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BACKGROUND AND PURPOSE: The purpose of our study was to evaluate the technical feasibility,
morbidity and mortality, and durability of occlusion of unruptured aneurysms treated with Guglielmi
detachable coils (GDCs) with a long-term follow-up.

MATERIALS AND METHODS: Between January 1998 and January 2005, we treated 321 unruptured
aneurysms with GDCs in 5 neuroradiologic institutions. During this period, 63% of unruptured aneu-
rysms were treated by endovascular technique. Procedural feasibility, technical complications, mor-
bidity and mortality, and acute and long-term angiographic occlusion were assessed.

RESULTS: Overall technical feasibility of coiling treatment was 94%; 302 aneurysms were treated by
endovascular technique. At the end of the initial procedure, acute occlusion was classified as complete
in 207 cases (70%), subtotal in 84 cases (26.1%), and incomplete in 11 cases (3.9%). Ischemic
complications were observed in 28 patients (9%); 8 patients (2.6%) had perforation of their aneurysms.
Treatment-related morbidity was 14.4%, and morbidity with clinical complications was evaluated at
7.7% (n � 23 patients). Five patients (1.7%) died as a result of aneurysm perforation. Final follow-up
angiograms, after 9 secondary treatments, demonstrated complete occlusion in 193 patients (69.5%),
subtotal in 80 aneurysms (28.5%), and incomplete occlusion in 5 (1.8%). Nineteen patients were lost
to follow-up (6.3%).

CONCLUSION: Endovascular coiling with detachable coils is an attractive option for treatment of
unruptured aneurysms. This method of treatment is safe with a low rate of complications. Prospective
studies with longer follow-up periods are needed to assess the long-term durability of occlusion in
unruptured aneurysms.

Asymptomatic aneurysms may be defined as incidental an-
eurysms found in patients with a symptomatic aneurysm

(which are not responsible for the clinical presentation), pa-
tients imaged for reasons unrelated to aneurysms who happen
to have an incidental aneurysm that was completely unex-
pected, and those found in patients investigated because they
are at risk of harboring an aneurysm (familial aneurysm dis-
ease, polycystic kidney disease).1-3 Incidental unruptured an-
eurysms are defined as those found unexpectedly in patients
undergoing investigation for other suspected pathology.

The management of unruptured aneurysms may include
observation, surgery, endovascular embolization, or a combi-
nation of these. Since 1991 and the introduction of detachable
coils and more recently the results of the International Sub-
arachnoid Aneurysm Trial,4,5 endovascular treatment is an ac-
cepted alternative to surgical treatment of intracranial rup-
tured aneurysms. The question remains, however, as to which
treatment offers the better outcome and what risks are in-
volved. Surgical treatment, which has been in use for more
than 40 years, has fairly clearly defined risks and morbidity.6

Endovascular treatment appears to offer lower risks but is still
developing. Most recent evidence on the relative risks of treat-
ment and of observation comes from the International Study
of Unruptured Intracranial Aneurysms (ISUIA).7 The treating
physician must weigh the natural history of aneurysms and the
potential consequences of subarachnoid hemorrhage (SAH)
with the efficacy, morbidity, and mortality of the intervention.
Ideally, the morbidity and mortality rate of endovascular
treatment should be lower than that of the natural history
rupture rate. A measure of complications caused by the treat-
ment itself would be ideal so that the impact of therapy could
be isolated from other aspects of presentation or medical care.

Materials and Methods
From January 1998 to January 2005, we prospectively collected the

results of nonruptured aneurysms treated with Guglielmi detachable

coils (GDCs; Boston Scientific/Neurovascular, Fremont, Calif) in 5

neuroradiologic centers. During this period, 480 patients with unrup-

tured aneurysms were referred to our institution. The decision to

treat, especially in small aneurysms (�5 mm), depended on a full

assessment of the patient (including life expectancy and their wishes)

and an assessment of the risks and efficacy of the intervention. The

selection criteria included the size, shape, location of aneurysms, and

the patient’s clinical condition and wishes. The assignment of patients

to methods of treatment was made in a joint meeting of neurosur-

geons and neuroradiologists. In this population of patients, 321 an-

eurysms (63%) in 290 patients were considered for endovascular

treatment.

