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Objective : The purpose of this study was to evaluate the occurrence
rate of diffusion positive lesions (DPLs), and to assess the peri-procedural
risk factors for the occurrence of DPLs in patients who underwent colil
embolization of cerebral aneurysms.

Materials and Methods : A total of 304 saccular aneurysms were embol-
ized during a seven-year period from Jan 2007 to Dec 2013. Of these,
postoperative diffusion-weighted images were obtained in 186 procedures.
There were 100 ruptured aneurysm and 86 unruptured aneurysms. The
coiling procedures were as follows: simple coiling in 96, balloon assisted
coiling (BAC) in 39, and stent assisted coiling (SAC) in 51 aneurysms.
Clinical, angiographic and procedural factors were analyzed in relation to
the occurrence of DPLs.

Results : Overall, DPLs were observed in 50.5%. In unruptured aneurysms,
DPLs occurred in 23.5% of BAC, 41.9% of SAC and 57.7% of simple coil-
ing (p = 0.08). Among ruptured aneurysms, DPLs occurred in 63.6% of BAC,
62.5% of SAC and 54.3% of simple coiling (p = 0.71). DPLs had a tendency
to increase in ruptured aneurysms compared with unruptured aneurysms
(57% vs. 43%, p = 0.077). Logistic regression analysis revealed that age > 55
years was the only independent risk factor for the occurrence of DPLs.

Conclusion : DPLs occured more frequently in ruptured aneurysm and at
an older age. Although most DPLs are asymptomatic, careful manipulation
of cerebral or extracerebral arteries using various endovascular devices is
important to reducing the occurrence of DPLs. BAC appeared to reduce
occurrence of TE events in patient with unruptured aneurysm.
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INTRODUCTION of 10-61% following coil embolization of cerebral

Thromboembolic (TE) complication is the most com-
mon complication of endovascular embolization of
cerebral aneurysms.”??*) Although the incidence of

diffusion positive lesions (DPLs) has a reported range

WIANITIO0Z212) most high signal intensity

aneurysms,”
lesions on diffusion-weighted image (DWI) after em-
bolization were asymptomatic. DPLs can be caused by
various intra-procedural embolic sources. Endovascular

complications can occur more frequently if the proce-
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‘ 342 aneurysms treated

31 simultaneously treated
SAH + UIA: 8 aneurysms
2 UlAs: 20 aneurysms
3 UlAs: 3 aneurysms

‘ 273 saccular aneurysms

A

186 saccular aneurysms v
100 SAHs Not performed DWI: 87
86 UlAs aneurysms

Fig. 1. Flow chart showing the patients who were selected in
this study. SAH = subarachnoid hemorrhage; UIA = unruptured
aneurysm; DWI = diffusion-weighted image

dure is more complicated. The use of many devices in
the guiding catheter increases the risk of complications.
Therefore, balloon or stent assisted coiling (SAC) may
increase TE, compared with the simple microcatheter

11)14)24

technique. ) However, there have been conflicting

results on the effect of balloon assisted coiling (BAC)
1)6)8)12)18)19)21

on the occurrence of TE events. ) The pur-
pose of this study was to evaluate the incidence and
risk factors for DPLs, particularly the role of BAC on

the occurrence of DPLs.

MATERIALS AND METHODS

A total of 342 aneurysms were embolized in 280 pa-
tients during a seven-year period from January 2007
to Dec 2013. Of these, the following aneurysms were
excluded: 38 dissecting aneurysms and 31 simulta-
neously treated multiple aneurysms. Multiple aneur-
ysms treated in different sessions were included. Of
the remaining 273 saccular aneurysms, postoperative
DWI was not obtained in 87 aneurysms within 24
hours because of poor clinical condition, or applied

mechanical ventilator status. Thus, this study in-
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cluded 186 procedures performed in patients who un-
derwent postoperative DWI within 24 hours (Fig. 1).
There were 100 ruptured and 86 unruptured aneurysms.
The coiling procedures were as follows: simple coiling
in 96, BAC in 39, and SAC in 51 aneurysms. Clinical,
angiographic and procedure related events were ana-
lyzed in relation to the occurrence of DPLs in
patients. All data were reviewed retrospectively using
the aneurysm embolization database, picture archiv-
ing and communication system (PACS) imaging and

inpatient clinical charts.

