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Abstract
Objective
To describe short-term and 5-year rates of mortality and poor outcome in patients with
spontaneous aneurysmal subarachnoid hemorrhage (aSAH) who received repair treatment.

Methods
In this prospective observational study, mortality and poor outcome (modified Rankin Scale
score 3–6) were analyzed in 311 patients with aSAH at 3 months, 1 year, and 5 years follow-up.
Sensitivity analysis was performed according to treatment modality. In-hospital and 5-year
complications were analyzed.

Results
Of 476 consecutive patients with spontaneous subarachnoid hemorrhage, 347 patients (72.9%)
had aSAH. Of these, 311 (89.6%) were treated (242 endovascular, 69 neurosurgical), with a
mean follow-up of 43.4 months (range, 1 to 145). Three-month, 1-year, and 5-year mortality
was 18.4%, 22.9%, and 29.0%, and poor outcome was observed in 42.3%, 36.0%, and 36.0%,
respectively. Adjusted poor outcome was lower in endovascular than in neurosurgical treatment
at 3 months (odds ratio [OR] 0.36 [95% confidence interval [CI] 0.18-0.74]), with an absolute
difference of 15.8% (number needed to treat = 6.3), and at 1 year (OR = 0.40 [95% CI 0.20-
0.81]), with an absolute difference of 15.9% (number needed to treat = 6.3). Complications did
not differ between the 2 procedures. However, mechanical ventilation was less frequent with
the endovascular technique (OR 0.67 [95% CI 0.54–0.84]).

Conclusions
Patients with aSAH treated according to current guidelines had a short-termmortality of 18.4%
and 5-year mortality of 29%. The majority (64.0%) of patients remained alive without dis-
abilities at 5-year follow-up. Patients prioritized to endovascular treatment had better outcomes
than those referred to neurosurgery because endovascular coiling was not feasible.
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Spontaneous aneurysmal subarachnoid hemorrhage (aSAH)
carries a high risk of early mortality and of long-term disability
in survivors. Available outcome data, mainly for long-time
follow-up, are considered scarce1 or very poor.2 Short-term
mortality has declined3–6 to approximately 25%–30%.7,8

Long-termmortality, as reported in 2014, is 17.9% at 10 years,
29.5% at 15 years, and 43.6% at 20 years after subarachnoid
hemorrhage (SAH).9 Other available information is based on
the International Subarachnoid Aneurysm Trial (ISAT)10,11

and Barrow Ruptured Aneurysm Trial (BRAT) results.12–14

Little information is available regarding functional outcome.
At 1-year follow-up, poor overall quality of life has been de-
scribed in 35% of patients after SAH,15 and poor prognosis
(modified Rankin Scale [mRS] score 3 to 6) was observed in
42.4% of patients with SAH.16 In studies using home dis-
charge data as an indicator, “good outcome” rates have ranged
from 43.3%17 to 54.4%.7

The aim of our study was to describe the short- and long-term
clinical evolution during comprehensive follow-up of a pro-
spective series of patients with aSAH treated by a multidis-
ciplinary expert team, following the current guidelines.2,18 A
secondary aim was to analyze mortality and poor outcome
according to endovascular or neurosurgical repair technique.

Methods
Standard protocol approvals, registrations,
and patient consent
The information used in this study was collected from the
prospective BASICMAR Register with the approval of our
local ethics committee (CEIC PSMAR). We obtained written
informed consent from all patients or a designated repre-
sentative, as appropriate. There were no losses due to lack of
informed consent or to study withdrawal.

Study population
Hospital del Mar is a tertiary stroke center included in the
Catalan SAH care system. One weekend each month, it serves
as the only referral center for all patients with a diagnosis of
SAH in Catalonia (7,400,000 inhabitants). This was a pro-
spective observational study of consecutive patients admitted
to our hospital from January 2007 to December 2018 with a
diagnosis of aSAH (n = 476). Data were obtained from the
BASICMAR Register maintained by our center.

Patients with confirmed aSAH by cerebral angiography ad-
mitted and treated in our center were considered for inclusion
in the study. Patients with trauma-related SAH are not

included in the SAH-BASICMAR Register. Exclusion criteria
were nonaneurysmal SAH, SAH due to another cerebral
vascular malformation, or lack of angiography data.

