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CT and MR Imaging Findings and Their
Implications in the Follow-up of Patients with
Intracranial Aneurysms Treated with
Endosaccular Occlusion with Onyx

Isil Saatci, H. Saruhan Cekirge, Elisa F. M. Ciceri, Michel E. Mawad,
A. Gulsun Pamuk, and Aytekin Besim

BACKGROUND AND PURPOSE: Our purpose was to describe the CT and MR features of
intracranial aneurysms occluded with the liquid polymer Onyx.
METHODS: At two centers, 35 aneurysms in 33 patients and 11 in nine patients were treated

with the polymer. In 17 patients, adjunctive stents were placed at the aneurysm neck. All but
three aneurysms originated from the internal carotid artery (ICA). Eighteen were giant; 15,
large; and 13, small. Patients underwent pre- and postprocedural CT and/or MR imaging; MR
angiograms (MRAs) were available in 22. In 35 patients (38 aneurysms), 3-month and/or 1-year
follow-up angiograms were obtained for correlation with sectional images.

RESULTS: Except in two small aneurysms, polymer filling created beam hardening artifacts
on CT scans. In 10 aneurysms, the polymer did not fill the aneurysm sac entirely; five showed
recanalization at follow-up. On MR images (all sequences), the polymer appeared hypointense,
probably because of its tantalum content; it did not create artifacts. MRAs falsely suggested
reduced or absent ICA flow in 11 of 22 patients, nine of whom with stents. In the rest, MRA
provided results comparable to those of selective angiography. In 12 patients, postprocedural
imaging revealed new lesions.

CONCLUSION: Onyx appears hypointense on MR images, with no artifact, and it does not
interfere with MRA except in patients with stents. MR imaging may reveal new parenchymal
lesions, even in asymptomatic patients. In the immediate control and follow-up of polymer-
treated aneurysms, MR imaging and MRA may be preferred. CT may show the degree of filling

in the aneurysmal sac, but Onyx creates artifacts that hinder CT evaluation.

Many techniques are used for the treatment of intracra-
nial aneurysms. In addition to surgical clipping, endo-
vascular techniques such as parent-artery occlusion,
coiling with or without auxiliary devices (eg, balloons for
remodeling techniques and stents), or stenting alone are
proven to be effective treatment options (1-6). How-
ever, recanalization is the major problem in many of
these treatment alternatives, especially in wide-necked
and fusiform aneurysms (7-9). Liquid agents have long
been considered for use in endosaccular aneurysm oc-
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clusion, despite that control of their deposition can
hardly be presumed (10). Onyx (formerly Embolyx; Mi-
cro Therapeutics, Inc, Irvine, CA) is a mixture of ethyl-
ene vinyl alcohol (EVOH), dimethyl sulfoxide (DMSO),
and tantalum. Some have started to use this material for
the treatment of intracranial arteriovenous malforma-
tions (AVMs) and for tumor embolization; initial results
have already been presented (10-12). This treatment
now seems to provide a safe alternative for the exclusion
of the aneurysm from the circulation (13-14), though to
our knowledge, effectiveness and long-term results have
not yet been published.

The CT and MR imaging findings in patients with
intracranial aneurysms treated with this polymer are
described in this article. Because the use of this ma-
terial began only recently, its imaging features are not
known. In addition, follow-up of these patients must
be well tailored because most of the aneurysms are
the most difficult to treat, and they have an increased
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Patient data

Examinations
after First Tx

Patient, Aneurysm Mass MR Follow-Up ~ Recanali- N
Location and Size*  Calcification Thrombus Effect’ Tx/Repeat Tx* CT® Imaging! New Lesion” Angiography” zation** MRATT

1, R sc ICA, giant Yes Yes Yes  Onyx16/ Onyx20 + S 2 3(M) No Yes Yes Yes
2, R cav ICA, giant Yes No Yes  Onyx20 + S/none 2 3(M) No Yes No Yes
3

