
Introduction

Subarachnoid hemorrhage (SAH) from a ruptured
cerebral aneurysm is not an unusual disease in old age,

and the proportion of elderly patients in the population
is substantial and increasing. We have previously dem-
onstrated how changes in referral patterns and more
active management of elderly patients with SAH
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Abstract Subarachnoid hemorrhage
(SAH) is not an unusual disease in
an elderly population. The clinical
outcome has improved over time. It
has been suggested that elderly SAH
patients would benefit from
endovascular aneurysm treatment.
The aim of this study was to
evaluate technical results and clinical
outcome in a series of elderly
SAH-patients treated with endovas-
cular coil embolization. Sixty-two
patients (‡ 65 years) presenting with
aneurysmal SAH underwent early
endovascular coil embolization at
Uppsala University Hospital
between September 1996 and
December 2000. In all 62 cases
included in the study, endovascular
coil embolization was considered the
first line of treatment. Admission
variables, specific information on
technical success, degree of
occlusion and procedural complica-
tions, and outcome figures were
recorded. Clinical grade on
admission was Hunt and Hess
(H&H) I–II in 39%, H&H III in
27% and H&H IV–V in 34% of the
patients. The proportion of
posterior circulation aneurysms was
24%. Coil embolization was
successfully completed in 94%. The

degree of occlusion of the treated
aneurysm was complete occlusion in
56%, neck remnant in 21%, residual
filling in 11%, other remnant in 5%
and not treated in 6%. The rate of
procedural complications was 11%.
Outcome after 6 months was
favorable in 41%, severe disability in
36% and poor in 22%. Favorable
outcome was achieved in 57% of the
H&H I–II patients, 47% of the
H&H III patients and 17% of the
H&H IV–V patients. Endovascular
aneurysm treatment can be
performed in elderly patients with
SAH with a high level of technical
success, acceptable aneurysm
occlusion results, an acceptable rate
of procedural complications and fair
outcome results.
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improve outcome even in these patients [1], who for
many years were excluded from active treatment and
aneurysm repair because of their advanced age alone.

Since the appearance of the Guglielmi detachable
coils (GDC) in 1990 [2], the technical advances in this
field have been tremendous, and the use of endovascular
aneurysm treatment is increasing. It has been suggested
that elderly SAH-patients would benefit from endovas-
cular aneurysm treatment, since it is less invasive than
craniotomy and should thus inflict less secondary injury
to the vulnerable aged brain [3, 4]. Two studies with a
small number of patients aged 70 years or older have
shown favorable results [5, 6]. Good outcome was
reported in one study comparing patients 65 years or
older with younger patients [7]. Recently, the results of
the first large multicenter randomized study—The
International Subarachnoid Aneurysm Trial (ISAT)—
showed significantly better outcome overall after
endovascular treatment compared with surgery [8]. The
results of endovascular aneurysm treatment in elderly
patients in particular remain to be evaluated in a large
series of patients.

At the Uppsala Neurovascular Center, endovascular
coil embolization was introduced in September 1996. A
team of vascular neurosurgeons and interventional
neuroradiologists collaborate closely in deciding which
treatment is feasible for each ruptured aneurysm.
The ambition is to treat the patient at an early stage,
irrespective of age and neurological state. Regardless of
aneurysm repair strategy, all patients are treated
according to the same protocols for neurointensive care
treatment of SAH [9].

The aim of this study was to investigate how elderly
patients tolerate and benefit from aneurysm treatment
with endovascular coil embolization after SAH. Specific
aims were to evaluate clinical outcome at 6 months after
aneurysm rupture, as well as the frequency of procedural
complications and the degree of occlusion of the target
aneurysm at the time of intervention.

Materials and methods

The selection criteria for this study were: (1) spontane-
ous SAH between September 1996 and December 2000,
(2) age 65 years or older at time of SAH, (3) aneurysm
rupture as the cause of SAH, (4) endovascular aneurysm
treatment chosen as the first line of treatment, and (5)
that aneurysm repair treatment was given at the acute
stage after hemorrhage (within 3 weeks of aneurysm
rupture)[10]. The diagnosis of ruptured aneurysm was
made with cerebral panangiography. All patients were
managed according to modern neurointensive care
principles [9]. A vascular neurosurgeon and an inter-
ventional neuroradiologist made the selection of patients
for endovascular coil embolization. The location and

configuration of the aneurysm and the patient’s clinical
condition affected the choice of treatment. If it was
judged that both endovascular and neurosurgical aneu-
rysm treatment was feasible, endovascular coil emboli-
zation was the preferred treatment.

