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A B S T R A C T   

Background and purpose: Ischemia due to cerebral vasospasm still remains an important cause of morbidity and 
mortality after aneurysmal SAH. Studies that compared the incidence of ischemia due to vasospasm between clip 
and coil therapies are still controversial. We compared vasospasm-induced ischemia rates between clip and coil 
therapies for ruptured anterior communicating artery aneurysms. 
Materials and methods: We retrospectively analyzed cases of ruptured anterior communicating artery treated with 
clips or coils within 36 h after rupture. Patients with Glasgow Coma Scale scores < 13; Fisher grades of 1, 2, or 4; 
multiple aneurysms; aneurysms associated with an arteriovenous malformation; stent- or balloon-assisted coil-
ing; and complications during or after the clipping and coiling procedure were excluded from the study. 
Results: Although the incidence rates of ischemia and symptomatic vasospasm were higher in the coil group, no 
statistically significant difference was found between the two groups (P = 0.278 and P = 0.270, respectively). 
Conclusion: We found no significant difference in the incidence of vasospasm-induced ischemia between the 
patients treated with clipping and those treated with coil therapy who had Fisher grade 3 SAH and good clinical 
conditions. The amount of blood in basal cisterns on computed tomography, vascular manipulation, and brain 
retraction had the same triggering effect on vasospasm-induced ischemia.   

1. Introduction 

The main complications after aneurysmal subarachnoid hemorrhage 
(SAH) are rebleeding and ischemia due to cerebral vasospasm [1]. Early 
occlusion of the aneurysm eliminates rebleeding development, but 
ischemia due to cerebral vasospasm remains an important cause of 
morbidity and mortality [2]. The pathophysiology of vasospasm is 
extremely complex, and a significant number of experimental and 
clinical studies have been conducted to identify and prevent its devel-
opment. The amount of cisternal blood on computed tomography (CT) 
has been considered by many authors as the most important predictive 
factor of vasospasm [3,4], in addition to other factors including vessel 
manipulation during surgery, low Glasgow Coma Scale (GCS) score on 
admission, smoking, hypertension before SAH development, and being 

older than 50 years of age [5–7]. 
Ruptured aneurysms can be treated with clipping or coiling. How-

ever, which of these treatments results in lower incidence for vasospasm 
or vasospasm-related ischemic complication(s) is unknown. Some au-
thors have reported that early surgery reduces the incidence of vaso-
spasm and ischemic complications due to the removal of blood clots in 
the basal cistern [8–10]. However, advocates of endovascular treatment 
have concluded that the incidence rates of vasospasm and vasospasm- 
related ischemic complications were lower with this approach, due to 
the absence of vascular manipulation and brain retraction [11,12]. 
There are also studies which, despite demonstrating a significant dif-
ference in the frequency of all-cause ischemic infarction with the use of 
different approaches, have found similar frequencies of vasospasm- 
related ischemic infarction in patients treated with the clipping or 

Abbreviations: SAH, subarachnoid hemorrhage; CT, computed tomography; GCS, Glasgow Coma Scale; AcoA, anterior communicating artery; A1, pre-
communicating segment of the anterior cerebral artery; DSA, digital subtraction angiography. 
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coiling methods, indicating a need for further studies on this topic [13]. 
As such, conducting further studies that compare treatment models 

in ruptured AcoA aneurysms can provide more accurate results in terms 
of the risks and advantages of treatments, thereby enabling better se-
lection of approach on a case-by-case basis. The purpose of this study 
was to compare the frequency of vasospasm-related ischemic compli-
cations in patients who underwent early treatment with clipping or 
coiling for ruptured AcoA aneurysms, in order to identify which method 
may have lower risks. 

2. Material and methods 

We retrospectively analyzed cases of ruptured AcoA aneurysms in 
patients treated with clips or coils by two hybrid vascular neurosur-
geons, between January 2015 and December 2020, at the Neurosurgery 
Departments of two University Hospitals, Adnan Menderes University 
Faculty of Medicine and Biruni University Medicana International 
Istanbul Hospital. In both institutions, the patient registry and national 
population management software were used to obtain required data. 

