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Abstract 

 

Background/Aim: There is no consensus on the optimal treatment for intracranial aneurysm rupture due 

to subarachnoid hemorrhage (SAH). In this study, we analyzed a series of ruptured intracranial aneurysms 

treated with the clipping method at our center. 

Methods: In this retrospective cohort study; we searched our patient database for patients who developed 

SAH due to ruptured intracranial aneurysm treated at the Neurosurgery Clinic of Sivas Cumhuriyet 

University. A total of 304 patients who underwent the clipping operation due to aneurysmal SAH between 

2010 and 2020 were included in the study. Cases with aneurysmal SAH who underwent endovascular 

coiling which is consisted of 22 patients were excluded. 

Results: A significant inverse correlation was found between age and Glasgow coma scores (GCS) 

(r=−0.137, P=0.017). Hunt–Hess and Fisher grades increased significantly with increasing age (r=0.187, 

P<0.001 and r=0.185, P<0.001). The mean age of men was significantly lower than that of women 

(P=0.005). Aneurysms located in the anterior communicating artery were significantly more frequent in 

men than in women (P<0.001). There was no significant difference in the distribution of other aneurysm 

locations by gender (P>0.05). No significant differences were observed in GCS scores and Hunt–Hess and 

Fisher grades between genders (P>0.05). There were no significant effects of aneurysm locations on 

mortality (P>0.05). Conversely, GCS scores were significantly lower and Hunt–Hess and Fisher grades 

were significantly higher in the surviving group than in the deceased group (P<0.001). 

Conclusion: Our study presented the outcomes of patients treated in our clinic with surgical clipping. 

Based on our findings, we believe that surgical clipping is still a safe and valid treatment method. 
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Introduction 

Subarachnoid hemorrhage (SAH) due to intracranial 

aneurysm rupture is a serious health issue with high mortality 

and morbidity. SAH accounts for approximately 5% of all 

strokes, mortality within the following month is 36%, and the 

incidence is 9/100,000 per year [1–3]. SAHs due to intracranial 

aneurysm rupture constitute 75%–85% of SAHs from 

nontraumatic causes [4]. 

In the post bleeding period, neurological complications 

such as further hemorrhage, vasospasm, cerebral edema, 

hydrocele, epileptic seizures and systemic complications such as 

pulmonary edema, cardiomyopathy and infections may occur. 

There is no consensus on the optimal treatment for intracranial 

aneurysm rupture due to SAH. Endovascular coiling and 

transcranial clipping are the preferred methods in various centers 

based on experience or individual cases [1-3]. 

In this study, we analyzed a series of ruptured 

intracranial aneurysms treated with the clipping method at our 

center. 

Materials and methods 

We retrospectively searched our patient database for 

patients who developed SAH due to ruptured intracranial 

aneurysm treated at the Neurosurgery Clinic of Sivas 

Cumhuriyet University. A total of 304 patients who underwent 

the clipping operation due to aneurysmal subarachnoid 

hemorrhage between the years 2010 and 2020 were included in 

the study. Cases with aneurysmal SAH who underwent 

endovascular coiling which is consisted of 22 patients were 

excluded. 

All surgical procedures were performed by the same 

team with experience in neurovascular surgery. The data 

analyzed was demographic information, aneurysm location and 

size, preoperative Glasgow coma scores (GCS), Hunt–Hess 

grades, Fisher grades, morbidity and surgical mortality (mortality 

in the 30 days after surgery, during the same period of 

hospitalization) and neurological complications such as 

temporary or permanent hydrocephalus and vasospasm. 

