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Abstract
The comparability of endovascular coiling over neurosurgical clipping has not been firmly established in elderly patients 
with aneurysmal subarachnoid haemorrhage (aSAH). Data were obtained from all patients with aSAH aged ≥60 across 
three tertiary hospitals in Singapore from 2014 to 2019. Outcome measures included modified Rankin Scale (mRS) score 
at 3 and at 6 months, and in-hospital mortality. Of the 134 patients analyzed, 84 (62.7%) underwent coiling and 50 (37.3%) 
underwent clipping. The endovascular group showed a higher incidence of good mRS score 0–2 at 3 months (OR = 2.45 
[95%CI:1.16–5.20];p = 0.018), and a lower incidence of in-hospital mortality (OR = 0.31 [95%CI:0.10–0.91];p = 0.026). 
There were no significant difference between the two treatment groups in terms of good mRS score at 6 months (OR = 1.98 
[95%CI:0.97–4.04];p = 0.060). There were no significant differences in the incidence of complications, such as aneurysm 
rebleed, delayed hydrocephalus, delayed ischemic neurological deficit and venous thromboembolism between the two 
treatment groups. However, fewer patients in the coiling group developed large infarcts requiring decompressive craniec-
tomy (OR = 0.32 [95%CI:0.12–0.90];p = 0.025). Age, admission WFNS score I–III, and coiling were independent predic-
tors of good functional outcomes at 3 months. Only age and admission WFNS score I–III remained significant predictors 
of good functional outcomes at 6 months. Endovascular coiling, compared with neurosurgical clipping, is associated with 
significantly better short term outcomes in carefully selected elderly patients with aSAH. Maximal intervention is recom-
mended for aSAH in the young elderly age group and those with favorable WFNS scores.
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Introduction

Longer life expectancies are leading to aging populations 
and rising incidence of aneurysmal subarachnoid haem-
orrhage (aSAH) [1–3]. The advent of minimally invasive 
aneurysm securing techniques has encouraged a gradual 
shift in treatment paradigm for this age group to encompass 
early treatment comprising microsurgical clipping, endo-
vascular coiling and neurointensive care [4, 5]. As a result, 
clinical practice has also changed and more elderly aSAH 
patients are being referred to neurosurgical centers [6, 7].

Treatment of elderly patients with aSAH however still 
remains a clinical challenge [3, 5, 8, 9], largely owing to 
their higher rate of poor clinical grade on admission, severe 
aSAH on initial computed tomography (CT) scan, and gen-
eral complications [10, 11]. Older age within this cohort has 
also been associated with poor outcomes [5]. The literature 
reporting outcomes for elderly patients with aSAH is scarce 
and optimal management of this condition in the elderly 
remains unclear [4, 9, 10, 12–15].

Whilst the recommendation for endovascular coiling 
over surgical clipping for SAH in general is relatively well 
established [16–19], the International Subarachnoid Aneu-
rysm Trial (ISAT) has been the only large, multicenter, RCT 
that compared neurosurgical clipping with detachable plati-
num coils in patients with ruptured intracranial aneurysms, 
who were considered to be suitable for either treatment [16, 
17]. However, results of ISAT have continued to generate 
some criticism, mainly because of its selection bias.

For example, the vast majority of the enrolled patients, 
had a favourable grade at the time of enrolment, 95% of 
the aneurysms were in the anterior cerebral circulation, and 
90% were smaller than 10 mm. This makes it difficult for 
clinicians to generalise the results to their own practice. 
Hence whether the superiority of coiling still prevails in 
the elderly subgroup remains unconfirmed. Therefore, our 
study aims to explore the outcomes of endovascular coil-
ing and neurosurgical clipping in a unique cohort of elderly 
patients with aSAH.

