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INTRODUCTION
Subarachnoid haemorrhage (SAH) secondary to intracranial 

aneurysm rupture remains one of the most serious neurosurgical 

emergencies today. Intracranial aneurysms are acquired 

cerebrovascular anomalies that develop throughout a patient’s 

lifetime.(1) They are arterial lesions defined by thinned and 

dilated regions of the cerebrovascular wall that exhibit loss of  

the internal elastic lamina, thinning of the tunica media, and 

subsequent remodelling and degradation of extracellular matrix 

proteins throughout the vessel wall. Most aneurysms occur at 

bifurcation sites along the Circle of Willis, as these areas are 

prone to haemodynamic patterns that potentiate aneurysm  

development.(2)

 The key to minimising the risk of rebleeding following 

aneurysmal rupture is to isolate the aneurysm from its 

cerebral circulation. In this regard, surgical clipping and 

endovascular coiling are both effective, although there  

has been much debate on the merits of each intervention.(1) 

However, the International Subarachnoid Aneurysm Trial (ISAT) 

in 2002 has caused a paradigm shift in the management of  

ruptured intracranial aneurysms toward a preference for 

endovascular coiling versus surgical clipping.(3) Furthermore,  

the recent Barrow Ruptured Aneurysm Trial (BRAT) conducted 

by McDougall et al also concluded that patients who underwent 

surgical clipping were 1.68 times more likely to have poor 

outcomes compared to those who underwent endovascular 

coiling.(4) While the ISAT concluded that there was better  

disability-free survival and a risk reduction in dependency 

or death with endovascular coiling compared to surgery,(3) 

there has been much criticism of the trial, as was eloquently  

highlighted by the BRAT study. For example, it has been cited 

that in the ISAT, almost 80% of aneurysms were excluded, 

the proficiencies between the different interventionists and 

neurosurgeons were varied, and the types of recruiting centres 

as well as type and location of aneurysms between groups  

had wide differences.(3,4) Furthermore, the subsequent five-year 

follow-up data of the ISAT suggest that the benefit in outcome  

seen at six months had vanished over the ensuing years.(5)  

However, the current results of the ongoing BRAT study have 

shown that a policy of intent to treat by endovascular coiling 

results in a reduction of poor clinical outcome at one-year of 

follow-up.(4)

 Our study was a retrospective audit of our institution’s 

experience in the management of ruptured intracranial 

aneurysms. We assessed the overall outcomes of patients  

admitted for SAH secondary to aneurysmal bleeding, and 
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compared the outcomes of patients with World Federation 

of Neurological Societies (WFNS) grades 1, 2 and 3 ruptured 

intracranial aneurysms that were subjected to endovascular 

coiling versus those that underwent surgical clipping. Our 

findings were subsequently compared to the results of the ISAT 

and BRAT to evaluate our local experience against current  

international standards.

METHODS
We conducted a retrospective review of all patients admitted 

to the National University Hospital, Singapore, for aneurysmal 

SAH (Fig. 1) from January 2005 to December 2009. These 

patients were divided into two management groups: surgical 

clipping and endovascular coiling. Data on patient demographics 

were collected, together with their Glasgow Coma Scale 

(GCS) scores upon admission, computed tomography (CT)  

Fisher grades and underlying comorbidities. We subsequently 

reviewed each patient’s Fisher grade and compared it 

to the likelihood of the patient developing SAH-related  

hydrocephalus (Fig. 2), which would require an external  

ventricular drain (EVD) insertion. Fisher grades 1 and 2 were 

combined into the same group for the purpose of statistical 

analysis, as no patient with Fisher grade 1 had hydrocephalus 

in our study.

 In addition, we selected a group of patients with WFNS 

grades 1–3 SAH and compared the treatment outcomes  

of those who underwent endovascular coiling (Fig. 3) against 

those who underwent surgical clipping (Fig. 4). Fig. 5 shows the 

results of this comparison. For these patients, Glasgow Outcome 

Scale (GOS) scores were collected approximately six months 

after discharge and used as a measure of their neurological 

and functional outcomes. The GOS is a five-point score  

applied to victims of traumatic brain injury. It is also widely used 

in SAH patients for assessment of outcomes (Table I). Patients 

with a GOS score of 1, 2 and 3 were collectively grouped as 

‘poor outcome’, while those with GOS scores of 4 and 5 were 

termed as ‘good outcome’. Furthermore, the eventual need for 

post-treatment ventriculoperitoneal (VP) shunting was used as 

a variable to compare outcomes between patients from the 

endovascular coiling and surgical clipping groups. Patients  

who declined treatment or died before treatment and those 

with incomplete follow-up data six months after discharge were 

excluded from the final data analysis.

