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ABSTRACT

BACKGROUND AND PURPOSE: The appropriate period of follow-up examinations after endovascular embolization for cerebral aneu-
rysms using time-of-flight MR angiography is not well-known. We retrospectively investigated long-term results after endovascular
embolization for unruptured cerebral aneurysms and evaluated the periods from embolization to recanalization and retreatment.

MATERIALS AND METHODS: Between April 2006 and March 2011, one hundred forty-eight unruptured aneurysms were treated with
endovascular coil embolization. Among them, we investigated 116 unruptured aneurysms, which were followed up for >5 years. Time-of-
flight MR angiography was performed at 1day, 3—6 months, 1year after the procedure, and every year thereafter.

RESULTS: The mean follow-up period was 7.0 * 1.4 years. Recanalization was observed in 19 (16.3%) aneurysms within 2 years. Among them,
retreatment for recanalization was performed in 8 (6.8%) aneurysms. No recanalization was detected in any aneurysms that had been
stable in the first 2 years after embolization. A larger maximum aneurysm size was significantly correlated with recanalization (P = .019).

CONCLUSIONS: Aneurysms in which recanalization was not observed within 2 years after endovascular coil embolization were stable
during a mean follow-up of 7 years. This result may be helpful in considering the appropriate span or frequency of follow-up imaging for

embolized cerebral aneurysms.

ABBREVIATIONS: BA = basilar artery; CO = complete obliteration; RA = residual aneurysm; RN = residual neck

ndovascular coil embolization is one of the standard treat-

ments for unruptured cerebral aneurysms." A follow-up
imaging study after embolization is crucial because the recan-
alization rate is 4.7%—33.6% and the retreatment rate is 4.7%-—
17.4%.>'° Although DSA is the criterion standard for fol-
low-up imaging studies, TOF-MRA is also an accurate method
for detecting recanalization in cerebral aneurysms treated with
coil embolization."' However, the appropriate span or fre-
quency of follow-up imaging for embolized cerebral aneu-
rysms using TOF-MRA is not well-known. Therefore, we ret-
rospectively investigated long-term results after embolization
for unruptured cerebral aneurysms and evaluated the periods
from embolization to recanalization and retreatment to opti-
mize follow-up examinations.
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MATERIALS AND METHODS

Ethics

Ethics approval for the study was obtained from the Osaka University
Hospital institutional review board (approval No. 16490).

Patient Population and Follow-Up Periods

In our institution, the treatment indication for unruptured cere-
bral aneurysms was decided according to the Japanese Guidelines
for the Management of Stroke.'> Endovascular coil embolization
or surgical neck clipping was performed with the patient’s in-
formed consent. Endovascular coil embolization was selected in
any aneurysm, except in those in which embolization was not
applicable. In case of multiple aneurysms, coil embolization was
also performed for any aneurysm, even if it was small, when it was
technically possible. Between April 2006 and March 2011, one
hundred forty-eight unruptured aneurysms in 126 patients were
treated with endovascular coil embolization at Osaka University
Hospital. Among the 148 unruptured aneurysms, 30 unruptured
aneurysms in 27 patients could not be followed up for >5 years
because patients had stopped coming to the hospital (non-fol-
low-up group). There were also 3 cases of cerebral dissecting an-
eurysms. Among them, 2 cases were excluded because parent ar-
tery occlusion had been performed. Therefore, we assessed 116
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FIG 1. Evaluation of recanalization with MRA and TOF-MRA. A, At postprocedural day 1, we
routinely evaluate the status of occlusion using MR angiography. The dotted line shows a
cross-section of B and C. B, A residual neck is observed in the right internal carotid artery
aneurysm after coil embolization at postprocedural day 1. Dotted circles show a coil mass. C,
Blood flow signal of the residual neck has increased (asterisk) at 1 year after endovascular
embolization compared with postprocedural day 1. This increased blood flow signal is re-

garded as recanalization.

unruptured aneurysms in 97 patients who were followed up for
>5 years (follow-up group). The last follow-up data were col-
lected in January 2017.

