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Abstract. With a prevalence of about 2.3%, intracranial aneurysms represent the most common cause of spontaneous 

subarachnoid hemorrhage. Many studies compared currently most common therapeutic options-neurosurgical clipping and 
endovascular embolization, but so far no single solution in which therapeutic method should have an advantage has been 
found. The aim was to compare the outcome of treatment on discharge, among patients treated with clipping or embolization. 
The data of 62 patients treated at the Neurosurgery Clinic of the Clinical Center of Serbia, were obtained through discharge 
lists. The analysis included data on sex, age, Glasgow coma scale, aneurysm rupture, Hunt & Hess scale, localization, number 
of aneurysms, length of overall and postoperative stay as well as the existence of complications. The condition on discharge 
was assessed using the Glasgow outcome scale. In our study 37 subjects (59.7%) had a subarachnoid hemorrhage, while 25 

(41.9%) patients were without bleeding. 30 patients underwent surgery, while 32 were treated by embolization. No significant 
relationship between the treatment modality and outcome on discharge was observed (p=0.115). Patients without bleeding 
had a significantly better outcome on discharge when treated by endovascular method (p<0.001), whereas in the group with 
a rupture no differences were found (p=0.35). Complications were significantly more common after surgery (p=0.026). No 
difference among the groups in the length of the total hospital stay was found (p=0.246), while a significantly longer 
postprocedural period was recorded following neurosurgical treatment (p=0.029). Groups treated with different modalities 
did not differ in the outcome on discharge. However, the percentage of complications was greater in the group of patients 

undergoing surgery, as well as the length of postoperative hospital stay. We believe that furthe detailed analyzes offering 
information on the condition of patients after a long period of follow-up iare required. 
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Introduction 

Intracranial aneurysms are the most common cause of 
spontaneous subarachnoid hemorrhage. They can be of 
congenital, arteriosclerotic, traumatic, mycotic, embolic, 
and neoplastic origin. The prevalence of intracranial an-
eurysms is thought to be about 2.3%. Aneurysms that 
lead to spontaneous subarachnoid hemorrhage are most 
often not of congenital origin and are mostly localized in 
the anterior segment of the circle of Willis. 

Currently, the most common therapeutic options in 
the treatment of intracranial aneurysms are neurosurgical 
clipping aneurysms and endovascular embolization. The 
goal in the treatment of aneurysms is to achieve immedi-
ate and permanent occlusion of the aneurysm lumen 
while preserving the parent blood vessel, surrounding 
blood vessels, as well as the brain parenchyma. Current 
recommendations indicate that unruptured symptomatic 
aneurysms should also be treated, given the possibility of 
rupture and the development of further complications [1]. 

Until the development of endovascular techniques, 
neurosurgery had primacy in the treatment of cerebral an-
eurysms. Since the beginning of the '80s of the last cen-

tury, great progress has been made in technology, imag-
ing methods, development of new materials, which ena-
bled rapid progress in the field of interventional radiolog-
ical methods and led to a reorientation of many health 
systems to different therapy of these lesions. Since then, 
studies have been constantly conducted comparing these 
two treatments, but so far no unique solution has been 
found as to which method should be preferred [2]. 

The Goals 

This study aimed to compare the treatment outcome on 

discharge of patients treated with neurosurgical clipping 

or endovascular embolization of intracranial aneurysms. 

Materials and Methods 

The study included 62 patients treated from 1.1.2017 to 
31.10.2017. at the Clinic for Neurosurgery of the Clinical 
Center of Serbia. Data were obtained by reviewing dis-
charge lists and included gender, age, Glasgow Coma 
Scale (GCS) at admission for all subjects, and aneurysm 
rupture data. The severity of subarachnoid hemorrhage in 
patients with a ruptured aneurysm was determined by 
grading patients on the Hunt and Hess (H&H) scale. The 
location and number of aneurysms, the method of treat-
ment, the time when the intervention was performed were 
determined. Also, information was collected on the 
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length of intrahospital stay and postoperative course and 
the existence of complications. The condition of patients 
on discharge was determined by the Glasgow Outcome 
Scale (GOS) - death outcome (1), persistent vegetative 
state (2), severe (3) or moderate disability (4), and good 
recovery - no symptoms or mild deficit (5). 

The collected data were analyzed using standard sta-

tistical tests in the SPSS software package. 