 Data were analysed using the Statistical Package for the  

Social Sciences for Windows version 17.0 (SPSS Inc, Chicago, 

IL, USA). Chi-square test was used to compare the outcome 

of patients who were treated with endovascular coiling versus 

surgical clipping based on their GOS scores. The odds ratio (OR) 

Fig. 1 Axial non-contrast CT image shows high attenuation within the 
subarachnoid spaces, representative of spontaneous subarachnoid 
haemorrhage secondary to intracranial aneurysm rupture. 

Fig. 2 A x ia l  non - cont r a s t  CT ima ge shows pos t- subarachno id 
haemorrhage hydrocephalus. 

Fig. 3 Lateral digital subtraction angiography images show a lef t posterior communicating ar ter y aneurysm (a) precoiling 
(arrow points to aneurysm) and (b) postcoiling (arrow points to the coil). 
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of association was calculated to compare outcomes between 

the two patient groups, using logistic regression to adjust for  

various significant confounders. Unpaired Student’s t-test was 

used to compare the differences in length of hospital stay  

between the two groups.

RESULTS
During the study period, a total of 133 patients with nontraumatic 

SAH suspected to be secondary to aneurysmal rupture were 

managed at our institution. Of these, 89 patients had aneurysms 

that were confirmed on CT or digital subtraction angiography. The 

aneurysms in this cohort of patients were saccular in nature. The 

study excluded 119 patients who had other types of aneurysms, 

such as those that were traumatic or dissecting in nature. Of the 

60 patients who were classified as WFNS grades 1–3, four were 

excluded due to death prior to treatment (n = 2) and refusal of any 

form of intervention despite advice (n = 2). In total, 56 patients 

classified as WFNS grades 1–3 were finally found to be suitable 

for inclusion in the study. The remaining 29 patients who were 

classified as WFNS grades 4–5 upon admission were excluded 

from the analyses.

 The mean age of the patients was 54.5 years and the mean 

GCS on admission was 12.3. Men comprised 38% of the  

patients admitted and the average length of hospital stay was 

19.8 days. Based on initial CT findings, there were 12 (13.5%), 

15 (16.9%), 23 (25.8%) and 39 (43.8%) patients with Fisher  

grades 1, 2, 3 and 4, respectively. 16 (18.0%) patients died due 

to ruptured intracranial aneurysms. 17 (19.1%) patients had poor 

outcomes (GOS 2 and 3) while 56 (62.9%) patients had good 

outcomes (GOS 4 and 5) (Table I). 

 Our study showed a significant positive association between 

Fisher grade and the likelihood of developing post-SAH 

hydrocephalus. Compared to patients with Fisher grades 1 and 

2 combined, the likelihood of hydrocephalus developing in  

patients with Fisher grades 3 and 4 were 4.7 times (95%  

confidence interval [CI] 1.2–18.1; p = 0.02) and 16.5 times (95% 

CI 4.6–59.6; p < 0.01) higher, respectively (Table II). Similarly,  

Fisher grade also showed a significant positive association with 

EVD insertion rates – patients with grades 3 and 4 were 1.5 

times (95% CI 0.4–5.0; p = 0.55) and 6.4 times (95% CI 2.1–19.3;  

p = 0.01) more likely to require EVD insertion, respectively, when 

compared to patients with Fisher grades 1 and 2 combined. 

Table I. The Glasgow Outcome Scale (GOS) and scores of  
study patients (n = 89).

GOS 
score

Outcome No. (%)

1 Dead 16 (18.0)

2 Vegetative state (patient is unresponsive, 
but alive)

4 (4.5)

3 Severely disabled (patient is conscious, but 
requires daily support from others due  
to disability)

13 (14.6)

4 Moderately disabled (patient is 
independent, but disabled)

7 (7.9)

5 Good recovery (patient has resumed most 
normal activities, but may have minor 
residual problems)

49 (55.1)
Fig. 5 Graph shows the annua l number of pat ients with Wor ld 
Federat ion of Neurosurgica l Societ ies grades 1–3 subarachnoid 
haemor rha ges admit ted and t reated for  r uptured int r acran ia l 
aneurysms during the study period.
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Fig. 4 Anteroposter ior dig i ta l subtract ion angiography images show a lef t middle cerebra l ar ter y aneur ysm  
(a) preclipping (arrow points to aneurysm) and (b) postclipping (arrow points to the surgical clip).
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The test of trends of the OR across Fisher grades for both  

hydrocephalus (p < 0.01) and EVD insertion (p = 0.01) were 

statistically significant. However, there was no significant 

relationship between Fisher grade and VP shunt insertion rates 

for patients with grades 3 (OR 0.5, 95% CI 0.1–2.5; p = 0.42) and 

4 (OR 2.1, 95% CI 0.6–6.9; p = 0.22).

