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BACKGROUND AND PURPOSE: ISAT provided valuable data on patient outcome after endovascular
coiling and surgical clipping of ruptured aneurysms. The purpose of this study was to retrospectively
review the �1-year outcome (in terms of survival, independence, and rebleeding) of patients who were
treated in a routine clinical setting.

MATERIALS AND METHODS: Records of patients presenting with an SAH from a ruptured aneurysm
between 2000 and 2008 were reviewed. The 403 patients who met the inclusion criteria harbored 443
treated aneurysms; 173 were managed surgically and 230 by endovascular means. Mean clinical
follow-up was 33.9 months (range, 12–106 months).

RESULTS: The pretreatment clinical condition according to the HH was significantly better in the
surgically treated patients (P � .018). Death occurred in 11.6% after surgery and in 17.4% after
endovascular treatment (P � .104). Of the surviving patients in the surgical and endovascular groups,
80.3% and 87.2%, respectively, were able to live independently with grades 0–2 on the mRS (P �
.084). Complete aneurysm occlusion was achieved significantly more often after surgical treatment
(P � .001). Rebleeding occurred in 3.1% and 2.3% of the patients after surgical treatment and
endovascular coiling, respectively. The occurrence of a residual aneurysm at the end of a coiling
procedure was significantly related to the frequency of rebleeding (P � .007).

CONCLUSIONS: The management of patients with intracranial aneurysms in a routine clinical setting
shows good and comparable rates of mortality and independence. Coiling results in lower rates of
complete aneurysm occlusion. Postcoiling angiography showing a residual aneurysm is a good pre-
dictor of the risk of rebleeding.

ABBREVIATIONS: ACA � anterior cerebral artery; ACA A1 � anterior cerebral artery proximal to the
origin of the anterior communicating artery; ACA A2 � anterior cerebral artery distal to the origin of
the anterior communicating artery; AcomA � anterior communicating artery; CTA � CT angiogra-
phy; DSA � digital subtraction angiography; GDC � Guglielmi detachable coil; ICA � internal carotid
artery; HH � Hunt and Hess scale; ISAT � International Subarachnoid Aneurysm Trial; MCA �
middle cerebral artery; MCA M1 � middle cerebral artery proximal to the bifurcation; MCA M2 �
middle cerebral artery distal to the bifurcation; MRA � MR angiography; mRS � modified Rankin
scale; PCA � posterior cerebral artery; PcomA � posterior communication artery; PICA � posterior
inferior cerebellar artery; SAH � subarachnoid hemorrhage; SCA � superior cerebellar artery

Intracranial aneurysms are an important health problem
worldwide, affecting about 2% of the population.1 Treatment

consists of the exclusion of the malformation from the intracra-
nial circulation to eliminate the risk of bleeding or rebleeding.
Intracranial aneurysms can be treated by endovascular coiling or
by surgical clipping. Since the introduction of GDCs,1,2 endovas-
cular treatment of intracranial aneurysms has evolved rapidly as
an alternative to microsurgical clipping. Coiling has become the
preferential treatment since the ISAT demonstrated its clinical
superiority over clipping in patients with a ruptured aneurysm
who were eligible for both treatments.3-6 However, many patients
are preferentially treated by either neurosurgery (eg, MCA aneu-
rysms) or by endovascular treatment (eg, posterior circulation
aneurysms).7 Moreover, coiling achieves lower rates of complete

occlusion compared with microsurgical clipping, which may af-
fect the long-term stability and rates of rebleeding.8-11

The results of ISAT were based on a selected patient popu-
lation suitable for both endovascular and surgical treatment in
a trial setting. Little data are available on the outcome of pa-
tients who are either endovascularly or surgically treated in a
routine clinical practice. In our center, intracranial aneurysms
are treated either by surgical or by endovascular means, ac-
cording to a decision reached by a multidisciplinary team that
includes a neurologist, neurosurgeon, and interventional ra-
diologist. Therefore, the purpose of the present study was to
review the outcome of a consecutive cohort of patients who
were either endovascularly or surgically treated for a ruptured
intracranial aneurysm in a routine clinical setting. The out-
come was determined by rates of survival, independence, re-
treatment, and rebleeding after �1 year of clinical follow-up.