A structured questionnaire (SAH-BASICMAR) was used to
record the following variables: age, sex, hypertension, diabetes
mellitus, current smoking habit, previous antithrombotic
treatment, initial clinical severity (Hunt and Hess grade), and
CT findings (Fisher scale) in the first study performed at ad-
mission. Following the Fisher scale definition, any in-
traventricular hemorrhage was considered grade 4, irrespective
of SAH characteristics; thick SAH was also classified as grade 4,
and grade 2 was assigned to thin or no SAH. Other variables
recorded were the presence, number, size, and location of ce-
rebral aneurysms (anterior or posterior circulation), treatment
performed (endovascular coiling or neurosurgical clipping),
and in-hospital and long-term complications.

In-hospital complications included seizures, hydrocephalus,
CNS infections, acute rebleeding, neurogenic cardiomyopa-
thy, pneumonia, sodium electrolyte disorders, and symp-
tomatic vasospasm (2007–2009), which was revised to
delayed cerebral ischemia (DCI) for cases from 2010 to 2018.
Vasospasm was considered symptomatic when associated
with a pathologic increase of cerebral flow velocity that was
congruent with the appearance of focal neurologic signs.
Cerebral flow velocity of the middle cerebral artery was
evaluated by transcranial Doppler sonography and vasospasm
was classified as mild (90–119 cm/s), moderate (120–200
cm/s), or severe (>200 cm/s).19 Beginning in 2010, the
consensus definition of DCI was applied: a focal neurologic
impairment or a decrease of at least 2 points on the Glasgow
Coma Scale, lasting for at least 1 hour, not apparent imme-
diately after aneurysm occlusion, and not attributable to other
causes by means of clinical assessment, CT or MRI scanning
of the brain, or appropriate laboratory studies.20

Sodium electrolyte disorders were defined as severe hyper-
natremia (>149 mmol/L sodium) and severe hyponatremia
(<130 mmol/L sodium).21

Long-term complications observed in patients who survived
at 3-month follow-up and had 5-year follow-up data (n = 161)
included rebleeding and epilepsy, defined as seizures re-
currence after hospital discharge.

Mortality was recorded in-hospital and at 7 days, 3 months, 1
year, and 5 years after SAH. Poor outcome, defined as mRS
score of 3–622 as registered by a neurologist, was recorded at

Glossary
aSAH = aneurysmal subarachnoid hemorrhage; BRAT = Barrow Ruptured Aneurysm Trial; CI = confidence interval; DCI =
delayed cerebral ischemia; ICU = intensive care unit; OR = odds ratio; ISAT = International Subarachnoid Aneurysm Trial;
mRS = modified Rankin Scale; NNT = number needed to treat; SAH = subarachnoid hemorrhage.
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discharge and by clinical visit or telephone interview at
3-month, 1-year, and 5-year follow-up. We also compared
outcomes in surviving patients with mRS 0–2 vs those with
mRS 3–5.

Patients were treated by a team including a vascular neurol-
ogist, neurointensivist, neurosurgeon, and neuro-
interventionist. After hospital admission, all patients were
admitted to the intensive care unit (ICU) and a 4-vessel 3D
angiographic study was performed as early as feasible. First
intervention procedure was determined by consensus with the
neurosurgical team, but the first option was endovascular
coiling as soon as possible. A new CT scan was performed
within 24 hours after aneurysm treatment. Throughout the
hospitalization, the multidisciplinary team monitored each
patient. Mechanical ventilation, duration of ventilator uses
during ICU admission, and neurosurgical procedures (he-
matoma evacuation and external ventricular drainage) were
recorded.

During at least the first 10 days of hospitalization, vasospasm
was monitored daily with transcranial Doppler sonography
(DWL Multidop-T) by a trained vascular neurologist. If va-
sospasm was detected, a new neuroimaging study (CT scan or
MRI and/or angiogram and/or perfusion) was performed to
confirm the diagnosis. Vasospasm prevention was managed
by oral or IV nimodipine treatment and, in case of symp-
tomatic vasospasm, by intra-arterial nimodipine or endolu-
minal angioplasty.

Statistical analysis
Data are presented as median and interquartile range (25–75)
for continuous variables and as a number and percentage for

categorical variables. Univariate analysis was performed using
the Pearson χ2 (categorical variables) or Mann-Whitney U
test for continuous variables. Unadjusted mortality rates were
calculated for the hospitalization period and at 7 days, 3
months, 1 year, and 5 years after aSAH. Unadjusted poor
outcome rates for each repair treatment were calculated at
3-month, 1-year, and 5-year follow-up.

Sensitivity analysis was performed in patients with aSAH with
repair treatment. Patient characteristics were compared by
treatment modality, 3-month mortality, and rate of poor
outcome at 3-month, 1-year, and 5-year follow-up. Odds ra-
tios (ORs) were estimated with their corresponding 95%
confidence interval (CI). Number needed to treat (NNT)
and absolute risk reduction were also calculated. Kaplan-
Meier survival analysis for mortality and for disability was
performed according to treatment modality.