 Out of the 56 patients who were classified as WFNS  

grades 1–3 and who received treatment for ruptured aneurysms, 

23 (41.1%) underwent coiling while 33 (58.9%) underwent 

surgical clipping. The demographic data of the patients from 

these two groups, including mean age, gender ratio, ethnicity, 

aneurysm circulation and mean GCS scores on arrival, 

were found to be relatively similar (Table III). Hypertension 

(39.3%) and hyperlipidaemia (21.4%) were the most common  

comorbidities among the patients in our study (Table IV). 

The mean length of hospital stay for patients who underwent  

surgical clipping was shorter than those treated by coiling, 

although the difference was not statistically significant  

(16.1 days vs. 17.2 days; p = 0.71).

 Based on GOS scores, patients who underwent surgical 

clipping had a larger percentage of poor outcomes at six 

months follow-up when compared to those who underwent  

endovascular coiling, with an absolute difference of 5.2%, 

although the result was not statistically significant (18.2% vs. 

Table II. Fisher grades of patients admitted for ruptured aneurysms and patients who developed hydrocephalus.

Fisher grade No. (%) OR* (95% CI)† p-value

Present Absent

1 & 2 (n = 27)
Hydrocephalus 5 (18.5) 22 (81.5) 1
EVD insertion 7 (25.9) 20 (74.1) 1
VP shunt 6 (22.2) 21 (77.8) 1

3 (n = 23)
Hydrocephalus 11 (47.8) 12 (52.2) 4.7 (1.2–18.1) 0.02
EVD insertion 8 (34.8) 15 (63.2) 1.5 (0.4–5.0) 0.55
VP shunt 3 (13.0) 20 (87.0) 0.5 (0.1–2.5) 0.42

4 (n = 39)
Hydrocephalus 30 (76.9) 9 (23.1) 16.5 (4.6–59.5) < 0.01
EVD insertion 27 (69.2) 12 (30.8) 6.4 (2.1–19.3) 0.01
VP shunt 14 (35.9) 25 (64.1) 2.1 (0.6–6.5) 0.22

*Odds ratio of association was controlled for the presence of confounding factors such as age, gender and comorbidities using logistic regression.
†Test of trends of odds ratio across Fisher grades for hydrocephalus, EVD insertion and VP shunt insertion were < 0.01, 0.01 and 0.15, respectively. 
CI: confidence interval; EVD: external ventricular drain; OR: odds ratio; VP: ventriculoperitoneal 

Table III. Characteristics of patients admitted for ruptured aneurysms.

Variable No. (%) 95% CI p-value

Clipping (n = 33) Coiling (n = 23)

Men 15 (45.5) 8 (34.8) 0.43*

Age‡ (yrs) 54.1 ± 13.9 52.8 ± 11.6 −5.8 to 8.34 0.72†

GCS on arrival‡ 14.6 ± 0.6 14.7 ± 0.5 −0.4 to 0.2 0.48†

Length of stay‡ (days) 16.1 ± 8.9 17.2  ± 11.9 −6.6 to 4.5 0.71

Mortality 3 (9.1) 2 (8.7) 0.96

Ethnicity 0.29*
Chinese 21 (63.6) 15 (65.2) 
Malay 3 (9.1) 1 (4.3)
Eurasian 0 (0) 2 (8.7)
Indian 8 (24.2) 3 (13.0)
Other 1 (3.0) 2 (8.7)

Anterior circulation aneurysm 0.045*
A2/pericallosal 2 (6.1) 1 (4.3)
Internal carotid artery 8 (24.2) 1 (4.3)
Anterior communicating artery 7 (21.2) 9 (39.1)
Middle cerebral artery 7 (21.2) 1 (4.3)
Posterior communicating artery 7 (21.2) 6 (26.1)

Posterior circulation aneurysm 0.045*
Posterior cerebral artery 1 (3.0) 0 (0)
Vertebral artery 1 (3.0) 5 (21.7)

Fisher grade 0.016
1 5 (15.2) 4 (17.4)
2 10 (30.3) 2 (8.7)
3 6 (18.2) 9 (39.1)
4 12 (36.4) 8 (34.8)

*p-value was calculated using the chi-square test. †p-value was calculated using Student’s t-test with 95% CI. ‡Data is presented as mean ± standard deviation.
CI: confidence interval; GCS: Glasgow Coma Scale
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13.0%; p = 0.61) (Table V). Using logistic regression to calculate 

the OR of association, we found that patients who underwent 

surgical clipping were 1.5 times more likely to have poor  

outcomes compared to those who were treated using coiling, 

although this result was also not statistically significant (95% CI 

0.3–7.1; p = 0.61) (Table V).