Patient characteristics, such as sex, age, time of SAH,
time of admission, neurological grade according to Hunt
and Hess [11] (H&H) and Fisher grade [12] were
collected from the neurovascular database established at
the neurointensive care unit.

Procedural reports from all GDC-treated aneurysms
during the specified time were reviewed for information
about lesion(s) treated, technical success, time of an-
eurysm repair, angiographic degree of occlusion and
procedural complications. The angiographic degree of
occlusion was based on the final angiogram during the
embolization procedure and categorized into five groups
on the basis of the location of the possible remnant:
complete occlusion, neck remnant, residual filling, other
remnant and not treated. The term ‘‘neck remnant’’ was
used when the neck of the aneurysm could not be packed
with coils, and ‘‘residual filling’’ refers to the aneurysm
not being densely packed. ‘‘Other remnant’’ refers to an
aneurysm remnant that could not be otherwise classified.

Procedural complications during endovascular treat-
ment were registered as aneurysm rupture, unintentional
parent artery occlusion, other artery occlusion due to
thrombo-embolism, coil migration and intraluminal coil
protrusion. The use of thrombolytic agents, intra-arte-
rial papaverin injection and angioplasty during the
treatment procedure was also recorded, as well as the
use of a protective balloon when coiling wide-necked
aneurysms with the re-modeling technique [13].

Data on clinical outcome at 6 months after SAH
were obtained from written structured interviews with
the patients or their close relatives, and classified
according to the Glasgow Outcome Scale (GOS) [14].

In the statistical analyses GOS scores were grouped
as favorable (good recovery and moderate disability),
severe disability or poor (vegetative state or dead).

ThePearson v2-testwas used in the univariate analyses.
All variables were categorical in the univariate analyses.A
p value less than 0.05 was considered statistically signifi-
cant.

A multivariate logistic regression model was fitted
with favorable outcome as the dependent variable. The
initial model fit contained admission variables (H&H
grade, age and Fisher score) and treatment variables
(use of ventriculostomy, treatment day, aneurysm loca-
tion and occurrence of any procedural complication) as
explanatory variables. All variables were categorical
except age and treatment day, which were continuous.
Variables were removed in a backward elimination
manner based on the p value. The final model
included admission and treatment variables that were
considered statistically significant (p<0.05) or margin-
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ally significant (0.05<p<0.10). All statistical analyses
were conducted using commercially available software
[StatSoft (2001) STATISTICA (data analysis software
system), version 6. www.statsoft.com].

Results

Sixty-two patients (16 male, 46 female) fulfilled the
inclusion criteria of this investigation. During the same
period, 166 elderly patients (‡ 65 years) were admitted
with SAH; 138 were investigated with cerebral panan-
giography, which demonstrated an aneurysmal origin in
111 cases. Eleven patients with ruptured aneurysms were
treated conservatively, 37 received surgical aneurysm
treatment, and 1 was initially treated conservatively and
embolized 50 days after the SAH. Characteristics of the
study patients are summarized in Table 1. The mean age
was 71.5 years (range 65–81 years). The mean day of
admission was 1.4 days after clinical presentation (range
0—14 days). Twenty-four patients (39%) were in good
neurological condition (H&H I–II) on admission, 17
(27%) were drowsy or confused (H&H III) and 21
(34%) were in poor neurological condition (H&H
IV–V). The amount of subarachnoid blood on the
diagnostic CT according to Fisher’s scale was grade 1 in
3 patients (5%), grade 2 in 6 (10%), grade 3 in 18 (29%)
and grade 4 in 35 (56%). Thirty-two patients (52%) had
intraventricular hemorrhage (IVH), and 10 (16%) had
intracerebral hematoma (ICH) in addition to the SAH
(Table 1). The distribution of ruptured aneurysms was
47 (76%) in the anterior circulation and 15 (24%) in the
posterior circulation (Table 2).