R cav ICA, small No No No  Onyx20/onyx20 2 2(NI) No Yes Yes Yes

R cav ICA, small No No No  Onyx20/none 2  2(NI) No Yes No Yes
4, R pcav ICA, giant No Yes Yes  Onyx20 + S/none 1 1(M) Asymptomatic No NA No
5, L cav ICA, large No No No  Onyx20 + S/none 1 2 (H) No Yes No Yes
6, R sc ICA, small No No No  Onyx20/none 1 1(H) No Yes No Yes
7, R sc ICA, small No No No  Onyx20/none 1 2 (H) No Yes No Yes
8, L cav ICA, large No No No  Onyx20 + S/none 1 2(M) No Yes No Yes
9, L sc ICA, small No No No  Onyx20/none 1 1(H)  Asymptomatic Yes Yes Yes
10, L cav ICA, small No No No  Onyx20/none 1 1(NI) No Yes No No
11, L pcav ICA, giant Yes Yes Yes  Onyx16/onyx20 + S 1 2M) No Yes Yes No
12, R cav ICA, giant Yes Yes Yes  Onyx20 + S/none 1 2(M) No Yes No Yes
13, L sc ICA, large No No No  Onyx20 + S/none 1 0 (NA) Hemorrhage No NA No
14

Basilar tip, large No Yes Yes  Onyx16/none 1 0(NA) No No NA No

R sup cb, small No No No  Onyxl6/none 1 0(NA) No No NA No
15, L sc ICA, large No No No  Onyx20 + S/none 1 2(H) No Yes No Yes
16, R p ICA, small No No No  Onyx20 + S/none 1 1(H) No No NA No
17, L sc ICA, giant No No No  Onyxl6/none 1 1(H) WS ischemia Yes No Yes
18, R cav ICA, giant Yes Yes No  Onyx20 + S/none 1 0(NA) WS ischemia No NA No
19, R cav ICA, giant No Yes No  Onyx16/none 2 0(NA) No Yes Yes No
20, R cav ICA, large No No No  Onyxl6/none 2  0(NA) No Yes No No
21, R sup cb, giant Yes Yes Yes  Onyx16/none 1 2(M) Asymptomatic Yes Yes No
22, R sc ICA, giant Yes Yes Yes  Onyx20/onyx20 + S 3 2(M) No Yes Yes Yes
23

L sc ICA, giant No No No  Onyx20/none 1 0(NA) No Yes No No

R cav ICA, small No No No  Onyx20/none 1 0(NA) No Yes No No

R sc ICA, small No No No  Onyx20/none 1 0(NA) No Yes No No
24, R sc ICA, small No No No  Onyx20/none 1 0(NA) No No NA No
25, L cav ICA, large No No No  Onyx20/none 1 O0(NA) No No NA No
26, R pcav ICA, large No No No  Onyx20 + S/none 0 1(M) No Yes No Yes
27, R cav ICA, giant No No Yes  Onyx16/none 1 1 (M)  Transient CCF Yes No No
28, R cav ICA, giant No No Yes Onyx20 + S/none 1 2(M)  Asymptomatic Yes No Yes
29, R cav ICA, giant No No Yes Onyx20 + S/none 0 1(M) No Yes No No
30, R sc ICA, large No No No  Onyx20/none 1 1(H)  Asymptomatic Yes No Yes
31, R cav ICA, small No No No  Onyx20/none 0 1(NI) No Yes No Yes
32, R sc ICA, giant No No No  Onyx20 + S/none 1 2(H)  Asymptomatic Yes No Yes
33, R sc ICA, large No No No  Onyx20/none 1 1(H)  Asymptomatic Yes No No
34, L sc ICA, large No No No  Onyx20/none 1 1(H) No Yes No Yes
35, L pc ICA, large No Yes No  Onyx20/onyx20 + S 1 1(M) No Yes Yes No
36, L sc ICA, large No No Yes  Onyx20/none 1 0(NA) No Yes No No
37, L sc ICA, small No No No  Onyx20/none 0 2 (H) No Yes No Yes
38, L sc ICA, giant No Yes Yes  Onyx20/none 1 2(M) Asymptomatic Yes No Yes
39, L pc ICA, large No No No  Onyx20/none 0 1(M) No Yes No No
40, R sc ICA, giant No No No  Onyx20/none 0 2(M) No Yes No Yes
41, L sc ICA, giant No No Yes  Onyx20/none 1 0(NA) No Yes No No
42, R sc ICA, large No No Yes Onyx20/none 1 2 (H) No Yes No Yes

* Patients 13 and 14 died after receiving the treatment relevant or irrelevant to the endovascular therapy. Aneurysms in the following patients contained
previously placed GDCs: 14 (basilar tip aneurysm), 19, 21, 38. Abbreviations: cav indicates cavernous segment; p, petrous; pcav, petrocavernous segment; sc,
supraclinoid; and sub cb, superior cerebellar artery.

" In patient 22, edema around the aneurysm increased after treatment.

