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A Multicenter Study of 705 Ruptured
Intracranial Aneurysms Treated with Guglielmi

Detachable Coils

Sophie Gallas, Anne Pasco, Jean-Philippe Cottier, Jean Gabrillargues, Jacques Drouineau,
Christophe Cognard, and Denis Herbreteau

BACKGROUND AND PURPOSE: The long-term durability of Guglielmi detachable coil
(GDC) embolization of cerebral aneurysms is still unknown. The purpose of this study was to
evaluate the stability of anatomic occlusion of aneurysms treated with GDCs and assess the rate
of recanalization and re-treatment.

METHODS: A multicenter study involving 650 patients with 705 ruptured aneurysms treated
with GDCs between January 1998 to May 2003 was conducted. During this period, 63% of
ruptured aneurysms were treated by the endovascular technique. The morbidity and mortality
associated with this technique, procedural feasibility, acute angiographic occlusion results, and
long-term angiographic follow-up were assessed.

RESULTS: Overall technical feasibility of GDC treatment was 96.9%. Upon admission, 25%
of patients were Hunt and Hess grade IV or V. Acute angiographic results in 683 aneurysms
demonstrated total occlusion in 496 cases (72.6%), subtotal occlusion in 171 cases (25.%), and
incomplete occlusion in 16 cases (2.4%). All patients were controlled by angiography and MR
imaging at 3 months, 1 year, and subsequent yearly examinations post-treatment. A second
treatment was performed in 27 cases (recanalization, 4.7%). Long-term follow-up angiograms
(mean, 36 months) were obtained in 571 aneurysms (95%). Of them, 422 aneurysms (73.9%)
demonstrated complete occlusion, 148 aneurysms (25.9%) demonstrated subtotal occlusion,
and only 1 aneurysm was incompletely occluded. Overall mortality was 11.4% for all patients,
with procedural mortality evaluated at 1.4%. Overall morbidity was calculated at 8.6%. Only
one rebleeding occurred in our study, with a second procedure performed without vital
consequences for the patient.

CONCLUSION: Our multicenter study confirms the stability of aneurysm embolization with
GDC, with only 4.7% of aneurysms requiring re-treatment.

Since 1991, endovascular treatment (EVT) of cere-
bral aneurysms has experienced a revolution, with the
introduction of platinum coil technology (1–2). Dur-
ing the past 10 years, significant study of the feasibil-
ity of this technique has been performed, and clinical
results of EVT have been published by endovascular
specialists worldwide (2–8). Most recently, the results
of the International Subarachnoid Hemorrhage Trial
(ISAT) demonstrated the clinical superiority of endo-
vascular treatment to standard surgical management

of ruptured intracranial aneurysms (9–10). The main
question of this technique is the stability of the oc-
clusion with detachable coils and the efficacy in pro-
viding protection against growth or regrowth of the
aneurysm and consequent bleeding, in ruptured an-
eurysms. The only remaining downside is the recan-
alization of aneurysms due to coil compaction, mostly
because of a large neck or the size of the lesion. The
aim of this study was to better assess the long-term
durability of endovascular coiling of cerebral aneu-
rysms with Guglielmi detachable coils (GDCs) and
the real rate of second treatment for ruptured aneu-
rysms alone.

Methods
A consecutive series was analyzed retrospectively: from Jan-

uary 1998 to May 2003, 705 intracranial ruptured aneurysms in
650 patients were considered for endovascular treatment at five
neuroradiologic centers. During this same period, 37% of all
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ruptured aneurysms were surgically clipped (total aneurysms
collected, 1,119). Endovascular treatment was performed by
five physicians, each with a minimum of 5 years of experience
performing EVT with GDC at beginning of study. Endovascu-
lar management for all cases treated as part of this study series
were similar in technique approach and follow-up. Treatment
protocol, device used, and follow-up were determined by con-
sensus before the start of study. All aneurysms were embolized
with GDC 10 or GDC 18 platinum coils (Boston Scientific/
Neurovascular, Fremont, CA). For large aneurysms (�15 mm),
GDC 18 coils were used as the first coils to obtain optimal
packing. Angiographic data were collected prospectively in all
cases by a specific physician independent of the five others
practitioners, by using written reports of procedures. This phy-
sician only reported and collected data, without judgment or
evaluation of occlusion. For follow-up, all written reports were
sent to the collecting physician. Occlusions were evaluated by
treating physicians by consensus, during repeated meetings.