Materials and Methods

Patients
Between 2000 and 2008, 531 consecutive patients harboring �1 in-

tracranial aneurysm were admitted to our institution. We retrospec-
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tively reviewed the medical reports, imaging studies, and reports of

endovascular and surgical procedures of these patients.

SAH was diagnosed by cerebral CT or CSF examination. The an-

eurysmal origin of the SAH was confirmed by CTA, MRA, or DSA.

The clinical status of the patient was rated by using the HH.12 All

patients received calcium channel blockers.

Figure 1 shows the flow diagram of our patient selection. Patients

were included in our analysis if they had a ruptured intracranial an-

eurysm and underwent either surgical or endovascular treatment. Pa-

tients were excluded from this analysis if they met any of the following

criteria: 1) presenting with no ruptured intracranial aneurysm, 2) �1

aneurysm treated in another center, 3) both surgical and endovascu-

lar treatment applied in 1 patient, and 4) aneurysms treated by parent

vessel occlusion. One hundred twenty-eight patients were excluded

from the analysis: Forty-nine patients did not receive an intervention,

and 79 were treated but did not meet the inclusion criteria (Fig 1). The

remaining 403 patients presenting with a ruptured aneurysm were

included in this study.

Treatment Protocol
Patient selection for either endovascular coiling or surgical clipping

was made by a multidisciplinary team, including a neurologist, neu-

rosurgeon, and interventional radiologist. Endovascular coiling was

the preferential treatment for all patients admitted to our institution;

surgery was limited to those cases not suitable for coiling. Patients

presenting with HH 4 –5 following a ruptured aneurysm were not

eligible for surgical treatment. However, in case of an emergency cra-

niotomy for intracranial decompression in this group of patients,

surgical clipping could also be performed. HH 4 or 5 was usually not

considered to be a contraindication for endovascular treatment.

Endovascular treatment was performed by an interventional neu-

roradiologist, with the patient under general anesthesia. We used

mainly GDCs (Boston Scientific, Natick, Massachusetts). Use of the

balloon-assisted technique or TriSpan coils (Boston Scientific) was

restricted to patients with aneurysms that were not suitable for neu-

rosurgical treatment and when the aneurysm could not be coiled suc-

cessfully without these additional devices.

Coil placement was continued until complete angiographic oblit-

eration was achieved or no more coils could be placed safely in the

aneurysm. All patients received 5000 IU heparin during the proce-

dure. Postoperative patients were treated with a therapeutic dose of

low-molecular-weight heparin for 2 days. Thereafter, patients were

prescribed antiplatelet therapy.

Surgical treatment was performed by a neurosurgeon and con-

sisted of direct clipping of the aneurysm neck. Wrapping and coagu-

lation of the aneurysm were performed if the aneurysm neck was not

suitable for clipping. Temporary clipping of the parent artery was

performed at the discretion of the surgeon. Flow measurements were

performed if possible.

Series
Four hundred three patients harboring 443 treated aneurysms were

included in this study; 173 patients harboring 199 treated aneurysms

underwent surgical treatment. Clipping was performed in 190 aneu-

rysms, 2 of which had additional wrapping; 9 underwent primary

coagulation and wrapping without clips being placed. Two hundred

thirty patients harboring 244 aneurysms underwent endovascular

treatment; the balloon-assisted technique was used in only 4 aneu-

rysms, and the TriSpan coil, in 1 aneurysm.

Table 1 shows the patient and aneurysm characteristics. The dis-

tribution of age, sex, number of aneurysms treated, size, and mor-

phology was very similar in both groups. Aneurysm locations are

given in Table 2. The MCA was the only location in which more cases

were treated by surgery than by endovascular techniques. This was

mainly because of the anatomic characteristics of these aneurysms,

which often have wide necks and incorporation of MCA branches.