Methods

Data collection

This cohort study adhered to the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) 
guidelines. Ethics approval was obtained from the institu-
tional review board before commencement of the study. 
Data were obtained retrospectively from the National Uni-
versity Health System (NUHS) cluster in Singapore which 
included the National University Hospital, Khoo Teck Puat 

Hospital and Ng Teng Fong General Hospital, over a period 
of six years from 2014 to 2019. Electronic medical records 
were reviewed for all for elderly patients (aged 60 years and 
above) who had undergone treatment for aSAH, within 24 
hours, at our institutions. The definition of ‘elderly’ may 
vary according to chronological, biological, psychological, 
and social aspects. In this study patients aged 60 years and 
above were categorized into the elderly age group in line 
with the definition established by the World Health Organ-
isation (WHO) and United Nations (UN) [12, 20]. Diagno-
sis of aSAH was confirmed with a computed tomography 
head scan or a lumbar puncture. Evidence of aSAH was 
verified by a neuroradiologist on computed tomography 
angiography or digital subtraction angiography. Patients 
with no aSAH, or those who did not undergo treatment were 
excluded from the analysis.

The collected patient variables included: age, gender, 
smoking history, and comorbidities (hypertension, hyper-
lipidaemia, diabetes mellitus, and ischaemic heart disease), 
and World Federation of Neurosurgical Societies (WFNS) 
score on admission, dichotomized as good (Grades I – III) 
and poor (Grades IV – V). The following information about 
aSAH features was extracted: number of aneurysms, size 
of aneurysms, and location of subarachnoid haemorrhages. 
Additionally, information on the treatment modality (coil-
ing or clipping) was obtained. The following information 
about patient complications was also extracted: aneurysm 
re-rupture, delayed hydrocephalus, delayed ischaemic neu-
rological deficit, large infarct requiring decompressive cra-
niectomy, and venous thromboembolism.

Outcome measures

The primary outcome measure was functional outcome 
defined by the modified Rankin Scale (mRS) at 3 months 
and 6 months after aSAH. Furthermore, the outcome was 
dichotomized as favorable (mRS score of 0–2) or unfavor-
able (mRS score of 3–6). The secondary outcome was in-
hospital mortality.

Statistical analysis

Numerical variables were described as median (interquar-
tile range [IQR]) for non-normal distributions. Normality 
of data was tested for using the Shapiro-Wilk test. Age was 
either analyzed as a categorical or a continuous variable. 
Patients were separated into three age groups: 60–69, 70–79, 
and ≥80 years. If age was analyzed as a categorical variable, 
odd ratios (ORs) were compared with the reference category 
60–69 years (OR = 1.0) [12]. Comparisons of non-normal 
numerical data were conducted using the Mann-Whit-
ney U test and comparisons of categorical variables were 
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performed using the Pearson chi-squared test. Multivariable 
logistic regression was used to identify independent predic-
tors for categorical outcome measures. Covariates were pre-
specified based on literature review and expert opinion and 
included age, admission WFNS score, acute hydrocephalus, 
aneurysm size and treatment modality.

Additional sensitivity analyses were performed to con-
firm the robustness of the primary analysis using complete 
case analysis. Additional series of outcome analyses were 
performed using multiple imputations by chained equations 
to address missing covariate and outcome data [21–23]. 
Multiple imputations were chosen as it can account for 
uncertainty owing to missing data whilst preserving impor-
tant data relationships. Ten imputations were used for the 
relatively modest proportion of missing data [21–23].

Data were collated in Microsoft Excel (Microsoft, Red-
mond, WA, USA). All statistical analyses were performed 
using R software version 4.2.1 (R Foundation for Statistical 
Computing, 2022). P-values less than 0.05 were considered 
statistically significant.

Results

Baseline characteristics

A total of 134 patients were included in our analysis (Fig. 1). 
The median age of these patients was 68.5 years (IQR 
64–74). There were 104 females (77.6%) and 30 males 
(22.4%), with only six patients (4.5%) having a history of 
smoking. Eighty-seven patients (64.9%) exhibited at least 
one comorbidity. The most common comorbidities were 
hypertension in 75 patients (56.0%), hyperlipidaemia in 
58 (43.3%), diabetes mellitus in 18 (13.4%) and ischaemic 
heart disease in 17 patients (12.7%). On admission, 70 
patients (52.2%) had good admission WFNS grade (I – III).