Results 

The study included 62 patients, 45 females (72.6%), and 

17 males (27.4%) (Fig. 1). The observed number of an-

eurysms was 70. 

 

Fig. 1 Distribution of patients by gender. 

The mean age was 53.47 years (SD = 11.94), the 

youngest respondent was 12 years old, and the oldest 78. 

No significant difference in mean age was observed be-

tween patients of different sexes (t = −0.93; p = 0.920) 

(Table 1). 

Table 1 The average age of the patient 

Gender Average age 
Men 

 

Average 53.24 

St. Deviation 10.59 

Women 
Average 53.56 

St. deviation 12.60 

At admission 40 subjects had GCS 15 (64.5), 16 sub-

jects GCS 13 and 14 (25.8), respectively, and 4 GCS be-

tween 9 and 12 (6.5%). GCS could not be determined in 

two subjects at admission because they were sedated 

(Fig. 2). 

 

Fig. 2 Glasgow coma scale of patients on admission. 

Subarachnoid hemorrhage was noted in 37 subjects 

(59.7%), while 25 (41.9%) were without bleeding. 

Only one respondent (1.6%) had Hunt and Hess grade 

V, 9 respondents (14.5%) grade III, 24 (38.7%) grade II, 

2 (3.2%) grade Ib, and 1 (1.6%) degree Ia. The majority 

of the patients in this study (25 respondents or 40.3%) 

were rated with 0 (Fig. 3). 

 
Fig. 3 Patient grades according to the Hunt & Hess scale. 

The number of aneurysms ranged from 1 to 3 per sub-

ject. The largest number of subjects - 54 had 1 aneurysm 

(87.1%), 7 subjects (11.3%) had 2, and one subject (1.6%) 

3 aneurysms. 

Almost all of the aneurysms (95.8%) were localized 

in the anterior circulation and 3 (4.2%) in the posterior. 

Internal carotid artery aneurysms were the most common 

- 32 (45.7%), followed by middle cerebral artery aneu-

rysms (ACM) - 19 (27.1%), followed by anterior com-

municating artery aneurysms (AcoAnt) - 11 (15.7%), an-

eurysms a. perisallosae were present in 4 cases (5.7%), a. 

superior cerebellum, a. anterior choroid, a. basilaris, and 

a. vertebralis 1 (1.4%) (Fig. 4). 

 
Fig. 4 Prevalence of aneurysms by localization. 

Of the 62 patients presenting with subarachnoid haem-

orrhage included in the study, 30 patients underwent surgi-

cal treatment, while 32 were treated with the endovascular 

method. Statistical analysis did not show a significant asso-

ciation between therapy type and discharge outcomes (Man-

Whitney = 380.5; p = 0.115). 

Looking only at the group of patients with subarachnoid 

hemorrhage due to aneurysm rupture, no significant differ-

ence was found in the outcome of discharge among patients 

treated with surgery or endovascular method (Man-Whitney 

= 134.5; p = 0.35), while in the group of patients without 
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previous rupture, the outcome at discharge was significantly 

better after endovascular treatment (Man-Whitney = 15.5; p 

<0.001) (Fig. 5). 

 
Fig. 5 Condition of patients at discharge expressed by the 

Glasgow outcome scale. 

The percentage of complications was significantly 

higher in the group of patients treated with microsurgical 

aneurysm clipping (p = 0.026) (Table 2). 

Table 2 Prevalence of complications, length of intrahos-

pital stay, and duration of the postoperative 

treatment period 

 
Type of the procedure 

Clipping Embolization 

Complication 11 (36.7%) 4 (12.5%) 

Length of total hospital 

treatment (in days) 

15.07 12.41 

Length of postoperative period 

(in days) 

12.2 8.03 

Of the complications, ischemia (6.5%) was noted in 4 

patients, 2 patients each had septicemia (3.2%), cranial 

nerve paresis (3.2%), and edema (3.2%), while 1 ob-

served bleeding (1.6%), transient diabetes insipidus 

(1.6%), meningitis (1.6%) and hydrocephalus (1.6%) and 

diarrhea (1.6%). 

There was no difference in the length of the total in-

trahospital stay among groups of patients treated endo-

vascularly or surgically endovascular and surgical (t = 

1,171; p = 0,246), while the postoperative period was sig-

nificantly longer in the group of patients undergoing neu-

rosurgical treatment (t = 2,223; p = 0,029) (Table 2). 