Aneurysms of the posterior circulation, however, were treated more

frequently by endovascular coiling than by surgery.

Regarding the mean clinical grading specified in Table 3, the clin-

ical condition before treatment in the surgical group was significantly

better than that in the group undergoing endovascular treatment

(P � .018).

Follow-Up
Clinical follow-up was performed in the endovascular and surgical

groups during outpatient clinic visits. The report of the outpatient

visits was missing in 43 patients. In those patients, the clinical fol-

low-up was obtained by structured telephone interviews and by in-

formation provided by the general practitioner. Patients with a clini-

Fig 1. Flow diagram of patient selection.

Table 1: Patient and aneurysm characteristics

Surgical Group
(No.) (%)

Endovascular
Group (No.) (%)

No. of patients 173 (42.9) 230 (57.1)
Male/female 52 (30.1)/121 (69.9) 68 (29.6)/162 (70.4)
Age (yr) (mean) 17–77 (53.1) 16–97 (53.6)
No. of aneurysms treated 199 244
No. of aneurysms treated

per patient
1 153 (88.4) 218 (94.8)
2 16 (9.2) 10 (4.3)
3 3 (1.7) 2 (0.9)
5 1 (0.6) –

Size of treated aneurysm
Small (�5 mm) 96 (48.2) 98 (40.2)
Medium (5–15 mm) 90 (45.2) 136 (55.7)
Large (15–25 mm) 13 (6.5) 10 (4.1)

Aneurysm morphology
Saccular 198 (99.5) 242 (99.2)
Dissecting – 1 (0.4)
Fusiform 1 (0.5) 1 (0.4)
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cal follow-up period of �1 year were considered to be lost to follow-

up. The clinical outcome was determined according to the following

mRS criteria13: 0 � no symptoms; 1 � no significant disability, de-

spite symptoms; 2 � slight disability; 3 � moderate disability; 4 �

moderately severe disability; 5 � severe disability; and 6 � death.

Clinically suspected rebleeding was confirmed by a CT scan of the

brain.

Angiographic postprocedural follow-up was performed by using

DSA. The completeness of aneurysm occlusion was assessed by using

the Raymond classification (complete aneurysm occlusion, residual

neck, or residual aneurysm).14 In the endovascular treatment group, a

postprocedural angiogram was always obtained at the end of the coil-

ing procedure. Imaging follow-up of coiled aneurysms was routinely

performed at 6 and 24 months after treatment. In case of increasing

coil compaction, angiographic follow-up was performed more fre-

quently. Imaging follow-up was performed by DSA (62.4%) and

MRA (37.6%).

Imaging follow-up after neurosurgery was not standard practice

but was performed if the neurosurgeon found it necessary. This fol-

low-up was performed by DSA (63.2%), MRA (10.5%), or CTA

(26.3%).

In case of coil compaction, the problem was discussed by a mul-

tidisciplinary team. An increasing size of the aneurysm remnant was

only retreated if retreatment was considered necessary and safe by the

multidisciplinary team.

Statistics
Continuous variables are presented with means and ranges. Categoric

data are given as frequencies and percentages and analyzed by t test,

Fisher exact test, or �2 test, accordingly. A P value � .05 was consid-

ered to be statistically significant.

Results

Clinical
During the follow-up period, 20 patients (11.6%) died after
surgical treatment, 10 (50%) of whom were graded HH 4 or 5
at the time of presentation. Of these 20 deaths, 17 were related
to the SAH or treatment of the intracranial aneurysm. The
other 3 patients died of a pancreatic carcinoma (n � 1) or
myocardial infarction (n � 2). In the endovascular group, 40
patients (17.4%) had died at the end of the follow-up period,
26 of whom (65%) were graded 4 or 5 on the HH at the time of
presentation. Thirty-eight deaths were related to the SAH or
the coiling of the intracranial aneurysm. One patient died of a
lung carcinoma, and 1 died after cardiac failure. Of these 38
deaths, 10 patients developed vasospasm during the proce-
dure, 6 patients had a thromboembolic complication during
the procedure, and 5 patients died after rebleeding. In the
other 17 patients, no complications occurred, and they died of
a serious preprocedural clinical condition.