Aneurysm Measurement and Location

We measured the maximum size of aneurysms with 3D rotational
angiography before treatment. We defined the bifurcation or
nonbifurcation type of aneurysm as follows: The bifurcation type
included all aneurysms that were located at an arterial bifurcation,
such as the middle cerebral artery, anterior communicating ar-
tery, distal anterior cerebral artery, posterior communicating ar-
tery, ophthalmic artery, anterior choroidal artery, posterior infe-
rior cerebellar artery, anterior inferior cerebellar artery and
superior cerebellar artery, the top of the internal carotid artery,
and the top of the basilar artery (BA). The nonbifurcation type of
aneurysm was located at the arterial trunk, such as aneurysms at
the dorsal wall of the internal carotid artery and BA trunk.

Endovascular Coil Embolization Procedure

Each endovascular embolization for an unruptured aneurysm
was performed between April 2006 and March 2011 by a neu-
rosurgeon who specialized in neurointervention (T.F.) To
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avoid ischemic complications, we ad-
ministered double antiplatelet drugs
(aspirin, 100 mg, + clopidogrel, 75
mg, or aspirin, 100 mg,+ cilostazol,
200 mg) 1 week before endovascular
coil embolization. Double antiplatelet
drugs were continued for 1-6 months
after the procedure. A single antiplate-
let drug was then continued for 6
months in patients without an assist-
ing or for life in patients with a stent.
An intravenous bolus injection of hep-
arin was provided after arterial sheath
insertion to maintain the activated
clotting time at 250-300 seconds. As-
sisting devices, including balloons and
stents, were selected according to the
morphology and size of the neck and
dome of the aneurysm. After a micro-
catheter was navigated into the aneu-
rysm, platinum coils were placed in
the aneurysm as long as the micro-
catheter was not pushed out of the
aneurysm.

Angiographic Results and
Follow-Up Evaluation

The immediate postprocedural angio-
graphic results were classified using the
Raymond-Roy occlusion classification'”
by a neurosurgeon (T.F.) as follows:
complete obliteration (CO), residual
neck (RN), and residual aneurysm (RA).
TOF-MRA was performed at 1 day, 3—-6
months, 1 year after treatment, and ev-
ery year thereafter. DSA at 1 year was
also routinely performed for monitoring embolized aneurysms.
“Recanalization” was defined as an increasing blood flow signal in
the aneurysm using TOF-MRA compared with a previous image
(Fig 1). MR imaging was performed using either a 1.5T system
(Ingenia; Philips Healthcare, Best, the Netherlands), or a 3T
system (Discovery MR750 and MR750w; GE Healthcare, Mil-
waukee, Wisconsin, or Achieva; Philips Healthcare). Recanali-
zation was judged by other neurosurgeons (H.N., T.N., and
T.M.). These evaluations were performed independently and
blindly. When there was a discrepancy, a decision was made by
discussion with different neurosurgeons (K.A. and Y.K.). All
neurosurgeons were board-certified as recorded by the Japan
Neurosurgical Society. Therefore, they were well-informed re-
garding TOF-MRA technique properties, skills, artifacts, and
limitations. These neurosurgeons were also experts in evaluat-
ing recanalization because they specialized in neurointerven-
tion. Furthermore, all neurosurgeons who evaluated recanali-
zation were not involved in treating the cases of endovascular
coil embolization. Retreatment was performed if the recanali-
zation space was large enough for retreatment or it became
larger or neurologic symptoms appeared.



Table 1: Analysis of recanalization after endovascular embolization of unruptured

and 22 (19.0%) were in the posterior cir-

aneurysms culation. Common aneurysmal loca-
Recanalization Nonrecanalization Total or P i h in Table 1. Fifty-cight
Parameters (n=19) (n=97) Mean Value  Value lons are shown in table 1. 1 y—elg
Age (mean) (yr) 57.9 = 121 59.6 + 114 s98xn3 55 (50.0%) aneurysms were the bifurcation
Sex (male/female) 316 31:66 34:82 18° type, and 58 (50.0%) were the nonbifurca-
Location of the aneurysm (No)) 720 tion type. There was 1 case of a dissecting
MCA ! 10 n ICA aneurysm, which was categorized
PcomA 1 7 8 ’
ICA 2 50 62 as a nonbifurcation-type aneurysm.
BA tip 3 6 9 The maximum diameter of aneurysms
Others 2 2 26 was measured on an angiogram, and
Size of the aneurysm (No.) (mm) 9 6.8 71 .019? . .
Balloon-assisted (No) 7 69 86 155 the mean maximum size of aneurysms
Stent-assisted (No.) 0 8 8 34 was 7.1 = 3.7 mm. The distribution of
CO/RN/RA (No.) 9/7/3 53/38/6 62/45/9 34° the maximum size of each aneurysm
(53%/38%/7.7%) was not significantly different between

