of the coil mass. Such artifacts are related to a distor-
tion of the local By, field (susceptibility artifact) plus dynamic
eddy currents around the coil mass.*® Although this degree of
artifact is not important with respect to the visualization of the
surrounding brain parenchyma, any signal-intensity void
could potentially obscure the identification of a small, but pos-
sibly significant, and potentially retreatable residual aneu-
rysm. The use of short TEs (<2.5 ms) reduces the signal-in-
tensity loss associated with the coil mass*"** and thereby
improves the visualization of any remaining intra-aneurysmal
flow as well as flow within the adjacent parent vessel or
branches.'®"* Gonner et al*’ compared the artifacts generated
by coil masses by using 2 different MRA protocols: 1 with a
conventional TE (6 ms) and 1 with a short TE (2.4 ms). These
investigators found that with the short TE sequences, overes-
timation of the diameter of the coil mass on MRA was signif-
icantly reduced, and in 36%, visualization of the adjacent par-
ent vessel was improved. Walker et al** found that increasing
TE values created increasing volume overestimations at both
1.5T and 3T when imaging a coil mass within an in vitro
model. They concluded that reducing the TE was the main
factor in improving perianeurysmal visualization.

Readout Bandwidth. At our institutions, we double the
default receiver bandwidth for these studies. This modifica-
tion reduces the amount of time during which echo sampling
occurs, thus minimizing the spatial distortion attributable to
susceptibility effects. However, this is achieved at the expense
of a reduced signal-to-noise ratio. This trade-off may degrade
image quality, particularly when a noncontrasted TOF-MRA
technique is used.

Field Strength. Although higher field strengths provide a
better signal-to-noise ratio and background suppression, they
also result in greater susceptibility artifact. Walker et al** dem-
onstrated that coil volume overestimation artifacts increased
with imaging at 3T in comparison with 1.5T. At 3T, the impact
of increased coil-packing attenuation on volume overestima-
tion was also exacerbated. At the same time, these effects were
most important when a 3D-TOF sequence was used and con-
siderably less detrimental when a contrast-enhanced fast gra-
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dient-echo MRA technique was used (TE, 1.24 ms). The au-
thors concluded from these data that a contrast-enhanced fast
gradient technique at 3T might be optimal for posttreatment
imaging.

At this time, very little clinical data exist regarding the use
of 3T MRA for the evaluation of coiled aneurysms. Majoie et
al*® evaluated 20 consecutive patients with 21 coiled aneu-
rysms and found that 3T MRA depicted aneurysm remnants
accurately and with minimal imaging artifacts. In this small
series of patients, contrast administration provided no addi-
tional value.

CE-MRA. Turbulent flow with intravoxel dephasing
and/or slow flow with subsequent spin saturation can result in
significant signal-intensity loss on TOF-MRA. Turbulence
and complex flow patterns are not only a problem within the
aneurysm but also within tortuous vascular segments, such as
the cavernous and supraclinoid segments of the internal ca-
rotid artery (ICA). Aneurysms arising from these vascular seg-
ments can be particularly difficult to assess after treatment,
given the additive effects of coil-induced susceptibility artifact
and dephasing related to complex flow within both the aneu-
rysm and adjacent parent vessel (Fig 5).

Signal-intensity loss related to slow or complex flow can
largely be overcome with a contrast-enhanced MRA tech-
nique. However, this is achieved at the expense of venous con-
tamination and possibly diagnostic uncertainty related to T1-
hyperintense thrombus and perianeurysmal enhancement.
Uncertainty related to venous contamination can largely be
mitigated by a detailed understanding of the anatomy of the
aneurysm neck and its relationship to the parent vessel. This
information can typically be gleaned from a review of the ini-
tial treatment angiograms. However, venous contamination
remains a significant problem with aneurysms near the skull
base, particularly those involving the cavernous and paracli-
noid segments of the carotid artery.