Coil embolization of the target aneurysm was com-
pleted in 58 (94%) of 62 patients. The endovascular pro-
cedures were carried out by three interventional
neuroradiologists (G.G., 50 patients; S.S., 10; M.T., 2) In
6 patients, additional non-ruptured aneurysms were also
embolized during the same procedure (3 MCA, 1 SCA, 1
ICA, 1 AComA). In three cases, the target aneurysm was
not successfully catheterized and, in 1 case, the target
aneurysm anatomy was re-evaluated during the proce-
dure and found unsuitable for endovascular treatment
and the procedures were discontinued (Table 2, Table 3).
These 4 patients later underwent surgical aneurysm repair
and were not included in the outcome analysis (Table 4).

The endovascular procedure was performed within
3 days after aneurysm rupture in 44 patients (71%), on
days 4 to 10 in 13 patients (21%) and later than 10 days
after aneurysm rupture in 5 patients (8%) (mean 3.6
days, range 1–18 days) (Table 3). The angiographic
degree of occlusion of the target aneurysm is shown in
Table 3. Seven procedural complications were noted
(Table 3). During 11 procedures, the re-modeling
technique with a protective balloon was used, and in 1
patient an intraluminal stent was placed in the vertebral
artery before coiling of a PICA aneurysm. In 1 patient
with thrombo-embolism and artery occlusion during the
treatment procedure, an intra-arterial thrombolytic
agent was used. Intra-arterial papaverin injections were
used in 2 patients in whom vasospasm was encountered
during the treatment procedure.

Overall outcome 6 months after the SAH was good
recovery in 21 patients (36%), moderate disability in 3
(5%), severe disability in 21 (36%) and death in 13
(22%). None remained in a persistent vegetative state.
Clinical outcome in relation to Hunt and Hess grade on

Table 1 Patient characteristics on admission

Patient characteristics n %

Sex
Female 46 (74)
Male 16 (26)

Age (years)
65–69 22 (35)
70–74 26 (42)
‡75 14 (23)

Day of admission
0 30 (48)
1 19 (31)
>1 13 (21)

Hunt & Hess grade on admission
H&H I–II 24 (39)
H&H III 17 (27)
H&H IV–V 21 (34)

Fisher grade
1–2 9 (15)
3–4 53 (85)

Table 2 Distribution of ruptured aneurysms

Aneurysm location n %

A1–AComA–A2a 26 (42)
ICA–PComAb 15 (24)
MCA 6 (10)
BA tip 4 (6)
BA trunk 2 (3)
SCA 1 (2)
PICA 6 (10)
VA 2 (3)
Total 62

A1, anterior cerebral artery proximal to anterior communicating
junction; AComA, anterior communicating artery; A2, anterior
cerebral artery distal to anterior communicating junction; ICA,
internal carotid artery; PComA, posterior communicating artery;
MCA, middle cerebral artery; BA, basilar artery; SCA, superior
cerebellar artery; PICA, posterior inferior cerebellar artery; VA,
vertebral artery
aIn 3 patients endovascular treatment was not successfully
completed, due to failure to catheterize the target aneurysm
bIn 1 patient endovascular treatment was not successfully
completed, due to re-evaluation of target aneurysm anatomy
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admission, age, Fisher grade, intraventricular hemor-
rhage, intracerebral hematoma, use of ventriculostomy,
day of treatment, aneurysm location and occurrence of
any procedural complication is outlined in Table 4.

In the univariate analysis, the patients with a good
clinical grade on admission (H&H I–II) had better out-
comes than the patients with a poor clinical grade on
admission did (H&H IV–V) (Table 4; p<0.05). The pa-
tients who were treated for aneurysms in the ICA–PCo-
mA territory had more favorable outcomes and less
severe disabilities than the patients treated for aneurysms
in the A1–AComA–A2 territory (Table 4; p<0.01).
There was a trend toward worse outcome in patients with
Fisher grade 3 and 4 and in patients with MCA aneur-
ysms. Also, there was a trend toward better outcome in
patients who suffered from a procedural complication
and in patients who were treated at a later stage after the
SAH. However, these numerical differences were not
statistically significant. There was no observed difference
in outcome depending on age, or presence of IVHor ICH.