Eighty-four patients (62.7%) underwent coiling whilst 50 
patients (37.3%) underwent clipping. Twenty seven (20.1%) 
patients had multiple aneurysms, 24 (17.9%) with two aneu-
rysms and three (2.2%) with three aneurysms. Ninety one 
patients (67.9%) had aneurysm < 7  mm in size, with 103 
(76.9%) located anteriorly. Table 1 compares the baseline 

Fig. 1  Strengthening the Report-
ing of Observational Studies in 
Epidemiology (STROBE) flow 
chart demonstrating inclusion/
exclusion of patients identified 
across the National University 
Health System (NUHS) cluster in 
Singapore from 2014 to 2019
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CI: 0.97–4.04]; p = 0.060). There were no significant differ-
ences in the incidence of complications, such as aneurysm 
rebleed, delayed hydrocephalus, delayed ischemic neuro-
logical deficit and venous thromboembolism between the 
two treatment groups. However, fewer patients in the coil-
ing group developed large infarcts requiring decompressive 
craniectomy (8.3% in coiling group vs. 22.0% in clipping 
group; OR = 0.32 [95% CI: 0.12–0.90]; p = 0.025).

Predictors of functional outcomes and mortality

Independent predictors of functional outcome and mortality 
and their effect sizes are presented in Table 3.

On univariable analyses, age (p = 0.003), admission 
WFNS score I – III (p = 0.001), presence of acute hydro-
cephalus (p < 0.001) and coiling (p = 0.018), were found to 
be significant predictors of good functional outcomes mRS 
scores 0–2, at 3 months. On multivariable analysis, only age 
(p < 0.001), admission WFNS score I – III (p = 0.009), and 
coiling (p = 0.012) remained statistically significant pre-
dictors of good functional outcomes mRS scores 0–2, at 3 
months. Figure 2 illustrates the journey amongst the elderly 
patients with aSAH in terms of their functional outcome by 
mRS scores.

On univariable analyses, age (p = 0.013), admission 
WFNS score I – III (p < 0.001), and presence of acute hydro-
cephalus (p = 0.005) were found to be significant predictors 

patient and aneurysm characteristics, between the coil-
ing and clipping groups which demonstrates no significant 
difference.

Comparison between endovascular coiling versus 
clipping

Fifty-five (41.0%) patients had a good functional outcome 
(mRS score 0–2) at 3 months follow-up, whilst 65 (48.5%) 
patients had good functional outcome at 6 months follow-
up. There were 16 in-hospital mortalities (11.9%) in our 
cohort of elderly patients. The outcomes and complications 
sustained between the coiling and clipping groups are pre-
sented in Table 2.

The endovascular coiling group showed a higher inci-
dence of good mRS score at 3 months (48.8% in coiling 
group vs. 28.8% in clipping group; OR = 2.45 [95% CI: 
1.16–5.20]; p = 0.018), and a lower incidence of in-hospi-
tal mortality (7.1% in coiling group vs. 20.0% in clipping 
group; OR = 0.31 [95%CI: 0.10–0.91]; p = 0.026). There 
were no significant difference between the two treatment 
groups in terms of good mRS score at 6 months (54.8% in 
coiling group vs. 38.0% in clipping group; OR = 1.98 [95% 

Table 1  Baseline characteristics of the study population
Endovascu-
lar coiling
(n = 84)

Neurosurgi-
cal clipping
(n = 50)