During this period, a total of 166 patients had been treated for AcoA 
aneurysms. Inclusion criteria were, being older than 18 years of age at 
time of intervention, having Fisher grade 3 lesion, and having only 
received treatment for AcoA aneurysm during the procedure. The de-
cision to include only Fisher grade 3 lesions was made because we aimed 
to compare the two methods in patient groups with similar baseline risk 
for cerebral vasospasm (and related ischemia). It is well established that 
the amount of blood present in the cisterns (which is also the basis of 
Fisher grading) is a primary factor associated with vasospasm risk 
[3,14]. Patients with Fisher grade 1 or 2 lesions are unlikely to suffer 
from vasospasm, while those with grade 3 or 4 lesions have increased 
likelihood. Thus, in order to standardize the vasospasm risks of the two 
groups, we chose to include only patients with Fisher grade 3 lesions. 

Patients with Glasgow Coma Scale (GCS) scores of <13; Fisher grades 
of 1, 2, or 4; those with multiple aneurysms or aneurysms associated 
with an arteriovenous malformation; subjects who had been treated 
with stent- or balloon-assisted coiling or had undergone the procedure 
after more than 36 h had passed following SAH development; and in-
dividuals who had developed complications during or after the clipping 
or coiling procedure were excluded from the study. Of the 166 patients, 
92 met the inclusion/exclusion criteria. The patients were divided into 
two groups according to treatment type; 52 patients were treated with 
endovascular coiling, while 40 were treated with microsurgical clipping. 

2.1. Management of aneurysmal SAH 

All the patients underwent a CT scan for the confirmation of SAH 
diagnosis, which was followed by 4-vessel cerebral angiography and 
three-dimensional rotational angiography for the diagnosis of AcoA 
aneurysm. After the three-dimensional angiographic evaluation, the 
decision for the treatment method (treatment planning) was made by 
the hybrid vascular neurosurgeons in accordance with the following 
properties (and with respect to the particular characteristics of each 
patient): aneurysm dome-neck ratio, aneurysm geometric shape and 
projection, and carotid and anterior cerebral artery tortuosity. 

All patients were hospitalized in the intensive care unit before the 
procedure, and dexamethasone (4 × 4 mg), paracetamol (4 × 1 mg) and 
glycerol trinitrate treatments were started with intravenous fluids (100 
ml/hour) for those with blood pressure values exceeding 120/80 mmHg. 
Lumbar drainage was applied to all patients. After intervention, each 
patient underwent an immediate postoperative CT scan. Following the 
securing of the aneurysm with a clip or coil, standard hemodilution, 
hypertension, hyperhydration (triple-H) treatment [15], and intrave-
nous nimodipine were administered to all patients for a minimum of 10 
days. Angiography was performed in patients with clinical signs and 
symptoms of cerebral vasospasm (new neurological deficit, paralysis or 
paresthesia in the face or extremities, disruptions in motor or sensory 

function, headache progression or onset after initial regression, 
decreased consciousness) with respect to risk factors, including the 
identification of excessive subarachnoid blood or large blood clots on CT 
imaging and comorbidities (hypertension, diabetes mellitus, heart dis-
ease) [16]. In all suspected cases, cerebral vasospasm was confirmed via 
angiography. Papaverine was injected in the affected vessels during 
angiography in any patients who developed symptomatic vasospasm 
[17]. CT imaging was ordered immediately after surgery and immedi-
ately after symptom detection, and it was repeated whenever necessary 
when symptoms did not regress after initial inconclusive imaging. The 
detection of a new hypodense area was defined as vasospasm-related 
cerebral infarction, given that findings were unassociated with the 
surgery or the initial injury. 

2.2. Microsurgical clip procedure 

The standard pterional approach was utilized in all patients. The 
head was fixed with a Mayfield holder, and a right or left approach was 
decided based on the shape and geometric structure of the dome and 
neck and the precommunicating segment of the anterior cerebral artery 
(A1) that supplied the aneurysm. The Sylvian fissure was opened widely 
starting from the distal part. The lamina terminalis was opened for 
additional relaxation of the brain. Approximately 2 mm of the gyrus 
rectus was removed, and the frontal lobe was gently retracted for better 
exposure of the aneurysm and the AcoA complex. 

After the aneurysm was clipped, careful attention was given to 
ensure that normal vessels did not remain in the clip via microscopic 
examination –confirmed with micro-Doppler imaging. After clipping, 
the cisterns were irrigated with plenty of saline, the blood clots were 
removed as much as possible, and sodium nitroprusside-impregnated 
surgicel was laid on the vessels. 