Clinical follow-up (mean, 33.9 months; range, 12–106
months) was completed in 339 of the 343 surviving patients
(98.9%). Follow-up information was missing for 1 and 3 pa-
tients in the surgical and endovascular groups, respectively.
Three patients were foreigners visiting the Netherlands at the
time of SAH, and 1 patient moved away. The clinical outcome
of the surviving patients as expressed by the mRS is shown in
Table 4. In the surgical and endovascular groups respectively,
122 (80.3%) and 163 (87.2%) patients were able to live inde-
pendently (mRS 0 –2).

More patients died after endovascular treatment (P �
.104), and fewer people were able to live independently after
surgical treatment (P � .084). However these differences were
not statistically significant.

Imaging
Table 5 shows the findings of postprocedural imaging. In the
surgical group, follow-up imaging was performed in 126
(63.3%) aneurysms; most of these were within a year after
surgery (88.9%). Imaging showed complete occlusion in 101
(80.2%) aneurysms after surgical treatment, a residual neck in
17 (13.5%), and a residual aneurysm in 8 (6.3%) aneurysms.

All aneurysms treated by endovascular therapy underwent

Table 2: Aneurysm location

Location

Surgical
Group (No.)

(%)

Endovascular
Group (No.)

(%)
ICA 27 (13.6) 69 (28.3)

Cavernous – 2
Ophthalmic – 4
PcomA 20 54
Anterior choroidal artery 3 –
Bifurcation 4 9

ACA 79 (39.7) 110 (45.1)
A1 5 1
AcomA 66 102
A2 8 7

MCA 89 (46.1) 24 (9.8)
Proximal (M1) 19 3
Bifurcation 62 19
M2 5 2

Posterior circulation 7 (3.6) 41 (16.8)
Vertebral artery - 1
Basilar artery junction - 27
SCA - 3
PCA 1 2
PICA 6 8

Total 199 (100) 244 (100)

Table 3: Clinical grading at presentation

HH
Surgical Group (No.)

(%)
Endovascular Group (No.)

(%)
1 64 (37.0) 65 (28.2)
2 56 (32.4) 65 (28.2)
3 17 (9.8) 42 (18.3)
4 23 (13.3) 29 (12.6)
5 13 (7.5) 29 (12.6)
Total 173 230

Table 4: Clinical outcome

Surgical Group (No.)
(%)

Endovascular Group (No.)
(%)

mRS
0 39 (25.7) 53 (28.3)
1 34 (22.4) 52 (27.8)
2 49 (32.2) 58 (31.0)
3 17 (11.2) 10 (5.3)
4 9 (5.9) 7 (3.7)
5 4 (2.6) 7 (3.7)

Total 152 187
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postprocedural imaging at the end of the procedure. In 149
(61.1%) of these aneurysms, complete occlusion was demon-
strated, in 60 (24.6%) a residual neck, and in 35 (14.3%) a
residual aneurysm. Complete aneurysm occlusion occurred
significantly more often after surgical treatment compared
with endovascular treatment (P � .001).

Late imaging follow-up was available for a group of 38 sur-
gically treated patients (24.8% of those surviving) harboring
50 aneurysms. The average interval between treatment and the
last imaging was 35.5 months (range, 10.3–105.5 months).
Aneurysm regrowth was observed in 6 aneurysms (12.0%) af-
ter surgical treatment. Three of these aneurysms had demon-
strated a known residual aneurysm at an earlier post-operative
imaging. Four of these aneurysms were primary or addition-
ally treated by coagulation or wrapping. Retreatment was per-
formed in 4 of 199 (2.0%) aneurysms, in all cases after rebleed-
ing. Because only a small group of surgically treated patients
underwent follow-up angiography, no further results were ob-
tained from this follow-up.