Statistical analysis 

Data analysis was performed using IBM SPSS Statistics 

software, v.25.0 (IBM Corporation, Armonk, NY, USA). The 

Kolmogorov–Smirnov test was used to examine the distribution 

of continuous and discrete numerical variables. Levene’s test 

was used to determine the homogeneity of variances. For 

continuous and discrete numerical variables, descriptive statistics 

were expressed as mean (SD) or median (25th to 75th 

percentile), while categorical variables were shown as the 

number of cases and (%). As a result of the goodness-of-fit tests, 

the differences between the groups for continuous numerical 

variables in which the parametric test criteria were met were 

evaluated with the student’s t-test. The differences between the 

groups for continuous numerical variables in which the 

parametric test criteria were not met were examined using the 

Mann–Whitney U test. We used 2 × 2 crosstabs and, if the 

expected frequency was below five in at least 25% of the cells, 

the categorical data were evaluated with Fisher’s exact 

probability test. When the expected frequency was between five 

and 25, the χ2 test with continuity correction was used. 

Otherwise, Pearson’s test was used. The examination was 

performed using the χ2 test. Correlations between GCS, Hunt–

Hess and Fischer scores were investigated with Spearman's 

ordinal number correlation test. Results with P<0.05 were 

considered statistically significant. 

Results 

A total of 304 patients who underwent the clipping 

operation for aneurysmal SAH between January 1, 2010, and 

December 31, 2020, were included in this study. Data on the 

demographic and clinical characteristics of these 304 patients 

were collected and are shown in Table 1. A statistically 

significant inverse correlation was found between age and GCS 

scores (r=−0.137, P=0.017), Hunt–Hess and Fisher grades 

increased significantly with increasing age (r=0.187, P<0.001 

and r=0.185, P<0.001) (Table 2). 
 

Table 1: Demographic and clinical characteristics of patients 
 

 n=304 

Age (years) mean (SD)  53.2 (13.0) 

Age range (years) 11–86 

Gender  

Male n (%) 117 (38.5%) 

Female n (%) 187 (61.5%) 

Aneurysm location  

MCA n (%) 133 (43.8%) 

ACOM n (%) 132 (43,4%) 

PCOM n (%) 32 (10.5%) 

ACA n (%) 23 (7.6%) 

AChA n (%) 6 (2.0%) 

ICA n (%) 6 (2.0%) 

PICA n (%) 3 (1.0%) 

Basilar n (%) 1 (0.3%) 

Mean dimension of aneurysms (mm) 5.0 (4.0–7.0) 

Multiple aneurysms n (%) 29 (9.5%) 

Surgery day (range) 8.0 (4.0–12.0) 

GCS score 14.0 (13.0–15.0) 

Hunt–Hess grade (range) 2.0 (2.0–2.0) 

Fisher grade (range) 3.0 (2.0–4.0) 

Hydrocephalus n (%) 22 (7.2%) 

Vasospasm n (%) 70 (23.0%) 

Vasospasm day after surgery (range) 7.0 (5.75–10.0) 

Morbidity n (%) 67 (22.0%) 

Mortality n (%) 34 (11.2%) 
 

ACA: Anterior cerebral artery, AChA: Anterior choroidal artery, ACOM: Anterior communicating Artery, 

GCS: Glasgow coma scale, ICA: Internal carotid artery, MCA: Middle cerebral artery, PCOM: Posterior 

communicating artery, PICA: Posterior inferior cerebellar artery, SD: standard deviation 
 

Table 2: Correlation coefficients and significance levels between the ages of patients who 

underwent surgical clipping for ruptured aneurysms due to subarachnoid hemorrhage and 

their Glasgow coma scale, Hunt–Hess and Fischer scores 
 

 Correlation coefficient P-value† 

Glasgow coma scale −0.137 0.017 

Hunt–Hess 0.187 <0.001 

Fisher  0.185 <0.001 
 

† Spearman's ordinal correlation test 
 

The mean age of men was statistically significantly 

lower than that of women (P=0.005). Aneurysms located in the 

ACOM were significantly more frequent in men than in women 

(P<0.001). There was no significant difference in the 

distribution of other aneurysm locations by gender (P>0.05). No 

significant differences were observed in GCS scores and Hunt–

Hess and Fisher grades between genders (P>0.05) (Table 3). 