2.3. Endovascular coil procedure 

Under general anesthesia, coiling was performed using a standard 
transfemoral transarterial single-microcatheter technique. Anti-
coagulation was initiated by an intravenous heparin bolus injection of 
5000 IU at the beginning of the procedure, and the anticoagulation state 
was monitored throughout the procedure by way of measuring aPTT 
which was kept between 26 and 35 s. After coiling, control angiogra-
phies were taken, and all the vessels were shown to be patent. 

2.4. Statistical analyses 

All statistical analyses were performed using IBM SPSS version 25.0 
(SPSS Inc., Chicago, Illinois, USA). Continuous variables were found to 
conform to normal distribution in both groups (Shapiro-Wilk test and Q- 
Q plots). In the tables, continuous variables are presented as mean ± SD, 
while categorical variables are presented as number (n) and percentage 
(%). Comparisons between the groups were made using the independent 
samples t-test for continuous variables, while chi-square tests were used 
for the comparison of the distribution of categorical variables. A p value 
of < 0.05 was considered to show statistical significance. 

3. Results 

Of the 40 patients in the clip group, 23 were male and 17 were fe-
male, with ages ranging from 31 to 75 years (mean ± SD: 51.01 ±
11.87). The GCS score at hospital admission was 13 in 6 patients, 14 in 
10 patients, and 15 in 24 patients (mean ± SD: 14.45 ± 0.74). Eleven 
patients developed symptomatic vasospasm (27.5%), and vasospasm- 
related ischemia was identified in five patients (12.5%). 

Of the 52 patients in the coil group, 35 were male and 17 were fe-
male, with ages ranging from 20 to 79 years (mean ± SD: 56.90 ±
11.77). The GCS score at hospital admission was 13 in 17 patients, 14 in 
22 patients, and 15 in 13 patients (mean ± SD: 13.92 ± 0.76). Ischemia 
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due to vasospasm was observed in 11 of the 52 patients treated with 
coiling (21.15%). Symptomatic vasospasm was observed in 20 patients 
(38.46%) (Table 1). 

Ischemia due to vasospasm and symptomatic vasospasm were 
observed in 16 and 31 of the 92 patients included in the study, respec-
tively. Although the incidence rates of ischemia (21.15%) and symp-
tomatic vasospasm (38.46%) were higher in the coil group, no 
statistically significant difference was found between the two groups (P 
= 0.278 and P = 0.270, respectively; Table 2). 

4. Discussion 

In patients presenting with aneurysmal SAH, complications due to 
vasospasm are still among the most important causes of mortality and 
morbidity even when the aneurysm is successfully treated with coiling 
and clipping [18]. The amount of cisternal blood on CT within 3 days 
after SAH is the primary factor that has been associated with vasospasm 
development [3,14]. However, there is no conclusive evidence 
regarding other factors suggested to contribute to vasospasm and 
ischemia risks. One such debated factor is the approach to treatment. In 
the present study, we found no differences between the coiling and 
clipping procedures in terms of vasospasm or vasospasm-related 
ischemic complications. 

Prior studies comparing treatment methods have revealed conflict-
ing findings. While the clearance of blood clots in the cisterns has been 
associated with a decrease in the possibility of developing vasospasm in 
some studies [8,19], other researchers have suggested that the retraction 
of the brain and manipulation of vessels during early microsurgery in-
creases the likelihood of vasospasm [11]. A multicenter randomized 
clinical trial (the International Subarachnoid Aneurysm Trial, ISAT) that 
compared clipping and coiling revealed better outcome (defined as 
death or dependency) in coiled patients at 1-year follow-up, which 
caused an increase in the proportion of patients who undergo endo-
vascular coiling. However, unfortunately, the study did not publish any 
results regarding the frequency of vasospasm or related ischemic com-
plications [20]. 

According to Kanamaru et al., vasospasm-induced cerebral infarction 
occurred more frequently after clipping than after coiling. Although age, 
sex, World Federation of Neurosurgical Societies (WFNS) scale scores, 
and Fisher grades were similar in the two groups, aneurysm locations 
were distributed heterogeneously and coiling was used more frequently 
in patients with posterior circulation aneurysms [21]. Rabinstein et al., 
in their study including 415 patients with aneurysmal SAH, had applied 
clipping in 339 patients, while coiling was used in 76 patients. The 
patients treated with endovascular coil had worse admission clinical 
grades at presentation, whereas recipients of clipping had a higher fre-
quency of delayed aneurysm treatment (≥4 days after onset of SAH). 
Nonetheless, the authors concluded that, in patients with WFNS scores 
of I to III at presentation, the coiling approach carried lower risks for 
symptomatic vasospasm and permanent deficits caused by vasospasm 
when compared to clipping [12]. However, in both studies, the presence 
of patients who had received delayed treatment eliminated the possible 
advantages gained by early clearance of blood clots, which may be 
particularly important for patients with symptomatic vasospasm and 
vasospasm-related ischemia. In our study, both groups included only 
patients who had received treatment within 36 h after SAH. 

