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Seizures in aneurysmal subarachnoid haemorrhage (aSAH) have been described secondary to SAH, 

changes in cortical function, vasospasm and as a result of treatment effects. Seizures are one of the 

important clinical determinants in neurological outcome of aSAH. Various studies support the notion of 

less risk of future seizures in endovascular treatment as compared to the microsurgical clipping, yet 

there is no conclusive evidence in favour or against the seizure occurrence in aSAH patients after 

endovascular treatment as compared to the microsurgical treatment. To carry out a systematic review 

and meta-analysis of the risk of seizures after endovascular management (coiling) of ruptured 

intracranial aneurysms. A literature search was performed in electronic database of PubMed, MEDLINE, 

Embase, and Scopus from inception to February 2020, using the terms Seizure, Intracranial aneurysms, 

embolization, with no constraints applied. Data were pooled using a random-effect model, results were 

abstracted as odds ratios (ORs) and 95% confidence interval (CI), and heterogeneity was reported as 

Chi-square. Five studies involving 3,077 patients were included in the meta-analysis. After endovascular 

management of aSAH, seizure risk was increased by a worse clinical severity (World Federation of 

Neurosurgery scale or Hunt and Hess) (OR, 3.34; 95% CI, 2.69-4.16; p<0.00001), severe vasospasm 

(OR, 2.20; 95% CI, 1.67-2.92; p<0.00001), cerebral infarction (OR, 5.19; 95% CI, 3.23-8.35; 

p<0.00001), and cerebral edema (OR, 1.79; 95% CI, 1.37-2.34; p<0.0000). Worse clinical severity, 

vasospasm, cerebral infarction and cerebral oedema are significant risk factors for the development of 

seizures after endovascular intervention in aSAH. The mechanism for this correlation is not clear.  

(2020;10:55-61)
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Introduction

Aneurysmal subarachnoid haemorrhage (aSAH) is a life-threat-

ening neurological emergency. Recent evidence has shown promis-

ing advances in the last decade regarding this disease. In developed 

countries, the incidence of aSAH is estimated at 8-11 per 100,000 

inhabits.1 aSAH results in increased intracranial pressure (ICP) in ap-

proximately 70% of patients, with a mortality rate of about 30%.2 A 

seizure is a potential complication after aSAH. In unruptured intra-

cranial aneurysms, the risk of seizures is minimal but not absent.3 In 

contrast, subarachnoid haemorrhage due to aneurysm rupture may 

present with one of its fearsome complications, i.e., seizures. In gen-

eral, the seizures in aSAH could be due to the natural history of the 

disease or iatrogenic due to therapeutic intervention. Studies have 
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses

flowchart diagram. P, patient, problem or population; I, intervention; C, 

comparison, control or comparator; O, outcome(s).

reported the incidence of seizures ranging from 4.95 to 21.2% and 

0.7 to 10.7% for surgical clipping and endovascular coiling, 

respectively.4 There is also some evidence suggesting that seizure risk 

is higher with clipping, rather coiling.5 However, estimating the risk 

of seizure is not easy because of the high heterogeneity noted in dif-

ferent studies due to non-uniform study population, study design, in-

tervention, and patient outcomes. Seizures are associated with acute 

neurological deterioration after an endovascular procedure, and re-

current seizures can transform into chronic epilepsy in the long-term 

with a subsequent disability in day-to-day activities.6 Therefore, we 

conducted a systematic review to assess the potential association of 

seizure and endovascular management of ruptured intracranial 

aneurysms and its risk factors.

Methods

This study followed the preferred reporting items for systematic re-

views and meta-analyses (PRISMA) reporting guidelines and the 

meta-analysis of observational studies in epidemiology reporting 

guidelines.

Search strategy

We searched the electronic database of PubMed, MEDLINE (Ovid), 

EMBASE, and Scopus from inception to February 2020 for random-

ized clinical trials (RCT), not RCT, prospective and retrospective co-

hort studies that reported data on the risk of seizures after treatment 

of aSAH ( Supplementary Material 1). We added studies from the ref-

erence list of included studies and other relevant data in addition to 

potentially eligible studies.