Endovascular procedures

All procedures were performed under general anes-
thesia by a single neurosurgeon. Patients who were
expected to require stent or balloon assistance in un-
ruptured aneurysms received dual antiplatelet therapy.
Aspirin and clopidogrel were administered at doses
of 100 mg and 75 mg, respectively, starting at least
five days before the procedure in unruptured aneurysm.
However, in ruptured aneurysms, loading doses of
300-600 mg of clopidogrel and 300 mg of aspirin were
given per L-tube in patients treated with stent as-
sisted coiling.

Baseline activated clotting time (ACT) measurement
was performed after placement of the femoral sheath.
Intra-procedurally, 3000 units of heparin was typically
injected intravenously by the anesthesia team nurse,
in all patients. Target ACT during the procedure was
at least more than twice the baseline (250-300 sec) in
all patients. The timing of heparin injection was dif-
ferent, depending on the rupture status. Heparin was
injected either after placement of the framing coil
placement, or just before balloon inflation in BAC in
ruptured aneurysms. In unruptured aneurysms, hep-
arin was injected after placement of the guiding
catheter. In most cases, we preferred the micro-
catheter jailing technique in performance of the SAC
procedure. Balloon assisted technique consisted of re-
peated inflation and deflation of the balloon before
detachment of coils in order to verify stability of the

coil mass as described by Morret.”” The decision to
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Table 1. Summary of clinical characteristics according to ruptured and unruptured aneurysms in 186 patients

Characteristic Ruptured group Unruptured group Total p value

Number of patient 100 86 186
Age 54.6 = 13.1 59.7 £ 12.9 56.9 + 13.2 0.008
Female sex (%) 65 (65.0) 71 (82.6) 136 (73.1) 0.008
HHG (%) 0.000

0 = 86 (100.0) 86 (46.2)

1 5 (5.0) - 5 (2.7)

2 65 (65.0) - 65 (34.9)

3 21 (21.0) - 21 (11.3)

4 6 (6.0) - 6 (3.2)

5 3 (3.0) - 3 (1.6)
Location 0.035

ICA 34 (34.0) 41 (47.7) 75 (40.3)

ACA 45 (45.0) 21 (24.4) 66 (35.5)

MCA 9 (9.0) 10 (11.6) 19 (10.2)

Post cir 12 (12.0) 14 (16.3) 26 (14.0)
Size of aneurysm (mm) 7.1 £ 37 64 + 4.0 68 = 3.9 0.224
Aspect ratio 20 = 1.1 1.5+ 1.0 1.8 = 1.1 0.001
Side of approach 0.653

Right 38 (38.0) 36 (41.9) 74 (39.8)

Left 62 (62.0) 50 (58.1) 112 (60.2)
Coiling technique 0.000

Simple 70 (70.0) 26 (30.2) 96 (51.6)

BAC 22 (22.0) 17 (19.8) 39 (21.0)

SAC 8 (8.0) 43 (50.0) 51 (27.4)
Raymond class 0.035

| 68 (68.0) 47 (54.7) 115 (61.8)

Il 23 (23.0) 20 (23.3) 43 (23.1)

Il 9 (9.0) 19 (22.1) 28 (15.1)
Packing density (%] 37.1 £ 11.8 358 = 10.5 365 £ 11.2 0.424
Procedure time (min) 155.2 + 714 133.8 + 59.1 1453 + 66.7 0.029
Presence of DPL 57 (57.0) 37 (43.0) 94 (50.5) 0.077
No of DPL 32 £52 1.8 + 35 2.6 £ 45 0.025
Permanent PRC 3 (3.0) 1(1.2) 4 (2.2) 0.625
PRC 0.034

No 3 (83.0) 81 (94.2) 164 (88.2)

IPR 12 (12.0) 2 (23) 14 (7.5)

TE 5 (5.0) 3 (35) 8 (4.3)
Outcome at discharge 0.043

Good recovery 90 (90.0) 85 (98.8) 175 (94.1)

Moderate disability 7 (7.0) 1(1.2) 8 (4.3)

Severe disability 2 (2.0 0 2 (1.1)

Dead 1 (1.0) 0 1 (0.5)

HHG = Hunt & Hess grade; ICA = internal carotid artery; ACA = anterior cerebral artery; MCA =
stent assisted coiling; DPL = diffusion positive lesion; PRC = procedure related
complication; IPR = intraprocedural rupture; TE = thromboembolism

posterior circulation; BAC = balloon assisted coiling; SAC
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use BAC was made by the attending surgeon on a
case-by-case basis. All BAC procedures were per-
formed using Hyperform or Hyperglide balloons
(eV3, Irvine, CA, United States). Embolization was
deemed sufficient when dense coil packing was ob-
tained and no additional coil could be safely inserted.