Patients and Clinical Data. Patients ranged in age from 15
months to 84 years, with a mean age of 57 years. Women
represented 57% of the study population. Upon admission, a
cranial CT scan was performed on all patients, who were then
examined by a neurosurgeon and neuroanesthetist. In cases
presenting with hydrocephalus, external CSF drainage was ini-
tiated before endovascular treatment. A consensus between the
referring neurosurgeon and the neurointerventionalist to treat
the patient via an endovascular approach was reached in all
cases. Clinical presentation, symptoms, aneurysm location, size
and shape of the aneurysm sac, and patient age were consid-
ered. Locations of treated aneurysms are detailed in Fig 1.
Aneurysms located in the anterior circulation represented 88%
of all aneurysms treated. The severity of subarachnoid hemor-
rhage (SAH) was clinically assessed at the time of admission by
using the Hunt and Hess grading scale (11). Upon admission,
21% of patients were admitted with clinical grade I. Patients

presenting with Fisher grade III or IV represented 60% of our
series population. Seventeen percent of patients presented with
grade II, 35% with grade III, and 25% with grade IV. We made
no distinction between grade IV and V patients at admission,
because an apparent grade V could become a grade IV after
hematoma evacuation or external CSF.

All aneurysm dimension measurements were made on diag-
nostic angiograms by using an internal reference by the treating
physician. The known size of the internal carotid or basilar
artery was compared with the largest size of the aneurysmal
sac. Small aneurysms (measuring �5 mm) represented 33% of
all cases. Aneurysms measuring 5–9 mm represented 52.3% of
all cases, 9.4% of aneurysms measured 10–14 mm, and 4% of
aneurysms measured 15–19 mm. Aneurysms �10 mm repre-
sented 85% of all aneurysms in this series. A total of nine
aneurysms were defined as giant. Dome-to-neck ratios were
not calculated for all aneurysms, but the balloon remodeling
technique was used in the treatment of 43 aneurysms (6%).

Procedure. Diagnostic angiograms were performed by using
local anesthesia when clinical conditions were good (Hunt and
Hess grades I and II). Once the best endovascular treatment
recommendation was determined, patients received general
anesthesia. A femoral puncture was used as first choice for all
patients except two, in whom a direct carotid puncture was
used because of vessel tortuosity. A 6F introducer was placed in
the femoral artery with the Seldinger technique and bilaterally
when the remodeling technique was used. Heparin was admin-
istered as an intravenous bolus to achieve an activated clotting
time (ACT) approximately twice that of normal (perfusion of
heparin 20 IU per kilogram of body weight/h). Prevention of
proximal vasospasm was done by perfusion of papaverine dur-
ing the procedure (through a guiding catheter into the carotid
or vertebral artery). 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 microcatheter over a microgu-
idewire. Coils were placed through the microcatheter into the
aneurysm and detached under fluoroscopy. This process was
repeated until the aneurysm had been embolized as well as
possible. In cases in which the balloon remodeling technique
(12–18) was used, a nondetachable balloon was placed at the
aneurysm neck. In all cases, coil size, coil type, and total
number of coils used were recorded. Procedural complications
were also recorded. All patients were held postprocedurally in
the neurosurgical intensive care unit for 3–6 days. Poor clinical
grades were observed in the intensive care unit until stabiliza-
tion of hemodynamic parameters. Anticoagulation was rou-
tinely continued for the first 48 hours postprocedure.