Eligibility criteria

The studies to be included were screened separately using the fol-

lowing inclusion criteria: patients with aSAH and RCT, not RCT, pro-

spective and retrospective cohort studies assessing the relationship 

between clinical and radiological characteristics to seizures in aSAH 

treated with coiling.

Data collection process

Two review authors (L.R.M.S. and W.F.P.) independently extracted 

data from the included studies using a piloted data extracted form, 

resolving any discrepancies through discussion. We retrieved any ar-

ticles identified as potentially relevant by at least one review author. 

Two review authors (L.R.M.S. and W.F.P.) independently screened 

full-text articles, with discrepancies resolved through discussion. The 

references of relevant studies were cross-checked for additional stud-

ies not identified by the electronic search.

Data extraction

The following data were extracted from the included studies: age 

(older than 50 years old), gender (female), clinic severity (World 

Federation of Neurosurgery scale [WFNS] or Hunt and Hess [HH] 

III-V), Fisher scale (III-IV), middle cerebral artery aneurysm location, 

severe vasospasm (clinic or angiography), cerebral infarct, and cere-

bral edema. The authors of the included studies were contacted due 

to missing data. The doubts were clarified by consensus. 

Risk of bias

The modified Newcastle-Ottawa scale (NOS)7 was used for assess-

ing the quality and risk of bias of the included studies. One reviewer 

(W.F.P.) assessed the risk of bias of each study using this scale and 

high, moderate, and low risk of bias were defined as NOS <4, be-

tween 4 and 6, and >6, respectively, as in the original NOS. The risk 

of publication bias was further assessed using and comparing the 
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Table 1. Characteristics of included studies

Study Type Patient Risk factor (OR reported or calculate) Length following

Allen et al.9 (2018) Retrospective cohort 
study

282 endovascular coiling 
(n=194)

Neurosurgical clipping 
(n=88) 

Sex female
Hunt and Hess IV-V
Fisher scale III-IV
Severe vasospasm by angiography
Cerebral edema (CT scan)
Cerebral Infarct (CT scan)

3 months

Byrne et al.10 (2003) Retrospective cohort 
study

243 all endovascular 
coils embolization

Age >50 years old
Sex female
WFNS III-VI
severe vasospasm by clinic or CT scan
cerebral edema (CT scan)
Middle cerebral artery aneurysm location

6 months

Hart et al.11 (2011) Prospective 
randomized clinical 
trial

235 endovascular coiling 
(n=89)

Neurosurgical clipping 
(n=146)

Age >50 years old
Sex female
WFNS III-VI
Fisher scale III-IV
Severe vasospasm by clinic or CT scan
Middle cerebral artery aneurysm location

12 months

Molyneux et al.12 
(2005)*

Prospective 
randomized clinical 
trial 

2,143 endovascular 
coiling (n=1,073)

Neurosurgical clipping 
(n=1,070)

Age >50 years old
Clinic severity (WNFS IV-V)
Fisher scale III-IV
Middle cerebral artery aneurysm location

12 months to 
3 years

Nathan et al.13 
(2018)

Retrospective cohort 
study

174 all Endovascular 
coils 

Age >50 years old
Sex female
Hunt and Hess IV-V
Severe vasospasm (angiography and CT scan 

or clinic) 
Cerebral infarction (CT scan)
Cerebral edema (CT scan)
Middle cerebral artery aneurysm location

6 months to 6 years

CT, computed tomography; WFNS, World Federation of Neurosurgery scale.
*We needed to contact to authors for missing or not reported data in the published article, but it was evaluated according to the 
methodology explained in the study.

Egger’s test.8 A p-value of less than 0.1 for Egger’s test was consid-

ered statistically significant.

Summary measures

We analyzed the odds ratio (OR) of each of the predictive factors 

using the generic method of the inverse of the variance to combine 

these data. Some studies did not explicitly report them, which we cal-

culated using the OR calculator of review manager.

Synthesis of results

Statistical analysis was performed through the odds ratio with ge-

neric inverse variance methodology for studies only reporting OR. 