To compare mortality and poor outcome rates between
endovascular and neurosurgical techniques, a logistic re-
gression model was adjusted for age, sex, smoking habit, an-
eurysm location, Hunt and Hess scale, Fisher scale, and
associated intracerebral hematoma. The model did not in-
clude complications, which were considered intermediate
factors related to the repair technique selected.23 Mechanical
ventilation, which was less frequent in the coil-technique
group, was also considered an intermediate factor (related
with the repair technique, not with the therapeutic decision).
All analyzed complications showed similar frequency in both
treatment groups throughout the follow-up period.

The report of the analysis follows the Strengthening
Reporting of Observational Studies in Epidemiology

Figure 1 Patient flowchart

*In 4 cases, delayed treatment occurred (flow
diverter) beyond the acute phase. SAH = sub-
arachnoid hemorrhage.
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Table 1 Characteristics of treated patients with aneurysmal subarachnoid hemorrhage according to treatmentmodality

Total (n = 311) Coiling (n = 242) Clipping (n = 69) Unadjusted OR (95% CI) p Value

Age, y 53 (46–64) 53 (46–64) 54 (46–64) 0.433

Women 204 (65.6) 153 (63.2) 51 (73.9) 0.61 (0.33–1.10)

Arterial hypertension 130 (41.8) 105 (43.4) 26 (36.2) 1.20 (0.85–1.69)

Diabetes mellitus 15 (4.8) 11 (4.5) 4 (5.8) 0.78 (0.26–2.39)

Current smoking 111 (35.7) 96 (39.7) 15 (21.7) 1.83 (1.14–2.93)

Antithrombotic pretreatment 25 (8.0) 20 (8.3) 5 (7.2) 1.14 (0.44–2.93)

Hunt and Hess scale grade 0.838

1 14 (4.5) 11 (4.5) 3 (3.5)

2 139 (44.7) 107 (44.2) 32 (46.4)

3 46 (14.8) 35 (14.5) 11 (15.9)

4 52 (16.7) 39 (16.1) 13 (18.8)

5 60 (19.3) 50 (20.7) 10 (14.5)

Fisher scale grade 0.876

I 12 (3.9) 10 (4.1) 2 (2.9)

II 31 (10.0) 23 (9.5) 8 (11.6)

III 75 (24.1) 57 (23.6) 18 (26.1)

IV 193 (62.1) 152 (62.8) 41 (59.4)

Associated intracerebral hematoma 68 (21.8%) 47 (19.4) 21 (30.4) 0.64 (0.41–1.01)

Aneurysm location

Posterior circulation 42 (13.5) 39 (16.1) 3 (4.3) 3.71 (1.11–11.63)

Anterior circulation 269 (86.5) 203 (83.9) 66 (95.7)

In-hospital complications

Patients with in-hospital complications 232 (74.6) 177 (73.1) 55 (79.7) 0.92 (0.80–1.06)

Number of in-hospital complications 1 (0–3) 1 (0–3) 1 (1–3) 0.254

Symptomatic vasospasm 54 (36.5) 39 (35.8) 15 (38.5) 0.93 (0.58–1.49)

Delayed cerebral ischemia 72 (23.2) 50 (20.7) 22 (31.9) 0.65 (0.44–1.01)

Seizures during hospitalization 41 (13.2) 33 (13.6) 8 (11.5) 1.18 (0.57–2.43)

Hydrocephalus 181 (58.2) 144 (59.5) 37 (53.6) 1.20 (0.79–1.83)

CNS infection 43 (13.8) 29 (12.0) 14 (20.3) 0.59 (0.33–1.05)

Acute rebleeding 20 (6.4) 13 (5.4) 7 (10.1) 0.53 (0.22–1.28)

Neurogenic cardiomyopathy 13 (4.2) 11 (4.5) 2 (2.9) 1.57 (0.36–6.91)

Pneumonia 73 (23.5) 55 (22.7) 18 (26.1) 0.87 (0.55–1.38)

Sodium electrolyte disturbances 103 (33.1) 75 (31.0) 28 (40.6) 0.76 (0.54–1.08)

Mechanical ventilation 151 (48.6) 106 (43.8) 45 (65.2) 0.67 (0.54–0.84)

Duration of mechanical ventilation, d 10 (4–17) 10 (3–17) 10 (6–18) 0.161

Neurosurgical procedures

Hematoma evacuation 23 (33.3) 13 (27.1) 10 (47.6) 0.57 (0.30–1.09)

External ventricular drainage 166 (53.4) 131 (54.1) 25 (50.7) 1.07 (0.82–1.38)

Continued
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(STROBE) guidelines. Statistical analysis was performed with
the Statistical Package for Social Sciences (SPSS, version 20.0
for Windows, Chicago, IL).