Endovascular treatment was performed by 5 experienced physi-

cians. Each physician had at least 5 years’ experience with endovascu-

lar coiling. Endovascular management for all patients treated as part
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of this study series was similar in technique and approach. All aneu-

rysms were embolized with the same type of coils (GDC 10 or 18). We

have used GDC 18 for aneurysms �15 mm and for giant aneurysms.

In this study, only GDC coils were used. Sometimes, in cases in which

the balloon remodeling technique was used, a nondetachable balloon

was placed at the aneurysm neck. At this time, we did not use the

intracranial stent-assisted coil packing technique.

Procedure
Once endovascular treatment was determined as the best treatment

alternative, patients were placed under general anesthesia. A femoral

puncture was used as the first choice in all patients except 2, in whom

a direct carotid puncture was used due to vessel tortuosity. A 6F in-

troducer was placed in the femoral artery by using the Seldinger tech-

nique and bilaterally when the remodeling technique was used. Hep-

arin was administered as an intravenous bolus to achieve an activated

clotting time approximately 2 times that of normal (perfusion of hep-

arin 20 � international units per kilogram of body weight divided by

height) with intravenous infusion of 250 mg of aspirin.

Prevention of proximal vasospasm was done by perfusion of pa-

paverine through a guiding catheter into the carotid or vertebral ar-

tery (240 mg of papaverine diluted into 500-mL physiologic serum).

A 6F guiding catheter was selectively placed in the artery supplying the

aneurysm. Once the optimal angiographic projection was defined,

aneurysm catheterization was performed by advancing a microcath-

eter over a microguidewire. Coils were placed through the microcath-

eter into the aneurysm and detached under fluoroscopy. This process

was repeated until the aneurysm was occluded as densely as possible.

In all cases, coil size, coil type, and the total number of coils used were

recorded. Procedural complications were also recorded. Anticoagu-

lation was routinely continued for the first 48 hours postprocedure.

Immediately after the procedure, digital substraction angiography

was performed to assess the degree of aneurysmal occlusion. Angio-

grams were collected prospectively in all patients. The degree of an-

eurysmal occlusion was scored by 2 independent neuroradiologists:

each doctor independently evaluated and graded each angiogram

with the same useful classification.8,9 Aneurysm occlusion was de-

fined as follows in all cases by using 2D projections and method of

treatment: complete occlusion when the aneurysmal sac and neck

were densely packed, subtotal occlusion when a neck remnant ap-

peared, and an incomplete occlusion when loose packing and partial

opacification were noted.

Since 2002, all aneurysm measurements were performed on diag-

nostic angiograms that best displayed the neck region in relation to

the parent artery and the 3D projection.

Follow-Up
Each patient was scheduled for follow-up angiography by digital sub-

traction angiography (DSA) and by MR imaging at 3– 6 months, 12

months, and yearly thereafter with MR angiography (MRA).10 Mul-

tiple projections with selective injections served to define any residual

lesions. When DSA and MRA were twice subsequently concordant,

the patient would undergo an annual MRA and control DSA every 2

years. In the case of discordance of results or in patients with a poten-

tial risk of coil compaction, additional follow-up angiography was

performed. All angiograms were evaluated by 2 neuroradiologists in-

dependent of the treating neuroradiologists.

The qualitative and quantitative variables tested included pa-

tient baseline characteristics, aneurysm variables, and therapeutic

and posttherapeutic factors. Patients were characterized by age,

sex, initial symptoms, aneurysm morphology (size, location), and

number of aneurysms. Treatment feasibility was assessed and in-

cluded coil characteristics such as total number of coils used, coil

size, use of a nondetachable balloons, technical complications, and

immediate posttreatment aneurysm occlusion.

Results

Patients and Clinical Data
Patients ranged in age from 18 to 77 years (mean age, 49 years),
and 63% were female (sex ratio, 2/1). Clinical presentation
and symptoms, aneurysm location, size and shape of the an-
eurysm sac, and patient age were considered before treatment.
The location of treated aneurysms is detailed in Table 1. An-
eurysms located in the anterior circulation represented 90% of
all aneurysms treated (n � 292). Patients were classified into 2
groups: Group 1 consisted of patients in whom previous treat-
ment of SAH was performed, and group 2 consisted of patients
with no prior history of SAH (Table 1). Within this popula-
tion, distinction was assessed between incidental formation,
mass effect, familial form, dysplasic disease, stroke, and asso-
ciation with brain disease. One hundred seventy-nine patients
(55%) had aneurysms discovered incidentally during MRA for
unrelated medical conditions. Forty-seven (14.6%) had a pre-
vious history of SAH, with treatment of the ruptured aneu-
rysm during the acute phase.

