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INTRODUCTION  

Advancements in diagnostic techniques have allowed for improved detection of
unruptured intracranial aneurysms (UIAs). The management of UIAs remains controversial
because of incomplete and conflicting data concerning the natural history of these lesions
and the risks associated with their repair21). The standard method of treatment for
intracranial aneurysms is surgical clipping14). Until recently, endovascular treatment was
restricted to patients in which the aneurysm was unsuitable for clipping because of its size
or location, or surgical clipping was contraindicated17). Since the introduction of controlled
detachable coils for endovascular packing of aneurysms, embolization is increasingly being
used. In some institutions, embolization is now proposed as the initial method of treatment.
The aim of this article was to retrospectively review and report on the morbidity, mortality,
and angiographic results of patients with UIAs, and to identify the advantages of elective
coiling for treating UIAs.

MATERIALS AND METHODS  

From May 2001 to November 2006, 96 UIAs in 92 patients were treated using endo-
vascular coil surgery in the Department of Neurosurgery. The patients’ age range was 27-83
years, with a mean of 57 years. Seventy-one percent of the patients were over 50 years of age,
and 45% of the patients were over 60 years of age. Of the 92 patients, 64 were women, and
28 were men.

Objective : The purpose of this study was to report the morbidity, mortality, angiographic results, and merits of
elective coiling of unruptured intracranial aneurysms.
Methods : Ninety-six unruptured aneurysms in 92 patients were electively treated with detachable coils.
Eighty-one of these aneurysms were located in the anterior circulation, and 15 were located in the posterior
circulation. Thirty-six aneurysms were treated in the presence of previously ruptured aneurysms that had
already undergone operation. Nine unruptured aneurysms presented with symptoms of mass effect. The
remaining 51 aneurysms were incidentally discovered in patients with other cerebral diseases and in
individuals undergoing routine health maintenance. Angiographic and clinical outcomes and procedure-
related complications were analyzed.
Results : Eight procedure-related untoward events (8.3%) occurred during surgery or within procedure-related
hospitalization, including thromboembolism, sac perforation, and coil migration. Permanent procedural morbidity
was 2.2% ; there was no mortality. Complete occlusion was achieved in 73 (76%) aneurysms, neck remnant
occlusion in 18 (18.7%) aneurysms, and incomplete occlusion in five (5.2%) aneurysms. Recanalization occurred
in 8 (15.4%) of 52 coiled aneurysms that were available for follow-up conventional angiography or magnetic
resonance angiography over a mean period of 13.3 months. No ruptures occurred during the follow-up period
(12-79 months).
Conclusion : Endovascular coil surgery for patients with unruptured intracranial aneurysms is characterized by
low procedural mortality and morbidity and has advantages in patients with poor general health, cerebral
infarction, posterior circulation aneurysms, aneurysms of the proximal internal cerebral artery, and unruptured
aneurysms associated with ruptured aneurysm. For the management of unruptured aneurysms, endovascular coil
surgery is considered an attractive alterative option.
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All coil embolization procedures were performed using
a transfemoral approach and standard technique under
local anesthesia in the Interventional Neuroradiology
Suite. Balloon-assisted or stent-assisted coil embolization
techniques were used for aneurysms with wide necks or
unfavorable geometric features, for those that had failed
past treatment, or for those that were likely to present
difficulties in embolization with conventional single-
microcatheter technique. Balloon-assisted coil embolization
was adopted for 18 UIAs (19%), and stent-assisted coil
embolization was adopted for seven UIAs (7%). All
patients underwent endovascular coil surgery electively. In
patients with a history of aneurysm rupture, elective coil
surgery was performed at least six weeks after surgical clipping
for the ruptured aneurysm. Heparinization was started as
soon as the sheath was introduced into the common
femoral artery. Systemic anticoagulation was maintained
with an activated clotting time of 250-300 seconds
throughout the procedure. Patients who required the
stent-assisted technique received oral aspirin (300 mg/d)
and clopidogrel (75 mg/d) for at least one week before the
procedure. This combined medication regimen was given
for 3 month after the procedure, and patients continued
taking aspirin indefinitely.

The aim of coiling was to pack the aneurysm as densely
as possible, until no more coils could be placed. After
completion of aneurysm coil embolization, angiographic
results were divided into three classes : total occlusion,
neck remnant occlusion, and incomplete occlusion. An
aneurysm was determined to be totally occluded if the
neck and dome were densely packed and no angiographic
contrast material could be observed. Neck remnant
occlusion was declared if some contrast material could be
observed near the neck region. Incomplete occlusion was
declared if an obvious remnant was observed in the area
of the aneurysm body.