Studies that do not report risk measures will be calculated with a 

fixed effect analysis model using RevMan 5.3 (Nordic Cochrane 

Centre, Copenhagen, Denmark). Heterogeneity was assessed by cal-

culating chi-square (I2), with high heterogeneity of the studies in-

cluded in the analysis being above 60%.

IRB/ethics committee approval

Meta‐analyses do not require IRB review nor ethics committee 

approval. 

Results

Study selection

After conducting the systematic search of the information follow-

ing our strategy, 97 bibliographic citations were identified (PubMed 

10, EMBASE 37, MEDLINE 10, Scopus 40). Of these 20 articles were 

considered potentially eligible based on the title or abstract, or both, 

and the full texts. After a review of the full text, 10 studies were con-
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Table 2. NOS for quality assessment of studies included in this meta-analysis*

Study Study design
Representativeness 

of sample
Size 

sample
Source of 

information

Demonstration
that outcome was not 
present at study start

Confusion 
variable 
control

Assessment 
of risk 
factor

Enough
follow-up 

period
NOS

Allen et al.9 
(2018)

Retrospective 
cohort study

★ ★ ★ ★ ★ ★ NA 6/7

Byrne et al.10 
(2003)

Retrospective 
cohort study

★ ★ NA NA ★ NA ★ 4/7

Hart et al.11 
(2011)

Prospective 
randomized 
clinical trial

★ ★ ★ ★ ★ ★ ★ 7/7

Molyneux et 
al.12 (2005)

Prospective 
randomized 
clinical trial 

★ ★ NA NA ★ ★ ★ 5/7

Nathan et 
al.13 (2018)

Retrospective 
cohort study

★ NA ★ ★ ★ ★ ★ 6/7

NOS, Newcastle-Ottawa scale; NA, not applicable.
*Rated on a scale of 1 star to 7 stars.

Figure 2. Odds ratios (ORs) for risk factors for seizures after endovascular treatment of ruptured intracranial aneurysms. MCA, middle cerebral artery; WFNS, 

World Federation of Neurosurgery scale; HH, Hunt and Hess.

sidered eligible, five were ruled out because they did not meet the in-

clusion criteria and did not answer the research question, and five 

met the inclusion criteria for the review.9-13 The study selection proc-

ess is shown in the PRISMA flow diagram as shown in (Fig. 1).

Study characteristics

From the studies included, three were retrospective cohort ob-

servational studies9,10,13 and two were prospective RCT.11,12 Characteristics 

of included studies are summarized in Table 1.

Risk of bias

Among the five included studies in the analysis, only one11 ob-

tained the maximum score of 7, two9,13 obtained 6 points, one12 ob-

tained 5 points, and the remaining one10 obtained 4 of 7 points on 

the scale used (Table 2). The funnel plot and the Egger’s test for all 

predictors showed different grades of asymmetry (Supplementary 

Fig. 1).

Systematic review

The cohort study by Allen et al.9 included 282 patients treated 

with coiling and 88 treated with clipping, who were recruited be-

tween 2010 and 2015. The selection was made using a confirmed 

aneurysmal source of SAH and managed with either endovascular 

coiling or surgical clipping. Patients were evaluated with cEEG, re-

corded digitally in 115 patients (40%) with suspicion of seizures. 

Moreover, 24 patients had seizures, 18 detected with cEEG and six 

based on clinical reports. Byrne et al.10 proposed that prophylactic 

use of antiepileptic drugs in patients diagnosed with subarachnoid 
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haemorrhage aneurysms treated with coil embolization was not jus-

tified due to the low incidence of seizures. Hart et al.11 used data 

from 43 centres, and the authors found that treatment with coiling 

significantly reduces the risk of seizures compared to surgical 

management. Furthermore, they reported that patients with middle 

cerebral artery aneurysms have a higher risk of seizures. Another 

study carried out by Molyneux et al.,12 The International Subarachnoid 

Aneurysm Trial, demonstrated that seizure frequency was 0.7% in 

the endovascular treated group compared to 12.9% in the neuro-

surgical treated group (p=0.001). Lastly, an additional study by 

Nathan et al.13 showed that patients presenting subarachnoid hae-

morrhage with HH of 5 and severe vasospasm have an increased risk 

of in in-hospital seizures.

