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Abstract  

Seizures and delayed cerebral ischemia following subarachnoid hemorrhage are associated with significant 

morbidity and mortality. In this article, we briefly review subarachnoid hemorrhage, its complications, and the 

current literature on information gained from EEG monitoring in subarachnoid hemorrhage. We review when 

EEG should be used implemented in the multi-modal monitoring of patients with subarachnoid hemorrhage. 

Finally, we discuss the recent advances and future directions in the field.  
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Introduction  

Subarachnoid hemorrhage (SAH) results in constriction of the 

microcirculation, disruption of the blood brain barrier, neuronal, and 

endothelial cell death [1] (Figure 1) SAH is associated with high 

mortality and morbidity [2] 23% of patients with SAH develop 

seizures within the first 48 hours following SAH [3] Delayed seizures 

may also occur 6 weeks following SAH. The development of these 

seizures are associated with poor prognosis [4] While convulsive 

episodes are clinically evident, many non-convulsive seizure 

occurrences (NCSE) are missed without EEG monitoring [5,6] In fact, 

in a study of 233 patients with SAH and coma or neurological 

deterioration of uncertain etiology, 8% were found to have NCSE 

through EEG [7].  
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Figure 1: Pathophysiology of subarachnoid hemorrhage. A. Blood-brain barrier. B. Blood brain barrier disruption. C. Vasospasm.  

Similarly, DCI (delayed cerebral ischemia), which occurs in 

approximately 30% of all patients 4-14 days post-SAH, can also result 

in long-term functional limitations in patients with SAH.[ 8, 9, 10-12] 

DCI occurs when there is a new neurological deficit or cerebral 

infarction on neuroimaging or autopsy following SAH.11 While 

vasospasms are thought to be responsible for these ischemic lesions, 

other factors can also contribute, such as microembolism from 

impaired endothelial function or hypercoagulopathy, inflammation, 

and impaired autoregulatory vasodilatation in small, 

intraparenchymal arteries leading to spreading ischemia secondary to 

abberant hemodynamic response to cortical spreading depolarization 

[5, 8, 9, 11, 13, 14] Considering that patients with SAH, particularly 

those at high risk of developing seizures and DCI are often comatose, 

sedated, or paralyzed, these conditions have been have been 

historically difficult to diagnose. In this paper, we review the use of 

EEG as an adjunct in diagnosing DCI and seizures that develop in 

patients with subarachnoid hemorrhage. (Figure 2) 

 

Figure 2. SAH use for seizure and DCI.  

 

Current clinical practice and review of the evidence 

Continuous EEG (cEEG) monitoring is often used in the 

neurointensive care unit to identify and direct the management of 

nonconvulsive seizures, particularly those that follow convulsive 

status epilepticus[6, 13, 15-17] Additionally, the management of 

pharmaceutical coma for the treatment of elevated intracranial 

pressure is guided by cEEG [6, 17] Finding new or worsening brain 

ischemia in high-risk patients, notably those with subarachnoid 

hemorrhage, is a growing application for cEEG [13, 15]. In general, 

transcranial duplex sonography consistently shows the constriction of 

major intracranial arteries, which has long been thought to be the only 

factor in DCI [8, 18]. Therefore, EEG may assess the effects of other 

hypothesized processes in DCI that cannot be measured or detected 

with duplex sonography.  

Quantitative continuous EEG (qEEG) continually monitors brain 

activity to detect changes in real time, enabling earlier and more 

precise identification of DCI symptoms [5, 6, 8, 10, 13, 15-17, 19] In 

EEG, the areas of cerebral ischemia are characterized by focal 
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slowing with prominent delta foci with decreased alpha/delta wave 

ratio (ADR), which can be used to identify delayed cerebral ischemia 

early and before symptomatic manifestations [19, 20] An ADR of less 

than 50% is highly sensitive and specific for SAH [17] Furthermore, 

patients with vasospasm often have a lower relative alpha variability 

(RAV). A study with 32 patients showed that most patients have 

changes in RAV 2 days prior to abnormalities detected on TCD.10 

Other studies confirmed these findings by showing that EEG allows 

for earlier detection of vasospasm compared to transcranial doppler 

(TCD) sonography and neuroimaging (magnetic resonance imaging 

and computed tomography) by up to 7 hours to 1.9 days.[8, 21]. A 

prospective study with a blinded reviewer who made 59 predictions 

found that the use of EEG improved prediction of clinical 

deterioration and improvement by 27% and 42%, respectively [22] 

Lastly,  periodic and rhythmic patterns and epileptiform discharges 

indicate that patients are at risk for DCI [23].  