Size of Aneurysms. Aneurysms �5 mm (n � 99) repre-
sented 31% of all patients, 46% (n � 149) of patients had
aneurysms measuring between 5 and 9 mm, 11.8% (n � 38) of
aneurysms measured between 10 and 14 mm, 7% (n � 24) of
aneurysms measured between 15 and 19 mm, and 3% were
considered giant (n � 11). Aneurysms �10 mm represented
77% of all aneurysms in this series. Dome-to-neck ratios were
not noted for all aneurysms; the balloon remodeling technique
was used in the treatment of 54 aneurysms (17%).

Feasibility and Efficacy of Treatment. Treatment was suc-
cessful in 302 aneurysms. In 19 aneurysms (6%), treatment
failed due to tortuosity of cerebral anatomy (n � 5) or insta-
bility of coil deployment (n � 6) and a large neck with a small
sac (n � 8). Some patients were referred to a neurosurgeon for
surgical clipping (n � 16), and the others were followed with
MRA. The procedural feasibility of occlusion with coils was
94% in our study.

Table 1. Clinical presentation of patients

Incidental dysplastic disease 179 55.76%
Vascular dysplasia 3 0.93%
Polycystic kidney disease 7 2.18%
Familial 10 3.12%

Mass effect
Headache 47 14.64%
Nerve compression 11 3.43%
Eye pain 1 0.31%
Vertigo 2 0.62%

Brain disease
Stroke 8 2.49%
Tumor 4 1.25%
Arteriovenous malformation 2 0.62%

History of SAH
Another aneurysm 47 14.64%

SAH indicates subarachnoid hemorrhage.
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Immediate Posttreatment Results. At the end of the initial
procedure, occlusion was classified as complete or total occlu-
sion in 207 patients (68.5%), subtotal in 84 patients (27.8%),
and incomplete in 11 patients (3.7%). During follow-up, a
second coil intervention was performed in 9 aneurysms be-
cause of an initial incomplete occlusion or secondary coil
compaction.

Complications and Technical Failure
We make a distinction between treatment-related morbidity
(ie, clotting, rupture, device abnormalities, hemorrhagic
shock) and the overall morbidity including the permanent
neurologic sequelae after treatment.

The most significant complication of endovascular therapy
is technical failure, which exposes the patient to the risks of the
procedure without offering any benefit of aneurysmal
occlusion.

Ischemic complications were observed in 28 patients (9%)
during embolization. Twelve patients experienced coil migra-
tion into the parent vessel, inducing a thromboembolic event
resulting in ischemic disease in 5 patients (Glasgow Outcome
Scale [GOS] 2 for n � 3, and GOS 3 for n � 2). Seven patients
had a good recovery (GOS 1).

Fifteen patients had angiographic evidence of clotting
without protrusion of a coil, 7 of them recovered after fibri-
nolysis perfusion, 2 had artery occlusion (GOS 3 for 2 pa-
tients), and 6 had small cerebral infarcts seen at 3-month MR
imaging (GOS 2). In our experience, the balloon remodeling
technique was used in 17% of the patients. We did not observe
more complications with this technique of treatment.

One patient had a carotid dissection with occlusion of the
artery; 1 carotid stent (Wallstent; Boston Scientific, Natick,
Mass) was rapidly deployed into the artery. Arterial polygon
was not sufficient to assure the cerebral perfusion, and the
patient had an serious cerebral infarct with clinical hemiplegia
(GOS 3).

Perforation of the targeted aneurysm occurred in a total of
8 patients (2.6%), 3 of which occurred during catheterization
and 5 of which occurred during deployment of the first coil.
The coil was pushed rapidly into the aneurysm. All intrapro-
cedural ruptures were managed with a systemic protamine
injection for heparin reversal, and coils were pushed rapidly
into the aneurysms. Perforation is the most serious complica-
tion that may occur during embolization. Total procedural
deaths occurred in 5 patients, and 3 ruptures had no clinical
consequence for patients (GOS 1). We did not observe any
rupture during the procedure with the balloon. Coil stretching
occurred in 5 patients without clinical complication in all.
Morbidity of technique was evaluated at 14.4% for all proce-
dures performed. Permanent neurologic morbidity was eval-
uated at 7.7% (n � 23 patients). One patient had an ophthal-
mic artery spasm with transient visual symptoms caused by a
micro guidewire. One patient had an important orbitary neu-
ralgia because of a giant carotid ophthalmic aneurysm with
mass effect.

