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Abstract
Introduction The introduction of the balloon remodeling and
stent-assisted technique has revolutionized the approach to
coil embolization for wide-neck aneurysms. The purpose of
this study was to determine the frequency of thromboembolic
events associated with single balloon-assisted, double bal-
loon-assisted, and stent-assisted coil embolization for asymp-
tomatic unruptured aneurysms.
Methods A retrospective review was undertaken by 119 pa-
tients undergoing coiling with an adjunctive technique for
unruptured saccular aneurysms (64 single balloon, 12 double
balloon, 43 stent assisted). All underwent diffusion-weighted
imaging (DWI) within 24 h after the procedure.
Results DWI showed hyperintense lesions in 48 (40 %) pa-
tients, and ten (21 %) of these patients incurred neurological
deterioration (permanent, two; transient, eight). Hyperintense
lesions were detected significantly more often in procedures
with the double balloon-assisted technique (7/12, 58 %) than
with the single balloon-assisted technique (16/64, 25 %, p=
0.05). Occurrence of new lesions was significantly higher with
the use of stent-assisted technique (25/43, 58 %) than with the
single balloon-assisted technique (p=0.001). Symptomatic
ischemic rates were similar between the three groups. The
increased number of microcatheters was significantly related
to the DWI abnormalities (two microcatheters, 15/63
(23.8 %); three microcatheters, 20/41 (48.8 %) (p=0.008);
four microcatheters, 12/15 (80 %) (p=0.001)).

Conclusion Thromboembolic events detected on DWI related
to coil embolization for unruptured aneurysms are relatively
common, especially in association with the double balloon-
assisted and stent-assisted techniques. Furthermore, the num-
ber of microcatheters is highly correlated with DWI abnor-
malities. The high rate of thromboembolic events suggests the
need for evaluation of platelet reactivity and the addition or
change of antiplatelet agents.

Keywords Unruptured aneurysm . Coil embolization .

Balloon-assisted technique . Stent-assisted technique .

Diffusion-weighted imaging

Introduction

Endovascular coil embolization procedures for the treatment
of intracranial aneurysms have been evolving over the past
two decades. The indications for treatment of aneurysms have
expanded as new techniques and adjunctive devices are used.
In 1991, the advent of Guglielmi detachable coils (Target
Therapeutics, Boston Scientific, Fremont, CA) significantly
improved the endovascular treatment of these lesions by
means of a reliable, electrolytically detachable, coiling system
[1]. The stent and coil technique was later described by
Geremia et al. in 1994 [2]. The use of the balloon remodeling
technique was described by Moret et al. in 1997 [3]. These
techniques have been proven to be effective, at least in the
short term, for aneurysm repair [4–8].

The safety and efficacy of coil insertion procedures have
been fairly and rigorously studied, albeit without the benefit of
long-term follow-up compared with the “gold standard” of
surgical clipping of aneurysms [9–11]. The major
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complications of endovascular procedures are thromboembol-
ic events [12]. Thromboembolic complications can manifest
as the following phenomena: (1) thrombus formation ob-
served during the procedure; (2) clinically recognized ische-
mia on neurological evaluation, which can be a transient
ischemic attack or permanent ischemic infarction; or (3) “si-
lent ischemia,” as represented by diffusion-weighted imaging
(DWI) abnormalities on magnetic resonance (MR) imaging.

There is a fairly broad range of the occurrence of silent
ischemia reported in the literature. Case series have demon-
strated a frequency of silent ischemia as high as 5.5 to 73% [8,
13–17], while clinical evidence of stroke (transient ischemic
attack and ischemic infarcts) can range from 3.8 to 40 % of
cases [12, 13, 15, 18]. Although recent studies have found an
equal or decrease in the incidence of “clinical” ischemic
events compared with conventional coil embolization without
adjunctive techniques [4, 14, 19–25], some studies have re-
ported that silent ischemia is detected more frequently in cases
with balloon-assisted coil embolization than with convention-
al coil embolization [15, 17]. However, some studies have
reported that there is no significant relationship between ad-
junctive techniques and silent ischemia [4, 20, 23–25]. How-
ever, in these studies, some lacked information on the use of
antiplatelet agents, some included mixed ruptured and
unruptured cases, and some did not use an antiplatelet agent
for the conventional coil treatment group.