In large or giant aneurysms, uncertainty related to intra-
aneurysmal T1 hyperintense thrombus is a problem on both
enhanced and unenhanced MRA sequences. This uncertainty
can often be overcome to some degree by correlating the pre-



Fig 6. Axial source images from a contrast-enhanced MR image obtained immediately after
treatment (left image) demonstrate no enhancement about the posterior aspect of a large
basilar aneurysm coil mass (arrows). Follow-up imaging performed 6 weeks later (right
image) demonstrates the interval development of a thin rim of enhancement marginating
the posterior aspect of the coil mass (arrows). This pattern of enhancement is not
representative of recanalization but more likely of mural enhancement as a sequela of the
in-growth of granulation tissue about the periphery of the coil mass.

contrast MR imaging with the CE-MRA. Although T1 shine
through within regions of thrombosis often creates hyper-
intensity on TOF images, which could be confused with
flow-related enhancement, a marked increase in intensity
in the same region after contrast administration suggests
that this signal intensity is related to true aneurysm filling
rather than thrombus. Diffuse homogeneous enhancement
of intra-aneurysmal thrombus, to the point that the throm-
bus becomes as hyperintense as the enhanced blood pool, is
unusual. We perform both TOF-MRA and postcontrast im-
aging, and frequently, these issues of thrombus versus flow
can be resolved by comparing the 2 sequences. Finally, cor-
relation of the baseline posttreatment MRA examination
with the immediate posttreatment DSA is frequently help-
ful in definitively proving that the T1 hyperintense region
in question within the aneurysm demonstrated no filling
with contrast on DSA.

Contrast enhancement around the periphery of the aneu-
rysm is thought to be attributable to some combination of
organized peripherally distributed intra-aneurysmal throm-
bus, vasa vasorum within the adventitial layer of the aneurysm
wall, and/or the ingrowth of vascularized tissue about the coil
mass due to inflammation or healing.3 ® Thus, a thin linear rim
of peripheral/circumferential contrast enhancement around
the coil mass is commonly seen at CE-MRA follow-up and
should be recognized as an expected finding (Fig 6). Aneurysm

Fig 5. A, Axial source image from a contrast-enhanced MRA
unambiguously demonstrates a tiny (<2-mm) residual supe-
rior hypophyseal-region aneurysm (arrow). B, Correlative left
internal carotid conventional angiogram shows that this tiny
pocket of residual filling (arrow) is surrounded by strands of
coil.

recanalization almost always occurs as a
discrete pocket of flow-related enhance-
ment or contrast enhancement in the re-
gion of the aneurysm neck projecting into
or around 1 side of the coil mass. Circum-
ferential enhancement around the entire
coil mass would be a highly unusual ap-
pearance for aneurysm recanalization. In addition, correlation
with a TOF-MRA typically verifies that this finding represents
contrast enhancement rather than flow. Any persisting uncer-
tainty should be further evaluated by using catheter-based
angiography.

It is also common to observe multiple scattered hyperin-
tense pixels, particularly on CE-MRA, distributed within the
coil mass. Again, it is not clear whether these indicate flow
within the interstices of the coil mass, small foci of T1 shine-
through from hyperintense thrombus, or enhancing scar tis-
sue (Fig 7). The failure of conventional angiography to dem-
onstrate correlative intra-aneurysmal flow in these cases could
easily be secondary to subtraction artifact from the attenuated
platinum coil mass, so it is difficult to draw conclusions as to
the etiology of this finding when angiography is unrevealing.
At the same time, the absence of a confluent pocket of residual
filling precludes further treatment. Thus, prognostic value of
these tiny foci of interstitial enhancement is currently un-
known and probably has relatively little immediate clinical
significance.

Recently, the added concern of contrast-induced nephro-
genic systemic fibrosis has introduced a mental pause in the
carefree attitudes toward gadolinium contrast administration
in patients with renal impairment. Conceivably, future use of
high-field-strength 3T systems, incorporating short TEs, may
reduce the need for contrast in the work-up of coiled
aneurysms.