# Onyx16 indicates 16% Onyx (16% EVOH, 84% DMSO); Onyx20, 20% Onyx (20% EVOH, 80% DMSO); and S, stent.

8 In the following patients, the aneurysm was not completely filled with the polymer, as shown on the posttreatment CT scans: 1, 11, 12, 16, 19, 21, 22, 27,
28, 30. That is, the polymer was not cast in the exact shape of the aneurysm.

I Data in parentheses are the MR appearances. H indicates hypointense; NA, not applicable because MR studies were not available; NI, not identified due
to the small size; and M, mixed signal intensity.

" Lesions appearing after treatment. CCF indicates caroticocavernous fistula; WS, watershed.

# Follow-up angiography performed in the third month and/or at 1 year. (Simultaneous control examinations for sectional imaging were performed within
2 days.) No indicates that selective angiography had not been performed yet or that images were not available. That is, the treatment was recent and control
imaging had not yet been performed or the patient had refused. Two patients died after treatment and did not undergo control angiography.

** Recanalization detected during selective control angiography.

7 In the following patients, MRAs showed that the parent artery had decreased in diameter: 1, 2, 5, 8, 12, 26, 28, 40. In the following patients, MRAs, showed
that the parent artery had no apparent signal intensity: 15, 17, 32, 38. In the following patients, MRA results were comparable to those of selective angiography:
3,6,7,9,17, 22, 30, 31, 34, 37, 42.
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likelihood of regrowth or recurrence. Therefore, the
aim of this study was to define the imaging features of
the polymer-filled aneurysms and to determine the
implications of these findings in follow-up. (The
treatment technique and results, including complica-
tions and recurrence, were beyond the scope of this
study, and these data have already been published in
a select subgroup of patients [14]).

Methods

In this prospective study, CT and/or MR images of 42 pa-
tients were evaluated in correlation with the angiographic re-
sults. The patients were from two centers, and their intracranial
aneurysms were treated with endosaccular casting with Onyx.
Thirty-one of the patients were women and 11 were men. Their
age range was 6—81 years, with a mean age of 43.7 years.

The patient group had 58 intracranial aneurysms; nine pa-
tients had multiple aneurysms. In the 42 patients, a total of 46
intracranial aneurysms were treated by using the polymer.
Other aneurysms (not included in this study) were treated with
Guglielmi detachable coils (GDCs) (n = 4), trispan with GDCs
(n = 1), stents with GDCs (n = 1), and surgical clips (n = 2).
Some were left untreated for further follow-up (n = 4). Except
for three aneurysms (one basilar tip and two superior cerebel-
lar artery aneurysms), the other polymer-treated aneurysms all
originated from internal carotid artery (ICA). Of these, 26
were located on the right, and 17, on the left. Twenty-one were
located at the supraclinoid segment, and the remaining 22
aneurysms involved the petrous and/or cavernous portion of
the ICA. The aneurysms were 2—45 mm in their largest diam-
eter. Among the aneurysms, 18 were giant (=2.5 cm), 15 were
large (1—2.5 cm), and 13 were small (<1 cm). Only five pa-
tients (one with two aneurysms) were treated in the acute stage
of subarachnoid hemorrhage. The remainder were either
asymptomatic or had headaches, vision loss, diplopia, and/or
symptoms due to mass effect. Nine of the patients had prior
trauma.

In seven patients, therapy had been attempted before poly-
mer treatment. However, the treatment attempt failed or the
aneurysm had recanalized at follow-up. Therefore, four aneu-
rysmal sacs contained previously placed GDCs.

Onyx is a biocompatible polymer of EVOH dissolved in its
organic solvent, DMSO. Tantalum powder is added to the
polymer-solvent mixture to provide the necessary radiopacity.
In this study, 16% Onyx (16% EVOH, 84% DMSO) was used
in the first nine aneurysms, two of these received further
treatment with 20% Onyx (20% EVOH, 80% DMSO) in a
second session. In the remaining aneurysms, 20% Onyx was
used.

After angiographic workup, two guiding catheters were in-
troduced by using bilateral femoral approach. A polymer-com-
patible balloon catheter (Equinox; Micro Therapeutics, Inc)
was first placed across the aneurysm neck, and then the poly-
mer-compatible microcatheter (Rebar; Micro Therapeutics,
Inc) was placed in the aneurysmal sac. Onyx was carefully
injected under the protection of the balloon catheter until the
aneurysmal sac was completely filled. Before the aneurysmal
sac was filled, a stent was placed across the aneurysm neck
either primarily (13 of 17 patients) or in the retreatment ses-
sion (four of 17 patients); this was done because of the recan-
alization of aneurysms initially treated with the polymer alone.
In all cases, balloon-expandable, stainless steel stents were
used, with polymer-compatible balloon (S670 AVE; Med-
tronic, Inc, Minneapolis, MN). The length was selected accord-
ing to the width of aneurysm neck to provide full coverage of
the neck. The stent was first placed across the aneurysm neck,
and the balloon of the stent was left in place to serve as a
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protective device. Afterward, the polymer-compatible micro-
catheter was introduced; it passed through the struts of the
stent, and the polymer was administered in small quantities.
The technical details are described in another article (14).