Angiographic follow-up examination (conventional
angiography or magnetic resonance angiography (MRA)
with 3D reconstruction) was recommended to check for
recanalization six months or more after treatment. MRA
examinations were performed with a 3T system (General
Electric, Milwaukee, WI), using a head coil. The MRA
scans were obtained using 3D time-of-flight MRA
technique. The imaging parameters used were as follows :
repetition time, 22 msec ; echo time, 3.2 msec; flip angle,
20 degrees; section thickness, 0.6 mm; field of view, 220
×220 mm; and matrix, 224×512. Minor aneurysmal
recanalization was defined as minimal coil compaction at
the aneurysmal neck, and major recanalization was
defined as contrast filling within the aneurysm dome or

significant coil loosening or compaction. The coil effect
on symptoms related to mass effect was categorized as
cured, improved, unchanged, or worsened.

Clinical examinations were performed before and after
the procedure, as well as on the day of discharge and
during follow-up visits in the outpatient clinic. Clinical
outcomes were determined through review of medical
records and clinical notes or direct telephone contact with
patients. Procedure-related neurologic morbidity was
defined as neurologic deficit lasting more than seven days
that was attributable to coil embolization.

After the procedure, each patient was held in the inten-
sive care unit for as long as necessary, depending on his/her
clinical condition and evolution. All negative procedure-
related events occurring during or after treatment were
noted.

RESULTS   

Aneurysm characteristics
Thirty-six unruptured aneurysms were treated in the

presence of previously ruptured aneurysms that had been
clipped. Two aneurysms had recurred after clipping. Nine
aneurysms presented with symptoms of mass effect : 6
ophthalmoplegia, 1 visual disturbance, and 2 headache.
Thirty aneurysms were incidentally discovered on imaging
studies performed for reasons unrelated to the aneurysm : 16
cerebral infarctions, 5 arteriovenous malformations (AVM),
5 intracranial hemorrhages (ICH), 2 moyamoya disease, and
2 brain tumors. The remaining aneurysms were incidentally
discovered in patients undergoing routine health maintenance.

Sixty-six aneurysms (68%) were over 7 mm in length. The
mean aneurysm diameter was 8.4 mm (range, 3.5-23 mm).

Aneurysm location
Aneurysms were discovered in the following locations:

cavernous segment (n=6), carotid cave (n=6), ophthalmic
artery (n=6), superior hypophyseal artery (n=18), posterior
communicating artery (n=28), anterior choroidal artery
(n=2), bifurcation of the internal cerebral artery (n=2),
anterior communicating artery (n=7), middle cerebral artery
(n=6), posterior inferior cerebellar artery (n=3), basilar artery
(n=8), superior cerebellar artery (n=3), and posterior cerebral
artery (n=1).

Immediate angiographic results
All aneurysms were successfully embolized. Initial

occlusion results for aneurysms were : complete occlusion
in 73 (76%), neck remnant occlusion in 18 (18.8%), and
incomplete occlusion in 5 (5.2%).
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Procedural complications
Procedural complications occurred in 8 (8.3%) of 96

procedures, including 4 thromboemboli (4.1%), 3 intra-
procedural ruptures (3.1%), and 1 coil migration (1%).
All thromboembolic complications were evident during
the procedure as a result of coil mass (n=2), balloon
(n=1), and coil protrusion (n=1).

These events were effectively managed with intra-
arterial and systemic administration of fibrinolytic
(Clexane injection; Sanofi-Aventis Korea, Seoul) or anti-
platelet agents (Aspirin protect; Bayer Korea, Seoul),
(Plavix Tab; Handok, Seoul). However, two patients
incurred infarctions in portions of the left anterior
cerebral artery and middle cerebral artery territory,
respectively, as seen on MRI, which led to permanent
neurologic deficits (memory deficits in one patient and
hand weakness in the other) (Table 1).

Intraprocedural aneurysmal perforation occurred in
three patients because of coil tip protrusion. All ruptures
were treated with further coil embolization, along with
systemic protamine injection for heparin reversal. No
patients required other interventions, such as ventricular
catheter insertion, and there were no clinical consequences
associated with rupture (Table 2). Coil migration occurred
during treatment in one patient. However, the migrated coil
was successfully retrieved with no clinical consequences.
There were no procedure-related complications in unrup-
tured aneurysms in patients with ischemic stroke.
Overall procedure-related morbidity and mortality rates
were 2.2% and 0%, respectively. For the treatment of
anterior circulation, the morbidity rate was 2.4% but no
morbidity for the treatment of posterior circulation. Out of

4 cases of endovascular coil embolization undertaken in
previously operated aneurysms, there was one minor stroke
leading to memory deficit.