Meta-analysis

Five studies were chosen for the final analysis, involving 3,077 

patients. The statistical analysis was performed according to stand-

ard protocol. Each variable was pooled in Figure 2. No significant dif-

ferences in predictive factors such as higher Fisher's scale (III or IV) or 

greater age for the presence of seizures after a subarachnoid hae-

morrhage treated with coils both with a high I2 heterogeneity index 

of 62% and 79%, respectively (Supplementary Figs. 2 and 3).

Being female was associated with a decrease in the risk of seizures 

(OR, 0.76; 95% confidence interval [CI], 0.58-0.99; p=0.04) with 

adequate heterogeneity (I2=26%) (Supplementary Fig. 4). In this 

meta-analysis, we found that a high degree of severity scale (WFNS 

or HH III-V) increases the risk of seizures after treatment of sub-

arachnoid haemorrhage with coils (OR, 3.34; 95% CI, 2.69-4.16; 

p<0.00001) with very high heterogeneity among the included stud-

ies (I2=98%). Probably, such high heterogeneity may influence the 

results for this risk factor (Supplementary Fig. 5). 

The presence of severe vasospasm (detected in angiography, by 

clinical symptoms, or by imaging) increases the risk of seizures after 

embolization (OR, 2.20; 95% CI, 1.67-2.92; p<0.00001) without 

heterogeneity among the studies analyzed (I2=0) (Supplementary 

Fig. 6). The subsequent development of cerebral infarction also in-

creases the risk of seizures (OR, 5.19; 95% CI, 3.23-8.35; p≤
0.00001; I2=0%) (Supplementary Fig. 7), cerebral edema (OR, 1.79; 

95% CI, 1.37-2.34; p<0.0000; I2=64%) with representative hetero-

geneity that could influence the results of this analysis 

(Supplementary Fig. 8), and the aneurysm located in the middle cere-

bral artery or its terminal branches (OR, 1.98; 95% CI, 1.62-2.42; 

p<0.00001; I2=0%) (Supplementary Fig. 9).

Discussion

The presence of seizures may play an important role in the out-

come of patients with ruptured aneurysms.6 The results of this 

meta-analysis including 3,077 patients suggest that the risk of seiz-

ures in patients who undergo endovascular management of intra-

cranial aneurysms is increased by a worse clinical severity (WFNS or 

HH), severe vasospasm, cerebral infarction, and cerebral edema. 

Being female seemed to be a “protective” factor for seizures. Lastly, 

fisher grade and older age were not associated with increasing the 

risk of seizures after endovascular treatment of a ruptured intra-

cranial aneurysm.

The mechanism associated with the development of seizures in 

this context is not clearly understood. Nonetheless, for endovascular 

procedures, seizures should be attributed to causes, which is differ-

ent for the factors implicated in seizures after the microsurgical 

clipping. Nakagawa et al.14 reported delayed intracranial paren-

chymal changes in seven patients. Two of those nickel allergy was re-

ported through skin patch testing, enforcing the theory of metal al-

lergic reaction.14 Coil compression and foreign body have been either 

reported to produce transient changes in the nervous tissue.15 These 

changes, albeit transient, are capable to produce neurological defi-

cits and have been termed as transient phenomena associated with 

neuro-intervention.16 These processes have, as common denomi-

nator, the inflammation, which have demonstrated to have an im-

portant role in epileptogenesis. Several inflammatory mediators (e.g., 

interleukin [IL]-1β, tumor necrosis factor, IL-6, and PGE2) and the 

complement cascade play an active role in seizure generation.17 The 

reason that endovascular treatment leads to a cytokine-mediated 

pro-inflammatory state is a tough question to answer. Previously, it 

was reported that the nonionic iodinated contrast medium (widely 

used in endovascular procedures) can disrupt the blood-brain barrier 

and pour into the subarachnoid space.18 Subsequently, with the seiz-

ure, neuronal injury can arise because of postictal metabolic 

demands. In patients who develop seizures, the presence of hypo-

tension and hypoxemia increases the risk of a secondary injury such 

as ischemic injury and ICP raise.19,20 Interestingly, Patankar and 

Hughes21 reported the resolution of temporal lobe epilepsy after coil-

ing of intracranial aneurysms.