Aneurysm selection was considered difficult if
placement of the microcatheter into the aneurysmal
sac after introduction of the microcatheter took > 20
minutes, or aneurysm superselection with micro-
catheter required > 3 times microcatheter reshaping.

After the coil embolization, the patients routinely
underwent DWI within 24 hours post-procedure as a
protocol for detection of procedure-related ischemic
complications. Imaging was performed on either a 1.5
T or 3T MR imaging system (Phillips, Amsterdam,
Netherland). Any area of restricted diffusion, regard-
less of size or clinical symptoms was considered a

positive result.

Statistical analysis

Statistical analyses were performed using SPSS 18.0
for Windows (SPSS Inc. Chicago, IL, United States).
Continuous variables were expressed as mean * SD.
The significance of differences between two groups
was examined using independent sample t-test for
continuous variables, and two-way Fisher's exact test
for categorical variables. The significance of differ-
ences among the three groups was examined using
one way ANOVA for continuous variables. Logistic
regression analysis was used for identification of the
risk factors for DPLs. A p value < 0.05 was considered

statistically significant.

RESULTS

Sixty five of the 100 patients with ruptured aneur-
ysms were women. Anterior cerebral artery (ACA)
aneurysms were most common followed by internal
carotid artery (ICA) aneurysms, posterior circulation
(MCA)

aneurysms. The techniques used for coiling were BAC

aneurysms and middle cerebral artery
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in 22, SAC in eight, and simple coiling alone in 70.
Mean packing density was 37.1%. Complete ob-
literation of the aneurysm was achieved in 68%, neck
remnant in 23% and aneurysm sac filling in 8%.

Seventy one of 86 unruptured aneurysms were in
women. The location of aneurysms was ICA in 41,
ACA in 21, posterior circulation in 14, and MCA in
10. The techniques used for coiling were BAC in 17,
SAC in 43, and simple coiling in 26. Mean packing
density was 35.8%. Complete obliteration of the
aneurysm was achieved in 54.7%, neck remnant in
23.3% and aneurysm sac filling in 22.1%.

Even though there were 14 intra-procedural rup-
tures and 8 intra-procedural TE complications, the
permanent complication rate was only 2.1% (4/186)
(Table 1).

Overall, DPLs were observed in 50.5% (94/186).
DPLs had a tendency to increase in ruptured aneur-
ysms compared with unruptured aneurysms (57% vs.
43%, p = 0.077). The mean number of DPLs was sig-
nificantly higher in the ruptured group (3.22 + 5.22,
range: 0-30) than in the unruptured group (1.77 *
3.46, range: 0-16) (p = 0.025) (Table 1). Increasing age
influenced the occurrence of DPLs in patients with
ruptured aneurysms, however, the difference did not
reach statistical significance (p = 0.056) (Table 2). ACA
aneurysms showed the highest incidence of DPLs, fol-
lowed by ICA aneurysms, but the difference was not
statistically significant (p > 0.05). Endovascular neuro-
surgeon's experience did not affect the occurrence of
DPLs in both groups even though the initial period
(before year 2010) showed high incidence of DPLs
(Table 2).

Aneurysm selection was considered difficult in
21.0%. However, the occurrence of DPLs was not de-
pendent on the difficulty of aneurysm selection.
Aneurysm size, neck size and aspect ratio did not in-
fluence the occurrence of DPLs.

The left side approach showed more DPL in all an-
terior circulation aneurysms (n = 160), however, the
difference was not statistically significant (p > 0.05)
(Table 2). Based on the coiling technique, DPLs oc-
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Table 2. Incidence of diffusion positive lesions according to the clinical characteristics in patients with ruptured and un-