Follow-Up. In consensus, treating physicians decided that
each patient would be scheduled for follow-up digital subtrac-
tion arteriography (DSA) and MR imaging at 3 months, 12
months, and subsequent annual examinations. Multiple projec-
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FIG 1. Location of ruptured aneurysms. ACA: Anterior Commu-
nicant Artery; MCA: Middle Cerebral Artery; ICA: Internal Carotid
Artery; Pericallosal A: Pericallosal Artery; VBA: Vertebro Basilar
Artery; PICA: Posterior Inferior Cerebellar Artery; PCA: Posterior
Communicating Artery; Cerebellar A: Cerebellar Artery.
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FIG 2. Fisher and Hunt and Hess grades at admission.
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tions with selective injections served to define any residual
lesions. At each center, the treating physician was responsible
for this follow-up and review of each patient after DSA and
MR imaging. When DSA and MR angiography (MRA) dem-
onstrated concordance, patients received annual MRA control
and DSA every 2 years posttreatment. In the case of discor-
dance of results, or in patients with a potential risk of coil
compaction, additional follow-up angiography was performed.
Mean follow-up was 36 months (range, 6 months to 5 years).
Angiograms were evaluated by the same physicians in consen-
sus. In the event of modification of compaction, all control
imaging was reviewed by all physicians in consensus. We de-
cided to re-treat all aneurysms with increase in the size of
remnant and opacification of neck.

Aneurysm occlusion was defined as follows in all cases:
100%, or complete, occlusion when the aneurysmal sac and
neck were densely packed; 95%–99%, or subtotal, occlusion
was defined as having a neck remnant; and incomplete occlu-
sion was defined as having loose packing and partial opacifica-
tion (5, 7, 8).

Statistical Analysis. The qualitative and quantitative variables
tested included patient baseline characteristics, aneurysm vari-
ables, and therapeutic and posttherapeutic factors. Patients
were characterized by age, sex, initial clinical condition (Hunt
and Hess scales and Fisher grades), aneurysm morphology (size
and location), and number of aneurysms. Treatment feasibility
was assessed and included coil characteristics such as total
number of coils used, coil size, use of a nondetachable balloon,
technical complications, and immediate posttreatment aneu-
rysm occlusion. The statistical significance between occlusion
and all parameters were analyzed by �2 test, with a P value of
0.05 considered to indicate a statistically significant difference.
When a test was calculated as statistically significant, we had
calculated a coefficient “Phi” between 0 and 1, to determine
the puissance from the association of two parameters. A high
value indicates statistically significant relationship between the
two parameters analyzed.

Results

Feasibility and Efficacy of Treatment
In 16 aneurysms, treatment failed because of tor-

tuosity of cerebral vessels. No coils could be safely
placed in any of these aneurysms. In six cases, the
aneurysm was catheterized, but coil deployment
failed because of coil instability inside the aneurysmal
sac, which indicates a high risk of migration. These
patients were subsequently referred for surgical clip-
ping. Procedural feasibility of occlusion with GDC
was 96.9% in our study (683 ruptured aneurysms were
occluded by GDC).

Immediate Posttreatment Results
At the end of the initial procedure, occlusion was

classified as complete, or total, occlusion in 496 cases

(72.6%), subtotal in 171 cases (25%), and incomplete
in 16 cases (2.4%). A second procedure was per-
formed in 33 aneurysms because of an initial incom-
plete occlusion (n � 6) or secondary coil compaction
(n � 27).

Evolution of 496 Aneurysms Showing Total Occlu-
sion. At the time this report was prepared, 359 com-
pletely occluded aneurysms remained stable, with no
modification of the immediate posttreatment result at
the final angiographic follow-up examination (Table
1). A small recurrence was observed in 52 cases of the
follow-up time, between 3 months and 2 years after
initial treatment. These patients were scheduled for
follow-up by DSA and MRA. Coil compaction with
remnant was observed in 14 cases. These patients also
received re-treatment via endovascular treatment.
Forty-seven patients died, and 24 patients were lost to
follow-up.