The current study was performed to evaluate the fre-
quency of thromboembolic events associated with coil
insertion for treatment of unruptured aneurysms in the
following situations: single balloon-assisted, double bal-
loon-assisted, and stent-assisted techniques. All proce-
dures were performed using aspirin and/or clopidogrel
before treatment. Earnest et al. [26] described in their
report that the use of more catheters is significantly asso-
ciated with neurological complications. Therefore, we hy-
pothesized that the use of adjunctive devices increases the
frequency of thromboembolic complications. This study
represents a retrospective case series in which we evalu-
ated all saccular unruptured aneurysms that had been
treated with endovascular coil embolization using adjunc-
tive techniques at our institution.

Methods

Patient population and characteristics of aneurysms

All patients referred to our institute for endovascular coil
embolization of unruptured cerebral aneurysms between
January 2009 and April 2012 were retrospectively evaluated.
There were 173 aneurysm coil treatment procedures in 160
patients. Patients who did not have a postprocedure MR
imaging performed were excluded. If patients had over two

aneurysms, these patients were also excluded. Fusiform an-
eurysms considered as dissecting aneurysms were also
excluded. One hundred twenty-one patients with 121
unruptured saccular aneurysms were enrolled. Because
most of the procedures were performed using balloon-
assisted or stent-assisted techniques to control the coil
insertion, to achieve a higher packing ratio and prepare
for unexpected bleeding from aneurysms in our institute,
only two aneurysms were treated using the conventional
technique. Because of the small number of treated aneu-
rysms, these two aneurysms were excluded from this
study and 119 patients (30 men, 89 women) with 119
aneurysms were investigated.

Each patient underwent a complete and detailed neuro-
logical examination performed by a stroke neurologist
before and immediately after embolization. New neuro-
logical deficits were noted. Patients were monitored close-
ly in the neuroscience intensive care unit for any clinical
change during the first 24–48 h after the procedure was
performed.

The aneurysms treated were at the following locations:
internal carotid artery (ICA) (n=66), anterior cerebral artery
(ACA) (n=29), and posterior circulation (n=24). The size,
neck diameter, and dome-to-neck ratio of the aneurysm were
measured. Twenty-five aneurysms were small (<10 mm) with
a small neck (<4 mm), 70 aneurysms were small with a wide
neck (≥4 mm), 21 were large (10–25 mm), and three were
giant in size (>25 mm). Characteristics of treated aneurysms
are shown in Table 1.

Table 1 Characteristics of treated aneurysms

Characteristic n

Population

Aneurysms, n 119

Patients, n 119

Age (year) (mean±SD) 62.9±11.3

Male sex, n (%) 30 (25.2)

Anatomic location

ICA, n (%) 66 (55.5)

ACA, n (%) 29 (24.4)

MCA, n (%) 0 (0)

Posterior circulation, n (%) 24 (20.2)

Aneurysm morphology

Size (mm) (mean±SD) 7.6±3.6

Small with small neck, n (%) 25 (21.0)

Small with wide neck, n (%) 70 (58.8)

Large, n (%) 21 (17.6)

Giant, n (%) 3 (2.5)

ICA internal carotid artery, ACA anterior cerebral artery, MCA middle
cerebral artery
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Embolization procedure and clinical and angiographic
evaluations

All endovascular treatments were performed by one operator
(A.H.). Patients were pretreated with clopidogrel 75 mg/day
before single balloon-assisted coil embolization, and with dual
antiplatelet agents (clopidogrel 75 mg/day and aspirin
100 mg/day) before double balloon- and stent-assisted coil
embolization for a minimum of 4 days. Clopidogrel and/or
aspirin were given without any inhibition test made prior to
treatment. Interventional procedures were conducted under
general anesthesia. Embolization was performed under sys-
temic heparinization to maintain activated clotting time at 2–
2.5 times the baseline through the procedure. All flushed
saline and contrast medium were heparinized (1,000 IU/
100 ml), and a guiding catheter and microcatheter were placed
with a continuous heparinized drip.