Effect of coil embolization on symptoms of 
aneurysmal mass effect

Clinical follow-up information was available for all nine
patients who presented with symptoms of mass effect
secondary to their aneurysms. The symptoms of mass effect
improved in 4 patients and completely subsided in 5
patients.

Angiographic follow-up results and re-treatment
Angiographic follow-up data was available in 52 (54%)

of 96 patients through conventional angiography (n=21)
or MRA (n=31), with follow-up ranging from 6 to 68
months (mean, 13.3 months). Recanalization was noted
in eight aneurysms (15.3%). Five of these were minor
recanalizations. Three were major recanalizations : one
(14 mm) at the bifurcation of the middle cerebral artery
and two (13 mm, 23 mm) at the basilar tip. Additional
coil surgery was performed in these three cases. These
aneurysms were successfully re-treated using two-catheter
technique (n=1), balloon-assisted technique (n=1), and stent-
assisted technique (n=1). There were no complications
from these additional treatments. No ruptures were
observed in the follow-up period (12-79 months).

DISCUSSION

The publication of data from the International Study of
Unruptured Intracranial Aneurysms (ISUIA) in 200319) was

Table 1. Clinical data for patients who had thromboembolic complications

Case No.
Age (years) Aneurysm 

Clinical data
Diameter Neck diameter Balloon

Mechanism Outcome
sex location (mm) (mm) or stent

1 37/F PCoA
Post-clip

8.5 5.0 Balloon Balloon
Permanent 

recurrence ND

2 47/F SCA
Multiple

10.0 6.0 Balloon Coil protrusion No ND
aneurysm

3 63/F ICA bif. Infarction 5.8 3.7 No Coil mass No ND

4 62/F PCoA Asymptomatic 5.3 3.5 No Coil mass Permanent ND

PCoA : posterior communicating artery, ND : neurological deficit, SCA : superior cerebellar artery, ICA bif .: internal cerebral artery bifurcation

Table 2. Clinical data for patients who experienced perforation

Case No.
Age(years) Aneurysm

Clinical data
Diameter Balloon Perforation

Outcome
sex location (mm) or stent mechanism

1 31/F SHA Moyamoya disease 7.2 No First coil No ND

2 45/F BA bif. AVM 6.0 No Second coil No ND

3 44/F PCoA Ophthalmoplegia 7.6 No Second coil No ND

SHA : superior hypophyseal artery, ND : neurological deficit, BA bif. : basilar artery bifurcation, AVM : arteriovenous malformation, PCoA : posterior

communicating artery
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remarkable because this large-scale study demonstrated an
unexpectedly low annual rupture rate. Another study2)

reporting on the natural history of aneurysms, and based
on the ISUIA data, reported a figure of 4.2% for the
prevalence of unruptured cerebral aneurysms in the general
population. One study reported an annual subarachnoid
hemorrhage (SAH) incidence of 19.6 per 100,000 in
persons with aneurysms3). This study also reported 5.6 mm
as the median diameter of unruptured aneurysms and 9.4
mm as the median diameter of ruptured aneurysms. In
patients with unruptured aneurysms, the decision whether
to treat is often clear.

According to Marieke et al.21), characteristics that increase
the risk of aneurysm rupture include posterior circulation
localization, size ＞5 mm, and symptoms other than those
related to SAH. Based on the available literature, we believe
that patients with unruptured aneurysms and the following
characteristic should be treated : SAH from another
aneurysm, symptomatic aneurysm, aneurysm larger than 10
mm in diameter, and aneurysms between 6 and 9 mm in
diameter if the patient is young or middle-aged8). In our
study, nine (9.3%) patients were symptomatic secondary to
their aneurysms. Thirty-six aneurysms (37.5%) were treated
in the presence of other previously ruptured aneurysms, and
43 (45%) aneurysms were in the posterior circulation or
posterior communicating artery. 

Endovascular coil surgery in patients with poor
general health including cerebral infarction

In our study, 16.6% of patients presented with cerebral
infarction. The ISUIA reported that 11% of patients with
unruptured aneurysms presented with ischemic cere-
brovascular disease12). Nagashima et al10). noted that
surgical treatment of aneurysms in the presence of cerebral
infarction is a high-risk procedure (surgical mortality :
4%, permanent morbidity : 18%). In our study, no patient
suffered permanent morbidity. Therefore, for the treatment
of these aneurysms, endovascular coiling seems to be a
safer and more effective treatment method. Generally, old
age and poor general health-including heart disease, renal
disease, and cerebral vascular disease-are poor prognostic
factors for major surgery. 