Note:—PcomA indicates posterior communicating artery.
2T test.
5 Fisher exact test.
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FIG 2. Comparison of the maximum size of aneurysms between the
follow-up and non-follow-up groups. A total of 116 unruptured aneu-
rysms were followed up for >5 years. These aneurysms were catego-
rized as the follow-up-group. Thirty unruptured aneurysms could not
be followed up for >5 years. These aneurysms were categorized as
the non-follow-up group. The distribution of the maximum size of
aneurysms between the follow-up and non-follow-up groups was not
significantly different (P = .24, Student t test).

Statistical Analysis

Statistical analysis was performed with statistical software
(JMP Pro 14.0.0; SAS Institute, Cary, North Carolina). Mean
and frequency comparisons were analyzed simply. The nonre-
canalized rate of embolized aneurysms was analyzed using the
Kaplan-Meier method. The Bonferroni method was used for
multiple comparisons. The relationships between recanaliza-
tion and age, sex, initial angiographic results, aneurysm size,
aneurysm site, and adjunctive technique (using balloon de-
vices and stents) were also analyzed with the Student ¢ test and
Fisher exact test. Multivariable logistic regression was used for
multivariate analysis. Differences were considered significant
at P < .05.

RESULTS

Patients’ Background and Details of Aneurysms

We investigated 116 unruptured aneurysms in 97 patients who
were followed up for >5 years. The mean age of the patients was
59.8 * 11.3 years, and 82 (70.6%) were women. Among the 116
aneurysms, 94 (81.0%) were located in the anterior circulation

the follow-up and non-follow-up

groups (P = .24, Fig 2). Furthermore,

among the 97 patients, 33 (34.0%) pa-
tients had multiple aneurysms including untreated ones be-
cause of the small size. The mean number of aneurysms, in-
cluding untreated aneurysms, was 1.4 = 0.8 (range, 1-6).

Initial Angiographic Results and Recanalization
Endovascular procedures were performed with the patient under
local anesthesia in 114 (98.2%) cases and under general anesthesia
in 2 (1.8%) cases. In an immediate postprocedural angiogram,
CO, an RN, and an RA were observed in 62 (53.4%), 45 (38.7%),
and 9 (7.7%) aneurysms, respectively.

In our study, the mean follow-up period was 7.0 * 1.4 years. In
116 unruptured aneurysms, recanalization was observed in 19
(16.3%). Three expert neurosurgeons (H.N., T.N., and T.M.) were in
agreement regarding these results. There was 1 case of symptomatic
recurrence (1/19, 5%), which was a visual disorder. Retreatment for
recanalization was performed in 8 (6.8%) aneurysms. Among them,
3 (2.5%) aneurysms were retreated after >5 years from initial embo-
lization. For all the retreated aneurysms, the 3 expert neurosurgeons
were in agreement regarding the evaluation of the appearance of an-
eurysms on subsequent DSA. Figure 3 shows the Kaplan-Meier
method for the nonrecanalization rate of the treated aneurysms with
time. Aneurysms in which recanalization was not observed within 2
years after the procedure were not recanalized after this time.

Factors Associated with Recanalization

In univariate analysis, the maximum size of the aneurysm was signif-
icantly correlated with the recanalization rate (P = .019, Fig4). Age
(P =.55), sex (P = .18), and the location of the aneurysm (P = .72)
were not significantly correlated with recanalization (Table 1). The
immediate postprocedural angiographic results were not signifi-
cantly related to recanalization (P = .34). Multivariable logistic re-
gression also showed that only the maximum size of the aneurysm
was significantly correlated with the recanalization rate (odds ratio =
1.24; 95% confidence interval, 1.05-1.43; P = .006; Table 2). There
was no aneurysmal rupture in the follow-up period.

Relationship between the Size of the Aneurysm and the
Nonrecanalization Rate

We stratified aneurysms into 3 groups (<5 mm, 5-10 mm, >10
mm) according to their dome size. The number of aneurysms
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FIG 3. Kaplan-Meier analysis of the nonrecanalization rate. The non-
recanalization rate of embolized aneurysms was decreased by 2 years,
and there was no recanalization after this time.
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FIG4. Correlation between recanalization and the size of aneurysms.
The maximum size of aneurysms was significantly correlated with the
recanalization rate (P = .019, Student t test).