All patients, except for two patients, had coil embolization
performed using a balloon-assisted or stent-assisted technique
to control coil insertion, achieve higher packing, and prepare
for unexpected bleeding from aneurysms. In cases of wide-
neck or large aneurysms, which have two parent arteries to be
protected, the double balloon-assisted technique was required.
In cases of wide-neck, large, or giant aneurysms, where it was
considered that inserted coils were not stabilized, the stent-
assisted technique was required.

The procedure was typically performed via a transfemoral
route through a 6-F guiding catheter system. When the
double balloon-assisted or stent-assisted technique was used,
the procedure was performed through either an 8-F guiding
catheter system or a 6-F guiding sheath system. Coil embo-
lization of aneurysms was performed with the HyperGlide
balloon (ev3 Neurovascular, Irvine, CA), HyperForm bal-
loon (ev3 Neurovascular), or Enterprise stent (Cordis, Miami
Lakes, FL). All treated aneurysms were evaluated angio-
graphically during and after embolization by our
neurovascular team. The results of the embolization were
classified into complete occlusion, residual neck, and resid-
ual aneurysms using the Raymond classification scale [27].
Embolized volume was calculated by using the following
algebraic equation: embolized volume (%)=(volume of the
embolized coil)/(volume of the aneurysm)×100. The volume
of the coil was calculated based on the supposition that the coil
is a cylinder. The algebraic equation to calculate the volume of
the coil is as follows: volume of coil=π×(diameter of coil/
2)2×(the length of the coil). The primary diameter of each
type of coil is published by each corporation. The volume of
the aneurysm was also calculated based on the supposition
that the aneurysm is ellipsoid: volume of the aneurysm=4π/
3×(width/2)2×(length/2)2×(height/2)2.

In all cases, an immediate brain computed tomography
scan was conducted and the patients were transferred to a
neurosurgical intensive care unit. Systemic heparinization

was not reversed, and the patients received oral mono or dual
antiplatelet agents for 6–12 months postoperatively.

DWI evaluations

MR imaging was scheduled 1 day after coil embolization. The
imaging was performed with a 1.5T system (MAGNETOM
Avanto; Siemens, Erlangen, Germany) by using a
multisection, single-shot, spin-echo echo planar imaging se-
quence. Diffusion gradients were applied in each of the x, y,
and z directions, with 2 b values (0 and 1,000 s/mm2). Imaging
parameters included an echo time of 100, field of view of
23 cm, matrix of 96×128, section thickness of 4 mm, and
intersection gap of 2 mm. Mean apparent diffusion coefficient
images were generated online from an MR imaging unit.
Conventional spin-echo imaging was also performed at each
examination in T1- and T2-weighted conditions and with a
fluid-attenuated inversion-recovery sequence.

All DWI abnormalities were corrected with the finding of
the T2-weighted and fluid-attenuated inversion-recovery im-
ages. All MR images were reviewed by independent
neurovascular team and divided into two groups: negative or
positive. Positive DWI lesions were defined as high-intensity
lesions of the treated vascular area. We did not take into
consideration the size or number of positive DWI lesions in
this study.

Statistical analysis

The association of clinical and angiographic outcomes and
new hyperintense lesions in DWI with the use of single
balloon-assisted, double balloon-assisted, and stent-assisted
techniques were analyzed. Data are shown as mean±standard
deviation (SD). Differences between groups were examined
using Fisher’s exact test for categorical variables and the
Mann-Whitney or Student’s t test for continuous data, depend-
ing on the underlying distribution. Statistical significance was
defined as p<0.05.