Endovascular coil surgery in aneurysms of the
posterior circulation and proximal ICA

Clipping of unruptured aneurysms is associated with a
mortality of 2.6% and a morbidity of 10.9%21). For
surgical clipping of proximal ICA and posterior circulation
aneurysms, aggressive surgical manipulation is needed, in-
cluding exposure of the cervical ICA and a skull base

approach. These extensive surgical operations increase
post-operative complications. Above all, a very large
aneurysm located in the posterior circulation is the most
important predictor of a poor outcome. Wermer et al21).
reported that patients with small posterior aneurysms
have a mortality of 3% and a morbidity of 12.9%. Alan
et al9). reported that 92.5% of patients treated with
coiling for unruptured aneurysms in the posterior
circulation achieve functional independence (Glasgow
Outcome Scale 1 or 2), whereas only 1.9% ultimately
live dependent lifestyles. The overall mortality, according
to Alan et al., is 5.8%. However, in our study, the adverse
event rate for aneurysms located in the posterior
circulation was 13.3% (2/15), and permanent morbidity
and mortality rates were 0%. In the treatment of proximal
ICA aneurysms, we experienced only one transient case of
morbidity and no case of permanent morbidity or
mortality.

Endovascular coil surgery in previously operated
aneurysms

The presence of an aneurysm remnant after incomplete
or unsuccessful surgical clipping is associated with
persistent risk of re-growth and rupture, and additional
treatment is generally recommended. Attempts at
surgical re-exploration are technically difficult and carry
significant risk1,13). We treated four of these patients : two
recurrent, one residual, and one failed aneurysm treat-
ment after surgical clipping. Although one of these
patients had a minor stroke (resulting in memory deficit),
endovascular surgery was generally easy and successful. 

Limitations of endovascular coil surgery
In our study, the rate of angiographic recurrence after

endovascular treatment was 15.3%, and the rate of major
recanalization was 5.7%. Raymond et al15). reported
angiographic recurrence in 33.6% of patients with
unruptured aneurysms who were treated endovascularly
with detachable coils. Carlos et al4). confirmed the long-
term efficacy of aneurysm clip ligation, reporting a 98.5%
permanent obliteration rate. There is a significant
limitation to endovascular treatment: some embolized
aneurysms will evolve over time. In some patients, the
occlusion improves; however, the occlusion can also be
worsened, necessitating close follow-up11). The balloon-
assisted coil embolization technique was developed in an
effort to improve obliteration rates6,18). However, this
technique is associated with an increased risk of thrombo-
embolic events and hemorrhage complications6). Despite
the matter of durability, coiling for UIAs results in a lower



morbidity and mortality rate than clipping for UIAs5,7,16,19).
In the near future, the durability of endovascular coil
surgery is expected to improve because of rapid advances
occurring in intravascular technology and devices. Several
modified coil materials are already under development6). 

Limitations of endovascular coil surgery in our
Center

In our center, the coil embolization procedure was
performed with patients under local anesthesia on account
of insufficiency in its manpower and equipment. Under
local anesthesia, it is hard to earn an exactly intended
image because of several factors such as respiration, pain, and
duration of surgery. In these situations, unexpected events
may occur. General anesthesia is more appropriate in
endovascular coil surgery.

In the ISUIA19), overall mortality and morbidity of
clipping for UIAs was 2.3%, 15.3% each other in the
low-risk group. We experienced low morbidity, despite
the presence of a number of risk factors-including age ＞
50 years, aneurysm diameter ＞12 mm, aneurysms located
in the posterior circulation, associated ischemic cerebro-
vascular disease, and aneurysmal symptoms other than
those associated with rupture-assessed as potential
predictors of poor outcomes for clipping surgery21).
Endovascular coil surgery is superior to open surgery for
the management of unruptured aneurysms.

CONCLUSION

Endovascular coiling for patients with UIAs shows low
procedural mortality and morbidity. It is advantageous in
patients with poor general health, cerebral infarction,
posterior circulation aneurysms, proximal ICA aneurysms,
and unruptured aneurysms in the presence of previously
treated ruptured aneurysms. For the management of UIAs,
endovascular coil surgery is considered an attractive alter-
ative option.
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