The results of the final multivariate logistic regression
analysis are shown in Table 5. A Fisher grade of 1 or 2
on diagnostic CT was associated with a greater proba-
bility of a favorable outcome (p=0.021). The later the
treatment day, the greater was the chance of having
a favorable outcome (p=0.060). This finding was,
however, only marginally significant.

Discussion

In our previous study of elderly patients with SAH
treated between 1981 and 1998, we demonstrated a
gradual change toward more active treatment and im-
proved outcome in conjunction with the introduction of
neurointensive care [1]. Shortly after endovascular
therapy was established as a routine therapy at our
center, it became the first line of treatment for aneurysm
repair. A particularly quick change in treatment policy
occurred for elderly SAH patients after reports of suc-
cessful endovascular treatment [5] with less surgical
trauma. It was desirable to evaluate the tolerance and
benefit of endovascular aneurysm treatment specifically
in elderly SAH patients. In this paper we report a series
of 62 elderly patients treated endovascularly for rup-
tured intracranial aneurysms during the first 4 years
when this treatment modality was the first line of
treatment. During this period, neurosurgical aneurysm
treatment was preferred in only one third of the elderly
patients (37/111). Endovascular coil embolization of
a ruptured aneurysm was successfully completed as
intended in 58 of 62 elderly patients. Only 4 procedures
(6%) were terminated because of technical inaccessibil-
ity.

In our material, slightly over half (56%) of the target
aneurysms were completely occluded on the end-proce-
dural angiogram. Neck remnants were present in 20% of
cases and 11% were not densely packed, which may
seem disappointing. In the literature, the degree of
aneurysm occlusion is reported using a variety of
descriptions, which makes comparison with other series
difficult; nonetheless, the frequency of complete occlu-
sion is often reported. In a systematic review by Brilstra
and co-workers aneurysm occlusion rates are reported
for 509 patients of all ages with ruptured aneurysms;
51.9% of the embolized aneurysms were completely
occluded [15]. In a recent randomized study comparing
endovascular and neurosurgical treatment of ruptured
intracranial aneurysms by Vanninen and colleagues [16],
50% total obliteration, 35% neck remnants and 6%
residual filling of the aneurysm fundus were reported for
52 patients in the endovascularly treated group. Birchall
and colleagues reported 46.6% complete occlusion in a
study of 14 patients aged 70 years or older [6]. Sedat and
co-workers reported 48.5% complete occlusion in 52
elderly patients [7]. Friedman and colleagues reported
complete occlusion in 33% at time of treatment in 83
patients [17]. The main reason for partial occlusion in
our material is probably that the goal in this age group
was to prevent the ruptured aneurysm from re-bleeding
without running too great a risk of procedural compli-
cations such as unintentional artery occlusion. It is
reasonable to believe that a partly occluded aneurysm
may be sufficient and satisfactory for the remainder of a

Table 3 Timing of endovascular procedure, degree of occlusion
and procedural complications

n %

Time of procedure
Day 0–3a 44 (71)
Day 4–10b 13 (21)
Day 11–21 5 (8)
Total 62

Degree of occlusion
Complete 35 (56)
Neck remnant 13 (21)
Residual filling 7 (11)
Otherc 3 (5)
Not treateda,b 4 (6)
Total 62

Complications
Aneurysm rupture 1 (2)
Parent artery occlusion 1 (2)
Other artery occlusion 4 (6)
Coil migration 0
Intraluminal coil 1 (2)
Total 7 (11)

aIn 2 patients endovascular treatment was not successfully com-
pleted, due to re-evaluation of target aneurysm anatomy in 1, and
due to failure to catheterize the target aneurysm in 1
bIn 2 patients endovascular treatment was not successfully com-
pleted, due to failure to catheterize the target aneurysm
cOther, therapeutic occlusion of vertebral artery (2), and posterior
inferior cerebellar artery (1)
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patient’s expected lifespan, but a small sequela may
substantially decrease the quality of life in this age
group.