Data availability
Anonymized data will be shared upon request from any
qualified investigator.

Results
A total of 476 patients were included in the SAH-
BASICMAR Register. Figure 1 shows the flowchart of the
cohort. In 7 patients (1.5%), no angiographic study was
done, due to poor clinical condition; all of these patients
died during the first hours post-SAH. In 347 cases (72.9%),
the SAH was due to an aneurysmal rupture; in 23 (4.8%), to
another cerebral vascular malformation; and in 99 (20.8%),
the angiography was normal. The present study analyzed
the 347 patients with SAH related to an aneurysm rupture,
and focused on the 311 (89.6%) that were treated: 242 by
coiling (77.8%) and 69 by clipping (22.2%). No aneurysm
repair was done in 36 patients: 16 because of poor clinical
condition and 20 because the aneurysm was considered
technically not treatable. Treatment by flow diversion was
later possible in 4 of the 20 aneurysms initially considered
technically nontreatable; these patients were not included
in the analysis because the treatment was not done in the
acute phase.

Patients with treated aSAH were followed up for a mean of
43.4 months (range from 1 to 145 months). Mortality was
8.4% at 7 days, 16.7% during hospitalization, 18.4% at 3
months, 22.9% at 1 year, and 29.0% at 5 years. Poor outcome
(defined as mRS 3–6) was 42.3% at 3 months, 36.0% at 1 year,
and 36.0% at 5 years. Follow-up was very comprehensive, with
no losses at 7 days or during hospitalization, and only 5
(1.6%) lost cases at 3 months, all of them because they lived
outside of our catchment area and follow-up was not feasible.
Of the 311 patients followed up at 1 year post-SAH, only 12
(3.9%) had missing data for mortality and 14 (4.5%) for
functional status. After 5 years, mortality and outcome data
were missing for 16 of the 216 remaining patients (7.4%).

Given the long follow-up, we compared the outcome data of
the 311 treated patients with aSAH for 2 different time pe-
riods: 2007–2012 (n = 155) and 2013–2018 (n = 156). There
were no significant mortality differences: 19.2% vs 17.4% at 3
months, 23.1% vs 22.4% at 1 year, and 30.0% vs 26.7% at 5
years. No significant differences in poor outcome were found
in any follow-up analysis: 39.3% vs 45.2% at 3 months, 33.1%
vs 38.8% at 1 year, and 35.0% vs 38.3% at 5 years.

The characteristics of patients with aSAH according to
treatment modality are shown in table 1. The endovascular
group had fewer women (OR 0.61 [95% CI 0.33–1.10]),
more smokers (OR 1.83 [95%CI 1.14–2.93]), more posterior
circulation aneurysms (OR 3.71 [95% CI 1.11–11.63]), and a
nonsignificant trend toward less associated intracerebral he-
matoma (OR 0.64 [95% CI 0.41–1.01]), compared to the
neurosurgical group. Complications in hospital and during
follow-up did not differ by treatment group. Vasospasm was
managed by oral or IV nimodipine in 109 patients (73.6%)
and by intra-arterial nimodipine or endoluminal angioplasty
in 39 (26.4%), without differences between the 2 groups (OR
0.94 [95%CI 0.77–1.16]). Mechanical ventilation was needed
more frequently in the neurosurgical (65.2%) than in the
endovascular group (43.8%) (OR 0.67 [95% CI 0.54–0.84]),
with a mean duration only 2 days longer in surgically treated
patients (p = 0.140).

Comparisons by vital status at 3-month follow-up (table 2)
show a relationship between mortality and clinical severity by
Hunt and Hess scale (p < 0.0001), radiologic severity by
Fisher scale (p < 0.0001), associated intracerebral hematoma
(OR 3.99 [95% CI 2.14–7.44]), and posterior circulation
aneurysm location (OR 2.87 [95% CI 1.39–5.95]). Mortality
was very low among patients with low Hunt and Hess (1–3)
and Fisher scale (I–III) scores, and the majority of deaths
occurred in patients with Hunt and Hess scores of 4 or 5 and a
Fisher score of IV (82.1% and 87.5%, respectively). Regarding
complications, nonsurviving patients with aSAH more fre-
quently had experienced symptomatic vasospasm (OR 2.87
[95% CI 1.16–7.13]) or DCI (OR 3.09 [95% CI 1.66–5.75]),
hydrocephalus (OR: 9.88 [95% CI 3.29–19.20]), acute in-
hospital rebleeding (OR 5.22 [95% CI 2.06–13.24]), pneu-
monia (OR 3.33 [95% CI 1.79–6.17]), sodium electrolyte