The association between seizures and clinical severity assessed 

through WFNS or HH scales could be explained with the association 

they have with brain tissue changes, such as cerebral infarction.22-24 

Perhaps cerebral infarction and the underlying inflammatory compo-
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nent is guilty of the development of the seizures. This outcome of cer-

ebral infarction could explain also the association with severe vaso-

spasm by indirect relationship.25 Female sex has been linked to seiz-

ure threshold and frequency.26,27 Our results suggested that coiling 

may reduce the risk of seizure in women. One of the possible ex-

planations is that patients with acute brain injury have low levels of 

melatonin. Naturally occurring, the antioxidant melatonin has shown 

an effect on oxidative stress and has a neuroprotective effect after a 

seizure.15 We believe that patients undergoing craniotomy experi-

ence altered melatonin levels that would be associated with neuro-

nal injury, ischemia, and seizure, in contrast to coiling, in which surgi-

cal damage and surgical stress are very low.

The consistency of these findings across the included studies con-

firms the strong association of vasospasm after intracranial aneurysms 

rupture and the reduction in the risk of seizure in patients who under-

went coil management. The duration of the bleeding-cerebral artery in-

teraction has been established as determinants in the development of 

vasospasm. Thus, it has been advocated that early evacuation of the 

clot (before 48 hours) can reduce the risk of vasospasm.28,29 We consid-

er that coiling can reduce vasospasm by reducing cerebral surgical ma-

nipulation and associating it with the use of measures such as lumbar 

drainage.

The ENACT trial demonstrated the potential use of Nerinetide in pa-

tients with ischemia after neurovascular management. Establishing 

neuroprotection strategies after intracranial aneurysm rupture is an at-

tractive strategy. Seizures and vasospasm could be reduced with the 

development of neuroprotection strategies and demonstrates the great 

potential for further research in this area.30

Summary of evidence

This systematic review gives an overview of the available literature 

on the risk of seizure after embolization of intracranial aneurysms. 

This study only provides evidence 2A, due to the quality of the in-

cluded studies.

Limitations

Some studies included in this analysis were retrospective. All ar-

ticles included in this review were peer-reviewed. There was a possi-

bility of publication bias. The inclusion of only articles in english could 

affect the generalization of our findings. Like any other study of a 

meta-analytical nature that uses pooled data without access to origi-

nal patient data, it falls into another of our limitations. This is regard-

ing not-published data. Besides, seizures may be under-reported es-

pecially in poor-grade patients with the limited examination. 

Furthermore, there is heterogeneity in the assessment of seizures 

and not all patients are routinely placed on continuous EEG. Some 

quite important studies where the authors did not respond to our in-

quire were excluded, and it is not sure whether these studied would 

had influenced this meta-analysis. Another limitation in our study is 

the absence of correlation between the temporal profile of seizure 

occurrence in aSAH in the included studies. Availability of data with 

respect to the incidence of seizure, during the onset of aSAH, imme-

diate post intervention, recovery, and vasospasm, would have been 

more informative for evidence synthesis. Moreover, the included 

studies have incorporated data from both the endovascular inter-

vention and microsurgical clipping. This results in heterogeneity in 

the studies and reduces the strength of the available evidence.

Conclusion

The results of this meta-analysis suggest that the risk of seizures in 

patients who underwent endovascular management of intracranial 

aneurysms is increased by a worse clinical severity (WFNS or HH), se-

vere vasospasm, cerebral infarction, and cerebral edema. The role of 

endovascular embolization and the risk of seizures is not completely 

understood, still missing evidence for how this type of neuro-inter-

vention reduces the risk of seizure. In case of discovering a real risk of 

seizures, a prophylactic intervention should be studied, maybe a neu-

roprotector or an antiepileptic drug, which could have better the out-

comes of patients who undergo an endovascular procedure. The cor-

relation of the mechanism of coiling embolization and seizures re-

quires more studies. Our study is an attempt to map the evidence 

available for seizure risk after endovascular intervention for aSAH 

and highlights the significant existing gaps in knowledge.
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Supplementary Material 1. Full Literature Search on PubMed, EMBASE and Scopus for studies assessing the risk of seizure after the 
endovascular treatment of ruptured intracranial aneurysm.