Table 2: Multivariable logistic regression for recanalization

Variable OR 95% ClI P Value
Age 099  0.95-1.04 97
Sex 135 0.29-6.12 .69
Anterior/posterior 319 0.46-22.23 22
Bifurcation type/nonbifurcation ~ 1.08  0.25-4.56 91
type
Aneurysm location (ICA) 194 0.24-15.42 .52
Size (mm) 124 1.05-1.43 .006
No. of aneurysms 133 0.80-2.21 27
Balloon-assisted 4.04  071-22.97 .084
Stent-assisted 0 0 .07
CO/RN/RA 105  0.38-2.86 91
Follow-up period 1 0.99-1.00 34

in these 3 groups was 44, 50, and 22, respectively. The nonre-
canalization rate of embolized aneurysms in these 3 groups
using the Kaplan-Meier method is shown in Fig 5. The group of
aneurysms of >10 mm showed a significantly higher recanali-
zation rate within 2 years compared with <5 mm (P = .021,
Bonferroni method). Despite the size of the aneurysms, those
in which recanalization was not observed within 2 years after
the procedure were not recanalized during the follow-up pe-
riod (Fig 5).
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FIG 5. The relationship between the size of aneurysms and the non-
recanalization rate using the Kaplan-Meier method. Aneurysms were
divided into <5-mm, 5- to 10-mm, and >10-mm groups. Using the
Kaplan-Meier method, we analyzed the relationship between time
(months) and the nonrecanalization rate of treated aneurysms in each
group. The thick line indicates the nonrecanalization rate of the
<5-mm group. The dotted line indicates the 5- to 10-mm group. The
dashed line indicates the >10-mm group. The Bonferroni method
showed that the >10-mm group had a significantly higher recanaliza-
tion rate within 2 years compared with the <5-mm group. Despite
the size of the aneurysms, aneurysms in which recanalization was not
observed within 2 years after the procedure were not recanalized
after this time. Double asterisks indicate P = .021.

DISCUSSION

Our study showed that the maximum size of aneurysms was sig-
nificantly correlated with the recanalization rate. However, de-
spite aneurysmal size, aneurysms in which recanalization was not
observed within 2 years after endovascular coil embolization were
stable during the follow-up period.

Endovascular coil embolization is accepted as a standard ther-
apy for cerebral aneurysms worldwide.' Recanalization is one of
the major concerns of endovascular coil embolization for cerebral
aneurysms. Our study showed that recanalization and retreat-
ment rates of embolized aneurysms were 16.3% and 6.8%, respec-
tively, which are consistent with previous reports (recanalization
rate: 4.7%-33.6%; retreatment rate: 4.7%-17.4%).>"'% A previous
study reported that risk factors for recanalization were a ruptured

3,9,14-16

aneurysm,4 a wide neck,’ a larger size, incomplete occlu-

sion,”'” a low-volume embolization rate,'>'*"”

and a posterior
circulation aneurysm.*® In our study, a larger maximum size of
the aneurysm was also significantly correlated with recanalization
in univariate and multivariate analyses.

Incomplete occlusion, such as an RN and RA at the initial
procedure, was not associated with recanalization in the present
study. A previous report showed that coils in the acute phase
facilitated coil-thrombus formation in the aneurysm, and this
prevented inflow of blood.”" A coil-thrombus complex might
have resulted in an increase in the volume-packing ratio and cases
of CO, though tiny spaces between coils may actually exist. There-
fore, the Raymond-Roy occlusion classification in the acute phase
might have been inaccurate.

The recanalization rates of posterior circulation aneurysms
and BA aneurysms are higher than those of aneurysms in other

locations.”°

Although the recanalization rate of BA aneurysms
was high (3/9, 30%) in our series, there was no significant

difference in the recanalization rate between the posterior and



the anterior circulations. The reason might be because the pro-
portion of BA aneurysms in the posterior circulation was
smaller (9/24, 37.5%) in our series compared with that in the
report of Nguyen et al,*° though they did not show the specific
number of aneurysms.