Table 1 Characteristics of treated patients with aneurysmal subarachnoid hemorrhage according to treatment modality
(continued)

Total (n = 311) Coiling (n = 242) Clipping (n = 69) Unadjusted OR (95% CI) p Value

Complications during follow-upa Total (n = 161) Coiling (n = 125) Clipping (n = 36)

Aneurysmal rebleeding 8 (5.0) 4 (3.2) 4 (11.1) 0.29 (0.08–1.10)

Epilepsy 14 (8.7) 11 (8.8) 3 (8.3) 1.06 (0.31–3.58)

Abbreviations: CI = confidence interval; OR = odds ratio.
Values are median (interquartile range 25–75) or n (%).
a Calculated for patients surviving 3 months with a 5-year follow-up.
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Table 2 Treated patients with subarachnoid hemorrhage

Treated patients Total (n = 306)a Deaths (n = 56) Survivors (n = 250) Unadjusted OR (95% CI) p Value

Age, y 53 (46–64) 56 (47–69) 53 (46–63) 0.148

Women 201 (65.7) 33 (58.9) 168 (67.2) 1.43 (0.79–2.59)

Arterial hypertension 128 (41.8) 28 (50.0) 100 (40.0) 1.50 (0.94–2.68)

Diabetes mellitus 15 (4.9) 5 (8.9) 10 (4.0) 2.35 (0.77–7.18)

Current smoking 111 (36.3) 18 (32.1) 93 (37.2) 0.80 (0.43–1.48)

Antithrombotic pretreatment 25 (8.2) 6 (10.7) 19 (7.6) 1.46 (0.55–3.84)

Hunt and Hess scale grade 0.0001

1 14 (4.4) 0 (—) 14 (100.0)

2 138 (45.4) 7 (5.1) 131 (94.9)

3 45 (14.9) 3 (6.7) 42 (93.3)

4 50 (16.2) 16 (32.0) 34 (68.0)

5 59 (19.0) 30 (50.8) 29 (49.2)

Fisher scale grade 0.0001

I 11 (3.5) 0 (—) 11 (100.0)

II 30 (9.5) 1 (3.3) 29 (96.7)

III 74 (24.1) 6 (8.1) 68 (91.9)

IV 191 (62.9) 49 (25.7) 142 (74.3)

Associated intracerebral hematoma 67 (21.9) 25 (44.6) 42 (16.8) 3.99 (2.14–7.44)

Aneurysm location

Posterior circulation 40 (13.3) 14 (35.0) 26 (65.0) 2.87 (1.39–5.95)

Anterior circulation 266 (86.7) 42 (15.8) 224 (84.2)

In-hospital complications

Patients with in-hospital complications 228 (74.5) 56 (100) 172 (68.8) 1.33 (1.23–1.43)

Number of in-hospital complications 1 (0–3) 3 (2–4) 1 (0–2) 0.0001

Symptomatic vasospasm 51 (35.2) 13 (56.5) 38 (31.1) 2.87 (1.16–7.13)

Delayed cerebral ischemia 69 (22.5) 23 (41.1) 46 (18.4) 3.09 (1.66–5.75)

Seizures during hospitalization 40 (13.1) 11 (19.6) 29 (11.6) 1.86 (0.87–4.00)

Hydrocephalus 178 (58.2) 51 (91.1) 127 (50.8) 9.88 (3.82–25.58)

CNS infection 42 (13.7) 10 (17.9) 32 (12.8) 1.48 (0.68–3.22)

Acute rebleeding 20 (6.5) 10 (17.9) 10 (4.0) 5.22 (2.06–13.24)

Neurogenic cardiomyopathy 13 (4.2) 3 (5.4) 10 (4.0) 1.36 (0.36–5.11)

Pneumonia 70 (22.9) 24 (42.9) 46 (18.4) 3.33 (1.79–6.17)

Sodium electrolyte disturbances 102 (33.3) 33 (58.9) 69 (27.6) 3.76 (2.07–6.86)

Mechanical ventilation 148 (48.4) 52 (92.9) 96 (38.4) 8.62 (3.34–22.29)

Duration of mechanical ventilation, d 10 (4–17) 11 (5–15) 10 (3–17)

Neurosurgical procedures

Hematoma evacuation 22 (32.4) 10 (40.0) 12 (27.9) 1.72 (0.61–4.88)

External ventricular drainage 163 (53.3) 50 (30.7) 6 (4.2) 10.10 (4.18–24.42)

Continued
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disturbances (OR 3.84 [95% CI 2.11–7.00]), mechanical
ventilation (OR 8.62 [95% CI 3.34–22.29]), or external
ventricular drainage (OR 10.10 [95% CI 4.18–24.42]).