 Our study also showed that patients who underwent  

surgical clipping had a higher incidence of VP shunt insertion 

than those who underwent endovascular coiling, although 

this difference was not statistically significant (16.1% vs. 7.1%;  

p = 0.39). Using logistic regression to adjust for confounders 

such as age, gender and comorbidities, we found that patients 

who underwent surgical clipping were 1.8 times more likely to 

require VP shunts than patients who received coiling. Although 

our results were not statistically significant (95% CI 0.4–7.1;  

p = 0.39), it should be noted that our overall study group had a 

higher absolute percentage.

DISCUSSION
The management of ruptured intracranial aneurysms is a 

common challenge faced by neurosurgeons. The disease is an 

acute neurosurgical emergency, with a significant fatality rate 

of 40%–60%.(6) Studies reveal that 3.6%–6% of the population 

over the age of 30 years harbour unruptured intracranial  

aneurysms.(7) There is a danger that these vessels might rupture, 

causing SAH and potential infarct of cerebral parenchyma.(8)

 The annual incidence of aneurysmal SAH in Western  

countries is reported to be 6–8 per 100,000 people.(9) The 

overall mortality of the disease is 32%–67%, with 30% of 

survivors having moderate-to-severe disability.(10) Only 35% of 

patients have good cognitive outcomes.(8) Although the mortality 

among patients presenting with aneurysmal SAH in our study 

was 18.0%, and 19.1% of our patients had poor outcomes (GOS 

2 and 3) based on GOS, our findings are based on a shorter 

follow-up period compared to other studies. It is therefore  

possible that our outcomes may not be completely reflective of 

long-term eventuality among such patients.

 Since the publication of the ISAT results, our institution 

has practised a policy of consultating with an interventional 

radiologist about the management of all patients admitted 

with aneurysms, with regard to the suitability of coiling prior 

to the consideration of open surgery as a treatment option. 

All cases involving patients with ruptured aneurysms, who are 

deemed fit to undergo treatment, were also discussed with the  

interventional radiologist upon confirmed diagnosis during 

admission. The results of the ISAT has thus influenced our 

preference for endovascular coiling, as its short- and long-term 

follow-up results have shown lower morbidity when compared 

to those following open surgical clipping of aneurysms. 

We acknowledge that this bias would likely be a significant  

confounder affecting our study results. However, given the 

improved efficacy of endovascular treatment, as demonstrated 

by the ISAT, it is not considered inappropriate clinical practice  

to offer it as a first-line modality.

 Our results indicate that patients who underwent surgical 

clipping were 1.5 times more likely to have poor outcomes than 

those who underwent endovascular coiling. We believe that 

this result is clinically significant, as our institution practises 

endovascular treatment for patients with aneurysms as a first-

line option over surgery. As interventional radiologists were 

given first-line selection of patients, this might have given rise to 

significant selection bias. Patients who were deemed unsuitable 

for endovascular treatment, such as those with aneurysms 

that the interventional radiologist felt could not be occluded, 

were scheduled to undergo open neurosurgical treatment. We 

acknowledge that such an approach may have been associated 

with different technical challenges owing to the varied patient 

factors and/or anatomical nuances contributing to the decision 

on the suitability of endovascular coiling versus surgical  

clipping in our patients. As evidenced by our results, there was 

Table IV. Comorbidities of patients admitted for ruptured aneurysms.

Variable No. (%) χ2 (df) p-value*

Clipping (n = 33) Coiling (n = 23)

Hypertension 11 (33.3) 11 (47.8) 30 (1) 0.28
Hyperlipidaemia 7 (21.2) 5 (21.7) 1.2 (1) 0.96
Diabetes mellitus 0 2 (8.7) 0.002 (1) 0.085

*Statistical significance was calculated using chi-square test with 95% confidence interval.
df: degrees of freedom

Table V. Comparison of outcomes of patients who underwent coiling and patients who underwent clipping for ruptured aneurysms.