A total of 81 CT and 79 MR images were evaluated. All
patients but four had undergone at least one sectional imaging
examination in their preprocedural evaluation. After the treat-
ment, CT was performed in 36 patients, and MR imaging, in 32
patients. MR angiograms (MRAs) were available in 22 pa-
tients, one with two aneurysms treated with the polymer. CT
examinations were performed by using several scanners (Phil-
ips AVEI Tomoscan, Rotterdam, the Netherlands; Somatom
Volume Zoom, Siemens, Erlangen, Germany; and QXI Light-
speed, GE Medical Systems, Milwaukee, WI). MR imaging
examinations were performed by using a 0.5-T unit (NT-Intera;
Philips) and/or a 1.5-T unit (Symphony, Siemens; Magnetom
SP 4000, Siemens; or Horizon Echospeed, GE Medical Sys-
tems). The primary author (I1.S.) and additional investigators at
each center (H.S.C. in Hacettepe University, Ankara, Turkey,
and EF.M.C. and M.E.M. at Methodist Hospital, Houston,
TX) analyzed the hard-copy images.

The follow-up protocol included selective angiography in the
third month and at 1 year. In 35 patients with 38 aneurysms,
one or more follow-up angiographic studies were obtained in
correlation with CT and/or MR imaging.

CT scans were evaluated for the presence of calcification
and/or thrombus, unless the aneurysmal sac was too small to be
identified on the preoperative CT images. In the postinterven-
tional examination, the degree to which the polymer filled the
aneurysm sac, complete or incomplete, was defined. Artifacts
caused by the material were noted, and whether they precluded
sufficient evaluation of the images was determined. Any lesion
occurring after the intervention was also noted.

MR examinations included turbo spin-echo T2-weighted and
gradient-echo (GRE) T2-weighted, spin-echo T1-weighted, and
fluid-attenuated inversion recovery sequences with 20 trans-
verse sections. The 5-mm-thick sections were chosen so that the
11th image was through the line from the posterior commissure
to the anterior commissure; this was done to obtain compara-
ble images at the same levels. In many patients, MRA was also
performed by using a phase-contrast technique with 30-cm/s
velocity encoding and/or a 3D time-of-flight technique. On MR
images, the signal intensity of the aneurysm before and after
treatment was defined as hyperintense, isointense, or hypoin-
tense with reference to the white matter. The homogeneous or
heterogeneous appearance of the aneurysm and the presence
of pulsation and magnetic susceptibility artifacts, if present,
were noted. New lesions appearing after treatment were care-
fully recorded for possible intervention-related events, even if
the patient was asymptomatic or if the lesion was in an irrele-
vant vascular territory. The patency of the parent artery, with
any possible compromise of its caliber, was noted. The patency
of the parent artery and possible neck remnants on the imme-
diate control MRA were investigated, and recanalization and
regrowth were assessed in the follow-up examinations. During
the follow-up examinations, any interval change was noted. MR
results were then correlated with the findings from selective
angiography.

The Table shows the data regarding the size, location, and
features (calcification, thrombus, mass effect) of the aneu-
rysms; treatments; and results of control and follow-up exam-
inations (CT, MR imaging, MRA, selective angiography).

Results
CT Findings

Seven aneurysms had calcification in the aneurysm
wall; all of these were giant aneurysms (Fig 1). All
except one had thrombus formation in the aneurysm
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sac. Additionally, partial thrombosis of the aneurysm
occurred in five other patients, two of whom had prior
GDC treatment (Figs 2 and 3).

On the postprocedural CT scans, almost all of the
aneurysms treated with the polymer created attenu-
ating streak artifacts; the three small aneurysms were
exceptions (Figs 1 and 3). The artifact did not allow
evaluation of the adjacent brain parenchyma, and
when needed, an investigation of the subarachnoid
hemorrhage on the subsequent sections was not pos-
sible. The cast of the polymer was better appreciated
on the images obtained with bone settings. In 10
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Fic 2.

A, Lateral left internal carotid angiogram re-
veals partial recanalization of the giant left ICA
aneurysm that had been initially treated with
GDC occlusion.