Evolution of 171 Aneurysms with Subtotal Occlusion.
In 72 cases, no modification of occlusion from the
initial treatment was noted. In 50 cases, there was a
spontaneous thrombosis of the sac of the aneurysm
resulting in a total occlusion. Nine patients were lost
to follow-up, and 27 died. For 13 aneurysms with
recanalization, a second procedure was successfully
performed.

Evolution of 16 Patients with Incomplete Initial Oc-
clusion. In the 16 initial incomplete occlusions, 6 cases
received a second procedure to ameliorate coil pack-
ing in the sac, 5 aneurysms had spontaneous amelio-
ration of packing due to thrombosis, 4 patients died,
and 1 patient was lost to follow-up. One patient ex-
perienced rebleeding 6 months after initial treatment,
and a second treatment was successfully performed.

Recurrence with a Second Treatment. We made a
distinction between small recurrences (small changes
in packing) with no blood flow into the aneurysmal
sac and recanalization with flow into the aneurysm
(Table 4). Recanalization may be a consequence of
coil compaction, because of high arterial blood flow,
aneurysm growth due to arterial disease, or coil mi-
gration in the thrombus surrounding the aneurysm. A
simple change of packing does not automatically in-
duce re-treatment. Despite an initial total occlusion,
recanalizations inducing second procedures were ob-
served in 14 aneurysms totally occluded and in 13
aneurysms with subtotal initial occlusion. In our se-
ries, a second treatment was performed in 33 (4.7%)
cases (27 recanalizations and 6 initial incompletely
occluded aneurysms) between 3 and 48 months after
initial treatment (mean, 9.5 months). The overall rate

TABLE 1: Evolution of occlusion before and after second procedures

Initial/Final Occlusion Total Subtotal Incomplete Lost to Follow-up Dead

Total n � 496 359 52 14 24 47
Subtotal n � 171 50 72 13 9 27
Incomplete n � 16 5 6 1 4
Total n � 683 409 129 33 34 78
After second treatment 13 20 1
Total n � 683 422 148 1 34 78

Note.—First column indicates initial occlusion; first line indicates evolution of occlusion.
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of recanalization in this series was calculated at 4.7%.
Of these, total occlusion was achieved in 13 cases,
subtotal occlusion in 19 cases, and failure in 1 case.

Stability and Evolution of Occlusion
We obtained follow-up for 571 aneurysms. The

evolution and stability of occlusion are presented in
Table 4. Improvement at follow-up compared with
immediate posttreatment angiographic results is de-
fined as improvement of one outcome category. A
worse angiographic follow-up result was defined as
worsening of one category (from total to subtotal).
Stability is defined as an unchanged occlusion at the
longest follow-up obtained after initial treatment.
Stability is evaluated from this series at 75.4%. Spon-
taneous amelioration was 9.6%, and the rate of re-
currences (including small recurrences and recanali-
zation) is 14.8%. Thirty-four patients (5% of cases)
were lost to follow-up, and 11.4% of cases resulted in
death (because of the severity of the initial
hemorrhage).

For final outcomes, therefore, with the inclusion of
the 33 cases requiring a second treatment, we ob-
tained complete/total occlusion in 422 cases (74%),
subtotal occlusion in 148 aneurysms (25%), and 1
incomplete occlusion.

Factors Influencing Initial Occlusion. We correlated
results of the initial occlusion which included patient
age, Fisher scale, Hunt and Hess scale, and aneurysm
location and size (Fig 4). The only parameter linked
to occlusion was aneurysm size (�2 test with P � .05).
For berry aneurysms measuring �10 mm, a total or
complete occlusion was obtained in 74% of aneu-
rysms. For large aneurysms measuring �15 mm, com-
plete occlusion was achieved in only 50% of those
treated.