ruptured aneurysms

Ruptured group

Unruptured group

Variables
DWI (+) DWI (-) p value DWI (+) DWI (4 p value
No 57 (57) 43 (43) 37 (43) 49 (57)
Age 56.7 = 11.3 51.7 + 14.8 0.056 60.7 £ 12.5 58.9 + 13.3 0.520
Female sex 40 (70.2) 25 (58.1) 0.290 33 (89.2) 38 (77.6) 0.251
Location 0.556 0.694
ICA 20 (58.8) 14 (41.2) 17 (41.5) 24 (58.5)
ACA 28 (62.2) 17 (37.8) 11 (52.4) 10 (47.6)
MCA 4 (44.4) 5 (55.6) 3 (30) 7 (70)
Post cir 5 (41.7) 7 (58.3) 6 (42.9) 8 (57.1)
Surgeon’s experience 0.210 0.330
< 2010 16 (72.7) 6 (27.3) 8 (50.0) 8 (50.0)
2010-2011 22 (56.4) 17 (43.6) 6 (28.6) 15 (71.4)
2012-2013 19 (48.7) 20 (51.3) 23 (46.9) 26 (53.1)
Aneurysm selection 1.000 1.000
Easy 44 (56.4) 34 (43.6) 29 (42.6) 39 (57.4)
Difficult 13 (59.1) 9 (40.9) 8 (44.4) 10 (55.6)
Aneurysm size (mm) 0.681 0.629
=7 36 (59.0) 25 (41.0) 28 (45.2) 34 (54.8)
> 7 21 (53.8) 18 (46.2) 9 (37.5) 15 (62.5)
Neck size(mm) 0.664 0.185
<4 38 (55.1) 31 (44.9) 25 (50.0) 25 (50.0)
> 4 19 (61.3) 12 (38.7) 12 (33.3) 24 (66.7)
Aspect ratio 0.482 0.732
=1 2 (33.3) 4 (66.7) 12 (38.7) 19 (61.3)
1-1.5 13 (54.2) 11 (45.8) 10 (43.5) 13 (56.5)
> 1.5 42 (60.0) 28 (40.0) 15 (48.4) 16 (51.6)
Approach side (n=170) 0.674 0.040
Right 21 (55.3) 17 (44.7) 10 (29.4) 24 (70.6)
Left 33 (60.0) 22 (40.0) 23 (53.5) 20 (46.5)
Coiling technique 0.713 0.084
Simple 38 (54.3) 32 (45.7) 15 (57.7) 11 (42.3)
BAC 14 (63.6) 8 (36.4) 4 (23.5) 13 (76.5)
SAC 5 (62.5) 3 (37.5) 18 (41.9) 25 (58.1)
Packing density 37.2 £ 133 37.0 £ 9.6 0.928 34.6 = 9.7 36.6 = 11.1 0.401
Detach method 0.228 0511
Mechanical (n=99) 30 (63.8) 17 (36.2) 24 (46.2) 28 (53.8)
Electrical, or combined (n=87) 27 (50.9) 26 (49.1) 13 (38.2) 21 (61.8)

DWI = diffusion weighted image; ICA = internal carotid artery; ACA
posterior circulation; BAC = balloon assisted coiling; SAC = stent assisted coiling

curred in 23.5% of BAC, 41.9% of SAC and 57.7% of

simple coiling in unruptured aneurysms (p = 0.08).

However, in patients with ruptured aneurysms, oc-

currence of DPLs did not differ among simple coiling

anterior cerebral artery; MCA = middle cerebral artery; Post cir

(54.3%), SAC (62.5%), and BAC (63.6%) groups (p =
0.71) (Table 2).

Mean number of DPLs was the highest in the SAC
group (5.25), followed by BAC (3.41) and simple coil-
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(No.)

H Overall
3 SAH
mUIA

Balloon (n=39) Stent (n=51)

Simple (n=96)

Fig. 2. Bar graphs showing the mean number of diffusion pos-
itive lesions (DPLs) according to the treatment modalities. Mean
number of DPL was the highest in stent assisted coiling fol-
lowed by balloon assisted coiling (o > 0.05) in the sub-
arachnoid hemorrhage (SAH) group; however, in the un-
ruptured group, balloon assisted coiling showed the lowest
mean number of DPLs even though the difference was not
statistically significant.

ing group (2.93) in ruptured aneurysms. However, the
BAC group showed the lowest mean number of DPLs
(1.18) in unruptured aneurysms (Fig. 2). In compar-
ison of simple coiling and BAC in unruptured aneur-
ysm patients, the occurrence of DPLs was sig-
nificantly lower in BAC (p = 0.034), however, there
was no difference in ruptured aneurysm patients (p =
0.472) (Fig. 3).