B, Left internal carotid right oblique angio-
gram after polymer treatment shows that the
regrowth at the neck is completely occluded.

C and D, Axial T2-weighted turbo spin-echo
MR images before (C) and after (D) polymer
treatment. The entire aneurysm sac is hypoin-
tense after being filled; this finding includes
the hypointense patent regrowth (arrowhead)
and the thrombosed portion containing the
GDC (arrows). The signal intensity change in
the thrombosed portion may suggest penetra-
tion of the polymer into the coil mass and
thrombus.

aneurysms, the cast did not entirely fill the aneurysm
sac (Figs 1 and 3). Five showed recanalization at
follow-up, whereas four remained stable; one patient
did not undergo follow-up examination. The recana-
lization rate in this group of patients was 50%, which
was higher than the 21% (eight of 38) in the entire
group who underwent control angiography. There-
fore, the shape of the cast with respect to aneurysm
sac (the degree of filling) may indicate the possibility
of recanalization. We did not observe any interval
change in the shape of the cast on control CT scans or
selective angiograms.

<«

Fic 1.

A, Pretreatment angiogram demonstrates partially thrombosed giant right ICA aneurysm.

B, Immediate posttreatment angiogram shows obliteration of the aneurysm sac with minimal filling, if any, at the neck.
C, Follow-up angiogram reveals regrowth at the neck of the aneurysm.

D, Control angiogram after retreatment with the stent and the polymer shows complete obliteration of the aneurysm.

E, Pretreatment contrast-enhanced CT image demonstrates partially thrombosed giant aneurysm with the patent portion of the
aneurysm enhancing (arrow). Note the calcification at the aneurysm wall.

F and G, Nonenhanced CT images obtained after initial treatment with parenchyma (F) and bone (G) settings. Attenuating streak
artifact hinders the evaluation of the parenchyma. With the bone setting, the attenuating cast of the polymer is seen extending beyond
the patent portion; this finding indicates the extension of the material into the thrombus, though it does not completely fill the sac.

H and /, Corresponding T1-weighted images before (H) and after (/) treatment. The images differ in regard to the loss of pulsation
artifact (arrows) and the increased hypointensity in the occluded nonthrombosed portion of the aneurysm after treatment.

J-M, Fluid-attenuated inversion recovery images (J, K) and T2-weighted turbo spin-echo images (L, M) demonstrate disappearance
of the pulsation artifact (arrows). J and L were obtained before treatment, and K and M, after treatment. The hyperintense interface
between the thrombosed portion and the lumen of the patent aneurysm appears thinner, possibly because of the absence of flow and
consequent turbulence after treatment. Otherwise, the polymer itself does not create any signal intensity. No change in mass effect and
no edema are observed after treatment.
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MR Imaging and MRA Findings

On MR images, regardless of the sequence used,
the polymer itself appeared hypointense (Figs 1-5).
However, the appearance of the aneurysm varied
depending on its content (eg, thrombus [Figs 1 and 3],
calcification [Fig 1], or any additional embolic mate-
rial [GDC, stent, Fig 2]) within the sac itself or nearby
and/or depending on the flow into the sac. Therefore,
depending on the size of the aneurysm, various MR
imaging appearances were noted after the polymer
treatment. Aneurysms showed mainly two distinct
patterns (Fig 6): hypointense to white matter with all
sequences (13 aneurysms) or mixed signal intensity
(16 aneurysms) (Figs 1 and 3). A diffuse hypointense
pattern was seen in all small aneurysms; those can be
identified on MR images (five of 13) and in six of 13
large and two giant aneurysms (Figs 4 and 5). Four
small aneurysms could not be identified on MR im-
ages. When compared with the preprocedural images,
the postprocedural images showed hardly any differ-
ence in the part of the sac that had a flow void after
occlusion with the polymer. That is, these areas re-
mained hypointense after treatment, but in some
cases, the hypointensity became homogeneous or
augmented. However, turbulent flow had been within
the sac (especially in the large or giant aneurysms),
the heterogeneity due to turbulent flow disappeared
in those aneurysms; the result was the appearance of
a hypointense sac with all sequences (Fig 4). In a few
patients, the hypointensity on the pretreatment MR
images (which represented the patent lumen of the
aneurysm) extended into the heterogeneously intense
portion of the aneurysm (which represented the
thrombus) after treatment. This finding was due to
the penetration of the polymer into the thrombus
(Figs 2 and 3). However, in the small aneurysms with
an already hypointense appearance, pretreatment im-
ages were difficult to differentiate posttreatment
images (Fig 5).