Table 6 shows the findings at follow-up imaging in aneu-
rysms that had undergone endovascular treatment. This was
available for 181 surviving patients (95.3%, harboring 189 an-
eurysms). The average interval between treatment and the last
follow-up was 29.1 months (range, 4.8 –102.8 months). In-
creasing compaction was observed in 72 aneurysms (38.1%);
this occurred more often in the group that showed a residual
aneurysm at the end of the procedure (52.0%) than in those
with complete occlusion (36.8%) or a residual neck (34.0%)
determined at postprocedural angiography. However, this dif-
ference was not statistically significant (P � .124).

Retreatment was performed in 16 aneurysms in the endo-
vascular group, 2 after rebleeding and 14 without rebleeding.
At the end of the first procedure, 10 of these showed a residual
aneurysm, 4 aneurysms had a residual neck, and 2 were com-
pletely occluded after coiling.

Rebleeds
After the procedure, rebleeding from the target aneurysm oc-
curred in 12 aneurysms: Six (2.5%) occurred after endovascu-
lar treatment, and 6 (3.0%), after surgical treatment. This dif-
ference was not statistically significant (P � .769).

Four patients of the endovascular treatment group had a
residual aneurysm shown by postprocedural imaging, and 2
had a residual neck. In the endovascular group, the presence of
a residual neck after coiling was not related to rebleeding (P �
.085). The presence of a residual aneurysm after coiling was
statistically significantly related to rebleeding (P � .001).

One of the surgically treated patients mentioned above had
a residual aneurysm; the other 5 did not undergo postproce-
dural imaging. Because of the missing data, no analysis could
be performed on the surgically treated aneurysms. Outcome
of rebleeds was poor (Table 7).

Discussion
The primary goal of aneurysm treatment is to prevent aneu-
rysm bleeding or rebleeding and thereby decrease the risk of
death and dependency. This study presents the results of both
types of treatment of intracranial aneurysms in symptomatic
patients in a routine clinical setting.

After a median follow-up period of 33.9 months, 11.6% of
the surgically treated and 17.4% of the endovascularly treated
patients had died. ISAT reported different mortality rates after
a follow-up period of 5 years: 11% after coiling and 14% after
surgical treatment.5 These differences can be explained by the
inclusion criteria and the clinical status at presentation. In our
study, all patients presenting with an intracranial aneurysm
were analyzed. In the group undergoing endovascular treat-
ment, only 56.4% had a good clinical grading at presentation
(HH 1–2); in the surgically treated patients, this was 69.4%.
ISAT included only patients whose clinical condition was suit-
able for both coiling and surgical clipping. A clinical grading of
HH 1–2 at presentation was seen in 88% of these patients.3-5

At the end of the follow-up period, 80.3% and 87.2% of the
surviving patients in the surgical and endovascular group re-
spectively were living independently (mRS 1–2). These results
are comparable with the ISAT study, which describes a good
clinical outcome (mRS 1–2) in 82% and 83% of the surviving
patients after surgery and coiling respectively.5

The overall risk of rebleeding tends to be greater after coil-
ing compared with surgical clipping.4,5,15 In ISAT and other
published studies, rebleeding rates after surgical treatment
varied from 1.1% to 3.2%, while after endovascular treatment,

Table 5: Postprocedural imaging

Surgical Group (n � 199) (No.)
(%)

Endovascular Group (n � 244) (No.)
(%)

No. of aneurysms with imaging 126 (63.3) 244 (100)
Complete occlusion 101 (80.2) 149 (61.1)
Residual neck 17 (13.5) 60 (24.6)
Residual aneurysms 8 (6.3) 35 (14.3)
No. of aneurysms without imaging 73 (36.7) 0 (0)

Table 6: Follow-up after endovascular treatment by postprocedural imaging

No Changes (No.)
(%)

Improvement (No.)
(%)

Increased Recanalization (No).
(%)