Between the groups with and without morbidity, there 

were no significant differences in mean age or gender (P=0.069 

and P=0.282). There was no significant effect of aneurysm 

location on morbidity (P>0.05). On the other hand, GCS scores 

were significantly lower and Hunt–Hess and Fisher grades 

significantly higher in the group with morbidity compared to the 

group without morbidity (P<0.001) (Table 4). 

There were no significant differences between the 

surviving group and the deceased group in mean age or gender 

(P=0.355 and P=0.334). There were no significant effects of 
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aneurysm locations on mortality (P>0.05). On the other hand, 

GCS scores were statistically significantly lower and Hunt–Hess 

and Fisher grades were significantly higher in the surviving 

group than the deceased group (P<0.001) (Table 5). 
 

Table 3: Demographic and clinical characteristics of patients who underwent surgical 

clipping for ruptured aneurysms due to subarachnoid hemorrhage by gender 
 

 Male (n=117) Female (n=187)  P-value  

Age (years) mean  (SD) 50.6 (12.5) 54.9 (13.1) 0.005† 

Aneurysm location     

MCA n (%) 47 (40.2%) 86 (46.0%) 0.320‡ 

ACOM n (%) 65 (55.6%) 67 (35.8%) <0.001‡ 

PCOM n (%) 7 (6.0%) 25 (13.4%) 0.064¶ 

ACA n (%) 7 (6.0%) 16 (8.6%) 0.547¶ 

AChA n (%) 0 (0.0%) 6 (3.2%) 0.086¥ 

ICA n (%) 1 (0.9%) 5 (2.7%) 0.412¥ 

GCS score (range) 14 (14–15) 14 (13–15) 0.260§ 

Hunt–Hess grade (range) 2 (1.5–2) 2 (2–2) 0.084§ 

Fisher grade (range) 2 (2–4) 3 (2–4) 0.265§ 
 

† Student's t-test, ‡ Pearson's χ2 test, ¶ Continuity corrected χ2 test, ¥ Fisher's exact probability test, § 

Mann–Whitney U test, ACA: Anterior cerebral artery, AChA: Anterior choroidal artery, ACOM: Anterior 

communicating Artery, GCS: Glasgow coma scale, ICA: Internal carotid artery, MCA: Middle cerebral 

artery, PCOM: Posterior communicating artery, SD: standard deviation 
 

Table 4: Demographic and clinical characteristics of patients with and without morbidity 

who underwent surgical clipping for ruptured aneurysms due to subarachnoid hemorrhage 
 

 Morbidity (−) (n=237) Morbidity (+) (n=67) P-value 

Age (years) mean  (SD) 52.5  (12.8) 55.8  (13.5) 0.069† 

Gender    0.282‡ 

Male n (%) 95 (40.1%) 22 (32.8%)  

Female n (%) 142 (59.9%) 45 (67.2%)  

Aneurysm location    

MCA n (%) 100 (42.2%) 33 (49.3%) 0.304‡ 

ACOM n (%) 105 (44.3%) 27 (40.3%) 0.559‡ 

PCOM n (%) 22 (9.3%) 10 (14.9%) 0.270¶ 

ACA n (%) 20 (8.4%) 3 (4.5%) 0.412¶ 

AChA n (%) 5 (2.1%) 1 (1.5%) >0.999¥ 

ICA n (%) 3 (1.3%) 3 (4.5%) 0.123¥ 

GCS score (range) 14 (14–15) 13 (10–14) <0.001§ 

Hunt–Hess grade (range) 2 (2–2) 3 (2–4) <0.001§ 

Fisher grade (range) 2 (2–4) 4 (2–4) <0.001§ 
 

† Student's t-test, ‡ Pearson's χ2 test, ¶ Continuity corrected χ2 test, ¥ Fisher's exact probability test, § 

Mann–Whitney U test, ACA: Anterior cerebral artery, AChA: Anterior choroidal artery, ACOM: Anterior 

communicating Artery, GCS: Glasgow coma scale, ICA: Internal carotid artery, MCA: Middle cerebral 

artery, PCOM: Posterior communicating artery, SD: standard deviation 
 

Table 5: Demographic and clinical characteristics of patients who underwent surgical 

clipping for ruptured aneurysms due to subarachnoid hemorrhage with and without 

subsequent mortality 
 

 Alive (n=270) Dead (n=34) P-value 

Age (years) mean  (SD) 53.0  (13.0) 55.2  (13.2) 0.355† 

Gender    0.334‡ 

Male n (%) 107 (39.6%) 10 (29.4%)  