PubMed/ MEDLINE (("seizures"[MeSH Terms] OR "seizures"[All Fields]) OR ("seizures"[MeSH Terms] OR "seizures"[All Fields] OR 
"convulsion"[All Fields])) AND ("intracranial aneurysm"[MeSH Terms] OR ("intracranial"[All Fields] AND "aneurysm"[All 
Fields]) OR "intracranial aneurysm"[All Fields] OR ("brain"[All Fields] AND "aneurysm"[All Fields]) OR "brain 
aneurysm"[All Fields]) AND ((Clinical Trial[ptyp] OR Observational Study[ptyp]) AND "humans"[MeSH Terms])

EMBASE (("seizures"[MeSH Terms] OR "seizures"[All Fields]) OR ("seizures"[MeSH Terms] OR "seizures"[All Fields] OR 
"convulsion"[All Fields])) AND (("intracranial aneurysm"[MeSH Terms] OR ("intracranial"[All Fields] AND "aneurysm"[All 
Fields]) OR "intracranial aneurysm"[All Fields] OR ("brain"[All Fields] AND "aneurysm"[All Fields]) OR "brain 
aneurysm"[All Fields]) AND ( coils[All Fields] AND ("embolization, therapeutic"[MeSH Terms] OR ("embolization"[All 
Fields] AND "therapeutic"[All Fields]) OR "therapeutic embolization"[All Fields] OR "embolization"[All Fields]))

Scopus (("seizures"[MeSH Terms] OR "seizures"[All Fields]) OR ("seizures"[MeSH Terms] OR "seizures"[All Fields] OR 
"convulsion"[All Fields])) AND ("intracranial aneurysm"[MeSH Terms] OR ("intracranial"[All Fields] AND "aneurysm"[All 
Fields]) OR "intracranial aneurysm"[All Fields] OR ("brain"[All Fields] AND "aneurysm"[All Fields]) OR "brain 
aneurysm"[All Fields])



Supplementary Figure 1. (A-F) Funnel plot evaluating for publication bias.
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Supplementary Figure 2. Forest plot for age >50 years old as a risk factor of seizures after ruptured intracranial aneurysm treated with coils embolization. SE, 

standard error; CI, confidence interval.



Supplementary Figure 3. Forest plot for sex (female) as a risk factor of seizures after ruptured intracranial aneurysm treated with coils embolization. SE, 

standard error; CI, confidence interval.



Supplementary Figure 4. Forest plot for clinic severity (World Federation of Neurosurgery scale or Hunt and Hess III-V) as a risk factor of seizures after 

ruptured intracranial aneurysm treated with coils embolization. SE, standard error; CI, confidence interval.



Supplementary Figure 5. Forest plot for Fisher scale (computed tomography scan) as a risk factor of seizures after ruptured intracranial aneurysm treated 

with coils embolization. SE, standard error; CI, confidence interval.



Supplementary Figure 6. Forest plot for severe vasospasm (angiography or computed tomography scan) as a risk factor of seizures after ruptured intracranial 

aneurysm treated with coils embolization. SE, standard error; CI, confidence interval.



Supplementary Figure 7. Forest plot for cerebral infarction as a risk factor of seizures after ruptured intracranial aneurysm treated with coils embolization. SE,

standard error; CI, confidence interval.



Supplementary Figure 8. Forest plot for cerebral edema (computed tomography) as a risk factor of seizures after ruptured intracranial aneurysm treated with

coils embolization. SE, standard error; CI, confidence interval.



Supplementary Figure 9. Forest plot for aneurysm located in middle cerebral artery as a risk factor of seizures after ruptured intracranial aneurysm treated 

with coils embolization. SE, standard error; CI, confidence interval.