Variable No. (%) OR† (95% CI) χ2 (df) p-value

Clipping (n = 33) Coiling (n =23)

Outcome 1.5 (0.3–7.1) 0.27  (1) 0.61*, 0.61†
Poor 6 (18.2) 3 (13.0)
Good 27 (81.8) 20 (87.0)

VP shunt 1.8 (0.5–6.8) 0.74  (1) 0.39*, 0.40†
Required 9 (27.2) 4 (17.4)
Not required 24 (72.8) 19 (82.6)

*Statistical significance calculated using chi-square test with 95% CI for outcome and VP shunt. Student’s t-test with 95% CI was used to calculate  
statistical significance for mean length of stay. †Odds ratio of association was controlled for the presence of confounding factors such as age, gender  
and comorbidities using logistic regression. CI: confidence interval; df: degrees of freedom; OR: odds ratio; VP: ventriculoperitoneal
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a notable difference in the type and location of aneurysms that 

underwent clipping when compared to endovascular coiling. 

For instance, a significantly higher percentage of patients  

underwent clipping than coiling for middle cerebral artery 

(MCA) aneurysms (21.2% vs. 4.3%) in our study. This finding is 

in agreement with studies that showed a preference for surgical 

clipping in the treatment of MCA aneurysms.(11) Similarly, a 

significant percentage of our patients underwent endovascular 

coiling for vertebral artery aneurysms as compared to those  

who underwent clipping (3.0% vs. 21.7%).

 Our study was limited by a small sample size and 

relatively short follow-up periods. We were consequently 

unable to convincingly prove a statistically significant 

relationship between surgical clipping of patients with ruptured  

aneurysms and poorer outcome within the context of our 

institution. However, given the small absolute difference  

(5.2%) and OR (1.5) observed in our cohort, we opine that  

surgical clipping remains a viable alternative for the treatment 

of aneurysms.

 The selection of patients who were mainly WFNS grades 

1–3 in our study was in keeping with the practices preferred by  

a majority of neurosurgeons. This implies that neurosurgeons tend 

to be more aggressive toward good-grade aneurysmal patients 

with SAH by offering aggressive treatment early, as aneurysmal 

rebleeds are associated with dismal outcomes, with a markedly 

reduced chance of survival with functional independence.(12) 

Such patients will benefit from early treatment. In cases where 

an interventional radiologist is not available, the pragmatic 

prerogative would be to proceed directly to surgical clipping. 

Nonetheless, we are of the opinion that endovascular treatment 

for intracranial aneurysms remains a valuable alternative to  

surgical clipping.

 In our study, patients who underwent surgical clipping were 

1.8 times more likely to require VP shunting than those who 

underwent coiling. However, this finding is inconsistent with 

those published in the current literature, where some studies 

have suggested that the number of patients undergoing VP 

shunts for hydrocephalus as a result of SAH may be reduced by  

proceeding with clipping instead of coiling.(13,14) However, a 

few papers have also cited otherwise.(15) A possible explanation 

for this variation could be that patients who were selected 

for endovascular coiling in our study generally had better-

grade aneurysms compared to those who underwent surgical 

clipping due to interventional radiologists having the first-line  

of selection of patients, thus resulting in better outcomes and  

lower rates of VP shunting.

 We also found a positive correlation among Fisher grade, 

hydrocephalus and the need for EVD insertion. Fisher grading 

is commonly used to predict the risk of SAH-associated  

vasospasm;(16) a higher grade on the Fisher scale indicates a 

higher probability of vasospasm. The accepted explanation for 

this observation is that with a higher Fisher grade, there is more 

blood within the subarachnoid space.(17) Such blood products 

can cause physical obstruction within the ventricular system 

and may lead to microscopic obstruction of the arachnoid  

granulations, thereby giving rise to hydrocephalus.(18,19)

 In summary, patients with good-grade aneurysmal SAH 

undergoing surgical clipping were 1.5 times more likely to have 

poor outcomes compared to those undergoing endovascular 

coiling, with an absolute difference of 5.2%. This group of patients 

was also 1.8 times more likely to require a VP shunt at the end 

of their six-month follow-up. There was a significant positive 

association between Fisher grade and hydrocephalus. More  

studies are required to address the issue of bias in patient  

selection, so as to compare the efficacy and outcomes of 

neurosurgical treatment versus endovascular intervention for 

aneurysmal patients with SAH. The patient outcome aspect of 

our study is still ongoing. 

 We acknowledge that our institution has a slightly different 

approach in place for the management of ruptured intracranial 

aneurysms when compared to other overseas centres. As 

previously mentioned, our current practice is that all cases 

of aneurysms deemed fit to undergo treatment are initially  

discussed with interventional radiologists, and if possible, 

endovascular coiling is preferred to surgery. However, in spite of 

this confounding factor and in the context of our institution, the 

correlation of our results with current evidence-based findings 

indicate that surgical clipping of ruptured aneurysms provides 

similar and comparable long-term outcomes as endovascular 

coiling.(20-22)
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