The majority (75%) of patients with DCI had symptomatic
vasospasm. The degree of vasospasm detected by Doppler
sonography (severe, moderate, mild) was well correlated (p <
0.0001) with DCI prevalence: 67.3% (37/55 patients), 20%
(8/40 patients), and 17% (9/44 patients), respectively. Severe
hypernatremia was observed in 61 patients (19.6%) and se-
vere hyponatremia in 42 (13.5%). The only complication
related with 5-year fatal outcome was rebleeding after hospital
discharge (OR 9.20 [95% CI 2.08–40.61]), which occurred in
5.0% of cases.

Kaplan-Meier curves for survival and disability according to
treatment modality are shown in figures 2 and 3. There were
no statistical differences (Mantel-Cox test) between patients
in the coiled and clipped groups (p = 0.187 and p = 0.260,

respectively). Outcome data, both unadjusted and adjusted,
are shown by treatment modality in table 3. In the bivariate
analysis, mortality did not differ between the 2 groups, but
poor outcome differed at 3 months (absolute difference of
15.8%, OR 0.71 [95% CI 0.55–0.94], NNT of 6.3) and 1-year
post-SAH (absolute difference of 15.9%, OR 0.60 [95% CI
0.39–0.91], NNT of 6.3). In multivariate regression analysis,
the coiled technique yielded better outcomes than clipping,
with significant differences in poor outcome between the 2
treatments at 3-month (OR 0.36 [95% CI 0.18–0.74]) and
1-year follow-up (OR 0.38 [95% CI 0.19–0.78]).

Discussion
Recently published SAH reviews1,24,25 still use outcomes data
from decades-old research results and the newest
studies5,6,8,16,17,26–28 exhibit many methodologic problems.
These range from exclusion of early deaths16 and patients with
SAH with poor clinical scores8 to including only patients

Table 2 Treated patients with subarachnoid hemorrhage (continued)

Treated patients Total (n = 306)a Deaths (n = 56) Survivors (n = 250) Unadjusted OR (95% CI) p Value

Complications during follow-upb Total (n = 161) Deaths (n = 19) Survivors (n = 128)

Aneurysmal rebleeding 8 (5.0) 4 (21.1) 4 (2.8) 9.20 (2.08–40.61)

Epilepsy 14 (8.7) 3 (15.8) 11 (7.7) 2.23 (0.56–8.86)

Abbreviations: CI = confidence interval; OR = odds ratio.
Differences in survival and death at 3 months. Values are median (interquartile range 25–75) or n (%).
a Five patients were lost to follow-up at 3 months.
b Calculated for patients surviving 3 months with a 5-year follow-up.

Figure 2 Kaplan-Meier survival curves for all treated cases according to treatment modality (p = 0.187)

SAH = subarachnoid hemorrhage.
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admitted to an ICU26,27 or only in-hospital data,17,26,27 ex-
periencing excessive losses to follow-up8 and combining ret-
rospective study design with only administrative sources of
data.5,6,17,27,28 In addition, the available outcome information
from clinical trials does not reflect the aSAH reality because
the exclusion criteria lead to underrepresentation of the more
severe cases.10,12 In this context, our study results provide
reliable and current information on aSAH outcome.

For patients with treated aSAH, 3-month mortality was 18.4%
in our cohort. A systematic review29 found 43% mortality in
2002–2008 for patients with aSAH, and a 2009 meta-analysis
of 33 studies3 describes a case fatality of 8.3%–66.7%, with

higher mortality in Europe (43%–44%) compared to the
United States (32%) or Japan (27%). While some studies
have suggested a progressive mortality decline,3–6,8,17,18,30 the
most recent data show no clear changes, with mortality of
10.9%–27.5% in-hospital,6,17,26,27 22%–28.7% after 30 days,6,8

and 30.7% at 3-month follow-up.8 Compared with these data,
our short-term results can be considered good, especially
since the clinical severity of our cases (36% had Hunt and
Hess score >3) is slightly greater than recent reports,26 and
much greater than the reported results from the main 2
clinical trials: BRAT (18.1% with Hunt and Hess >3) and
ISAT (5.5% with World Federation of Neurosurgical Socie-
ties >3).