Remodeling Technique
Wide-necked aneurysms with a maximal sac diam-

eter–to–neck size ratio (SNR) of 1 are still difficult to

embolize because of the risk of coil migration and/or
coil protrusion into the parent artery. Such aneurysms
also pose a risk for surgical clipping (13, 14). In 1994,
Moret et al (12–15) described a new technique for
treatment of these aneurysms. In our study, balloon
remodeling was utilized in 43 aneurysms (6%). Thir-
ty-three (76%) of 43 aneurysms measuring �10 mm
and only 5.5% of small aneurysms were treated with
nondetachable balloons. For medium, large, and gi-
ant aneurysms, this technique was used in 7.5%, 10%,
and 22% of cases, respectively. The use of balloons
did not result in significantly higher complication
rate.

Complications Due to the Technique
The most frequent complications experienced in

our study were thromboembolic events. Thirty-six
cases (5.2%) experienced ischemic complications at
the time of treatment with transient (n � 20) or
permanent (n � 16) neurologic deficit. Six patients
(0.8%) experienced ischemic cerebral lesions with
evidence of clot with infarction resulting in death.
When clots were visualized angiographically, mechan-
ical recanalization was attempted with a microcath-
eter and microguidewire. Medical treatment of this
complication consisted of arterial pressure elevation,
intra-arterial vasodilatation, and fibrinolyse.

Aneurysm rupture during embolization occurred in
25 aneurysms (3.6%), which resulted in extravasation
of contrast agent and clinical complications such as
hematoma, elevation of blood pressure, and intracra-
nial hypertension or hematoma that led to the deaths
of four patients. Aneurysmal rupture resulted from
insertion of the first coil in 22 cases (3.2%). Treat-
ment of this complication was to continue further coil
deposition into the aneurysmal sac. Total device-re-
lated events (1.6%) consisted of coil rupture for five
cases, four cases of stretching of the coil, and two
premature coil detachments. Procedural mortality
was evaluated at 1.4%, and morbidity was evaluated
at 8.9% for all procedures. Overall mortality was
11.4%, with vasospasm as the first etiology. Fig 5
indicates mortality of the initial pretreatment clinical
grades.

Rebleeding. Early rebleeding occurred in one case
after embolization, without vital consequences for the
patient. This patient had a symptomatic anterior com-
municating artery aneurysm with an initial subtotal
occlusion. Six months after initial treatment, the pa-
tient presented with a SAH that necessitated a second
treatment to achieve more complete coil packing.
This patient had a good recovery.

Discussion
Since the ISAT preliminary report, which repre-

sents the first prospective, randomized, controlled
trial, comparing the safety and efficacy of aneurysm
clipping with coiling, it has been well demonstrated
that the risk of death or dependence at 1 year post-
treatment is significantly reduced with endovascular
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coil embolization compared neurosurgical aneurysm
clipping (9, 10). Results of this trial demonstrated a
7.6% absolute risk reduction of death or dependency
at 1 year after endovascular treatment compared with
neurosurgical treatment (23.5% for coiling vs 31.1%
for neurosurgery). Morbidity and mortality rates for
endovascular coil embolization are less than for sur-
gical morbidity and mortality rates (10).

Since 1997, endovascular coil treatment of rup-
tured aneurysms has been the first treatment choice
at our respective centers for aneurysms from the
anterior circulation or from basilar tip, even before
the results of ISAT were published. The five endo-
vascular practitioners have selected small aneurysms
(85% �10 mm), 88% of which are from the anterior
circulation for the EVT. These results are represen-
tative of a selected population of aneurysms. Some
aneurysms were not accessible by EVT during this
study and were clipped by neurosurgeons. In our
center, 63% of ruptured aneurysms were embolized.

The evolution and long-term follow-up results of
coiled aneurysms must be recognized now that feasi-
bility of endovascular coiling has been established.
Since 1991, published studies have focused on tech-
nical feasibility, angiographic results, and clinical out-
comes from single-center experiences (3–8, 17–20).
In most of these published reports, all aneurysms
were included, (ie, ruptured and/or unruptured aneu-
rysms). Treatment strategies for ruptured aneurysms
are different from those for unruptured aneurysms.
The technical procedure is made more difficult by
existing factors such as vasospasm, hematoma, intra-
cranial hypertension, and fragility of the aneurysm
dome. We have prospectively collected all cases

treated by EVT: one study involves the treatment of
ruptured aneurysms and the other the treatment of
unruptured aneurysms. We have made an autoevalu-
ation of our results, like in other published series
(3–8, 19, 20, 24, 25, 28–31, 42–45). Ideally, we should
have an external observer to confirm our results,
because interpretation of angiographic results in-
volves subjective impressions.