Detachment method did not influence the occur-
rence of DPL in both groups. Mean packing density
was not different between the diffusion positive and
diffusion negative groups (Table 2).

Logistic regression analysis revealed that age > 55
years was the only independent risk factor for the oc-

currence of DPLs in the entire patient cohort on ad-

(%)
70

60

40 -

m Balloon

Simple coil

20 +

SAH (N=92) UIA (N=43)

Fig. 3. Bar graphs showing the incidence of DPLs. Balloon as-
sisted coiling significantly lowers the incidence of DPLs in un-
ruptured intracranial aneurysm (UIA) patients (p = 0.034), how-
ever, this effect was absent in SAH patients (p = 0.472).

justing rupture status, side of approach, selection dif-
ficulty and coiling methods (Table 3).

DISCUSSION

Occurrence of DPLs after coil embolization of cere-
bral aneurysm has been reported in 10-61% of the

NN DPLs can be produced by ma-

cases.”
nipulation of the guiding catheter, difficulty of aneur-
ysm selection, event during framing coil, amount of
coils, detachment method, surgeon's experience and
perioperative antithrombotic agent.?"'¥')%») We in-
vestigated the occurrence of TE based on the DPLs on
postoperative  DWI, in ruptured and unruptured
aneurysms treated with coil embolizations. The over-

all occurrence of DPLs was 50.5% in our study. The

Table 3. Logistic regression analysis for the risk factors of diffusion positive lesions in 186 patients

Parameter Odd ratio 95% CiI p value

Age > 55 years 1.95 1.041-3.661 0.037
SAH 1.85 0.927-3.681 0.081
Left side approach 1.35 0.731-2.480 0.339
Selection difficulty 1.302 0.623-2.718 0.482
Coil method (simple) 1 0.626
Balloon assisted 1.237 0.554-2.763 0.604
Stent assisted 0.845 0.339-2.107 0.717

Cl = confidence interval; SAH = subarachnoid hemorrhage
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number of DPLs in patients with ruptured aneurysms
was higher than that of unruptured aneurysms. The
reason that DPLs occurred more frequently in patients
with ruptured aneurysm was related to the hyper-
coagulable state in SAH conditions.” When the aneur-
ysm ruptures, activation of the blood coagulation sys-
tem, as well as the fibrinolytic system (especially the
secondary fibrinolysis) occurs early in the course of
SAH, particularly in patients with a severe neuro-
logical condition.”?

Another reason might be related to different proto-
cols of antithrombotic medication and timing. Dual
antiplatelet agents were not administered in most
ruptured aneurysm patients, except for SAC. In addi-
tion, intravenous heparin was not injected until fram-
ing coil packing in ruptured aneurysms, however, it
was administered immediately after placement of the
femoral sheath in unruptured aneurysms.

Hwang et al.” reported that antiplatelet premed-
ication lowered the periprocedural thromboembolic
complication rate in unruptured aneurysms treated us-
ing the multiple microcatheter technique and did not
increase the risk of hemorrhage.

In our study, increasing age influenced the occur-
rence of DPLs and age of > 55 years predicted an in-
creased risk of DPLs. Increasing age might be related
to the tortuous large vessels including aortic arch,
brachiocephalic trunk, common and internal carotid
arteries, and tortuous origin of the vertebral artery.
Catheterizing tortuous arteries could increase the risk
of TE. Chung et al.” reported that the occurrence of
DPL increased at an older age of > 60 years. The au-
thors assumed that more atherosclerotic changes in
the cerebral artery were present in older patients, and
that these patients were more vulnerable to TE events
in aneurysm-unrelated territories as a result of routine
procedures, such as the use of a guiding catheter.

Murayama et al.”) reported that risk of TE was ex-
pected to increase in the hands of inexprienced
clinicians. However, in this study, endovascular neu-

rosurgeon's experience did not affect the occurrence

DONG-HO SEO ET AL

of DPLs in both groups even though DPLs tended to
occur more frequently in the initial period before
2010.

ACA aneurysms had the highest incidence of DPL
in our study. We thought that the possible reasons
why the ACA aneurysm had a high incidence of DPL
might be related to the acute angle of ACA origin
from ICA bifurcation and relatively small diameter of
Al, A2 and anterior communicating arteries. Increase
in procedure time or a significant drop in systolic BP
under general anesthesia may have increased the risk
of TE, particularly in this specific location.