Mortality of Endovascular Treatment. Five patients
(1.7%) died as a result of aneurysm perforation. Three had
hematoma and SAH during the procedure. Coils were rapidly
deployed, and heparin was immediately reversed. However,
the hematoma was extensive, and the patients died of intensive

increase of intracranial pressure. One patient had a hemor-
rhagic shock with tachycardia, adrenergic reaction, and seri-
ous arrhythmic trouble. He was shocked on the table, but all
reanimation was unsuccessful. One patient had a perforation
of lenticulostriatal artery, due to the microguidewire, during
the procedure without change of arterial blood pressure or
arrhythmic trouble. Complete embolization was achieved,
and an immediate CT was performed showing a hematoma.
Despite immediate surgical evacuation, the patient died in the
intensive care unit 5 days later. Overall mortality of endovas-
cular treatment was 1.7% for our series of unruptured
aneurysms.

Evolution of Occlusion (Table 2)
Evolution of the 207 Aneurysms with Total Occlusion. At

follow-up angiographic examination, 160 aneurysms (77.2%)
remained completely occluded with no modification of the
initial packing observed. A small recurrence was observed in
28 patients (13.5%) between 3 months and 2 years after initial
treatment. A coil compaction with a remnant was observed in
4 cases (1.9%). These patients underwent a second emboliza-
tion. Thirteen patients (6.2%) were lost to follow-up. Two
patients died as consequences of aneurysm rupture during the
embolization procedure.

Evolution of 84 Aneurysms with Subtotal Occlusion. In
45 patients (53.5%), no modification of the initial occlusion
was noted. In 30 patients, spontaneous thrombosis (35.7%) of
the sac of the aneurysm resulting in a total occlusion was ob-
served. A coil compaction with a remnant was observed in 2
patients. Four patients were lost to follow-up, and 3 died.

Evolution of 11 Aneurysms with Incomplete Occlusion.
In the 11 initial incompletely occluded aneurysms, 3 patients
received a second embolization to ameliorate coil packing in
the sac. Three aneurysms had spontaneous amelioration of
packing due to thrombosis, and 2 patients were lost to follow-
up. In 3 patients, multiple angiogram follow-ups were per-
formed, and no modification of occlusion was observed. These
patients did not undergo a second procedure because the pro-
cedure was considered more “dangerous” than the natural
evolution. These patients were scheduled for regular
follow-up.

Second Procedures. Despite an initial total occlusion, re-
canalization-inducting second procedures were performed in

Table 2. Evolution of occlusion during follow-up

Initial
Occlusiona

Final Occlusion

Complete Subtotal Incomplete
Lost to

Follow-Up Died
Complete,

n � 207
160 28 4 13 2

Subtotal,
n � 84

30 45 2 4 3

Incomplete,
n � 11

1 2 6 2 0

Total, 302 191 75 12 19 5
After 2nd

treatment
2 5 �7

Complete 193 (69.5%) 80 (28.7%) 5 (1.8%)

Note:—n indicates number of aneurysms.
a First column indicates initial occlusion; lines indicate evolution of occlusion for complete,
subtotal and incomplete occlusion.
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4 aneurysms totally occluded and in 2 aneurysms with subtotal
initial occlusion. In our series, a second treatment was per-
formed in 9 (3.2%) patients (6 recanalizations and 3 initial
incompletely occluded aneurysms) between 3 months and the
2 first years’ post-initial treatment. Retreatment in this series is
calculated at 3.2%, considering all follow-up procedures. Of
these, total occlusion was achieved in 2; subtotal, in 5 aneu-
rysms; and incomplete, in 2 cases.