The aim of endovascular treatment is the preven-
tion of rebleeding. Risk of rebleeding is significant 24
hours after the initial hemorrhage and at 7 days after
initial hemorrhage, with a rebleeding mortality rate of
74% (21–23). The cumulative rate of rebleeding at 14
days is 27.7%, as reported by Juvela (22). In our
institution, we typically treat an aneurysm within 24
hours to 4 days after the initial SAH, with a mean
interval of 48 hours. Initial poor clinical conditions
(Hunt and Hess grade IV or V) are not factored in
terms of initiating treatment as soon as possible after
the aneurysm’s initial rupture. In our study, feasibility
of endovascular treatment is high, and we have expe-
rienced only 22 failures (3.1%). Some of these cases
were subsequently treated surgically, and others ex-
perienced clinical conditions too poor to support
brain surgery. This good rate of feasibility can be
explained by the initial selection of aneurysms pro-
posed to EVT (small aneurysms from the anterior
circulation) and by the technical experience of all
physicians: outcomes of endovascular coil emboliza-
tion improve with the experience of its practitioners
(24). In all of our participating centers, a neurosurgi-
cal consultation is provided in every case before EVT
treatment is proposed to determine the best treat-
ment option for every patient. Typically, basilar tip,
vertebral artery, communicating artery, and internal
carotid artery aneurysms are first considered for en-
dovascular therapy. For middle cerebral artery, the
technique used depends on the shape and morphol-
ogy of the aneurysm: aneurysms with a large neck are
more often referred for surgical treatment. Treat-
ment of such indications, however, may improve with
3D angiography reconstruction and advances in en-
dovascular technology, such as the introduction of
coils with complex three-dimensional structures and
liquid polymer techniques and the development of
techniques using balloons and intravascular stents (8–
10, 24–25).

The occlusion rate of aneurysms after endovascular
treatment is very difficult to assess. This subjective
evaluation includes the attenuation of coil packing
and degree of possible neck remnant. Comparisons
are difficult from one institution to another and from
one published report to another, when definitions of
complete occlusion and attenuated packing vary sub-
jectively. Some studies indicate a percentage of oc-
clusion, whereas other studies describe occlusion in
terms of complete or total, subtotal, or incomplete.
Complete or 100% occlusion indicates that there is no
residual contrast material filling of the aneurysm. The
difficulty lies in determining the difference between
subtotal, �90%, or �95% occlusion. We decided to
use the classification used by Cognard and colleagues
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(5, 6, 8) to determine rate of occlusion (100% for
total; 95% for subtotal; and �95% for incomplete).
In a recent publication, Raymond et al (25) have used
another classification to define residual lesions (re-
sidual neck, residual aneurysm, minor, or major
recurrence).

We used the maximum number of coils possible to
treat each aneurysm, to prevent recanalization and
rebleeding. Histologic studies have demonstrated that
coil compaction is observed to be higher when the
initial attenuation of the coil mass is �20%. Further-
more, an initial coil packing attenuation �20% pro-
tects the aneurysm from recanalization (26, 27). A
study involving the evaluation of coil stability of an-
eurysms after GDC embolization has demonstrated
that the embolized volume of unchanged aneurysms
was 30.8% � 10.2%, compared 19.9% � 10.6% for
recanalized aneurysms. There is a significant correla-
tion between embolized volume and stability of em-
bolized aneurysms (27). Attenuated coil packing,
however, may also pose problems. We experienced
some thromboembolic complications with occasional
occlusion of the parent artery. We report 5.2% of
thromboembolic complications (36 patients) resulting
in a neurologic deficit for 16 patients and death in 6
patients. There were 25 aneurysmal ruptures with no
clinical consequence for 21 patients, and 4 hemato-
mas with intracranial hypertension. All complications
are calculated at 10.5%. In other published reports
(25–38), authors have demonstrated the same rate of
global complications, about 10%; thromboembolic
events are the most frequent (19–28). For Friedman
et al (29), an increased risk of complications were
seen with aneurysms originating from the posterior
circulation. In our series, no relation between com-
plications and location or size of aneurysms was sig-
nificant. Furthermore, the remodeling technique does
not increase the complication rate (17).