EEG also detects seizures following SAH. Most patients with 

nonconvulsive seizures (NCS) develop nonconvulsive status 

epilepticus (NCSE), which is associated with significant morbidity 

and mortality [5, 16, 24] Per the American Clinical Neurophysiology 

Society’s Standardized Critical Care EEG Terminology, an 

electrographic seizure occurs when there are epileptiform discharges 

that average more than 2.5Hz and occur for more than 10 seconds or 

with a pattern of evolution occurring at least 10 seconds. The same 

findings over a 10-minute period or at least 20% of a 60-minute period 

are representative of electrographic status epilepticus. If a patient does 

not meet these exact criteria, a seizure may still be present if there is 

spike-wave activity, periodic discharges, or rhythmic delta activity 

with synchronous neurological exam findings or improvement with 

antiepileptics [25]. In general, studies have shown that EEG correlates 

with DCI and are of important value in detecting DCI in seizures 

following subarachnoid hemorrhage [12].  

SAH complication EEG findings 

DCI Worsening focal slowing 

Decreasing alpha/delta wave ratio (ADR) 

Decreasing relative alpha variability (RAV) 

Prominent delta foci 

Seizures Epileptiform discharges averaging >2.5Hz for >10 seconds 

Epileptiform discharges averaging >2.5Hz with pattern of evolution over at least 

10 seconds 

Status epilepticus Epileptiform discharges averaging >2.5Hz for >10 minutes  

Epileptiform discharges averaging >2.5Hz for >20% of a 60-minute period 

Spike-wave activity, periodic discharges, or rhythmic delta activity with 

concurrent physical exam findings or improvement with antiepileptics 

Table 1. A summary of EEG findings for DCI and seizures in patients with SAH.  

Practice recommendations 

Detection of vasospasm and DCI relies on routine clinical 

neurological examinations, TCD measurements and confirmatory 

imaging. The gold standard diagnostic technique is catheter 

angiography, though CT and MR angiography can also be of use. 

Although individual administration of an EEG displays high 

specificity in detecting vasospasm, the sensitivity of the assessment is 

relatively low. Therefore, cEEG should be considered in the 

appropriate clinical situations in addition to a multimodal approach 

involving clinical examinations, TCD measurements, and clinical 

imaging [26]  

cEEG is recommended after SAH in patients who do not have 

neurological improvement or have neurological deterioration 

following SAH to help exclude NCS, NCSE, and potentially detect 

DCI earlier. Patients who experience a convulsive witnessed seizure 

are at high risk for further seizures, including subclinical seizures and 

therefore should undergo cEEG if their neurological examination is 

abnormal. The duration of monitoring depends on the indication. If 

evaluating for NCS, patients should be evaluated for at least 1-2 days. 

If DCI is suspected, monitoring over several days to weeks may be 

appropriate [8, 9, 10, 11, 27]  

When available, quantitative EEG, which transforms raw EEG data to 

quantitative, quickly interpretable data on the patient’s display, should 

be considered. It serves as an additional tool available to the 

neurointensivist for earlier detection of acute brain events like 

seizures, ischemia, increasing intracranial pressure, decreasing 

cerebral perfusion pressure, hemorrhage, and systemic abnormalities 

affecting the brain [6, 13, 28 29]  

Advances and Future Directions 

Recent studies have shown that EEG results may also have prognostic 

value. A study by Lissak et. Al showed that new or worsening 

epileptiform abnormalities on cEEG following SAH are associated 

with sustained functional outcome impairments [30] Similarly, a 

study by Gollwitzer et al. showed that patients with alpha power 

decrease on qEEG had poor functional outcome 6 months after SAH 

[15] Furthermore, the presence of NCSE, periodic discharges, 

abnormal sleep architecture and reactivity are associated with poor 

neurological outcomes (Modified Rankin Scale > 4) [31] Similarly, 

higher seizure burden is associated with worse 3 month functional and 

cognitive outcomes, and worse disability and mortality [24]  

The current literature includes relatively few studies evaluating EEG 

monitoring in subarachnoid hemorrhage [12] We look forward to 

future studies and clinical trials investigating the use of cEEG and 

qEEG data, implementation of bedside qEEG, effectiveness in 

training neurointensivists to interpret bedside qEEG, and further 

technological developments to account for sedation level and 

minimize artifacts. A recent study demonstrated that treatment with 

antiepileptics in patients with subarachnoid hemorrhage with cEEG 

abnormalities did not have improved functional outcomes [32]. 

Further studies investigating the use of EEG in guiding decision to 

start and choice of anticonvulsant treatment and in evaluating 

subsequent treatment response will be of value.   
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Early clinical studies have suggested that intracortical EEG may be 

superior to scalp cEEG in detecting ischemia using ADR [20, 33] 

Further studies on this topic, particularly regarding the feasibility and 

outcomes, will be beneficial.  

Conclusion  

In conclusion, cEEG allows for non-invasive, real time detection of 

seizures and DCI in patients who suffer from subarachnoid 

hemorrhage who have unreliable neurological examinations 

secondary to sedation or comatose state. Future studies investigating 

the clinical prognostic value of cEEG and bedside implementation, 

clinical training of neurointensivists for use of qEEG, and value and 

feasibility of cortical EEG in this patient population will be of value.  
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