Results

Clinical and angiographic outcomes

One hundred nineteen coil embolizations were performed for
119 aneurysms in 119 patients. In this series, 64 aneurysms
(54%)were treatedwith the single balloon-assisted technique,
12 (10 %) were treated with the double balloon-assisted
technique, and 43 (36 %) were treated with the stent-assisted
technique. The double balloon-assisted technique was per-
formed significantly more often in men than the other tech-
niques (p=0.03). ICA unruptured aneurysms treated with the
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double balloon-assisted technique and ACA unruptured
aneurysms treated with the stent-assisted technique were
performed significantly less often than ICA and ACA
unruptured aneurysms treated with the other techniques,
which is considered to be due to anatomical morphology.
There were no middle cerebral artery (MCA) aneurysms
treated by endovascular therapy because clipping for
MCA aneurysm was preferable in our institute. There
were no significant differences in aneurysm size and
dome-to-neck ratio between the three groups, although
small aneurysms with a small neck were treated signifi-
cantly more frequent by the single balloon-assisted tech-
nique than with the other techniques, and there was a
tendency for larger and wide-necked aneurysms to be
treated with the double balloon and stent-assisted tech-
niques. There were no significant differences in the com-
plete occlusion rate and embolized volume between the
groups. Total procedural time from insertion to withdrawal
of the guiding catheter was 133.9±59.8 mins in the single
balloon-assisted technique, 177.4±53.6 mins in the double
balloon-assisted technique, and 154.3±71.2 mins in the
stent-assisted technique. Total procedural time in the

double balloon-assisted technique was significantly longer
than that of single balloon-assisted technique (p=0.008)
(Table 2).

There was one intraoperative aneurysmal rupture during
the coil embolization for anterior communicating artery aneu-
rysm using double balloon-assisted technique. After two bal-
loon catheters were placed, microcatheter perforated the an-
eurysms. Immediately, balloons were inflated, heparin was
reversed, and coils were inserted as soon as possible. Fortu-
nately, the postoperative course was uneventful, and the pa-
tient was subsequently discharged home, neurologically in-
tact. There were no intraprocedural thrombi. There were ten
(8.4 %) symptomatic complications. Eight patients experi-
enced minimum deficits (slight motor weakness in five, dys-
arthria in three) after the intervention and fully recovered
within 12 h. One patient developed slight motor weakness
due to pontine infarction after coil embolization with the
double balloon-assisted technique for a large basilar apex
aneurysm. One patient suffered from slight motor weakness
after the procedure for an anterior communicating artery an-
eurysm and MR imaging demonstrated ACA lesion infarc-
tion. One patient died of severe pneumonia after the

Table 2 Comparison of characteristics of treated aneurysms between use of the single balloon-, double balloon-, and stent-assisted techniques

Single balloon Double balloon Stent p value

Population

Aneurysms, n 64 12 43

Patients, n 64 12 43

Age (year) (mean±SD) 61.5±11.4 67.8±5.9 63.6±9.2 n.s.

Male sex, n (%) 18 (28.1) 6 (50.0) 6 (14.0) 0.03

Anatomic location

ICA, n (%) 33 (51.6) 1 (8.3) 32 (74.4) 0.0001

ACA, n (%) 20 (31.3) 7 (58.3) 2 (4.7) 0.0001

MCA, n (%) 0 (0) 0 (0) 0 (0) n.s.

Posterior circulation, n (%) 11 (17.2) 4 (33.3) 9 (20.9) n.s.

Aneurysm morphology

Size (mm) (mean±SD) 6.8±2.9 7.9±2.6 9.8±5.5 n.s.

Dome-to-neck ratio 1.5±0.4 1.3±0.4 1.1±0.3 n.s.