Three of 19 recanalized aneurysms were retreated >5 years
after the initial treatment. These 3 aneurysms slightly recanalized
within 2 years, were stable for the next 3 years, and then recana-
lized deeper >5 years after the first treatment. Therefore, if recan-
alization is detected within 2 years, we should continue imaging
follow-up for >5 years. Significant risk factors for late deteriora-
tion are uncertain, but 2 of these 3 aneurysms were large (>14
mm). We suggest that early recanalized aneurysms should be fol-
lowed up for >5 years, despite the extent of recanalization, espe-
cially in large aneurysms.

In our study, aneurysms stable for 2 years after the procedure
were not recanalized. Raymond et al* previously suggested that all
patients should be followed up with noninvasive imaging studies
for at least 3 years because 96.9% of all recanalizations were diag-
nosed by 3 years in their study. Furthermore, Holmin et al*
showed that stable angiographic findings during a 1-year interval
predicted a low risk of recanalization. These reports are compat-
ible with our results. If no recanalization is observed within 2
years after initial endovascular embolization for an unruptured
aneurysm, further annual follow-up imaging studies in relation to
treated aneurysms might be excessive. However, in the present
study, development of new (de novo) aneurysms or enlargement
of tiny or nontreated aneurysms coexisting with treated aneu-
rysms was not evaluated. In managing patients with unruptured
aneurysms, risk factors of growth and rupture need to be ad-
dressed. Awareness of a previous history of subarachnoid hemor-
rhage and risk factors, such as smoking, hypertension, and a fam-
ily history, is considered important for preventing aneurysmal
rupture and growth.>® Therefore, a follow-up examination after
coil embolization should be performed individually while consid-
ering de novo and nontreated aneurysms.

In the present study, relatively old imaging equipment was
used. Newer instruments and technology in MRA for reducing
artifacts and improving accuracy may be better for determining
recanalization. However, because 3 expert neurosurgeons were in
agreement about the results, our method of imaging was appro-
priate for evaluating recanalization of aneurysms. Additionally, in
our institution, noncontrast TOF-MRA is routinely used to eval-
uate recanalization of aneurysms. Gadolinium-based enhanced
MRA might be more accurate than TOF-MRA.**** van Ameron-
gen et al'' reported that the specificity of TOF-MRA was 84%
with a sensitivity of 86% for discovery of aneurysm recanalization.
For contrast-enhanced MRA, the specificity and sensitivity were
89% and 86%, respectively. However, we do not routinely select
this method at our institution because contrast-enhanced MRA is
more invasive and time-consuming than noncontrast MRA.
However, contrast-enhanced MRA shows a higher quality view
of stented parent arteries and fewer artifacts compared with
TOF.24,26

Our study has some limitations. First, although a wide neck
and the volume embolization rate are correlated with recanaliza-

3,15,18,19

tion, we were not able to evaluate these factors. We could

not collect sufficient data on the size of the neck or the volume
embolization rate for further analysis because of the retrospective
design of this study. However, our result about risk factors of
recanalization could be acceptable because our other results are
consistent with previous reports (eg, recanalization was corre-
lated with a larger aneurysm size in the present study).>”'*"”
Second, the mean observational span was 7 years. Earlier fol-
low-up cases tended to be excluded because those patients had
stopped coming to the hospital. Therefore, the mean follow-up
period was 7.0 = 1.4 years. Furthermore, whether a nonrecana-
lized aneurysm within 2 years after embolization will be secure for
decades or a lifetime is unclear because late recanalization will
probably occur in the future. Further studies on this issue for a
longer period might be required. Third, this study had a retro-
spective design that was based on the clinical practice data. In the
present study, a relatively large number of aneurysms (n = 30,
non-follow-up group) could not be followed up. Considering the
relatively small sample size in this study, loss in a non-follow-up
group might have affected the significance of the results. How-
ever, the distribution of the maximum size of aneurysms between
the follow-up and non-follow-up groups was not significantly
different (Fig 2). Therefore, we consider that our results are ac-
ceptable, even though a relatively large number of aneurysms
could not be followed up. Future studies on this issue are required
in prospective and large cohorts.

CONCLUSIONS

Our study shows that aneurysms in which recanalization is not
observed within 2 years after endovascular coil embolization are
stable during a mean follow-up of 7 years. This result may be
helpful in considering the appropriate span or frequency of fol-
low-up imaging for embolized cerebral aneurysms.
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