Sim et al.” reported a high incidence of DPLs in the
left side approach as compared to the right side ap-
proach, since catheterization of the left common car-
otid artery was more difficult than that of the right,
due to the acute angle of the left common carotid ar-
tery from the aortic arch. In our study, we also dem-
onstrated similar results in patients with unruptured
aneurysms.

The role of the balloon in the occurrence of DPL is
controversial.?'*'?"% Many authors have postulated
that the use of a balloon during coiling might increase
the occurrence of ischemic lesion after embolization of
cerebral aneurysms.”¥?¥ Nelson et al.'¥ postulated
that the increased number of guidewires and micro-
catheters necessary for BAC added complexity to the
technique, which might increase the risk of complication.
Malek et al.') reported that the higher rate of TE
complications was the result of placement of an addi-
tional balloon microcatheter in the parent artery.
Soeda et al.?¥ reported that the balloon technique re-
quired sophisticated handling, frequent use of guide-
wires and microcatheters, the need for temporary oc-
clusion of the parent vessel, and repeated inflation
and deflation of the balloon, which might have in-
creased occurrence of TE event.

However, contradictory results of equal or de-
creased incidence of ischemic lesion after BAC, have
been reported by some authors."¥2™92) [n this

study, occurrence of DPL was significantly lower in
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the BAC group compared with simple coiling group
in unruptured aneurysms only.

The exact reason why the BAC in patients with un-
ruptured aneurysms showed less DPLs is not clear.
Possible reasons might be related to premedication

® In our institution,

with dual antiplatelet agents.
scheduled unruptured aneurysm embolization was
performed on dual antiplatelet premedication. After
the embolization procedure, dual antiplatelet medi-
cation was not maintained in simple or BAC cases,
but only in cases of SAC. However, in ruptured
aneurysms, BAC was performed without antiplatelet
medication. This difference might have influenced the
occurrence of DPLs. Another difference was the tim-
ing of intravenous heparin injection. In the un-
ruptured group, heparin was injected intravenously
early in the procedure whereas in the ruptured group,
it was injected after framing coil packing or just be-
fore balloon inflation.

Some studies have reported an embolic complication
by electrolytic coil detachment.'?* Padolecchia et
al.'® observed that electrothrombosis might have a
negative effect, in that it could promote unwanted
thrombus formation, with possible consequent down-
stream thromboembolic complications. In our study,
no difference was observed between electrolytic and
mechanical coil detachment likely due to prevention
of thrombus formation by appropriate intra-proce-
dural anticoagulant medication. We rarely used elec-
trolytic detachment coils alone. Most of the electro-
lytic detachment group included combined mechan-
ical detachment and electrolytic detachment coils.

Despite the frequent occurrence of DPLs following
coil embolization of cerebral aneurysms, most of the
DPLs were asymptomatic. The incidence of sympto-

15)17)19)23) Simil arly

matic TE events was reportedly 5-28%.
in our study, the incidence of DPLs was 50.5%, how-
ever, TE event occurred in 4.3% of cases. The perma-
nent complication resulting from TE was only 2.2%.
This discrepancy could be explained by the fact that
a relatively small part of the brain was affected, and

DPL mostly tended to localize in the silent cortex in-
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stead of the eloquent area.”

Gentle manipulation of cerebral or extracerebral ar-
teries using various endovascular devices is man-
datory in order to reduce the occurrence of DPL after
coil embolization. In addition, preoperative anti-
platelet medication might be helpful if possible.

The limitation of this study included its retro-
spective design, which excluded 87 cases in whom
performance of postoperative DWI was impossible
due to poor clinical conditions. Exclusion of patients
in poor clinical condition, may have led to under-
estimation of overall permanent complication and
symptomatic TE event rate, because intraprocedural
complication can itself lead to poor condition.
Another limitation of this study was the different pre-
operative antiplatelet therapy and different timing of
intravenous anticoagulant injection between ruptured

and unruptured groups.

CONCLUSION

DPLs occurred more frequently in ruptured aneur-
ysms and at an older age. Even though most DPLs
are asymptomatic careful manipulation of cerebral or
extracerebral arteries using various endovascular de-
vices is important in order to reduce the occurrence of
DPLs, particularly in patients > 55 years old. BAC ap-
peared to reduce TE events in patient with un-
ruptured aneurysms. However, conduct of further
study with a prospective design is required in order

to confirm these results.
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