Last Follow-Up Results
We have followed 278 aneurysms between 6 and 72 months
(mean, 38 months). Final follow-up angiograms, including
patients with second procedures, showed a total occlusion in
193 patients (69.5%), subtotal in 80 aneurysms (28.7%), and 5
incomplete occlusions (1.8%). We had 19 patients lost to fol-
low-up (6.3%). The evolution and stability of occlusions are
presented in Table 2. Observed improvement of occlusions at
follow-up is defined as improvement of 1 outcome category. A
worse angiographic follow-up result was defined as worsening
of 1 category (from total to subtotal). Stability was defined as
an unchanged occlusion at the final follow-up obtained after
initial treatment. Stability was evaluated from this series at
71.5%. Spontaneous amelioration was 10.6%, and the rate of
recurrences (including small recurrences and recanalization)
was 11.3%. Nineteen patients (6.3% of patients) were lost to
follow-up.

Discussion

Natural History of Unruptured Aneurysms
Results from ISUIA7 represent the largest study of the natural
history of unruptured aneurysms to date and include 2621
patients from 53 centers. In patients without a history of hem-
orrhage, aneurysms �10 mm have an annual 0.05% rupture
rate, those �10 mm have an approximate 1% rupture rate,
and giant aneurysms have a 6% rupture rate. This rate may
increase in patients with a SAH from a different aneurysm; this
rate is 0.5% for small aneurysms and 1% for those �10 mm.
The overall mortality rate is 66% when aneurysms rupture.
Five-year cumulative rupture rates for patients who did not
have a history of SAH with aneurysms located in the internal
carotid artery, anterior communicating, or anterior cerebral
artery or middle cerebral artery were 0%, 2.6%, 14.5%, and
40% for aneurysms �7 mm, 7–12 mm, 13–24 mm, and 25 mm
or greater, respectively. For the same size categories involving
posterior circulation, the rates were 2.5%, 14.5%, 18.4%, and
50%, respectively.7 In 2003, Wiebers et al11 reported that an-
eurysm size and location are important predictors of rupture
risk: The overall rupture rate was 0.8% per year. For Juvela et
al,12 the constant rupture rate was 1.3% annually during 30
years of follow-up, and there was a 52% mortality rate with
aneurysmal rupture.

Surgical management of aneurysms is the traditional gold
standard intervention because it completely excludes aneu-
rysms from the circulation, with little possibility of recurrence.
Evaluating the efficacy and utility of endovascular treatment
for unruptured aneurysms is challenging because of the inher-
ent selection bias in reports and different management across
institutions. Furthermore, evaluating an unruptured aneurys-
mal population treated by endovascular approach is the better

way to precisely define the efficacy, morbidity, and mortality
of the technique.

Comparison with Other Series
A multicentric study13 including 2069 patients treated in Cal-
ifornia from 1990 through 1998 compared endovascular treat-
ment with surgery. Morbidity was found to be less in those
treated with endovascular therapy and 10% versus 25%, with
surgery; and mortality was also found to be less with endovas-
cular therapy, 0.5% versus 3.5%. In this series, all posttreat-
ment ruptures occurred in patients who were surgically
clipped during 6738 person-years of follow-up, for an overall
annual rupture rate of 0.2% after surgery. In another compar-
ative study presented by Johnston et al,14 the morbidity rate
for the surgical group was 18.5% versus 10.6% for endovascu-
lar treatment, and the mortality rate was 2.3% and 0.4%, re-
spectively. Moreover, the total length of the hospital stay was
longer, and hospital charges were greater for surgical
patients.13-16

“Recommendations for Endovascular Treatment of Intra-
cranial Aneurysms” in 200217 concluded that “endovascular
occlusion is a viable treatment option for aneurysms” and re-
sults of a randomized trial are necessary to establish the rela-
tive indications of these 2 approaches. Niskanen et al18 com-
pared results and complications of endovascular and surgical
treatment and reported that complications were more com-
mon in the surgical group than in the endovascular group.
One patient died postsurgery, but no death occurred after en-
dovascular treatment. Higashida et al16 in a retrospective co-
hort study, using data from 429 hospitals in 18 states (2535
aneurysms), showed a procedural mortality �1% for the en-
dovascular treatment (654 procedures) versus 2.5% for neu-
rosurgical treatment.

Raftopoulos et al19 is the only one to conclude that surgery
can produce better results than embolization in patients with
unruptured aneurysms of the anterior location. In 38 patients
treated by endovascular therapy, 10% had transient complica-
tions and 7.5% had permanent complications versus 16.3%
and 1.7% for surgery. Our series does not include the same
selection of aneurysms treated.