Statistical analysis did not show a significant correla-

tion between the age of the respondents and the outcome 

at discharge (ANOVA = 1.753; p = 0.182). 

No significant association was found between the 

time elapsed from admission to the procedure and the dis-

charge outcome (Kruskal-Wallis test; p = 0.975). 

In our study, the localization of the aneurysmal dila-

tation was not statistically significantly associated with 

the outcome at discharge (Kruskal-Wallis; p = 0.288), nor 

with the existence of treatment complications (Fisher = 

4.188; p = 0.758). 

Discussion 

The development of medical science and technology in 

the second half of the 20th and the beginning of the 21st 

century enabled interventional radiological methods to 

stand side by side with neurosurgery. Since the first ma-

jor studies in the 1980s, numerous studies have been con-

ducted on an ongoing basis to determine which treatment 

for brain aneurysms should be preferred. To date, no con-

sensus has been reached on which method is more effec-

tive, and the opinion has been accepted that the decision 

on the therapy that will be implemented should be made 

by the teams for the treatment of cerebrovascular dis-

eases, for each patient individually. Some of the proposed 

guidelines that can help make a decision take into ac-

count the location, morphology of the aneurysm, pre-

operative grade and age of the patient, the possibility of 

dissecting the aneurysm after previous operations, and 

the possibility of injury to perforating branches [3]. 

The largest study comparing surgery and endovascu-

lar embolization of ruptured aneurysms was the Interna-

tional Subarachnoid Bleeding Study (ISAT) [4]. ISAT re-

sults showed that ruptured aneurysms that could be 

treated in both ways had a better outcome when treated 

by endovascular approach, but with a higher degree of 

rebleeding. ISAT results after 5 years of follow-up 

showed a lower mortality rate in the group treated by the 

endovascular approach, but there was no difference in 

morbidity. Also, higher rate of rebleeding in the group of 

embolized patients was demonstrated [5]. Numerous 

studies have shown that the degree of recanalization of 

blood vessels after endovascular treatment is higher [6]. 

Other studies showed better results in the early postpro-

cedural period following endovascular obliteration, but 

demonstrated no significant difference in morbidity and 

mortality over longer follow-up [7]. The results of our 

study showed that there was no difference in the outcome 

at discharge between the groups of patients treated with 

different methods, while the outcome in the immediate 

perioperative period was better in the group of embolized 

patients, while over time mortality and morbidity equal-

ized [8]. Above all, we should not forget other ad-

vantages of open surgery, such as the evacuation of blood 

from the cistern, which contributes to the development of 

vasospasm and allows normal cerebrospinal fluid flow, 

for which endovascular methods are not possible. It 

should be kept in mind that when combining surgical 

clipping and endovascular coiling, or subsequent surgery 

after the endovascular intervention, hematoma evacua-

tion carries the risk of hematoma enlargement due to the 

use of antiplatelet drugs. Also, the observed incidence of 

vasospasm does not differ between patients treated with 

clipping or embolization [9]. Various studies demon-

strated no significant  difference in morbidity depending 

on  treatment method in unruptured aneurysms, but better 

occlusion if treated by microvascular clipping [10−13]. 

The results of this study show that patients undergoing 

endovascular treatment have a better outcome at dis-

charge in the group of unruptured aneurysms. However, 

the observed higher rate of complications after surgical 

treatment is consistent with the opinion of most authors 

[4]. In contrast to other studies, subjects included in our 

study did not show an association between age and dis-

charge outcomes [3]. Our findings support claims that the 
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length of postoperative stay in the hospital for longer in 

patients undergoing surgery [14]. 

Conclusion 

Among the groups treated with neurosurgical clipping or 

endovascular embolization, cerebral artery aneurysms 

did not show a difference in the outcome of treatment on 

discharge, expressed by the Glasgow outcome scale. 

However, the percentage of complications is higher in the 

group of operated patients, as well as the length of post-

operative intrahospital stay. 

Given the increasing prevalence of arterial hyperten-

sion, it is possible that non-traumatic subarachnoid hem-

orrhage, most often caused by rupture of the intracranial 

aneurysm, will be an even more common problem in the 

future with more cases, and thus a greater burden on neu-

rosurgeons, interventional radiologists and the health 

system as a whole. We believe that the final judgment on 

the choice of therapeutic method to be given priority in 

treatment requires a further comprehensive analysis that 

will, in addition to information on the condition of pa-

tients on discharge, provide data on the condition of pa-

tients after a long follow-up period. 