Figure 3 Kaplan-Meier curves of disability-free outcome for all treated cases according to treatment modality (p = 0.260)

SAH = subarachnoid hemorrhage.

Table 3 Outcome data of patients with aneurysmal subarachnoid hemorrhage according to treatment modality

Cases Coiled Clipped Unadjusted OR (95% CI) Adjusted OR (95% CI)

3-month mortality 56 (18.4) 41 (17.3) 15 (22.1) 0.78 (0.46–1.32) 0.48 (0.21–1.12)

1-year mortality 68 (22.9) 49 (21.2) 19 (28.8) 0.74 (0.47–1.18) 0.49 (0.23–1.06)

5-year mortality 58 (29.0) 42 (27.3) 16 (34.8) 0.77 (0.45–1.29) 0.53 (0.21–1.30)

3-month mRS 3–5 73 (23.9) 51 (21.4) 22 (32.4) 0.63 (0.42–0.93) 0.44 (0.20–0.96)

1-year mRS 3–5 39 (13.1) 26 (11.3) 13 (19.7) 0.52 (0.29–0.93) 0.49 (0.20–1.17)

5-year mRS 3–5 14 (7.0) 10 (6.5) 4 (8.7) 0.67 (0.23–1.99) 0.92 (0.25–3.54)

3-month poor outcome 129 (42.3) 92 (38.7) 37 (54.5) 0.71 (0.55–0.94) 0.36 (0.18–0.74)

1-year poor outcome 107 (36.0) 75 (32.5) 32 (48.4) 0.60 (0.39–0.91) 0.40 (0.20–0.81)

5-year poor outcome 72 (36.0) 52 (33.8) 20 (43.5) 0.73 (0.44–1.21) 0.60 (0.26–1.39)

Abbreviations: CI = confidence interval; mRS = modified Rankin Scale; OR = odds ratio.
Poor outcome =mRS 3–6. Multivariable regression analysis, adjusted by age, sex, smoking, aneurysm circulation, associated intracerebral hematoma, Hunt
and Hess scale, and Fisher scale. Values are n (%).
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Some studies indicate an adjusted 1.5- to 2-fold increase in
mortality after surviving SAH, compared with healthy
individuals.31–33 According to our data, the 3-month to
5-year mortality increase for treated patients with aSAH was
10.6% (table 3), very similar to the ISAT results,10,11 which
show an 11% increase for endovascular-treated patients
(10.0% in our study) and 14% for neurosurgical-treated
cases (12.7% in our study). These similar data, showing a
moderate increase in mortality after the first 3 months,
emphasize the importance of a good short-term outcome.
Further research is needed to determine the persistence of
this effect over time, as long-term mortality of 17.9% at 10
years, 29.5% at 15 years, and 43.6% at 20 years has been
reported in patients with aSAH.9

Functional outcome data in population-based SAH studies
are particularly scant. A decade ago, it was estimated that
55% of patients with SAH regain independent function,
8%–20% remain dependent, and 26% do not survive.3 Re-
cent data on short- and long-term disability are unavailable,
incomplete, or obtained from clinical trials. One study ob-
served a poor quality of life in 35% of patients with SAH at
1-year follow-up.15 Another reported poor prognosis, de-
fined as mRS of 3–6, in 42.4% of patients with aSAH at
1-year follow-up.16 Other recent studies have used the per-
centage of patients discharged home, which ranges from
43.3%17 to 54.4%,8 with good recovery or moderate dis-
ability in 71.4% of these cases.8

A Cochrane review of 3 aSAH clinical trials, which excluded
the BRAT trial, found that 24% of participants randomized to
coiling and 32% of participants randomized to clipping had
poor functional outcome at 1-year follow-up. The authors
note that these data cannot be considered representative of
long-term prognosis due to methodologic bias.23 According
to our 3-month follow-up data (table 3), 57.7% of treated
patients with aSAH were functionally independent, 23.9%
remained dependent, and 18.4% were deceased. After 5 years,
the vast majority of surviving patients did not have major
disabilities: nearly two-thirds of all treated aneurysmal pa-
tients (64.0%) remained alive and independent, 29.0% had
died, and only 7.0% were physically dependent.

The complications observed are shown in table 1. The ma-
jority of patients (74.2%) had at least one in-hospital com-
plication. Globally, the figures are in line with previous
reports.18,20,21,25,26,34,35 The treatment groups did not differ in
number of complications or the specific complications ana-
lyzed. As described in the ISAT study,36 we found a non-
significant increase in DCI in the clipped (31.9%) vs coil
technique group (20.7%). We also observed more rebleeding
in the clipped group, which did not reach significance but was
double that of coiled cases (10.1% vs 5.4%). In the majority of
the clipped cases (4/7), rebleeding occurred when coiling was
attempted unsuccessfully and before surgery could be done.
These patients were included in the clipped group because
clipping was the final procedure applied.