Female n (%) 163 (60.4%) 24 (70.6%)  

Aneurysm location    

MCA n (%) 120 (44.4%) 13 (38.2%) 0.614‡ 

ACOM n (%) 115 (42.6%) 17 (50.0%) 0.524‡ 

PCOM n (%) 27 (10.0%) 5 (14.7%) 0.378¶ 

ACA n (%) 20 (7.4%) 3 (8.8%) 0.731¶ 

AChA n (%) 6 (2.2%) 0 (0.0%) >0.999¶ 

ICA n (%) 5 (1.9%) 1 (2.9%) 0.512¶ 

GCS 14 (14–15) 13 (8.75–15) <0.001¥ 

Hunt–Hess 2 (2–2) 2 (2–4) <0.001¥ 

Fisher  2 (2–4) 4 (3–4) <0.001¥ 
 

† Student’s t-test, ‡ Pearson's χ2 test, ¶ Fisher's exact probability test, ¥ Mann–Whitney U test, ACA: 

Anterior cerebral artery, AChA: Anterior choroidal artery, ACOM: Anterior communicating Artery, GCS: 

Glasgow coma scale, ICA: Internal carotid artery, MCA: Middle cerebral artery, PCOM: Posterior 

communicating artery, SD: standard deviation 
 

There were no significant differences in the mean age 

according to the location of the aneurysm (P>0.05). There were 

no significant differences in GCS scores or Hunt–Hess and 

Fisher grades according to the location of the aneurysm 

(P>0.05), with the exception that Fisher grades were 

significantly lower in those with aneurysms located in the ACA 

than those with aneurysms in other locations (P=0.049). There 

were no significant differences in the incidence of vasospasm 

according to aneurysm location (P>0.05). In addition, there was 

no significant difference in the postoperative day on which 

vasospasm occurred according to aneurysm location (P>0.05) 

(Table 6). 

There were no significant differences in the mean age or 

gender of those who had multiple aneurysms and those who did 

not (P=0.390 and P>0.999). In addition, no significant 

differences were observed in the Hunt–Hess and Fisher grades of 

those who had multiple aneurysms and those who did not 

(P=0.863 and P=0.661) (Table 7). 
 

Table 6: Ages, GCS scores, Hunt–Hess grades, Fisher grades, vasospasm development and 

vasospasm development times according to aneurysm location in patients who underwent 

surgical clipping for ruptured aneurysms due to subarachnoid hemorrhage 
 

 n Age  

mean (SD) 

GCS 

score  

(range) 

Hunt–Hess 

Grade 

(range) 

Fisher 

Grade 

(range) 

Vasospasm 

development 

n (%) 

Vasospasm 

development time 

 Post-operative day 

(range) 

MCA        

 No  171 54.0  (13.2) 14 (13–15) 2 (2–2) 3 (2–4) 39 (22.8%) 7 (5–10) 

 Yes  133 52.3  (12.7) 14 (13–15) 2 (2–2) 2 (2–4) 31 (23.3%) 7 (6–12) 

 P-value  0.283† 0.862‡ 0.430‡ 0.767‡ 0.918¶ 0.541‡ 

ACOM        

 No  172 53.0  (13.2) 14 (13–15) 2 (2–2) 2 (2–4) 33 (19.2%) 7 (4.5–12) 

 Yes  132 53.6  (12.8) 14 (14–15) 2 (2–2) 3 (2–4) 37 (28.0%) 6 (7–9.5) 

 P-value  0.676† 0.860‡ 0.750‡ 0.289‡ 0.069¶ 0.603‡ 

PCOM        

 No  272 53.0  (12.9) 14 (13–15) 2 (2–2) 3 (2–4) 63 (23.2%) 7 (5–10) 