Mortality
Procedural mortality is reported at 1.4% in our

series. Procedural mortality includes all complications
related to EVT (ie, dome perforation, coil rupture,
ischemic occlusion, and stretching coil). For ruptured
aneurysms, it is important to distinguish between evo-
lution of SAHs and device-related complications. In
patients reporting with an initial poor clinical condi-
tion, death can occur due to vasospasm or initial
hematoma. The real rates of morbidity and mortality
of this technique will be known about results of un-
ruptured aneurysms. Overall mortality was evaluated
at 11.4%, because of poor initial clinical conditions,
evidence of vasospasm, and complications due to
EVT. More than half (52.5%) of patients who died
were admitted with Fisher grade IV and 48.7% with
Hunt and Hess grade IV. Like Bracard et al (31), who
reported results involving severe hemorrhage, with a
global mortality rate of 29%, mortality was correlated
with the Hunt and Hess scale in our study: 20% of
grade IV aneurysms have poor clinical outcome with
death. Improvements in survival rates have been

achieved, especially for patients with grade IV and V
aneurysms. This improvement is less evident in the
surgical series (32–33).

Comparison of Series
Numerous studies involving follow-up angiographic

data have been published (Table 2). These studies
have included a variety of aneurysm types, various
locations, ruptured and/or unruptured aneurysms,
and small or giant aneurysms. For comparison, we
have summarized follow-up results of a large number
of coiled aneurysms. In our series, initial results were
complete or total in 72.6%, subtotal in 25%, and
incomplete in 2.4% of cases. At final follow-up, 95%
of all patients initially treated were reviewed. Seven-
ty-four percent of patients demonstrated complete
occlusion, 25% a subtotal, and 1% an incomplete
occlusion. These results demonstrated a higher per-
centage of total occlusion at final follow-up due to the
re-treatment of 27 (4.7%) aneurysms that were sec-
ondarily incomplete. The stability of occlusion is
more important to consider than the rate of initial or
final occlusion. We report 75.4% occlusion stability.
Ninety-six percent of aneurysms observed to be com-
pletely occluded at 12 months remained stable at final
follow-up (mean follow-up at 36 months, minimum, 3
months; maximum, 72 months). For Raymond et al
(25), the detection of recurrences is correlated with
the length of the angiographic follow-up period:
46.9% of all recurrences have been detected by 6
months, and 96.9% by 36 months. Because the long-
term evolution of “coil therapy” has not been docu-
mented, we continue to keep on controlling all pa-
tients treated in the same manner as Raymond et al.
To have good follow-up, we propose noninvasive im-
aging studies. In this study, no patient with normal
control angiograms at 2 years has demonstrated re-
canalization at 3 years, although neck remnant growth
was observed in 14.8% of aneurysms during the first
year. On follow-up, improvement was observed in
9.6% of aneurysms. These results, as compared with
others reported series (Table 7: Cognard [8], 14%;
Gruber et al, 35%; Vanninen et al, 8%; Thornton,
18%; Raymond et al, 33.6% recurrences of treated
aneurysms, with 20.7% major recurrences, and 0.8%
of rebleeding; Murayama et al, 26.1%–17.2%) con-
firm the message that denser packing minimizes coil
compaction and rebleeding.