During ICU admission, mechanical ventilation was needed
significantly less often in coiled than in clipped cases (43.8%
vs 65.2%) (OR 0.67 [95% CI 0.54–0.84]). No differences in
surgical procedures were observed between the 2 techniques.
It is well established that complications after SAH increase
mortality and poor outcome.21 Table 2 compares 3-month
survival of patients with aSAH according to in-hospital
complications in our cohort. DCI, hydrocephalus, acute
rebleeding, pneumonia, and sodium disturbances were sig-
nificantly associated with fatal outcome, as were the number
of complications, need for mechanical ventilation, and exter-
nal ventricular drainage procedures. In the bivariate analysis,
the factors most strongly associated with 3-month mortality
were mechanical ventilation (OR 8.62 [95% CI 3.34–22.29]),
hydrocephalus (OR 9.88 [95% CI 3.82–25.28]), and
rebleeding (OR 5.22 [95% CI 2.06–13.24]). Analysis of the
determinants of mortality would require a multivariable study,
which exceeds the study objectives to describe complications
and perform a bivariate analysis of clinical outcomes.

We analyzed 2 late complications, epilepsy and rebleeding, in
161 patients who were discharged alive and followed up for 5
years. Nineteen patients (11.8%) died during follow-up. The
rate of epilepsy was low (8.7%) in both groups and had no
impact on long-term outcome. Rebleeding rate was 5.0%,
similar to that reported in the Cochrane review,23 and clearly
increased the odds of poor outcome after hospital discharge
(OR 9.20 [95% CI 2.08–40.61]).

It is widely accepted that coiling is preferred when either
coiling or clipping appear to be equally effective in treating
an aneurysm.2,18 A Cochrane review23 supports this rec-
ommendation but points out that, even though all trials
found better outcomes for patients randomized to
coiling,10,37,38 the evidence comes mainly from one clinical
trial.10 According to this review, the risk ratio of poor out-
come (death or dependency) for coiling vs clipping was 0.77,
with an absolute risk reduction of 7%. We obtained very
similar results in our series of patients, in which the clinical
characteristics of both groups were balanced, with no dif-
ferences in complications during hospitalization or follow-
up. Also, in line with our results (under a protocol that
prioritizes endovascular treatment over surgery), the ISAT
investigators reported greater 10-year probability of death or
dependency in the neurosurgical than in the endovascular
group.39

This study was carried out at a single tertiary stroke center.
However, the experienced and diverse multidisciplinary team
involved in SAH care remained stable throughout the study
period, delivering optimal patient care and follow-up. As 1 of
5 reference centers in Catalonia for SAH treatment, over-
representation of more severe cases in our patient population
is possible. Slight or moderate cognitive deficit after SAH
may have been underestimated because neuropsychological
evaluation was not done in all cases. Among the 250 who
survived at 3-month follow-up, neuropsychological
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assessment was done in 90 cases (36%). Normal cognitive
function was observed in 31 patients (34.4%), mild cognitive
deficit in 27 patients (30.0%), and moderate to severe deficit
in 32 patients (35.6%). Although the adjusted analysis sug-
gested superiority of the endovascular treatment, our study
was not randomized and the majority of patients treated with
neurosurgery (95.7%) were clipped because coiling was not
considered suitable or feasible. Therefore, it cannot be
inferred that one treatment is superior to another. The study
aim was descriptive, and we did not perform an exhaustive
analysis of the determinants of aSAH mortality. Our results
regarding outcome differences between the coiling and
clipping techniques must be interpreted with caution and we
cannot infer causality between in-hospital or late complica-
tions and outcome.

The current mortality and prognosis of patients with aSAH is
clearly better than previously reported in the available sys-
tematic reviews, which are based on outcome data from old
studies with care models that differ from current clinical
guidelines. Regardless of whether a coiling or clipping tech-
nique was used, in-hospital complications affected around
three-quarters of repair-treated patients. At 5-year follow-up,
nearly two-thirds of our patients with repair-treated aSAH
survived without functional limitations.
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Arnillas, MD

IMIM–Hospital
del Mar

Acquisition of data, revised
manuscript for intellectual content

Juan L.
Fernández-
Candil, MD

IMIM–Hospital
del Mar

Acquisition of data, revised
manuscript for intellectual content

Carla
Avellaneda-
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