Wanke et al20 reported results of 39 patients with unrup-
tured aneurysms, in which there was only 1 case of thrombo-
embolic vessel occlusion and no aneurysm rupture. For Park
et al,21 in 180 consecutive patients with 79 procedures for 72
unruptured aneurysms, the rate of procedural complications
was 8.3%, which resulted in thromboembolism for 5 patients,
of whom 1 died and 1 had cranial nerve palsy. More recently,
in the 247 aneurysms reported by Gonzalez et al,22 the techni-
cal failure rate was 5.7%, the morbidity rate was 5.5%, and
mortality rate was 0.9%. Their population contained elderly
patients, who are more sensitive to general anesthesia and have
more clinical complications. In their study, Pouratian et al23

observed a 4.8% technical failure rate with an overall morbid-
ity of 8.6% at 3 months and no mortalities. In the study of Park
et al,21 procedure-related neurologic morbidity and mortality
were 1.4% and 1.4%, respectively, for unruptured aneurysms.
The main cause of morbidity and mortality was thromboem-
bolism with 60% of all complications.

In our multicentric consecutive series, overall complica-
tions were 14.4%, with 7.7% morbidity and 1.7% mortality.
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The remodeling technique was used in 17% of patients with-
out higher complication rates, unlike the rate that Sluzewski et
al24 had suggested in a recent published series. We reported 5
deaths with this treatment, all due to technical failure and
aneurysm perforation. Our overall mortality rate was less than
2%. Our results are consistent with those reported in the liter-
ature concerning rates of complications and morbidity and
mortality. Unlike the results of Park et al,21 our results show
that thromboembolic strokes were more frequent than rup-
ture but were considered less dangerous and could be treated
by fibrinolysis. To evaluate the frequency and causes of throm-
boembolic events after coiling procedure, Grünwald et al25

performed diffusion-weighted MR imaging before and after
the procedures to compare new hyperintense lesions. New hy-
perintense lesions were found in 42% of patients, with no cor-
relation with aneurysm size or location. These new lesions on
MR imaging are not automatically responsible for stroke.
Mortality was 0% and morbidity, 4%. Despite these compli-
cations, most authors concluded that endovascular manage-
ment is a relatively safe procedure for aneurysm treat-
ment.12-29 We agree with this opinion.

For follow-up of these aneurysms, we propose an MRA and
DSA examination between 3 and 6 months and 1 year after
treatment. When occlusion is considered complete and re-
mains stable, we propose follow-up by MRA each year and by
DSA every 2 years.10 We perform angiography at different
times in patients with residual filling of the neck of the aneu-
rysm or when there is a mismatch between MRA and DSA.
Mean follow-up of our series is 38 months, and we have fol-
lowed up some patients for 6 years after the initial treatment. It
is an important point of this study, because there are only a few
published reports concerning the evolution of aneurysm oc-
clusion with a long-term follow-up.

There are some limitations and bias in our series because it
is a multicentric study with 5 different physicians. All were
trained in the same neuroradiologic center, and all had more
than 5 years’ experience with endovascular treatment at the
beginning of our study. As with all procedures, risk is affected
by patient selection, technical expertise, and supportive ser-
vices, and its measurement is influenced by the definition of
the outcome. The judgment of the “external” evaluator was
the same for all patients included. Descriptions of retrospec-
tive case series should be considered skeptically, given poten-
tial sources of bias. Our results were retrospectively analyzed,
but all patients were consecutively included in our data base.
Our feasibility was only 94% because all patients were in-
cluded before treatment, and no failures were expected from
our data base. Most of the failures occurred at the beginning of
inclusion (1999 or 2000); at this time, all angiographic instal-
lations did not have 3D reconstruction, and the use of balloon
remodeling was not systematic. It was definite progress to use
these balloons, and there was an evident learning curve to their
use.

Despite the fact that there were physicians well-trained in
endovascular treatment, there were 5 deaths. The perforation
of the aneurysms is always a real complication with severe
damage of brain. The learning curve for unruptured aneu-
rysms is an important consideration as reported by Singh et
al.30 In his report, “complications occurred in 53% of the first
5 cases that each of the 3 physicians treated and in 10% of later

cases.” In our study, we have not observed more complications
in the earlier patients because the performing physicians had
significant experience with GDCs. Furthermore, advances in
coil technology and imaging techniques with 3D have simpli-
fied the procedure and may account for the improvement of
patients treated. With increasing experience and improved
technology, the risk of failures, complications, morbidity, and
mortality will probably also decrease.