Results of postprocedural imaging
Complete occlusion (n � 114) 72 (63.2) – 42 (36.8)
Residual neck (n � 50) 24 (48.0) 9 (18.0) 17 (34.0)
Residual aneurysm (n � 25) 12 (48.0) – 13 (52.0)

Total 189 108 (57.1) 9 (4.8) 72 (38.1)
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the rates varied from 2.1% to 3.5%, depending on the occlu-
sion rates and on the follow-up period.4,5,15-22 In the present
study, rebleeding occurred with approximately equal fre-
quency after surgery compared with endovascular treatment,
3.0% and 2.5% respectively. Coiling is known to result in
lower rates of complete occlusion compared with microsurgi-
cal clipping, which may affect the long-term stability and rates
of rebleeding.8-11 In the present study, a residual aneurysm
was seen at postprocedural imaging in 14.2% of the patients
having undergone endovascular treatment and in 4.3% of
those treated by surgery. This group of neurosurgically treated
aneurysms probably forms a selected population because
posttreatment imaging was not standard procedure in the first
years of inclusion. In case of doubt as to whether the aneurysm
had been occluded satisfactorily or in patients with multiple
aneurysms when �1 aneurysm had remained untreated, post-
clipping imaging was more likely to have been performed.
Even in this selected population, complete aneurysm occlu-
sion occurred significantly more often after surgical treatment
compared with endovascular treatment (P � .001).

Progressive coil compaction after endovascular treatment
was seen more often when a residual aneurysm was present at
postprocedural imaging compared with completely occluded
aneurysms and residual necks at postprocedural imaging;
however, this difference was not statistically significant (P �
.35). The presence of a residual aneurysm was statistically sig-
nificantly related to rebleeding (P � .007). These results are
supported by other studies. The Cerebral Aneurysm Rerup-
ture After Treatment study found the degree of aneurysm oc-
clusion to be highly predictive of the risk for rerupture.15 Wil-
linsky et al16 found significantly more frequent recanalization
in patients with a residual aneurysm, though the rebleeding
rates did not show a difference for completely occluded aneu-
rysms or for aneurysms with a neck or residual aneurysm.

Study Limitations
The primary goal of the present study was to assess how pa-
tient outcome in routine clinical practice relates to those re-
ported in the literature. However, our study was not a ran-
domized trial; therefore, a direct comparison of outcomes of
between endovascular and surgical treatment is not strictly
valid.

The number of patients presenting in our center with an

SAH from a ruptured aneurysm was relatively small but has
grown in the past few years.

The clinical loss to follow-up in our study was very low
(1.1%). However, in 43 patients, the clinical follow-up was
obtained from structured telephone interviews and by infor-
mation provided by the general practitioner. This may make
the clinical outcome graded by the mRS less reliable.

Postprocedural imaging was available for all patients after
endovascular treatment. However postprocedural imaging af-
ter surgery was only available for 64.8% of the patients.

The use of balloon or TriSpan coils in our clinic was low.
This treatment was restricted to patients with aneurysms that
were not suitable for neurosurgical treatment and when the
aneurysm could not be treated endovascularly without these
additional devices. We think that the risk of complications in
most cases in which an additional device is needed for endo-
vascular treatment is higher than the risk of neurosurgical
clipping, while the outcome in the long term is nearly the
same.23,24

Conclusions
The management of patients with intracranial aneurysms by
endovascular or surgical treatment in a routine clinical setting
according to a decision reached by a multidisciplinary team
confirms the efficacy of such a policy. Mortality rates are com-
parable with those in the literature when the frequently poor
clinical condition of patients at the time of presentation is
taken into account. Furthermore, the rates of dependency are
low in both treatment groups. Coiling results in lower rates of
complete aneurysm occlusion compared with surgical treat-
ment. Postcoiling angiography showing a residual aneurysm is
a good predictor of the risk of rebleeding.

References
1. Rinkel GJ, Djibuti M, Algra A, et al. Prevalence and risk of rupture of intracra-

nial aneurysms: a systematic review. Stroke 1998;29:251–56
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