In no patients did the polymer create any artifact
on MR images, including the GRE images (Figs 4 and
5). Another finding was the disappearance of pulsa-
tion artifact after the treatment (Figs 1 and 3), if it
had been present on the pretreatment images. In two
aneurysms, pulsation artifacts persisted despite treat-
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ment; however, in both, the polymer did not com-
pletely fill the sac.

In 14 of 15 aneurysms (three large and the rest
giant), the pretreatment mass effect (Fig 1) and any
surrounding edema (Fig 3) did not increase. The only
exception was a patient who underwent repeat treat-
ment with the polymers and stents because recanali-
zation had occurred after initial treatment. After this
second session, parenchymal edema developed
around the aneurysm, and mass effect and the prior
hydrocephalus increased as well.

In 12 patients, new lesions appeared on the post-
treatment examinations. (Two patients underwent
only CT examinations.) Three patients had cerebellar
ischemic lesions; one received treatment for the ipsi-
lateral superior cerebellar artery aneurysm. In the
other two patients, who had ICA aneurysms, the ver-
tebrobasilar system was not even catheterized. There-
fore, the pathogenesis of the lesions could not be
explained. In one patient who had a cavernous ICA
aneurysm, a caroticocavernous fistula developed at
the end of the procedure, and the relevant cranial
nerve findings were noted. However, the symptoms
resolved in a week’s time without any intervention,
and the results of control angiography performed
before the patient’s discharge were normal. In three
patients, ischemic lesions were present in the water-
shed distribution in the ipsilateral hemisphere. We
noted small cortical lesions in two patients and mul-
tiple, tiny, white matter lesions in two other patients.
Among these patients, two had additional basal gan-
glial lesions. Overall, only two of the patients with
ischemic lesions had a relevant neurologic abnormal-
ity. The remaining patient had subarachnoid and pa-
renchymal hemorrhage and eventually died; this was
the only procedure-related mortality.

On MRASs obtained after treatment, the lumen of
the ICA ecither appeared narrow (eight of 22), or it
did not appear at all (three of 22) on reconstructed
maximum intensity projection images. However, the
patency of the vessel was confirmed with conventional
angiography. In nine, stents had been placed (Fig 7).
The two remaining aneurysms were giant aneurysms;
mass effect may have caused the narrowed appear-
ance of the vessel. However, on the raw images, the

<«

Fic 3.

A and B, Right internal carotid angiograms obtained before (A) and after (B) treatment. Images show that the partially thrombosed
giant right ICA aneurysm is almost completely occluded; it has a small residual neck.
C, Time-of-flight MRA successfully demonstrates the neck residuum (arrow). Note the slight hyperintensity due to thrombus in the

region of giant aneurysm (arrowhead).

D, Pretreatment nonenhanced CT image shows the partially thrombosed giant aneurysm with surrounding edema and mass effect.

Arrows indicate the thrombosed portion.

E, Posttreatment CT image (bone settings) shows that the attenuating cast of the polymer fills the aneurysm sac, except for the

thrombosed portion.

F-J, Axial MR images through the same level shows the hypointensity of the aneurysm lumen becomes more prominent. The
hypointensity extends into the isointense or hyperintense thrombosed portion after treatment; this may indicate the insinuation of the
polymer into the thrombus in the sac. The edema and mass effect of the aneurysm persist but do not increase after treatment.

F, Pretreatment T1-weighted image. Note the pulsation artifact with the same caliber as the patent portion (arrows).

G, Posttreatment T1-weighted image.
H, Pretreatment fluid-attenuated inversion recovery image.

1, Posttreatment proton density—weighted image. The artifact disappears on this corresponding image.

J, Posttreatment T2-weighted turbo spin-echo image.
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Fic 4.

A and B, Pre- and posttreatment angio-
grams demonstrating large ICA aneurysm
occluded completely

C-J, Corresponding pre- and posttreat-
ment T1-weighted (C, D), fluid-attenuated
inversion recovery (E, F), turbo spin-echo
(G, H), and GRE (/, J) T2-weighted MR
images. On the pretreatment images, the
left ICA aneurysm shows increased signal
intensity due to slow flow (arrow, C, E, G,
/). After it was filled with the polymer, the
aneurysm appears homogeneously hypo-
intense; the appearance resembles the
signal void of a patent aneurysm.