Appreciating recanalization is very subjective and
depends on the physician’s experience. To develop
more objective criteria to determine which patients
needed second procedures, patients were reviewed
collaboratively by physicians during repeated meet-
ings. The most important criteria used were the
change of packing and increase in the size of remnant.
The rate of re-treatment was reported at 4.7% for all
cases. Because of evidence of recanalization, 27 an-
eurysms were treated twice at a mean of 9.4 months.
Fifty percent of recanalizations were re-treated at 6.5
months, and 73% of them were re-treated the 1st
year. Factors supporting the low rate of recanaliza-
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tion include the technical expertise of the practitio-
ners and the selection of aneurysms treated. Eighty-
five percent of aneurysms treated were small
aneurysms, which may be easier to pack than giant
aneurysms. Our practice of attenuated packing has
not resulted in higher complications than that re-
ported in others studies.

We experienced only one case of rebleeding (0.2%)
and 27 neck remnants. Rebleeding was observed to be
the result of incomplete or loose initial packing. This
patient suffered a SAH but was rapidly re-treated
without clinical consequence. In terms of rebleeding
or coil compaction, incomplete occlusion is the result
of inadequate embolization of the neck or the base of
the aneurysm, but exclusion of the aneurysm dome
seems to be the key in preventing short-term rebleed-
ing (16, 29, 45).

For follow-up of these aneurysms, some authors
have compared MR angiography with DSA (25, 46–
50). Typically, follow-up examinations include both
modalities, and MRA may replace DSA in the long-
term follow-up of coiled cerebral aneurysms, when
these examinations are concordant. We propose
MRA with gadolinium and DSA examination be-
tween 3 and 6 months after treatment and again 1
year after. When occlusion is considered complete
and remains stable, we propose follow-up by MRA
each year and by DSA every 2 years. We perform
angiography at different times in cases with residual
filling of the neck of the aneurysm or when there is a
mismatch between MRA and DSA. Mean follow-up
of our series is 36 months, and we have controlled
some patients for 5 years after the initial SAH. We
have lost few patients to follow-up, because all of
them live in nearby towns and rarely change ad-
dresses. Each treating physician was responsible for
follow-up and performance of MRA and DSA. In
each case, the physicians insisted that patients be
evaluated clinically at 6–12 months and yearly. In this
series, we have achieved good midterm follow-up for
571 aneurysms and have lost only 34 patients (5%) to
follow-up. Elsewhere, Murayama et al (45) reported
11 years of experience with GDC, with an overall
recanalization rate of 20.9%, but they have obtained
follow-up in only 53.4% of patients. Raymond et al
obtained a mean follow-up at 31.3 months for a total
of 76.5% patients (25).

Factors Influencing Recanalization
We have evaluated our results with statistical study

to determine the relationship between size, location,
age, clinical, and radiologic status with occlusion. The
only parameter influencing the initial rate of occlu-
sion was the size of the aneurysmal sac. No parame-
ters were linked with this rate of recanalization. For
small aneurysms, total or complete occlusion was ob-
tained in 75% of cases, for large aneurysms this rate
of occlusion was obtained in only 50% of cases. For
Murayama et al (45), overall recanalization was
linked to size of the aneurysm: 5.1% for small aneu-
rysms, 20% for small aneurysms with a wide neck, and

35.3% for large aneurysms. In their experience, most
recanalization occurred within 3 months of treatment.

Conclusion

Endovascular treatment of ruptured cerebral aneu-
rysms is associated with low morbidity and seems to
facilitate good outcomes in patients with an aneurys-
mal SAH. The feasibility of this technique is good and
should improve with new technology and greater ex-
perience of endovascular practitioners. With good
selection of aneurysms to be treated, total initial
packing is a condition for the long-term stability of
occlusion. Intensive follow-up has permitted early re-
treatment for 27 aneurysms at a mean of 9.4 months.
In our population, 85.2% of aneurysms were stable or
demonstrated progressive occlusion with time. Only
14.8% of aneurysms demonstrated a worsening of the
initial occlusion, of which 4.7% had a second proce-
dure. Follow-up is essential for all aneurysms, and
MR imaging and DSA are proposed as the control
technique for each year after treatment. The real
rates of morbidity and mortality will be known from
unruptured series.
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