Zaidat et al. reported that coiling resulted in lower incidence rates for 
angiographic and clinical vasospasms [22]. They used transcranial 
Doppler (TCD) to diagnose vasospasms. Patients with no radiological or 
clinical evidence of vasospasm were maintained in normovolemic and 
normotensive states. However, it must be noted that increased TCD 
velocities may not indicate vasospasm in presence of impaired cerebral 
autoregulation, a situation in which the increase in circulatory volume 
and hypertension can lead to misclassification due to alterations in ce-
rebral blood flow. Considering that conventional angiography is estab-
lished as the gold standard approach to vasospasm diagnosis [23], the 

results of studies utilizing other methods to diagnose cerebral vasospasm 
should be approached with caution, and direct comparisons should be 
avoided. 

Dumont et al. found that clipping was independently associated with 
angiographic vasospasm and delayed ischemic neurological deficit; 
however, their results demonstrated that a greater frequency of patients 
in the coil group were treated with calcium channel antagonists [24], 
indicating a baseline bias that could influence results. In another study, 
by Gruber et al., the overall findings favored the use of clipping versus 
coiling, and ischemia was associated with various factors including 
higher Fisher and Hunt-Hess grades. But when patients determined as 
Fisher grade 4 and Hunt-Hess V were excluded from both groups, the 
statistical significance in the incidence of infarction between the two 
groups was found to have disappeared [25]. 

There are a number of factors that could explain the high degree of 
conflict in the literature: the heterogeneity of patient characteristics, the 
differences in treatment decisions and methods before or after SAH, the 
variations among studies in terms of aneurysm sites, the fact that 
microsurgical clipping techniques are yet to be fully and clearly defined, 
and the use of different criteria or methodology to diagnose vasospasm. 
Notwithstanding the fact that these factors may have also influenced our 
results and comparisons with prior studies, it appears that our results are 
in agreement with the majority of comparable literature on this topic 
–which have often demonstrated no significant difference between these 
two methods with respect to the incidence of symptomatic vasospasm 
and infarction [26–29]. 

In the present study, the groups were similar in terms of demographic 
characteristics. Only ruptured AcoA aneurysms were analyzed (Fisher 
grade 3) to be able to ensure consistency in comparisons due to the fact 
that the incidence of vasospasm and ischemia vary with respect to the 
site of aneurysm [30]. Also, vascular manipulation and brain retraction 
are performed at a greater frequency during the clipping procedures for 
AcoA aneurysms [31], and therefore, analysis of this subgroup of pa-
tients provides grounds for a reliable comparison of the two long- 
running hypotheses for cerebral vasospasm after SAH treatment 
(manipulation vs. clot removal). One particularly important point to 
note is that, in this study, the management of SAH, pre- and post- 
operative care, and the conduct of the clipping and coiling procedures 
were undertaken by dual-trained neurosurgeons. Balanced experience in 
both modalities has several evident advantages when evaluating endo-
vascular and surgical series from different institutions, including the 
restriction of variances attributable to pre- and post-operative care, 
patient population, outcome assessment, and capabilities of the facil-
ities. Despite these strengths, our study also has some notable limita-
tions. Firstly, the patients’ smoking status, which is known to be 
associated with vasospasm, were not known because this characteristic 
was not consistently recorded in medical records. Secondly, data 
regarding the overall frequency of post-treatment vasospasm cannot be 
drawn from this study, since angiography was not performed in patients 
without symptoms. Finally, the lack of statistical significance in the 
comparisons may have been associated with the limited number of pa-
tients investigated. 

5. Conclusions 

In this study, the incidence rate of cerebral vasospasm-related 
ischemia showed no significant difference between the clipping and 
coiling treatment groups which were comprised of patients admitted 
with good clinical condition and were found to have Fisher grade 3 le-
sions. Larger patient populations and prospective randomized controlled 
studies are needed for more-precise results. Additionally, researchers 
must be aware that it is exceedingly likely that there will be various 
factors that could cause significant variance between compared groups, 
as demonstrated by the conflicting literature on this topic, and thus, 
results should be meticulously assessed for possible biases. 
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