AJNR: 24, April 2003
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Fic 4. Continued

lumen could be appreciated with its uncompromised ages. These images were comparable to the selective
caliber. In the remaining 11 of 22 patients (with 12 angiograms (Figs 3 and 5). We had only three aneu-
aneurysms, all without stents and including one with rysms that recanalized and that had been studied with

an occluded ICA), MRA provided satisfactory im- simultaneous MRA; for these, MRA provided com-

Fic 5.

A, Pretreatment angiogram demonstrates the left ICA aneurysm.

B, Phase-contrast MRA obtained after treatment shows occlusion of the aneurysm with no compromise of the parent artery. The
polymer does not create any artifact that hinders the application of MRA.

C-E, Corresponding pretreatment T2-weighted turbo spin-echo (C), posttreatment T2-weighted turbo spin-echo (D) and GRE (E) MR
images show the hypointense aneurysm. It has an identical appearance before and after treatment that is not possible to appreciate if
the aneurysm is patent.
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Fic 6. MR imaging appearances of the aneurysms. Graph
shows the distribution according to aneurysm size.

parable results. However, the number of patients with
recanalization and the simultaneous studies available
for comparison were not sufficient. As a result, we
could not comment on the effectiveness of MRA in
detecting recanalization in the presence of the poly-
mer, with or without stents.

Discussion

Endosaccular coiling has an established role in the
treatment of intracranial aneurysms worldwide (1, 2,
7, 15). Nevertheless, the effectiveness of the method
and long-term follow-up data (including the rates of
recanalization and bleeding) is still being determined

Fic 7.

A and B, Post-treatment subtracted (A)
and nonsubtracted (B) selective angio-
grams of the right ICA show complete oc-
clusion of the aneurysm. A dense cast of
the polymer fills the aneurysm. The parent
artery is patent.

C and D, Time-of-flight (C) and phase-
contrast (D) MRAs show complete occlu-
sion of the giant aneurysm. The parent ar-
tery is patent but markedly narrowed
(arrows) due to the presence of the stent,
which results in a signal intensity loss.
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in ruptured and unruptured aneurysms (8, 9). There-
fore, immediate control and also follow-up is impor-
tant in these patients. Conventional angiography is
the criterion standard for the evaluation of treated
intracranial aneurysms; however, the role of noninva-
sive techniques such as MR imaging (including diffu-
sion imaging), MRA, CT angiography, and even
Doppler sonography in the immediate postprocedural
period and in follow-up has been the subject of in-
vestigations (16-23).

The MR safety of the GDCs has been documented
(24-25), and the MR appearance of GDCs has also
been described (25). GDCs were observed to produce
minor distortion on the MR images, and the artifacts
were localized to the area of coil. Therefore, such
artifacts do not greatly affect the diagnostic aspects of
MR imaging (25). Many authors have reported com-
parable results with MRA in the follow-up of GDC-
treated aneurysms (18, 19, 21).

Because Onyx is an embolic agent that has recently
come into use, its CT and MR appearances have not
been described in the literature. To our knowledge,
the published reports describe experimental studies,
the technique (including its safety and efficacy), or
the patients with Onyx-treated AVMs (12, 13, 14, 26),
with no description of the imaging features and their
implications. On MR images, regardless of the se-
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quence used, the appearance of the polymer-filled
aneurysms did not change appearance apart from the
flow effects. Therefore, we understand that Onyx it-
self appears hypointense (Figs 1-5), despite the lack
of in vitro studies. Tantalum intravascular devices
have been shown to cause flow voids, or hypointense
appearance, on MR images. They result in only neg-
ligible magnetic susceptibility artifacts, if any, as de-
scribed in previous reports (27, 28). We attribute the
persistent hypointensity of the Onyx—filled aneurysms
to its tantalum content. Because tantalum is nonfer-
romagnetic, Onyx did not create any artifact on MR
images, even on GRE images (Figs 4J and SE), which
are more sensitive to the magnetic susceptibility. It
did not spoil the diagnostic quality of MRAs, and
MRA provided results comparable to those of simul-
taneous conventional angiography (Figs 3 and 5). On
the other hand, on MRAs in patients with auxiliary
stents, the parent artery appeared narrow, and this
finding is attributed to the signal intensity loss caused
by the stainless steel stent (Fig 7). Stainless steel is
known to cause metallic artifact and signal intensity
drop-out, resulting in a black-hole appearance on MR
images; they also hinder the depiction of intraluminal
signal intensity on MRAs (27, 29, 30). In our series,
reconstructed MRAs in only two of the patients with-
out stents falsely suggested parent-artery narrowing;
this result was probably due to mass effect of the
aneurysms, as both of the aneurysms were giant.