Small with small neck, n (%) 25 (39.0) 0 (0) 0 (0) 0.00

Small with wide neck, n (%) 32 (50.0) 10 (83.3) 28 (65.1) n.s.

Large, n (%) 7 (10.9) 2 (16.7) 12 (27.9) n.s.

Giant, n (%) 0 (0) 0 (0) 3 (7.0) n.s.

Angiographical result

Complete occlusion, n (%) 30 (46.9) 5 (41.7) 21 (48.8) n.s.

Residual neck, n (%) 28 (43.8) 6 (50.0) 19 (44.2) n.s.

Residual aneurysm, n (%) 6 (9.4) 1 (8.3) 3 (7.0) n.s.

Embolized volume (%) (mean±SD) 29.1±4.6 30.2±5.2 29.4±8.1 n.s.

Total procedural time (mins) (mean±SD) 133.9±59.8 177.4±53.6a 154.3±71.2

ICA internal carotid artery, ACA anterior cerebral artery, MCA middle cerebral artery, n.s. not significant
a p=0.008, compared with the single balloon-assisted technique
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procedure. Permanent morbidity and mortality rates were 1.7
and 0.8 %, respectively. There were no significant differences
between the three groups in permanent and temporary ische-
mic complications, morbidity rate, and mortality rate
(Table 3).

DWI abnormalities

Overall, 40.3 % of the cases (48/119) showed DWI abnormal-
ities within the treated vascular territory. There was a clinical
evidence of stroke or transient ischemic attack in 10 (20.8 %)
of 48 patients with DWI abnormalities. Hyperintense lesions
were observed in 16 (25.0 %) of 64 patients in the single
balloon-assisted technique, seven (58.3 %) of 12 in the double
balloon-assisted technique, and 25 (58.1 %) of 43 in the stent-
assisted technique. The occurrence of new lesions was signif-
icantly more frequent with the use of double balloon-assisted
technique (p=0.05) and the stent-assisted technique compared
with the single balloon-assisted technique (p=0.001) (Table 4).
Two microcatheters were used in 63 patients at a same time,
three were in 41 patients, and four were in 15 patients. Hy-
perintense lesions were observed in 15 (23.8 %) in two-
microcatheter group, 20 (48.8 %) in three-microcatheter
group, and 12 (80.0 %) in four-microcatheter group. The
occurrence of new lesions was significantly more frequent
with use of three microcatheters (p=0.008) and four
microcatheters compared with use of two microcatheters (p=
0.001) (Table 5).

Discussion

We studied ischemic events detected by DWI associated with
the use of adjunctive techniques for cerebral unruptured an-
eurysms. Our results suggest an acceptable rate (1.7 %) of
permanent ischemic complications and a high incidence of
silent ischemic change (38/119, 31.9 %) after coil emboliza-
tion. Overall, DWI abnormalities were detected in 40.3 % (48/
119) of patients, especially in the use of adjunctive techniques,

such as the double balloon-assisted and stent-assisted tech-
niques, which had a higher rate of abnormalities compared
with single balloon-assisted coil embolization.

Although recent studies have found an equal or a decrease
in the incidence of clinical ischemic events compared with
conventional coil embolization without adjunctive techniques
[4, 14, 19–25], some studies have reported that silent ischemia
is detected more frequently in cases with balloon-assisted coil
embolization than with conventional coil embolization [15,
17]. Soeda et al. [15] reported that the overall amount of
hyperintense lesions in DWI after coil embolization for
asymptomatic aneurysms was 61 % (40/66), and there was a
statistically significant association between balloon assistance
and development of DWI changes (coil only, 50 %; balloon
assistance, 73 %). Cronqvist et al. [17] performed a prospec-
tive study in which they looked at the frequency of DWI
changes in 40 patients (14 with subarachnoid hemorrhage
and 26 with elective procedures). DWI abnormalities were
detected in 39.5 % of patients and ischemic lesions occurred
more frequently in patients treated with the balloon remodel-
ing technique (6/11, 54.5 %) and patients with ruptured aneu-
rysms. Theoretically, because adjunctive techniques require
more catheters, ischemic complications increase in such situ-
ations. Our data showed that DWI abnormalities within the
treated vascular territory were significantly more frequent
when the number of microcatheters increased and supported
this theory.