P-value

Age (years) 68 (64–74) 69 (65–74) 0.770
Gender
  Male 21 (25.0) 9 (18.0) 0.347
  Female 63 (75.0) 41 (82.0)
Smoking 4 (4.8) 2 (4.0) 0.837
Comorbidities
  Hypertension 44 (52.4) 31 (62.0) 0.278
  Hyperlipidaemia 32 (38.1) 26 (52.0) 0.116
  Diabetes Mellitus 10 (11.9) 8 (16.0) 0.501
  Ischemic heart disease 12 (14.3) 5 (10.0) 0.471
Acute hydrocephalus requir-
ing EVD

59 (70.2) 42 (84.0) 0.074

Admission WFNS
  I–III 42 (50.0) 28 (56.0) 0.501
  IV–V 42 (50.0) 22 (44.0)
Aneurysm number
  Single 69 (82.1) 38 (76.0) 0.391
  Multiple 15 (17.9) 12 (24.0)
Aneurysm location
  Anterior circulation 60 (71.4) 43 (86.0) 0.053
  Posterior circulation 24 (28.6) 7 (14.0)
Aneurysm size
  < 7mm 61 (72.6) 30 (60.0) 0.130
  ≥ 7mm 23 (27.4) 20 (40.0)
All categorical data presented are as n (%) and all numerical data 
are presented as median (interquartile range). EVD = External Ven-
tricular Drain; WFNS = World Federation of Neurosurgical Societies

Table 2  Comparison of outcomes between endovascular and neuro-
surgical treatment
Outcome Endo-

vascular 
coiling
(n = 84)

Neuro-
surgical 
clipping
(n = 50)

OR (95% 
CI)

p-value

mRS 0–2 at 3 months 41 (48.8) 14 (28.0) 2.45 
(1.16–5.20)

0.018

mRS 0–2 at 6 months 46 (54.8) 19 (38.0) 1.98 
(0.97–4.04)

0.060

Aneurysm rebleed 4 (4.8) 3 (6.0) 0.78 
(0.17–3.65)

0.755

Delayed hydro-
cephalus requiring 
ventriculoperitoneal 
shunt

23 (27.4) 20 (40.0) 0.57 
(0.27–1.19)

0.130

Delayed ischemic 
neurological deficit

14 (16.7) 4 (8.0) 2.30 
(0.71–7.41)

0.155

Large infarct requir-
ing decompressive 
craniectomy

7 (8.3) 11 (22.0) 0.32 
(0.12–0.90)

0.025

Venous 
thromboembolism

4 (4.8) 1 (2.0) 2.45 (0.27–
22.73)

0.415

In-hospital mortality 6 (7.1) 10 (20.0) 0.31 
(0.10–0.91)

0.026

All categorical data presented as n (%). mRS = modified Rankin 
Scale
Neurosurgical clipping group is used as the reference group
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On univariable analyses, admission WFNS score 
(p = 0.004), aneurysm size ≥7  mm (p = 0.043), treatment 
modality (p = 0.026), large infarct requiring decompressive 
craniectomy (p = 0.026), and delayed hydrocephalus requir-
ing ventriculoperitoneal shunt (p = 0.018) were found to be 
significant predictors of in-hospital mortality. On multivari-
able analysis, admission WFNS score (p = 0.008), treatment 
modality (p = 0.041), and delayed hydrocephalus requiring 
ventriculoperitoneal shunt (p = 0.018) remained statistically 
significant predictors of in-hospital mortality. Sensitivity 
analyses demonstrated stable and robust risk estimates fol-
lowing application of multiple imputation to account for 
missing covariates and outcome data.

Subgroup analysis

Within the WFNS score IV – V subgroup, the benefi-
cial effect of coiling over neurosurgical clipping in terms 
of good mRS scores at 3-month (p = 0.090) and 6-month 
(p = 0.214) and in-hospital mortality (p = 0.098) dimin-
ished. Within the age 60–69 subgroup, the beneficial effect 
of coiling over neurosurgical clipping in terms of good mRS 
scores at 3-month was retained (p = 0.038), but lost for good 
mRS scores at 6-month (p = 0.175) and in-hospital mortality 
(p = 0.509).