Contrast-Versus-Noncontrast MRA

Few studies have directly compared contrast-enhanced MRA
with traditional 3D TOF-MRA for the evaluation of coiled
aneurysms. Cottier et al*® compared contrast-enhanced MRA
with unenhanced MRA and found that contrast enhancement
was only beneficial in the evaluation of giant aneurysms. How-
ever, other studies comparing the 2 techniques demonstrated
improvement in lesion detection with intravenous contrast.
Leclerc et al*® compared TOF and gadolinium-enhanced MRA
and found that the contrast-enhanced technique had a higher
sensitivity for the detection of neck remnants in a series of 20
patients (only 5 of whom had aneurysm recurrences). Farb et
al’® similarly observed greater sensitivity of CE-MRA in com-
parison with TOF-MRA in a series of 28 patients. Pierot et al*’
also found that CE-MRA provided better visualization of re-
sidual and recurrent aneurysms than TOF-MRA with less ar-
tifact. However, they did not find that this improved visual-
ization was manifest in terms of a greater sensitivity for the
detection of recurrent aneurysms and concluded that 3D
TOF-MRA was also a valid and useful technique for surveil-
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Fig 7. CE-MRA image following coil embolization of a large right ICA posterior wall
aneurysm. Arrows depict several scattered pixels of hyperintensity distributed within the
signal-intensity void of the coil mass. Although commonly observed, the etiology and
significance of these tiny foci of hyperintensity within the coil mass remain unclear.

lance of coiled aneurysms. In our experience, TOF-MRA with-
out contrast is generally accurate and closely correlates with
the findings of contrast-enhanced techniques. However in
several cases, contrast enhancement aided the visualization of
small remnants and uncovered a larger neck remnant or filling
of the coil pack that was not anticipated on the noncontrast
MRA technique. For this reason, we continue to use CE-MRA
along with TOF-MRA in the evaluation of coiled aneurysms.

MRA Techniques for the Evaluation of Coiled Aneurysms:
Recommended Follow-Up Protocol

At our institutions, MRA has supplanted many of the conven-
tional angiographies that would have otherwise been per-
formed for the follow-up of treated aneurysms. The decision
to perform follow-up conventional angiography is most often
made on a patient-by-patient basis. In those patients who
present specific technical challenges or who are at higher risk
of adverse events from conventional angiography (eg, renal
insufficiency, contrast allergy, or severe diffuse atheromatous
disease), MRA is typically performed as the only follow-up
examination.

The initial MR imaging study is performed in close tempo-
ral proximity to the initial treatment (24—48 hours). This
study provides a direct correlate with the immediate post-
treatment DSA and provides a baseline examination for sub-
sequent comparison with serial MRA studies. Any residual
filling of the aneurysm identified at the conclusion of the ini-
tial procedure on DSA can be directly correlated with these
immediate posttreatment MRA data and targeted for follow-
up. A side-by-side comparison of the immediate posttreat-
ment MRA with subsequent follow-up MRAs is easier and
more straightforward than the comparison of the immediate
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posttreatment angiogram with a subsequent follow-up MRA,
particularly for the purpose of accurately measuring and as-
sessing small increases in the size of aneurysm residuals. In
addition, the immediate posttreatment MRA indicates
whether MR imaging can be used effectively as a follow-up
technique in the future. This is particularly important in those
patients who undergo embolization supported by an adjunc-
tive intravascular stent. In some vascular locations, the stent
results in significant signal-intensity loss within and immedi-
ately adjacent to the stented segment, likely largely related to
stent-induced radio-frequency shielding.*”*® It is difficult to
predict which stent-coil constructs will elicit enough artifact to
interfere with posttreatment imaging. In some cases, stent ar-
tifact obscures the aneurysm to the degree that MRA is inef-
fective for use in follow-up. If no baseline imaging is per-
formed, signal-intensity loss within the stent on a follow-up
MRA may be misinterpreted as the development of in-stent
stenosis. Similarly, stent-induced signal-intensity loss within
the adjacent coil mass may be erroneously interpreted as com-
plete occlusion of the treated aneurysm. Correlation of the
posttreatment angiogram with an immediate posttreatment
MR image can avoid these errors and will immediately identify
those patients who are in need of conventional angiography
for subsequent follow-up.