If endovascular therapy is a real option for the treatment of
unruptured aneurysms, aneurysm size should be considered.
In 2003, the study by Wiebers et al 11 suggested that patients
with unruptured cerebral aneurysms �7 mm in diameter have
a benign natural history.31,32 Weir,33 who is neurosurgeon, has
observed a substantial proportion of patients with SAH due to
small ruptured aneurysms. In a multicentric ruptured series,34

50% of aneurysms were �5 mm. In reality, it seems difficult to
limit treatment to aneurysms �7 mm.

Conclusions
Detachable coil technology has permitted the safe treatment of
321 unruptured aneurysms in our series, with low complica-
tion rates and �2% mortality. Stability of occlusion was
71.5%, and spontaneous improvement of occlusions was
10.6%.

Endovascular therapy for all patients considering treat-
ment of unruptured aneurysms should be offered as a viable
therapeutic option. Prospective studies with longer follow-up
periods are needed to assess the long-term durability of occlu-
sion in unruptured aneurysms.

References
1. Linn FH, Rinkel GJ, Algra AT, al. Incidence of subarachnoid haemorrhage:

role of region, year, and rate of CT scanning–a meta analysis. Stroke
1996;27:625–29

2. Hop JW, Rinkel GJ, Algra A, et al. Case-fatality rates and functional outcome
after subarachnoid haemorrhage: a systematic review. Stroke 1997;28:660 – 64

3. White PM, Wardlaw JM. Unruptured intracranial aneurysms. J Neuroradiol
2003;30:336 –50

4. Guglielmi G, Vinuela F, Dion J, et al. Electrothrombosis of saccular aneurysms
via an endovascular approach. Part 2. Preliminary clinical experience. J Neu-
rosurg 1991;75:8 –14

5. Molyneux A, Kerr R, Stratton L, et al. International Subarachnoid Aneurysm
Trial (ISAT) of neurosurgical clipping versus endovascular coiling in 2143
patients with ruptured intracranial aneurysms: a randomised trial. Lancet
2002;360:1267–74

6. Proust F, Derrey S, Debono B, et al. Unruptured intracranial aneurysm: pos-
sible therapeutic strategies? [in French] Neurochirurgie 2005;51:435–54

7. Unruptured intracranial aneurysms: risk of rupture and risks of surgical in-
tervention—International Study of Unruptured Intracranial Aneurysms In-
vestigators. N Engl J Med 1998;339:1725–33

8. Cognard C, Pierot L, Boulin A, et al. Intracranial aneurysms: endovascular
treatment with mechanical detachable spirals in 60 aneurysms. Radiology
1997;202:783–92

9. Raymond J, Guilbert F, Weill A, et al. Long-term angiographic recurrences
after selective endovascular treatment of aneurysms with detachable coils.
Stroke 2003;34:1398 – 403

10. Brunereau L, Cottier JP, Sonier CB, et al. Prospective evaluation of time-of-
flight MR angiography in the follow-up of intracranial saccular aneurysms
treated with Guglielmi detachable coils. J Comput Assist Tomogr
1999;23:216 –23

11. Wiebers DO, Whisnant JP, Huston J, et al. Unruptured intracranial
aneurysms: natural history, clinical outcome, and risks of surgical and endo-
vascular treatment. Lancet 2003;362:103–10

12. Juvela S, Porras M, Poussa K. Natural history of unruptured intracranial
aneurysms: probability of and risks for aneurysm rupture. J Neurosurg
2000;93:379 – 87

13. Johnston SC, Zhao S, Dudley RA. Treatment of unruptured cerebral aneu-
rysms in California. Stroke 2001;32:597– 605

14. Johnston SC, Dudley RA, Gress DR, et al. Surgical and endovascular treatment

AJNR Am J Neuroradiol 29:63– 68 � Jan 2008 � www.ajnr.org 67



of unruptured cerebral aneurysms at university hospitals. Neurology
1999;52:1799 – 805