We found a procedural complication rate of 11%,
most of which were potentially serious complications,
such as aneurysm rupture, parent vessel occlusion and
occlusion of other vessels due to thrombo-embolism.
However, there was no increased morbidity or mor-
tality related to procedural complications. Of the 7
patients who had a procedural complication, 1 suffered
a poor outcome and 5 enjoyed a favorable outcome.
Procedural complication frequencies of this order have
been reported before by other groups in patients of all
ages [10, 15, 17, 18, 19] and in elderly patients [6, 7]. It
is generally accepted that the seriousness of a disease
determines the level of risk involved with the treatment
that is considered acceptable. The natural course of
SAH is truly grim, with a high risk of fatal re-bleeding

and delayed neurological deterioration due to vaso-
spasm. Occlusion of the ruptured aneurysm is crucial
for the further management of the patient, so an 11%
risk of a procedural complication in treating high-risk
elderly patients with this devastating disease may
therefore be considered acceptable.

In the crude outcome analysis, 41% of the patients
had a favorable outcome. The SAH mortality at
6 months was only 22%. However, 36% of all patients
were severely disabled at 6 months after SAH. These
outcome figures are comparable to those reported
before by Sedat and colleagues [7]. In their material, of
52 endovascularly treated patients 65 years or older
48% had favorable outcome (GOS 1–2), 27% were
severely disabled (GOS 3) and the mortality rate (GOS
5) was 23% at 1 year after the SAH. However, their
material included a greater proportion of good-grade
patients and a greater proportion of patients with a

Table 4 Outcomea

Modified Glasgow Outcome
Scale: Favorable, good recovery
and moderate disability; Poor,
vegetative state or dead; IVH,
intraventricular hemorrhage;
ICH, intracerebral hematoma;
A1, anterior cerebral artery
proximal to anterior communi-
cating junction; AComA,
anterior communicating artery;
A2, anterior cerebral artery
distal of anterior communicat-
ing junction; ICA, internal
carotid artery; PComA,
posterior communicating artery;
MCA, middle cerebral artery
aOutcome for 58 patients in
whom endovascular treatment
was successfully completed
bp<0.05 (H&H IV–V vs. H&H
I–II);
bp<0.01 (ICA–PComA vs.
A1–AComA–A2)

Favorable Severe
disability

Poor Total

n (%) n (%) n (%) n

Hunt & Hess grade
I–II 13 (57) 7 (30) 3 (13) 23
III 8 (47) 5 (29) 4 (24) 17
IV–V 3 (17) 9 (50) 6 (33) 18 b

Age (years)
65–69 8 (42) 7 (37) 4 (21) 19
70–74 9 (36) 11 (44) 5 (20) 25
‡75 7 (50) 3 (21) 4 (29) 14

Fisher grade
1–2 6 (75) 2 (25) 0 8
3–4 18 (36) 19 (38) 13 (26) 50

IVH 10 (34) 11 (38) 8 (28) 29
ICH 1 (13) 5 (63) 2 (25) 8
Ventriculostomy 9 (28) 14 (44) 9 (28) 32

Day of treatment
Day 0–3 15 (36) 16 (38) 11 (26) 42
Day 4–10 6 (55) 3 (27) 2 (18) 11
Day 11–21 3 (60) 2 (40) 0 (0) 5

Aneurysm location
A1–AComA–A2 8 (35) 13 (57) 2 (9) 23
ICA–PComA 9 (64) 1 (7) 4 (29) 14 b
MCA 1 (17) 2 (33) 3 (50) 6
Posterior circulation 6 (40) 5 (33) 4 (27) 15

Any procedural complication 5 (71) 1 (14) 1 (14) 7
ALL 24 (41) 21 (36) 13 (22) 58

Table 5 Multivariate logistic
regression with favorable
outcome as dependent variable
aOdds ratio (OR) >1.0 =
increased chance of favorable
outcome; OR <1.0 =
decreased chance of favorable
outcome

Estimate Odds ratioa 95% confidence
interval

p value

Fisher grade 1–2 1.03 2.80 1.16–6.71 0.021
Any procedural
complication

Yes 0.84 2.31 0.92–5.79 0.074

Treatment day (OR per day) 0.16 1.17 0.99–1.37 0.060
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low Fisher grade. The outcome in this series compares
favorably with a large multicenter study of surgically
treated patients [20]. In the International Co-operative
Study on the Timing of Aneurysm Surgery [20], sur-
gically treated patients aged 70 years or older outcome
was 45% favorable (GOS 1–2), 16% severe disability
(GOS 3) and 39% poor (GOS 4 – 5) outcome.