 Yes  32 55.2  (13.7) 14 (13–15) 2 (1–2.75) 2 (2–4) 7 (21.9%) 10 (7–12) 

 P-value  0.383† 0.714‡ 0.974‡ 0.865‡ >0.999¥ 0.183‡ 

ACA        

 No  281 53.6  (12.9) 14 (13–15) 2 (2–2) 3 (2–4) 67 (23.8%) 7 (6–10) 

 Yes  23 49.0  (13.6) 14 (14–15) 2 (1–2) 2 (2–3) 3 (13.0%) 4 (4–7) 

 P-value  0.106† 0.721‡ 0.503‡ 0.049‡ 0.355¥ 0.102‡ 

AchA        

 No  298 53.3  (13.1) 14 (13–15) 2 (2–2) 3 (2–4) 70 (23.5%) 7 (5.75–10) 

 Yes  6 53.2  (5.0) 14,5 (13.75–15) 2 (1.75–2) 2 (2–3.25) 0 (0.0%) N/A 

 P-value  0.986† 0.494‡ 0.612‡ 0.406‡ 0.342§ N/A 

ICA        

 No  298 53.3  (12.9) 14 (13–15) 2 (2–2) 3 (2–4) 69 (23.2%) 7 (5.5–10) 

 Yes  6 52.2  (16.9) 14 (9–15) 2 (0.75–4) 2 (1.5–4) 1 (16.7%) N/A 

 P-value  0.836† 0.491‡ 0.905‡ 0.409‡ >0.999§ 0.886‡ 
 

† Student's t-test, ‡ Mann–Whitney U test, ¶ Pearson's χ2 test, ¥ Continuity corrected χ2 test, § Fisher's exact 

probability test, N/A: Not applicable, ACA: Anterior cerebral artery, AChA: Anterior choroidal artery, 

ACOM: Anterior communicating Artery, GCS: Glasgow coma scale, ICA: Internal carotid artery, MCA: 

Middle cerebral artery, PCOM: Posterior communicating artery, SD: standard deviation 
 

Table 7: Demographic and clinical characteristics of patients who underwent surgical 

clipping for ruptured aneurysms due to subarachnoid hemorrhage with and without multiple 

aneurysms 
 

 Multiple aneurysms (−) 

(n=275) 

Multiple aneurysms (+) 

(n=29) 

P-value 

Age (years) mean (SD) 53.5 (13.2) 51.3  (10.7) 0.390† 

Gender   >0.999‡ 

Male n (%) 106 (38.5%) 11 (37.9%)  

Female n (%) 169 (61.5%) 18 (62.1%)  

Hunt–Hess grade (range) 2 (2–2) 2 (1,5–2,5) 0.863¶ 

Fisher grade (range) 3 (2–4) 2 (2–4) 0.661¶ 
 

† Student's t-test, ‡ Continuity corrected χ2 test, ¶ Mann–Whitney U test, SD standard deviation 
 

Finally, the Fisher grades of those that developed 

vasospasms [median=4, (IQR: 2–4)] were significantly higher 

than those of the patients who did not [median=2, (IQR: 2–4)] 

(P<0.001). There was no significant correlation between the 

postoperative day of vasospasm and the Fisher scores of those 

who developed vasospasm (r=−0.140 and P=0.249). 

Discussion 

Aneurysmal SAH is a serious neurological issue with 

high mortality and morbidity rates. Depending on the patient, 

their clinical condition, aneurysm location and the clinical 

experience of the treating physicians, the treatment for this 

patient group varies. In this study, we analyzed 304 patients who 

underwent surgical clipping for aneurysmal SAH in our clinic. 

Approximately 5.6% of the patients were evaluated as having a 

poor grade of aneurysmal SAH. This rate is low compared to 

those reported in other studies [5, 6]. This may be explained by 

the fact that we only included patients that we surgically clipped 

in this study. 