However, some studies have reported that there is no
significant relationship between adjunctive techniques and
silent ischemia [4, 20, 23–25]. However, in these studies,
some lacked detail of the antiplatelet protocol [4, 23, 24],
some included mixed ruptured and unruptured cases [4, 20,
24, 25], and some did not use an antiplatelet agent for the
conventional coil treatment group [20, 25]. Brooks et al. [20]
reported that the presence of DWI abnormalities after coil
embolization for ruptured and unruptured aneurysms was
32 % in cases without an adjunctive technique, 18 % in cases
with the balloon-assisted technique, and 24 % in cases with
the stent-assisted technique. The authors concluded that the
use of adjunctive devices in treating aneurysms did not appear

Table 3 Comparison of ischemic complications, morbidity rate, and mortality rate between patients treated with the single balloon-, double balloon-,
and stent-assisted techniques

Single balloon Double balloon Stent p value

Intraprocedure rupture, n (%) 0/64 (0) 1/12 (8.3) 0/43 (0) n.s.

Ischemic complication

Permanent, n (%) 1/64 (1.6) 1/12 (8.3) 0/43 (0) n.s.

Transient, n (%) 4/64 (6.3) 1/12 (8.3) 3/43 (7.0) n.s.

Morbidity rate (%) 1/64 (1.6) 1/12 (8.3) 0/43 (0) n.s.

Mortality rate (%) 1/64 (1.6) 0/12 (0) 0/43 (0) n.s.

n.s. not significant
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to increase the frequency of embolic events. However, in this
previous study, dual antiplatelet therapy was used only for
stent-assisted coil embolization and their results were proba-
bly related to perioperative antiplatelet medical management.
Spiotta et al. [23] evaluated 147 coil embolizations (81 bal-
loon, 66 unassisted) for unruptured aneurysms and reported a
frequency of 24.7 % for the balloon-assisted technique and a
frequency of 19.7 % without an adjunctive technique for DWI
changes (there were no significant differences). In their series,
perioperative antiplatelet medical management might have
affected their results because antiplatelet medications were
used in 62 % of balloon-assisted coil embolizations and in
18% of conventional coil embolizations. In our study, patients
were pretreated with clopidogrel 75 mg/day before the single
balloon-assisted coil embolization and with dual antiplatelet
agents (clopidogrel 75mg/day and aspirin 100mg/day) before
the double balloon and stent-assisted coil embolization for a
minimum of 4 days. If dual antiplatelet agents had been used
for single balloon-assisted coil embolization, the differences
might have become more significant.

Although our results suggested that coil embolization for
unruptured cerebral aneurysms using adjunctive techniques
increased the frequency of silent ischemic changes, other rea-
sons should also be considered. One possible reason could be
the use of a larger size of guiding catheter when the double
balloon or stent-assisted technique was used. Some reports
found a lower neurological complication rate when smaller
and softer catheters were used [28–33]. In our study, the
procedure was performed through a 6-F guiding catheter sys-
tem for single balloon-assisted coil embolization. When the
double balloon-assisted or stent-assisted technique was used,
the procedure was performed through either an 8-F guiding
catheter system or a 6-F guiding sheath system. Another reason
was the total procedural time which was longer in double