Another MR feature of the polymer-filled aneu-
rysms was the vanishing of heterogeneity in some
cases; this was most likely due to the disappearance of
flow effects in the fully occluded aneurysm sac (Fig 4).
The pulsation artifact recognized on pretreatment
images disappeared (Figs 1 and 3) after the aneurysm
was occluded with the polymer. In two patients who
had incomplete filling of the aneurysm, the pulsation
artifact persisted on posttreatment images; these an-
eurysms showed further recanalization in the control
examination. Therefore, the persistence of pulsation
artifacts after treatment may indicate flow within the
aneurysm and future recanalization.

On CT scans, the polymer filling the aneurysm
created attenuating streak artifact (Fig 1). This find-
ing is consistent with those of the previous reports
about the CT features of several tantalum devices
(30-32). In our series, incomplete filling of the aneu-
rysm sac was more likely to be associated with recan-
alization at follow-up than with completely filled an-
eurysm sacs, though the shape of the cast did not
change in the time interval. Therefore, in this group
of patients, one should be cautious during follow-up.

Another issue was the evaluation of the posttreat-
ment change in mass effect and edema caused by the
polymer-filled aneurysm. Onyx filling did not create
any observable change in the volume of the aneurysm,
as shown on sectional images. Aggravation of the
symptoms of mass effect after GDC packing has been
reported (33, 34). In our series, no patients (including
15 with mass effect on pretreatment studies) devel-
oped new symptoms due to mass effect or had an
aggravation of preexisting symptoms. These findings
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paralleled those of the imaging studies, which showed
no posttreatment change (Figs 1 and 3). An exception
was one patient who had increasing edema after the
second treatment session; this patient had adjunctive
stent, and the edema resolved in time. Therefore, one
may conclude that filling of the aneurysm with the
polymer did not cause any increase in mass effect;
still, one may presume otherwise because of the pos-
sible increase in the volume of the aneurysm, at least
in the immediate postprocedural period.

The procedure-related adverse events for endovascu-
lar treatment techniques have been evaluated (35).
Symptomatic or asymptomatic thromboembolic events
may occur as a complication of GDC treatment (22,
36). Diffusion-weighted MR imaging reveals silent
ischemic lesions, even in unrelated vascular territo-
ries. Rordorf et al (36) reported that the rate of
asymptomatic emboli is 61% in uncomplicated GDC
treatments. In our group, despite lack of diffusion
weighted MR imaging (which is more sensitive), MR
imaging revealed new ischemic lesions that developed
after treatment. These were observed in 10 (31%) of
32 patients who underwent posttreatment MR imag-
ing, and only two of them were symptomatic. Two
patients had ischemic lesions of unclear cause in the
irrelevant vascular territory (ie, cerebellar hemi-
spheres) despite the fact that the intervention had
been confined to the ICA. Three patients had water-
shed lesions, which may be attributable to the balloon
protection during the procedure. The small cortical
lesions and multiple, tiny, white matter lesions may
have resulted from thromboemboli despite meticu-
lous heparinization during the procedure; however,
the pathogenesis of these lesions is not proved. The
angiotoxicity of this embolic agent has been investi-
gated (10, 37) since its original development (11). The
slow injection of a certain volume at a time has been
recommended to prevent this possibility. Jahan et al
(12) reported angionecrosis of the embolized vessels
on histopathology in their AVM group with no neu-
rologic deficit. Angiotoxicity may also be questioned
in the etiology of the previously mentioned parenchy-
mal lesions. However, despite the lack of histopatho-
logic proof, we do not think that this possibility is likely
because the injections were slow and limited in volume.
This aspect had already been thoroughly investigated
before clinical application.

Conclusion

The new liquid embolic agent, Onyx, appears hy-
pointense on MR images, regardless of the sequence
used. It produces no artifacts, and it did not interfere
with MRA applications. As a result, MRA provides
results comparable with those of conventional angiog-
raphy, unless stainless-steel adjunctive stents have
been placed; these can cause a loss of signal intensity.
On CT scans, the polymer creates attenuating streak
artifacts, and the surrounding parenchyma may not be
adequately evaluated. The treatment does not seem
to cause or aggravate mass effect; this observation
parallels the lack of volume change after treatment.
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However, parenchymal lesions, even those in irrele-
vant vascular territories, may be seen in some cases,
and these are not necessarily associated with relevant
clinical symptoms.

4. Finally, we may recommend MR imaging and

MRA for the immediate postprocedural control and
follow-up of patients, and conventional angiography
may be reserved for patients in whom MRA shows
equivocal results, apparent regrowth, or residual an-
eurysms.
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