Aneurysmal SAH can occur at any age but is most 

frequently in the sixth decade of life. Women are more at risk 

than men [7]. In our study, the mean age and the gender 

distribution were in line with the literature. In addition, the 

frequency of anterior circulation aneurysms was high in our 

study, again in line with the literature [8, 9]. 

The mean aneurysm size in our study was 5 mm. In a 

study of 248 poor grade SAH patients evaluated by Patrick et al. 
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[8], the mean aneurysm size was 8.5 mm. A study of SAH 

patients under 35 years of age by Chalouhi et al. [10] found that 

more than half of the patients had an aneurysm size below 7 mm. 

As is known, aneurysmal SAHs most commonly arise 

from anterior circulation aneurysms [7]. In our study, middle 

cerebral artery and anterior communicating artery aneurysms 

were the most common cause of SAH, with rates of 43.8% and 

43.4%, respectively. 

While other studies have reported mortality rates 

between 0% and 34% following treatment [8, 10], our surgical 

clipping patients showed total mortality and morbidity rates of 

11.2% and 22%, respectively. 

The timing of surgical intervention in aneurysmal SAH 

is a matter of debate. Although there is no consensus on this 

issue, different centers have different timing preferences. While 

early surgery has the advantage of preventing rebleeding, late 

surgery is better suited to combating vasospasms. A large 

multicenter study reported that the overall outcomes of early 

surgery were superior to late surgery, but better surgical 

outcomes were obtained in late surgery [11]. In another study of 

32,048 patients (75.2% of whom received intervention within the 

first 48 hours), early treatment was found to shorten the length of 

hospital stay and the rate of disability at discharge was lower [4, 

12]. The rate of rebleeding is nearly 40% in cases that do not 

receive early surgery [9, 13]. We performed surgical intervention 

within the first 48 hours in 50 (16.5%) of this patient group. 

Although we favor late intervention at our institute, patients with 

conditions such as acute hydrocephalus, intracerebral hematoma 

and diffuse cerebral edema are treated earlier. Our rebleeding 

rate was 1.6% in the group that underwent intervention after 48 

hours. The reason this rate was low compared to the literature 

may be that only patients who underwent surgical clipping were 

examined in our study and patients who died without 

intervention but without rebleeding were not included. The mean 

time of intervention for all patients in our study was the eighth 

day of hospitalization. In those who suffered from vasospasm, 

the mean time of surgery was the seventh day of hospitalization. 

This is consistent with the literature. 

In our study, 41.4% of the patients we examined had an 

admission GCS score of 15, 59.5% had a Hunt–Hess grade of 2, 

and 43.4% had a Fisher grade of 2. Morbidity and mortality were 

significantly higher in patients with low GCS scores and high 

Hunt–Hess grade and Fisher grades on admission. These rates 

may explain the lower mortality and morbidity rates seen in our 

study, compared to the literature, as the majority of aneurysmal 

SAH patients treated in our clinic were not poor grade. 

The high number of patients we treat in our clinic, the 

fact that all patients are treated and followed up by the same 

surgical team and the fact that our data covers a period of ten 

years were strengths of our study.  

Limitations 

A limitation of our study was that, although 

endovascular aneurysm treatment has been possible in our center 

for the last few years, referrals for endovascular treatment cannot 

be made quickly due to the location of our clinic; therefore we 

could not compare surgical clipping and endovascular treatment 

due to the insufficient number of patients who have received 

endovascular treatment. Another limitation was that 

complications such as vasospasm and rebleeding, total mortality 

rates and the relationship between mortality and functional 

outcome were not included in our study. However, we hope to 

include these in future research. 

Conclusion 

Aneurysmal SAH is an important neurological 

condition. The need for sufficient expertise and experience in the 

medical personnel involved in treatment and follow-up is 

indisputable. The development and improvement of 

endovascular interventions in recent years has led to increased 

research into the outcomes of surgical clipping and endovascular 

treatment of aneurysmal SAH. Our study presented the outcomes 

of patients treated in our clinic with surgical clipping and, based 

on our findings, we argue that surgical clipping is still a safe and 

valid treatment method. 
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