balloon-assisted technique. It is technically difficult to insert
two balloon catheters below the wide-neck aneurysms. Several
techniques were used such as catheter exchange technique,
sheep technique, and so on. The complicated maneuvers need
time and theoretically, thromboembolic complications increase.
On the other hand, stent-assisted technique is technically sim-
ple and does not take time. However, metal of the stent was
always exposed to the blood stream until the neointima covers
the stent. The other possible reason for the increased frequency
of silent ischemia in our study could be due to of antiplatelet
resistance. Several studies have shown considerable interindi-
vidual variability in the response to aspirin and clopidogrel,
with an inadequate antiplatelet effect in approximately 5 to
71 % of patients for aspirin [34–37] and 5 to 65 % for
clopidogrel [38–40]. A few studies have demonstrated that
low clopidogrel responders might be associated with thrombo-
embolic events in neurointerventional procedures. Recently,
several reports have described about the importance to evaluate
aspirin reaction unit for aspirin and P2Y12 reaction units for
clopidogrel using VerifyNow (Accumetrics, San Diego, Calf).
When the antiplatelet resistance is recognized before
endovascular treatment, increase in quantity of the antiplatelet
agents or change to another antiplatelet agents (cilostazol,
prasugrel, and so on) is an effective method [39, 41, 42].
VerifyNow has not been approved yet in Japan; we could not
evaluate the antiplatelet reaction. Although there is no clear
evidence or guidelines for perioperative management of anti-
platelet agents based on platelet function testing, platelet activ-
ity may play an important role in neurointerventional proce-
dures to prevent thromboembolic events.

Recently, many reports have described the efficacy and
safety of flow diverter stents for cerebral aneurysms. Unfor-
tunately, flow diverter stents have not been approved yet in
Japan, and we have no data of the relationship between flow
diverter stents and ischemic complications. A systematic re-
view of pipeline embolization device (ev3 Neurovascular)
showed that the symptomatic ischemic complication rate
was 3.9 % [43]. Tan et al. [44] reported that presence of
DWI abnormalities after pipeline embolization device place-
ment was 50.9 %, and Heller et al. [45] reported 52 %. These
reported rates were almost similar to our data treated with
stent-assisted coil embolization. To reduce both of the ische-
mic and hemorrhagic complications, further information is
needed including antiplatelet function.

There are several study limitations to this study. First, this
study was a nonrandomized, retrospective, single-center trial,
and there was a small number of patients. Second, there was a
limited number of patients treated with the double balloon-
assisted technique. Therefore, more of these cases need to be
collected and analyzed. Third, there was no data of antiplatelet
reaction in this study, because VerifyNow has not been ap-
proved in Japan. Some of the thromboembolic events may be
due to suboptimal medical prevention and not merely to the

Table 4 Comparison of DWI abnormalities between patients treated
with the single balloon-, double balloon-, and stent-assisted techniques

DWI abnormalities p value

Single balloon, n (%) 16/64 (25.0)

Double balloon, n (%) 7/12 (58.3) 0.05

Stent, n (%) 25/43 (58.1) 0.001

n.s. not significant

Table 5 Comparison of DWI abnormalities by the number of
microcatheters at a time

DWI abnormalities p value

Two, n (%) 15/63 (23.8)

Three, n (%) 20/41 (48.8) 0.008

Four, n (%) 12/15 (80.0) 0.001

n.s. not significant
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procedure techniques. A large-scale, prospective, multicenter
study should be undertaken to verify these preliminary
conclusions.

Conclusions

Use of adjunctive devices in treating unruptured saccular
cerebral aneurysms does not increase the frequency of symp-
tomatic thromboembolic events, but increases the presence of
DWI abnormalities, especially in association with the double
balloon-assisted and stent-assisted techniques. Furthermore,
the number of microcatheters is very highly correlated with
DWI abnormalities. Although permanent deficits are rare, the
high rate of thromboembolic events detected byDWI suggests
the need for evaluation of platelet reactivity and an addition or
change in antiplatelet agents, and more careful in selecting
adjunctive technique. The risk and benefit of adjunctive tech-
nique must be considered.
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