15. Van Rooij WJ, Sluzewski M. Procedural morbidity and mortality of elective
coil treatment of unruptured intracranial aneurysms. AJNR Am J Neuroradiol
2006;27:1678 – 80

16. Higashida RT, Lahue BJ, Torbey MT, et al. Treatment of unruptured intracra-
nial aneurysms: a nationwide assessment of effectiveness. AJNR Am J Neuro-
radiol 2007;28:146 –51

17. Johnston SC, Higashida RT, Barrow DL, et al. Recommendations for the endo-
vascular treatment of intracranial aneurysms: a statement for healthcare pro-
fessionals from the Committee on Cerebrovascular Imaging of the American
Heart Association Council on Cardiovascular Radiology. Stroke
2002;33:2536 – 41

18. Niskanen M, Koivisto T, Rinne J, et al. Complications and postoperative care in
patients undergoing treatment for unruptured intracranial aneurysms.
J Neurosurg Anesthesiol 2005;17:100 – 05

19. Raftopoulos C, Goffette P, Vaz G, et al. Surgical clipping may lead to better
results than coil embolization: results from a series of 101 consecutive unrup-
tured aneurysms. Neurosurgery 2003;52:12800 – 07

20. Wanke I, Doerfler A, Dietrich U, et al. Endovascular treatment of unruptured
intracranial aneurysms. AJNR Am J Neuroradiol 2002;23:756 – 61

21. Park HK, Horowitz M, Jungreis C, et al. Periprocedural morbidity and mor-
tality associated with endovascular treatment of intracranial aneurysms.
AJNR Am J Neuroradiol 2005;26:506 –14

22. Gonzalez N, Murayama Y, Nien Y L, et al. Treatment of unruptured aneurysms
with GDCs: clinical experience with 247 aneurysms. AJNR Am J Neuroradiol
2004;25:577– 83

23. Pouratian N, Oskouian RJ, Jensen M, et al. Endovascular management of un-
ruptured intracranial aneurysms. J Neurol Neurosurg Psychiatry
2006;77:572–78

24. Sluzewski M, Van Rooij WJ, Beute G, et al. Balloon-assisted coil embolization
of intracranial aneurysms: incidence, complications, and angiographic re-
sults. J Neurosurg 2006;105:396 –99

25. Grünwald IQ, Papanagiotou P, Politi M, et al. Endovascular treatment of un-
ruptured intracranial aneurysms: occurrence of thromboembolic events.
Neurosurgery 2006;58:612–18

26. Brilstra EH, Rinkel GJ, Van der Graaf Y, et al. Treatment of intracranial aneu-
rysms by embolization with coils: a systematic review. Stroke 1999;30:470 –76

27. Murayama Y, Vinuela F, Duckwiler GR, et al. Embolization of incidental cere-
bral aneurysms by using the Guglielmi detachable coil system. J Neurosurg
1999;90:207–14

28. Roy D, Milot G, Raymond J. Endovascular treatment of unruptured aneu-
rysms. Stroke 2001;32:1998 –2004

29. Terada T, Tsuura M, Matsumoto H, et al. Endovascular treatment of unrup-
tured cerebral aneurysms. Acta Neurochir 2005;94:87–91

30. Singh V, Gress D R, Higashida R T, et al. The learning curve for coil emboliza-
tion of unruptured intracranial aneurysms. AJNR Am J Neuroradiol
2002;23:768 –71

31. Vindlacheruvu R, Mendelow A, Mitchell P. Risk-benefit analysis of the treat-
ment of unruptured intracranial aneurysms. J Neurol Neurosurg Psychiatry
2005;76:234 –39

32. Donnan GA, Davis SM. Patients with small, asymptomatic, unruptured intra-
cranial aneurysms and no history of subarachnoid hemorrhage should be
treated conservatively. Stroke 2005;36:407. Epub 2004 Dec 23

33. Weir B. Patients with small, asymptomatic, unruptured intracranial aneu-
rysms and no history of subarachnoid hemorrhage should be treated
conservatively: against. Stroke 2005;36:410 –11. Epub 2004 Dec 23

34. Gallas S, Pasco A, Cottier JP, et al. A multicenter study of 705 ruptured intra-
cranial aneurysms treated with Guglielmi detachable coils. AJNR Am J Neu-
roradiol 2005;26:1723–31

68 Gallas � AJNR 29 � Jan 2008 � www.ajnr.org