References

1. Fotakopoulos G, Tsianaka E, Fountas K, Makris D, Spyrou M, 

Hernesniemi J. Clipping Versus Coiling in Anterior Circulation 

Ruptured Intracranial Aneurysms: A Meta-Analysis. World 

Neurosurg 2017; 104:482−488. 

2. Ajiboye N, Chalouhi N, Starke RM, Zanaty M, Bell R. 

Unruptured Cerebral Aneurysms: Evaluation and Management. 

ScientificWorldJournal 2015; 2015:954954. 

3. Tenjin H, Takadou M, Ogawa T, Mandai A, Umebayashi D, Osaka 

Y, et al. Treatment selection for ruptured aneurysm and outcomes: 

clipping or coil embolization. Neurol Med Chir (Tokyo). 2011; 

51(1):23−29. 

4. Molyneux AJ, Kerr RS, Yu LM, Clarke M, Sneade M, Yarnold JA, 

et al. International subarachnoid aneurysm trial (ISAT) of 

neurosurgical clipping versus endovascular coiling in 2143 patients 

with ruptured intracranial aneurysms: a randomized comparison of 

effects on survival, dependency, seizures, rebleeding, subgroups, and 

aneurysm occlusion. Lancet 2005; 366(9488):809−817. 

5. Raper DM, Allan R. International subarachnoid trial in the long run: 

critical evaluation of the long-term follow-up data from the ISAT 

trial of clipping vs coiling for ruptured intracranial aneurysms. 

Neurosurgery 2010; 66 (6):1166−1169; discussion 9. 

6. Costa E, Vaz GR, Finet P, Goffette P, Docquier MA, Raftopoulos C. 

Recanalization and rupture after intracranial aneurysm treatment. J 

Neurosurg Sci 2019; 63(5):518−524.  

7. Gonda DD, Khalessi AA, McCutcheon BA, Marcus LP, 

Noorbakhsh A, Chen CC, et al. Long-term follow-up of unruptured 

intracranial aneurysms repaired in California. J Neurosurg 2014; 

120(6):1349−1357. 

8. Crafts M, Chalouhi N, Starke RM, Daou B, Todd M, Bayman E, et 

al. Short-Term Outcome of Clipping Versus Coiling of Ruptured 

Intracranial Aneurysms Treated by Dual-Trained Cerebrovascular 

Surgeon: Single-Institution Experience. World Neurosurg 2016; 

95:262−269. 

9. Ishikawa T. What is the role of clipping surgery for ruptured cerebral 

aneurysms in the endovascular era? A review of recent technical 

advances and problems to be solved. Neurol Med Chir (Tokyo). 

2010; 50 (9): 800−808. 

10. Darsaut TE, Findlay JM, Magro E, Kotowski M, Roy D, Weill A, et 

al. Surgical clipping or endovascular coiling for unruptured 

intracranial aneurysms: a pragmatic randomized trial. J Neurol 

Neurosurg Psychiatry 2017; 88 (8): 663−668. 

11. Ruan C, Long H, Sun H, He M, Yang K, Zhang H, et al. 

Endovascular coiling vs. surgical clipping for unruptured intracranial 

aneurysm: A meta-analysis. Br J Neurosurg 2015; 29 (4): 485−492. 

12. Sharma M, Brown B, Madhugiri V, Cuellar-Saenz H, Sonig A, 

Ambekar S, et al. Unruptured intracranial aneurysms: comparison of 

perioperative complications, discharge disposition, outcome, and 

effect of calcification, between clipping and coiling: a single-

institution experience. Neurol India 2013; 61 (3): 270−276. 

13. Zweifel C, Sacho RH, Tymianski R, Radovanovic I, Tymianski M. 

Safety, efficacy, and cost of surgery for patients with unruptured 

aneurysms deemed unsuitable for endovascular therapy. Acta 

Neurochir (Vienna) 2015; 157 (12): 2061−2070; discussion 70. 

14. Manabe H, Takemura A, Hasegawa S, Nagahata M, Islam S. The 

choice of treatment method for unruptured cerebral aneurysm. 
Investigation from clinical outcome, angiographical result, duration 

of hospital stay, and cost for treatment. Interview Neuroradiol 2004; 

10 (Suppl 1):143−146.  

 