Discussion

Our findings demonstrate that endovascular coiling com-
pared with neurosurgical clipping was associated with 
higher incidences of good functional outcomes and lower 
incidences of in-hospital mortality, with no significant dif-
ferences in the incidence of complications, in terms of aneu-
rysm rebleed, delayed hydrocephalus, delayed ischemic 
neurological deficit and venous thromboembolism. How-
ever, more patients in the clipping group developed large 
infarcts requiring decompressive craniectomy. A lower age, 
favorable admission WFNS scores and endovascular treat-
ment were consistently identified as independent predictors 
of good functional outcomes in elderly patients with aSAH, 
whilst the latter two factors were also independent predic-
tors of in-hospital mortality.

Our study avoided preselection by including patients 
who, because of their clinical status, did not receive treat-
ment of the ruptured aneurysm. Numerous studies have 
reported reasonable outcomes for elderly patients with 
aSAH, but older and poor-grade patients are often under-
represented in these analyses [4, 10, 11, 14, 15], as they are 
shown to be predictive of unfavorable outcomes and mortal-
ity [5, 12, 15, 24]. An important consideration in the con-
troversial debate around treatment of elderly patients with 

of good functional outcomes mRS scores 0–2, at 6 months. 
On multivariable analysis, only age (p = 0.005) and admis-
sion WFNS score I – III (p = 0.005) remained statistically 
significant predictors of good functional outcomes mRS 
scores 0–2, at 6 months.

Table 3  Multivariable logistic regression for predictors of functional 
outcome and mortality
Outcome Predictor Univariable 

analysis
Multivariable 
analysis

OR 
(95% 
CI)

p-value OR 
(95% 
CI)

p-value

mRS score
0–2 at 3 
months

Age* 0.42 
(0.24–
0.743)

0.003 0.32 
(0.17–
0.61)

< 0.001

Admission 
WFNS score 
I–III†

3.28 
(1.59–
6.79)

0.001 3.81 
(1.47–
9.88)

0.009

Acute 
hydrocepha-
lus requiring 
EVD

0.24 
(0.11–
0.56)

< 0.001 0.50 
(0.18–
1.43)

0.197

Endovascular 
coiling‡

2.45 
(1.15–
5.20)

0.018 3.31 
(1.36–
8.02)

0.012

mRS score
0–2 at 6 
months

Age* 0.52 
(0.31–
0.87)

0.013 0.46 
(0.26–
0.79)

0.005

Admission 
WFNS score 
I – III†

3.47 
(1.70–
7.06)

< 0.001 3.31 
(1.42–
7.67.0)

0.005

Acute 
hydrocepha-
lus requiring 
EVD

0.31 
(0.13–
0.72)

0.005 1.64 
(0.66–
4.72)

0.253

Mortality in 
hospital

Admission 
WFNS score 
I – III†

0.18 
(0.05–
0.65)

0.004 0.15 
(0.04–
0.62)

0.008

Aneurysm 
size ≥7 mm§

3.17 
(1.10–
9.17)

0.043 0.69 
(0.19–
2.5`)

0.577

Endovascular 
coiling‡

0.31 
(0.10–
0.91)

0.026 0.28 
(0.08–
0.95)

0.041

Large infarct 
requiring 
decompressive 
craniectomy

3.68 
(1.10–
12.20)

0.026 4.23 
(0.87–
20.833)

0.075

Delayed 
hydrocephalus 
requiring ven-
triculoperito-
neal shunt

0.12 
(0.02–
0.95)

0.018 0.07 
(0.01–
0.63)