The aneurysm location seems to be an important
determining factor for clinical outcome. In spite of
small numbers, differences in outcome depending on
aneurysm location were seen; however, any interpre-
tation should be made with caution. The highest pro-
portion of favorable outcomes and lowest proportion
of severe disabilities were seen in patients with ICA
and PComA aneurysms, whereas the most severe dis-
ability was seen in patients with aneurysms on the
anterior cerebral artery and anterior communicating
artery. Half of the patients (3/6) with an MCA aneu-
rysm had a poor outcome and only one enjoyed a
favorable outcome, which could imply that the endo-
vascular aneurysm treatment of MCA aneurysms is
associated with higher risks. This may be due to the
commonly encountered configuration of multiple
branches arising adjacent to the aneurysm neck [21,
22]. Careful selection of suitable MCA aneurysms
for endovascular treatment is fundamental for good
results.

There was a trend toward better outcome in pa-
tients with a low Fisher grade and in patients treated
on days 4–10 or more than 10 days after SAH. This is
also illustrated in the multivariate logistic regression
analysis, where a later day of treatment was associated
with favorable outcome; however, this was not statis-
tically significant (p=0.060). This may reflect the fact
that the patients who underwent endovascular coil
embolization at a later stage after the SAH were
subjected to a selection process, in which only patients
retaining a good clinical grade at this stage were
considered for treatment. The optimal timing of
endovascular coil embolization of ruptured aneurysms
in the elderly requires further investigation in larger
series. However, it is notable that as many as 40% of
patients treated before and during the ‘‘vasospasm
phase’’ had a favorable outcome.

Comparing the results of the present series with
those between 1987 and 1992 in our previous study on
elderly SAH patients [1], it would appear that the
introduction of endovascular aneurysm repair as the
first line of treatment of ruptured aneurysms after
SAH has reduced the mortality from 26% to 22%, but
increased the proportion of severe disability from 11%
to 36% and decreased the proportion of favorable
outcome from 61% to 41%. However, a simple com-
parison between the functional outcome of this series

of endovascularly treated elderly patients with the
earlier series of elderly SAH patients is problematic for
several reasons. The basic characteristics of the pa-
tients in this study are nearly consistent with those
reported earlier between 1987 and 1992 in our previous
study [1] (previous results in parentheses): women 74%
(74%), admission within 48 h 79% (73%), percentage
of good-grade patients, H&H I–II 39% (43%), Fisher
grade 3–4 85% (82%) and use of ventriculostomy 56%
(50%). However, there was a lower percentage of
drowsy patients [H&H III 27% (38%)] and a higher
percentage of patients in a poor clinical grade on ad-
mission [H&H IV–V 34% (18%)] in this series. More
patients were aged 70 years or older in this series: 65%
(27%). There was a higher proportion of posterior
circulation aneurysms (24%) compared with our earlier
study (9%), which is probably due to the better
availability of endovascular treatment in this region.
There is also a possibility that patients with more
coexistent diseases were selected for treatment in the
present series, which may have influenced the outcome
negatively. Furthermore, the follow-up period was
longer in the earlier study which may have contributed
to a lower percentage of severely disabled patients
and larger proportions of dead patients and patients
achieving a favorable outcome. If the results of this
series are viewed against this background, the
outcomes of this series may be considered fair. A
comparison between neurosurgical and endovascular
aneurysm treatment in elderly patients was beyond the
scope of this investigation, but may be done in a
randomized study.

Conclusions

Endovascular aneurysm treatment can be performed in
elderly patients with SAH with a high level of
technical success, with acceptable aneurysm occlusion
results, with an acceptable rate of procedural compli-
cations and with fair outcome results. Middle cerebral
artery aneurysms may be less suitable for endovascular
coil embolization in elderly patients. There was no
clear evidence that early endovascular coil emboliza-
tion should be avoided. The recently completed
International Subarachnoid Aneurysm Trial [8] may
contribute with further information on endovascular
coil embolization in elderly SAH patients.
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