Our evolving schedule for aneurysm follow-up currently
consists of an immediate posttreatment MRA. In those pa-
tients in whom the MRA-DSA data correlate adequately, fur-
ther follow-up consists of MRA at 3—6 months, 12—-15 months,
and 24-36 months. We had initially been performing fol-
low-up conventional angiography concurrently with either
the 3- to 6- month or 12- to 15-month follow-up MRA to
ensure continued concordance between the techniques, but as
we have gained more experience and confidence in the MRA
data, this has become less frequent.

In those patients in whom the initial baseline MRA-DSA
correlation is thought to be unreliable (eg, artifact related to
the presence of aneurysm clips from prior surgery, aneurysms
with particularly complex anatomy, or after the placement of a
complex treatment construct involving both stents and coils),
follow-up is performed primarily by using conventional an-
giography. Small aneurysm recurrences identified by MRA in
the course of serial follow-up are usually investigated by con-
ventional angiography to verify the diagnosis and ensure an
accurate estimation of the size. In patients not requiring re-
treatment, these small recurrences may be subsequently fol-
lowed noninvasively. In patients with larger recurrences on
MRA, consent is often prospectively obtained in the clinic for
both confirmatory angiography and aneurysm recoiling. Fol-
low-up angiography is then performed with the patient under
general anesthesia with the anticipated retreatment performed
at the same time. This sequence facilitates a much more effi-
cient mechanism for patient management and the use of an-
esthesia services.

We use a short TE (<2.5 ms) MRA sequence with both
unenhanced and contrast-enhanced techniques on a 1.5T
scanner (Table). All postcoiling MRAs are evaluated along
with the catheter-based angiography performed at the time of
coil embolization as well as the baseline posttreatment MRA
study. Serial studies are compared directly with the baseline
MRA with reference to the treatment DSA made to facilitate



MRA protocol

Coiled Aneurysm

Routine MRA Ultrashort TE TOF MRA Contrast-Enhanced MRA
Technique 6-Slab MOTSA 3-Slab MOTSA 3D SPGR single volume
Flow comp ON OFF OFF
BW 15 kHz 32 kHz 32 kHz
Minimal TE 3.7 ms ~2 ms ~2 ms
TR 33 ms 33 ms 14 ms
Flip angle 20° 20° 30°
Section thickness 1.4 mm 1.4 mm 1.4 mm
FXxP 320 X 192 384 X 244 512 X 256

Note:—MOTSA indicates multiple overlapping thin-slab acquisition; TR, repetition time; SPGR, spoiled gradient-recalled-echo; Flow comp, flow compensation; BW, bandwidth; F, frequency;

P, phase.

an understanding of the anatomy of the aneurysm-parent ves-
sel complex. All images are evaluated using 3D software either
integrated with the PACS system or as part of an imaging
workstation. All presentations of the data, including the axial
source data as well as MPR, MIP, and volume-rendered pre-
sentations, are evaluated. Images are also reviewed in conjunc-
tion with the treating neurointerventionalist whenever
possible.

Conclusions

MRA is emerging as an alternative to conventional catheter-
based angiography for the assessment of aneurysms after en-
dovascular treatment. Short TE and CE-MRA can be applied
to optimize this technique for this purpose. Conventional an-
giography remains the gold standard for the evaluation of
treated aneurysms and should be liberally used to resolve any
cases of diagnostic uncertainty on the noninvasive imaging.
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