0.018

EVD = External Ventricular Drain; WFNS = World Federation of 
Neurosurgical Societies
*Age category 60–69 years is used as the reference group
†WFNS Grades IV – V is used as the reference group
‡Neurosurgical clipping group is used as the reference group
§Aneurysm size < 7 mm is used as the reference group
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treated endovascularly had superior functional outcomes 
compared to those treated neurosurgically in the short 
term at 3 months post discharge, but there was no statisti-
cal significance in outcomes between these two groups by 
6 months post discharge. This could indicate the possibil-
ity of coiling and clipping yielding comparable outcomes 
in the long-term, beyond our 6-month follow-up period. 
Long-term follow-up of the ISAT trial lends some support 
to this view, reporting a comparable rate of dependency in 
the coiling and clipping groups in the long run [17, 27]. 
Moving forward, there is a need for larger prospective trials 
to shed light on current evidence on this important clini-
cal topic [7]. With increasing evidence supporting the safety 
and effectiveness of maximal treatment in elderly patients 
with aSAH [4, 10, 12, 27–29], there may finally be sufficient 
clinical equipoise to warrant a randomized prospective trial 
that could help to address the question at hand [30].

Limitations

Our findings contribute to addressing this gap in literature 
on the appropriate management of elderly patients with 
aSAH, as long as they are interpreted judiciously with the 
following limitations in mind. The limitations of our study 
stem from its retrospective nature. First, being a retrospec-
tive review, non-standardized documentation of medical 
records could have resulted in bias in the collected data. 
This limitation was mitigated by the relatively small pro-
portion of patients with incomplete documentation or lost 
to follow-up, minimising attrition bias. In addition, applica-
tion of multiple imputation preserving sample size and sta-
tistical power, demonstrated stable and robust risk estimates 
[21–23]. Secondly, the moderate sample size in our cohort 

poor-grade aSAH is the possibility of increasing the number 
of dependent patients [1–3]. The elderly are a heterogenous 
population with the hexegenarians differing clinically from 
the octogenarian subgroup. A consensus for an age cap for 
maximal aneurysm treatment remains to be achieved for 
aSAH. The clinical implications of this are that maximal 
active aneurysm treatment should be recommended to the 
young (aged 60–79) elderly subgroup, especially if they 
are alert at the time of presentation, given the likelihood of 
positive short term outcomes at 3 months. Indeed this is sup-
ported by Goldberg et al. who showed that despite its high 
initial mortality, maximal treatment of aSAH in the elderly 
resulted in a reasonable proportion of favorable outcomes 
[12]. Such a trend is also reflective of improvements in coil-
ing technology and technical know-how which underpin the 
improvements in patient outcomes. This is further reinforced 
by an observed increase in the percentage of aSAH cases 
treated with coiling at our institution from 42% in 2009, to 
63% in 2019, reflecting a gradual shift in treatment para-
digm in favor of coiling [25]. Notwithstanding, the better 
patient outcomes after coiling compared with clipping could 
also be partly explained by the selection bias our included 
patients were inevitably subjected to [26]. At our institu-
tion, all aSAH patients are first considered for coiling, and 
only proceeds to clipping if not amendable to endovascular 
means. Hence, the general pool of clipped aneurysms were 
more complex with poorer grades at admission to begin 
with, predisposing to postoperative complications [17, 27]. 
However, these were accounted for in our regression and 
subgroup analyses.

However, we should note the possibility of coiling losing 
its advantage over conventional clipping in the long term. 
Our results showed that elderly aSAH patients who were 

Fig. 2  Alluvial plot to visual-
ize the journey amongst the 
elderly patients with aneurysmal 
subarachnoid hemorrhage with 
the three mRS categories – 0 to 
2, 3 to 5 and 6 – at  3 months 
(N = 134). Journeys of the various 
mRS categories are represented 
by a “track” that flows through 
the stages of independent predic-
tors of good functional outcomes. 
The columns indicate whether or 
not the patients had those predic-
tors. The thickness of the track 
corresponds to the number of 
respondents who shared the same 
mRS categories. mRS = modified 
Rankin scale. WFNS = World 
Federation of Neurosurgical 
Societies
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